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Fig. 1

(57) Abstract: The present invention relates to a method for generating an antibody-payload conjugate by means of a microbial transg-
Iutaminase (MTG). The method comprises a step of conjugating a linker having a primary amine residue, said linker having the peptide
structure (shown in N->C direction) (Aax)p-(Aax)(NHz)-(Aax)y-B-(Aax),, or (Aax)pm-B-(Aax),-(Aax)(NH2)-(Aax),, to a Gln residue
comprised in the heavy or light chain of an antibody. Aax(NH;) is an amino acid, amino acid derivative or amino acid mimetic com-
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Paul Scherrer Institut

Transglutaminase conjugation method and linker

Field of the invention

The present invention relates to method for generating an antibody-payload conjugate by

means of a microbial transglutaminase.

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

as an admission that such prior art is widely known or forms part of common general

knowledge in the field.

Attaching highly potent payloads to antibodies finds increased interest for the targeted
treatment of cancer or inflammatory diseases. The constructs this produces are called

antibody-payload conjugates, or antibody-drug conjugates (ADC).

Currently, four ADCs have gained FDA-approval (Adcetris, Kadcyla, Besponsa and
Mylotarg) all of which have their payload chemically attached to the antibody in a non-site
specific manner. Hence, the resulting product is highly heterogeneous, both with respect to
the stoichiometric relationship between antibody and payload (payload antibody ratio, or
drug to antibody ratio, DAR), as well concerning the conjugation sites on the antibody. Each
of the resulting species, although in the same drug product, may have distinct properties that
could potentially lead to a wide range of different in-vivo pharmacokinetic properties and

activities.
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In a previous in-vivo study (Lhospice et al., 2015), it was shown that a site-specific drug
attachment led to a significant higher tumor uptake (~2x) and a decreased uptake in non-
targeted tissues compared to the FDA-approved ADC, also the maximal tolerated dose was at
least 3x higher. These data suggest that stoichiometrically well-defined ADCs display
improved pharmacokinetics and better therapeutic indexes compared to chemically modified

ADCs.

As a site-specific technology, enzymatic conjugation has shown great interest since these
conjugation reactions are typically fast and can be done under physiological conditions.
Among the available enzymes, microbial transglutaminase (MTG) from the species
Streptomyces mobaraensis has found increasing interest as an attractive alternative to
conventional chemical protein conjugation of functional moieties including antibodies. The
MTG catalyzes under physiological conditions a transamidation reaction between a ‘reactive’
glutamine of a protein or peptide and a ‘reactive’ lysine residue of a protein or peptide,
whereas the latter can also be a simple, low molecular weight primary amine such as a 5-

aminopentyl group (Jeger et al., 2010, Strop et al., 2014).

The bond formed is an isopeptide bond which is an amide bond, that does not form part of the
peptide-bond backbone of the respective polypeptide or protein. It is formed between the
Gamma-carboxamide of the glutamyl residue of the acyl glutamine-containing amino acid
donor sequence and a primary (1°) amine of the amino donor-comprising substrate according

to the invention.

From the inventor’s experience as well as from others it seems that only few glutamines are
typically targeted by MTG, thus making the MTG an attractive tool for site-specific and

stoichiometric protein modifications.

Previously, glutamine 295 (Q295) was identified as the only reactive glutamine on the heavy
chain of different IgG types to be specifically targeted by MTG with low-molecular weight

primary amine substrates (Jeger et al. 2010).

Quantitative conjugation to Q295, however, was only possible upon removal of the glycan

moiety at the asparagine residue 297 (N297) with PNGase F, while glycosylated antibodies
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could not be conjugated efficiently (conjugation efficiency <20). This finding is also

supported by the studies of Mindt et al. (2008) and Jeger et al. (2010).

In order to obviate deglycosylation it is also possible to insert a point mutation at the residue

N297 which results in the ablation of the glycosylation called aglycosylation.

However, both approaches come with significant disadvantages. An enzymatic
deglycosylation step is undesired under GMP aspects, because it has to be made sure that the
both the deglycosylation enzyme (e.g., PNGase F) as well as the cleaved glycan have to be

removed from the medium, to ensure a high purity product.

The substitution of N297 against another amino acid has unwanted effects, too, because it
may affect the overall stability of the Cu2 domain, and the efficacy of the entire conjugate as
a consequence. Further, the glycan that is present at N297 has important immunomodulatory
effects, as it triggers antibody dependent cellular cytotoxicity (ADCC) and the like. These
immunomodulatory effects would get lost upon deglycosylation or substitution of N297

against another amino acid.

Furthermore, the genetic engineering of an antibody for payload attachment may have
disadvantages in that the sequence insertion may increase immunogenicity and decrease the

overall stability of the antibody.

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

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

The invention provides a transglutaminase based antibody conjugation approach which does

not require prior deglycosylation of the antibody, in particular of N297.

The invention provides a transglutaminase based antibody conjugation approach which does

not require the substitution or modification of N297 in the Cu2 domain.
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The invention provides an antibody conjugation technology that allows the manufacture of
highly homogenous conjugation products, both as regards stoichiometry as well as site-

specificity of the conjugation.
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Summary of the Invention

The present invention relates to methods and linker structures for generating an antibody-
payload conjugate by means of a microbial transglutaminase (MTG). The invention and

general advantages of its features will be discussed in detail below.

Brief Description of the Figures

Fig. 1 shows an illustration of one aspect of the present invention. MTG = microbial
transglutaminase. The star symbol illustrates the payload or linking moiety B. Kp is a Lysine
residue, lysine derivative or lysine mimetic, which can be N-or C-terminal or intrachain of a
peptide, and which is the substrate for MTG. Note that this process allows to maintain the
glycosylation at N297. Note that in case B/star is a linking moiety, the actual payload still has

to be conjugated to this moiety.

As discussed elsewhere herein, B/star can be a linking moiety, like e.g. a bio-orthogonal
group (e.g., an azide/Na—group) that is suitable for strain-promoted alkyne-azide
cycloaddition (SPAAC) click-chemistry reaction to a DBCO-containing payload (e.g. a toxin
or a fluorescent dye or a metal chelator, like DOTA or NODA-GA). This click-chemistry-
based “two-step chemoenzymatic”-approach to attach the functional moiety to the antibody
has the major advantage that it can be clicked at low molecular excess versus to the antibody,
typically e.g. at 5eq per conjugation site or lower (Dennler et al. 2014). This allows for a
cost-effective generation of ADCs. In addition, virtually any probe can be clicked with this
approach ranging from fluorescent dyes to metal chelators (cf. Spycher et al. 2017, Dennler et

al. 2015).

B/star can also be the actual payload, e.g., a toxin. Such embodiment allows the rapid

manufacture of the resulting compound in one step, facilitating purification and production.

Fig. 2 shows an example of a linker peptide comprising an oligopeptide according to the
invention. The sequence is ArgAlalLysAlaArgLys(N3) (RAKiARK,, with Ky = Lys(N3)).
Lys(N3) is a Lys residue in which the primary amine has been replaced by an Azide (—N-

N=N, or —N3). According to the nomenclature of the present invention, either Lys(Nz) or N
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alone can be regarded as the linking moiety B (in this example, N3 is suitable for click-

chemistry).

The peptide efficiently conjugates to native IgG1 antibody (~77% as estimated from LC-MS

analysis under non-optimized conditions) at position Q295.

It is important to understand that in some linker peptides shown herein, the moiety at the C-
terminus is simply designated as Ni. However, this should be understood as an abbreviation
of Lys(Ns). For example, RAKAR(N3) or ArgAlaLysAlaArg(N3) does actually mean
RAKARK>, with K> = Lys(N3), or ArgAlaLysAlaArgLys(N3).

It is furthermore important to understand that in different linker peptides shown herein, the C-
terminus and/or the N-terminus may or may not be protected, even if shown otherwise.
Protection can be accomplished by, e.g., amidation of the former, and/or acetylation of the
latter. In the context of the present invention, both the protected and unprotected linker

peptides are encompassed.
For example RAKARK(N3) does indeed encompass four variants, with a) both termini
protected as discussed above, b) only the N-terminus or the C-terminus protected as

discussed above, or ¢) both termini unprotected.

The following figure shows a C-terminal Lys(N3) with an amidated C-terminus:

H
R/N\:)LNHE

N3

Fig. 3 shows results of the screening of a given peptide library. Different peptides were

screened that contained a MTG-reactive lysine residue and which also had different lengths
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and charges. LC-MS was used for analysis. Clearly, positively charged peptides seem to

favor Q295 conjugation while negatively ¢ charged peptides yield poor conjugation yields.

Figs. 4 and 5 show an embodiment where the linker comprises a Cys residue with a free

sulthydryl group, suitable to conjugate a maleimide-comprising toxin linker construct thereto.

Fig. 4 shows the binding reaction, and Fig. 5 some potential linker constructs.

Linker peptide Process type Steps
(Aax)m-Lys-(Aax)n- One-step conjugation step 1: conjugation of linker
Payload comprising the payload to
Gln residue in antibody
(Aax)m-Lys-(Aax)n- Two-step conjugation step 1: conjugation of linker
Linking moiety comprising the Linking
moiety to Gln residue in
antibody
step 2: conjugation of
payload to Linking moiety

Fig. 6 shows a two-step conjugation process (Fig. 6A) with the peptide being conjugated to
the Gln of the antibody (either Q295 or molecularly engineered) and a one-step conjugation

process (Fig. 6B) according to the present invention.

In the two-step process, the linker peptide is (Aax)m-Lys-(Aax)n-linking moiety. The Lys
residue is conjugated to a Gln residue in the antibody via microbial transglutaminase, and the
linking moiety — in this case a Cys residue with a free sulfhydryl group - is then conjugated to
the payload, in this case a MMAE toxin carrying a MC/VC/PABDC linker structure, via the

maleimide.

In the one two-step process, the linker peptide (Aax)m-Lys-(Aax)n is already conjugated to
the payload. The Lys residue is conjugated to a Gln residue in the antibody, and the payload
consist of an MMAE toxin carrying a VC/PABDC structure. The valine residue of the VC
structure is conjugated to the last amino acid of the linker peptide by means of a peptide bond

Fig.7 shows three examples of linkers comprising a linker suitable for dual-payload

attachment.



WO 2019/057772 PCT/EP2018/075350

Fig. 7A shows a peptide that has a first linking moiety which is an azide (N3), while a second
linking moiety is a tetrazine (both bio-orthogonal). The structure of the oligopeptide is
ArgAlaLysLys(Nz)- ArgAlaLys(Tetrazine) (RAKiK;RAKs3, with Ko=Lys(N3), Kz =
Lys(Tetrazine)).

Figure 7B shows a peptide carrying an azide (N3) and a free sulthydryl-group from the Cys-
moiety. The structure of the oliogopeptide is Lys(N3)CysArgAlaLys (KiCRAK2, with
K1=Lys(N3)).

Figure 7C shows another peptide carrying an azide (N3) and a free sulfhydryl-group from the
Cys-moiety. The structure of the oliogopeptide is LysAlaArgCysLys(Nz) (KiARCK3, with
Ko=Lys(N3)).

Each of the linking moicties are bio-orthogonally compatible groups that can be clicked

simultaneously.

These linkers thus allow to conjugate two different payloads to the Q295 of the Cu2 domain
of an antibody. Using a second payload allows for the development of a completely new class
of antibody payload conjugates that go beyond current therapeutic approaches with respect to
efficacy and potency. Also new application fields are envisioned, for example, dual-type
imaging for imaging and therapy or intra-/postoperative surgery (cf. Azhdarinia A. et al.,
Molec Imaging and Biology, 2012). For example, dual-labeled antibodies encompassing a
molecular imaging agent for preoperative positron emission tomography (PET) and a near-
infrared fluorescent (NIRF)-dye for guided delineation of surgical margins could greatly
enhance the diagnosis, staging, and resection of cancer (cf. Houghton JL. et al., PNAS 2015).
PET and NIRF optical imaging offer complementary clinical applications, enabling the
noninvasive whole-body imaging to localize disease and identification of tumor margins
during surgery, respectively. However, the generation of such dual-labeled probes up to date
has been difficult due to a lack of suitable site-specific methods; attaching two different
probes by chemical means results in an almost impossible analysis and reproducibility due to
the random conjugation of the probes. Furthermore, in a study of Levengood M. et al.,
Angewandte Chemie, 2016 a dual-drug labeled antibody, having attached two different

auristatin toxins (having differing physiochemical properties and exerting complementary

7
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anti-cancer activities) imparted activity in cell line and xenograft models that were refractory
to ADCs comprised of the individual auristatin components. This suggests that dual-labeled
ADCs enable to address cancer heterogeneity and resistance more effectively than the single,
conventional ADCs alone. Since one resistance mechanism towards ADCs include the active
pumping-out of the cytotoxic moiety from the cancer cell, another dual-drug application may
include the additional and simultaneous delivery of a drug that specifically blocks the efflux
mechanism of the cytotoxic drug. Such a dual-labeled ADC could thus help to overcome

cancer resistance to the ADC more effectively than conventional ADCs.

Similar structures in which alkynes or tetrazine/trans-cyclooctenes are being used as linker

are equally suitable and covered by the scope and gist of the present invention.

It is important to understand that in some linker peptides shown herein, the moiety at the C-
terminus is simply designated as Ni. However, this should be understood as an abbreviation
of Lys(Ns). For example, RAKAR(N3) or ArgAlaLysAlaArg(N3) does actually mean
RAKARK>, with K> = Lys(N3), or ArgAlaLysAlaArgLys(N3).

It is furthermore important to understand that in different linker peptides shown herein, the C-
terminus and/or the N-terminus may or may not be protected, even if shown otherwise.
Protection can be accomplished by amidation of the former, and/or acetylation of the latter.
In the context of the present invention, both the protected and unprotected linker peptides are
encompassed. For example RAKARK(N3) does indeed encompass four variants, with a) both
termini protected as discussed above, b) only the N-terminus or the C-terminus protected as

discussed above, or ¢) both termini unprotected.

The question whether or not the C- and/or N-terminus is amidated and/or acetylated is a
practical question, depending on the conjugation conditions (buffer, medium, reactivity of the

other reaction components, etc).

Fig. 8A and B show a possible linker structures with two Azide linker moieties. Fig. 8A
shows Lys(N3)ArgAlaLysAlaArglys(N3) (KiRAK2ARK3, with K; and Ki=Lys(N3)). Fig.
8B shows LysAlaArgLys(N3)Lys(Nz) (KiRK2K3; with Kz and Ks=Lys(N3). In such way, an
antibody payload ratio of 4 can be obtained. The presence of the charged Arg residues helps
to keep hydrophobic payloads in solution.
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It is important to understand that in some linker peptides shown herein, the moiety at the C-
terminus is simply designated as Ni. However, this should be understood as an abbreviation
of Lys(Ns). For example, RAKAR(N3) or ArgAlaLysAlaArg(N3) does actually mean
RAKARK>, with K> = Lys(N3), or ArgAlaLysAlaArgLys(N3).

It is furthermore important to understand that in different linker peptides shown herein, the C-
terminus and/or the N-terminus may or may not be protected, even if shown otherwise.
Protection can be accomplished by amidation of the former, and/or acetylation of the latter.
In the context of the present invention, both the protected and unprotected linker peptides are
encompassed. For example RAKARK(N3) does indeed encompass four variants, with a) both
termini protected as discussed above, b) only the N-terminus or the C-terminus protected as

discussed above, or ¢) both termini unprotected.

Fig. 9 shows further linkers that are suitable for MTG-mediated conjugation to native
antibodies. These linkers structures contain a linking moiety (azide, N3) suitable for click-
chemistry based attachment of the functional payload in a second step, or a Cys-residue
which provides a thiol group suitable for attachment to a maleimide. Since these structures
are based on peptides, that chemistry is well-understood and which is assembled from
building blocks of single amino acids, new linkers can rapidly and easily be synthesized and

evaluated.

Sequence, residue for transglutaminase Linking moiety B

reaction in bold print

1 | ArgAlaLysLys(N3) RAK K>, Lys(N3))
with Kz = Lys(Na3))

2 | ArgAlaLysXaa(N3) RAKX, with X = Xaa(N3), Xaa is | Xaa(N3)
4-Azido-L-homoalanine

3 | ArgAlaLys[PEG]s(N3) RAK[PEG]:Ni, with [PEG]s | [PEG]3N3
=triethylenglycol

4 | ArgAlaLysCys RAKC Cysteine
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Fig. 10 shows that the light chain of IgG1 antibodies is not modified by the conjugation.
Shown is the deconvoluted LC-MS spectra of a IgG1 light chain.

Fig. 11 shows deconvoluted LC-MS spectra of two different native IgG1l heavy chains
selectively modified with an N3-functional peptide. From the spectra it can be seen that both
heavy chains got selectively and quantitatively (>95%) modified with only one peptide-linker

since the observed mass difference corresponds to the expected peptide mass shift.

Fig. 12 shows the results of a conversion/clicking experiment (>95%) of different DBCO-
functional functional probes (FAM- and Carboxyrhodamine-dye) to azide-functionalized
native IgG1 antibody; this yields a sites-specifically modified, native IgGl antibody,
selectively modified at a single residue (Q295).

Fig. 13A, B show the results of a flow-cytometry experiment with two native IgG1 using
deglycosylated variants as reference. FAM-dye was used. As peptide: RAKAR-K(N3) was
used and DBCO-PEG4-5/6-FAM-dye for clicking. According to LC-MS a clicking of >95%

efficiency was achieved-

Fig. 14 shows an overview of the Ig Cu2 domain with the different numbering schemes. For

the purposes of the present invention, the EU numbering is being used.

Fig. 15 shows a transglutaminase reaction to conjugate a linker having a Lys residue
(intrachain or N-/C-terminal) with a free primary amine to the free primary amine of the

Q295 residue of an antibody.

Fig. 16. Click chemistry reaction scheme (strain-promoted alkyne-azide cycloaddition
(SPAAC) to conjugate the linker ArgAlaLysLys(N3) (RAKiK2, with K> = Lys(N3)) to
dibenzocyclooctyne labelled with a payload.

Fig. 17. Peptide mapping of ArgAlaLysAlaArg (RAKAR) conjugated to glycosylated IgG1

reference antibody using MTG was subjected to tryptic digestion followed by LC-MS/MS.
Peptide fragmentation clearly identified Q295 in the antibody heavy chain as the site of

10
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modification within the fragment EEQYDSTYR (1*Peptide 23 AKAR, Mw: 1617.7 Da

expected and measured).

Fig. 18A-B show different peptide linkers that can be used in the context of the present
invention. Fig. 18A shows peptide linkers comprising a non-natural amino acid. Fig. 18B
shows peptide linkers comprising a lysine derivative or mimetic which provides the primary
amine for the transglutaminase reaction. All of these peptide variants or peptidomimetics
have been derived from a ArgAlaLysLys(Ns) peptide (RAK K>, with K> = Lys(N3)). Note

that, instead of Lys(N3), other linking moieties B can be used, as described herein elsewhere.

Fig. 19 shows further peptide linkers that can be used in the context of the present invention.

Fig. 20 shows further peptide linkers that can be used in the context of the present invention.
ArgLys(Na)Lys is a peptide that has the linking moiety Lys(Ns) intrachain, i.c., neither at N
nor at C-terminal). LysLys(N3z) and LysCys are very short linkers.

Fig. 21 shows different linker toxin constructs that can be conjugated to an antibody
according to the method described herein. In all cases, the Lys residues carry the primary

amine for transglutaminase conjugation

Fig. 21A RKR-DMI This Figure shows the non-cleavable RKR-DM1 peptide-toxin
conjugate with two arginine-groups serving to increase the solubility of the hydrophobic
payload DM1. The lysine serves for the conjugation to the antibody via MTG. The Ahx-
spacer serves to decouple the positively-charged arginine from the DM1, helping the latter to

more efficiently bind its target since the linker is not cleavable.

Fig. 21B RKR-DM1 This Figure shows the non-cleavable RKR-DM1 peptide-toxin
conjugate with two arginine-groups and a PEG4-spacer, all three moieties serving to increase
the solubility of the hydrophobic payload DM1. The lysine serves for the conjugation to the
antibody via MTG. The PEG4 furthermore helps to decouple the positively-charged arginine
from the DMI1, helping the latter to more efficiently bind its target since the linker is not

cleavable.

11
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Fig. 21C RKR-MMAE This Figure shows the cleavable RKR-MMAE peptide-toxin
conjugate with two arginine-groups, a PEG4-spacer, a PABC-group and a val-cit sequence.
The lysine serves for the conjugation to the antibody via MTG, the arginine-groups and the
PEG4-spacer to increase the solubility and the PABC-group and the val-cit sequence help to

release the toxin.

Fig. 21D RKR-MMAE This Figure shows the cleavable RKR-MMAE peptide-toxin
conjugate with two arginine-groups and a PABC-group with no PEG-spacer and val-cit
sequence. Since the RKR-peptide is intrinsically degradable by peptidases, no val-cit
sequence might be necessary for toxin release, and as the two arginine-groups are very
hydrophilic no PEG-spacer may be needed, keeping thus the whole peptide-toxin conjugate
as small as possible to minimize undesired interactions with other molecules while in blood

circulation.

Fig. 22 shows results of a cellular toxicity assay as performed according to example 2. The
Inhouse ADC has a similar potency against SK-BR3 cells as Kadcyla. Hence, the advantages
provided by the novel linker technology (ecase of manufacture, site specificity, stable
stoichiometry, no need to deglycosylate that antibody) do not come at any disadvantage

regarding the cellular toxicity.

Fig. 23 shows results of a dual-payload conjugation and cell-binding study (example 6). Fig.
23 A: Light chain of humanized IgG1 after dual-payload conjugation: Purity >95%. Fig. 23
B: Heavy chain of humanized IgG1 after dual-payload conjugation and attaching maleimide-

NODAGA and DBCO-PEG4-Ahx-DM1: Purity >90%

Fig. 24 shows further results of a dual-payload conjugation and cell-binding study (example
6).

Fig. 25 shows results of a control conjugation of Ac-RBAK(Nz)-NH> (Ac-ArgBAlaLys(N3)-
NH3?) (i.e., a linker not containing an amino acid with a primary amine on a side chain) for

conjugation to humanized IgG1 (example 7). No conjugation was detected.

Fig. 26 shows results of a conjugation experiment to human IgG4 antibody (example 8). Fig.

26A: Light chain of human IgG4: no conjugation detected. Fig. 26B: Native heavy chain of

12
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human IgG4 showing its glycosylation pattern. Fig 26C: Native heavy chain of human IgG4
after conjugation with RAKAR, showing selective modification at a single residue. A

conjugation efficiency of 85% was reachedunder non-optimized conditions.

Fig. 27 shows results of an ADC preparation from a humanized IgG1, followed by LC-MS
(example 9). Fig. 27A: Native heavy chain of humanized IgGl showing its native
glycosylation pattern . Fig. 27B: Native heavy chain of humanized IgG1 after conjugation
with Ac-RAK-Lys(N3)-NHz. A conjugation efficiency of 98% was achieved. Fig. 27C:
Native heavy chain of humanized IgGl1 after conjugation with Ac-RAK-Lys(Nz)-NH> and
clicked with DBCO-PEG4-Ahx-DM1. A clicking efficiency of 98% was achieved.

Fig. 28 shows results of SEC-MALS experiments. Fig. 28 A Herceptin, Fig. 28 B: anti-
HER2-linker construct using the claimed linker technology Fig. 28 C: Inhouse ADC, Fig
28D: Kadcyla®

Detailed Description of the Invention

Before the invention is described in detail, it is to be understood that this invention is not
limited to the particular components or process steps of the methods described as such
devices and methods may vary. It is also to be understood that the terminology used herein is
for purposes of describing particular embodiments only, and is not intended to be limiting. It
must be noted that, as used in the specification and the appended claims, the singular forms
"a", "an", and "the" include singular and/or plural referents unless the context clearly dictates

otherwise. It is moreover to be understood that, in case parameter ranges are given which are

delimited by numeric values, the ranges are deemed to include these limitation values.

It is further to be understood that embodiments disclosed herein are not meant to be
understood as individual embodiments which would not relate to one another. Features
discussed with one embodiment are meant to be disclosed also in connection with other
embodiments shown herein. If, in one case, a specific feature is not disclosed with one
embodiment, but with another, the skilled person would understand that does not necessarily
mean that said feature is not meant to be disclosed with said other embodiment. The skilled

person would understand that it is the gist of this application to disclose said feature also for
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the other embodiment, but that just for purposes of clarity and to keep the specification in a

manageable volume this has not been done.

Furthermore, the content of the documents referred to herein is incorporated by reference.
This refers, particularly, for documents that disclose standard or routine methods. In that
case, the incorporation by reference has mainly the purpose to provide sufficient enabling

disclosure, and avoid lengthy repetitions.

Unless the context clearly requires otherwise, throughout the description and the claims, the
words “comprise”, “comprising”, and the like are to be construed in an inclusive sense as
opposed to an exclusive or exhaustive sense; that is to say, in the sense of “including, but not

limited to”.

In a first aspect, the invention provides a method for generating an antibody-payload
conjugate by means of a microbial transglutaminase (MTG), which method comprises a step
of conjugating a linker having a primary amine residue, said linker comprising the peptide

structure (shown in N->C direction)

NH>

|
(Aax)m-(Aax)-(Aax)a-B-(Aax)o, or

NH>

|
(Aax)m-B-(Aax)n-(Aax)-(Aax)o,

to a Gln residue comprised in the heavy or light chain of an antibody, wherein
e mis an integer between > 0 and < 12
e nisan integer between > 0 and < 12
e 0is an integer between > 0 and < 12
e m+n+to>0,
e Aax can be any naturally or non-naturally occurring L- or D-amino acid, or
amino acid derivative or mimetic, and

e B isapayload or a linking moiety,
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NH,
|

wherein Aax is Lysine or a Lysine derivative or a Lysine mimetic,

and wherein the linker is suitable for conjugation to a glycosylated antibody.

In a second aspect, the invention provides an antibody-payload conjugate obtained by a

method according to the invention.

In a third aspect, the invention provides an antibody-payload conjugate comprising a

linker having the peptide structure (shown in N->C direction)

NH:

|
(Aax)m-(Aax)-(Aax),-B-(Aax), , or

NH:

|
(Aax)m-B-(Aax),-(Aax)-(Aax), , wherein

e mis an integer between > 0 and < 12

e nisan integer between> 0 and < 12

e 0is an integer between > 0 and < 12

e mt+tn+to=>0,

e Aax can be any naturally or non-naturally occurring L- or D-amino acid,
or amino acid derivative or mimetic, and

e B s apayload or a linking moiety,

NH,
|

wherein Aax is Lysine or a Lysine derivative or a Lysine mimetic,

wherein the linker is conjugated to a Gln residue in the Fc domain of the antibody via the
primary amine of the Lysine, the Lysine derivative or the Lysine mimetic,

and wherein

(a) the linker is conjugated to a Gln residue which was introduced into the heavy or light

chain of the antibody by molecular engineering; or
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(b) the linker is conjugated to the Gln residue Q295 (EU numbering) of the Cu2 domain
of the antibody.

In a fourth aspect, the invention provides a linker having the peptide structure (shown in N-

>C direction)

NH:

|
(Aax)m-(Aax)-(Aax)n-B-(Aax)o , or

NH:

|
(Aax)m-B-(Aax)y-(Aax)-(Aax),, wherein

e m is an integer between > 0 and < 12

e nisan integer between > 0 and < 12

e 0 is an integer between > 0 and < 12

e m+nto>1,

e Aax can be any naturally or non-naturally occurring L- or D-amino acid, or
amino acid derivative or mimetic, and

e B isapayload or a linking moiety,

NH:
|

wherein Aax is Lysine or a Lysine derivative or a Lysine mimetic, and
wherein the linker comprises at least two amino acid residues selected from the group
consisting of

e Lysine or a Lysine derivative or a Lysine mimetic,

e Arginine, and/or

e Histidine.

In a fitth aspect, the invention provides a linker-payload construct comprising at least
a) a linker of the invention, and
b) one or more payloads,
wherein, in said construct, the linker and/or the payload have optionally been chemically

modified during binding to allow covalent or non-covalent binding, to form said construct.
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In a sixth aspect, the invention provides an antibody-payload conjugate comprising
a) one or more linker-payload constructs of the invention, and

b) an antibody comprising at least one Gln residue in the heavy or light chain,

wherein, in said conjugate, the linker-payload constructs and/or the antibody have optionally

been chemically modified during conjugation to allow covalent or non-covalent conjugation,

to form said conjugate;

wherein the linker is conjugated to a Gln residue in the Fc domain of the antibody via the

primary amine of the Lysine, the Lysine derivative or the Lysine mimetic;

and wherein

(a) the linker is conjugated to a Gln residue which was introduced into the heavy or light
chain of the antibody by molecular engineering; or

(b) the linker is conjugated to the Gln residue Q295 (EU numbering) of the Cu2 domain

of the antibody.

In a seventh aspect, the invention provides a pharmaceutical composition comprising the
antibody-payload conjugate according to the fifth aspect of the invention or the sixth aspect

of the invention.

In an eighth aspect, the invention provides a pharmaceutical product comprising the
antibody-payload conjugate of the invention and at least one further pharmaceutically

acceptable ingredient.

In a ninth aspect, the invention provides the antibody-payload conjugate of the invention (for

the manufacture of a medicament) for the treatment of a patient

. suffering from,
. being at risk of developing, and/or
. being diagnosed for

a neoplastic disease, neurological disease, an autoimmune disease, an inflammatory disease

or an infectious disease, or the prevention or for the prevention of such condition.
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In a tenth aspect, the invention provides a method of treating or preventing a neoplastic
disease, said method comprising administering to a patient in need thereof the antibody-

payload conjugate of the invention.

In an eleventh aspect, the invention provides a method of treating or preventing a
neurological disease, an autoimmune disease, an inflammatory disease or an infectious
disease, said method comprising administering to a patient in need thereof the antibody-

payload conjugate of the invention.

In a twelfth aspect, the invention provides use of the antibody-payload conjugate of the
invention in the manufacture of a medicament for treating or preventing a neoplastic disease,
neurological disease, an autoimmune disease, an inflammatory disease or an infectious
disease.

According to a further aspect, a method for generating an antibody-payload conjugate by
means of a microbial transglutaminase (MTG) is provided, which method comprises a step of
conjugating a linker having a primary amine residue, said linker having the peptide structure

(shown in N->C direction)

NH:

|
(Aax)m-(Aax)-(Aax)s-B-(Aax)o

or

NH;

|
(Aax)ar-B-(Aax)s-(Aax)-(Aax)o

to a Gln residue comprised in the heavy or light chain of an antibody, wherein

e m is an integer between > 0 and < 12
e nisan integer between > 0 and < 12
e 0 is an integer between > 0 and < 12

e mt+tn+to=>0,
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Aax can be any naturally or non-naturally occurring L- or D-amino acid, or
amino acid derivative or mimetic, and

B is a payload or a linking moiety,
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NH>»
|

and wherein Aax is an amino acid, amino acid derivative or amino acid mimetic comprising a

side chain having a primary amine group.

As used herein, the term “primary amine” relates to an amine substituted with two hydrogen

atoms, of the general formula R-NHb.

It is important to understand that in different linker peptides shown herein, the C-terminus
and/or the N-terminus may or may not be protected, even if shown otherwise. Protection can
be accomplished by amidation of the former, and/or acetylation of the latter. In the context of

the present invention, both the protected and unprotected linker peptides are encompassed.

NH;
|

According to one embodiment, Aax is Lysine or a Lysine derivative or a Lysine mimetic.
Preferably, said lysine or Lysine derivative or Lysine mimetic is an amino acid with a

primary amine (both D and L form), as shown in the following table 1:

O L-Lysine ((S)-2,6-Diaminohexanoic
HoN OH acid)
NH,
(@) D-Lysine ((R)-2,6-
HoN MQH Diaminohexanoic acid)
NH;
@] Ornithine  (2,5-Diaminopentanoic
acid), both in the L and D
HoN ) OH configuration
NH,
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L-B-Homolysine (S)-3,7-

Diaminoheptanoic acid

0 Homolysine
T
- CH
,J
HzN
O a,y-diaminobutyric acid (Dab) both
HoN OH in the L and D configuration
(shown is L)
NH;

Table 1

Hence, in the simplest form, B can be directly conjugated to the Lys or a Lysine derivative or

Lysine mimetic. In such case, m +n+o0=0.

Two examples for such embodiments, where Lysine or a Lysine derivative or Lysine mimetic

is directly conjugated to a toxin, are shown in the following:
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Lys-MMAE

Lys-DM1

In some embodiments, the N- or C-Terminus of the peptide structure can be protected with

suitable protection groups (amidated or acetylated).

In another embodiment, the Lys derivative can be an organic molecule that comprises a

primary amine and is accepted by a transglutaminase enzyme.

The linker structure can hence be any of the examples in the following table 2 (where Lys

stands for Aax-NHo, or lysine or a lysine derivative or mimetic):

-Gln-

Lys-B
-Gln-
(Aax)n-Lys-B
-Gln-

Lys-B- (Aax)o

17
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-Gln-
(Aax)n-Lys-B- (Aax)o
-Gln-

Lys- (Aax)n—-B
-Gln-
Lys- (Aax)a,—B- (Aax)o
-Gln-
(Aax)n-Lys- (Aax)n—-B
-Gln-
(Aax)n-Lys- (Aax),-B- (Aax)o
-Gln-
B-Lys
-Gln-
B- (Aax)n-Lys
-Gln-
(Aax)n—B-Lys
-Gln-

B-Lys- (Aax)o

-Gln-
(Aax)n-B-Lys- (Aax)o
-Gln-
B- (Aax)n-Lys- (Aax)o
-Gln-
(Aax)n-B- (Aax)—-Lys
-Gln-

(Aax)n—B- (Aax)a-Lys- (Aax)o

Table 2

The inventors have shown that this process is suitable to very cost effectively and quickly
produce site-specific antibody-payload conjugates (24 — 36 hrs), and hence allows the
production of large libraries of such molecules, and subsequent screening thereof in high

throughput screening systems.
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In contrast thereto, a Cys engineering process in which an antibody payload conjugate is
produced where the payload is conjugated to the antibody via a genetically (molecularly)

engineered Cys residue needs at least about 3 — 4 weeks.

In general, the method allows to conjugate a large number of payloads to an antibody. For
cach payload, a suitable peptide linker structure can be identified from a large linker pool to
deliver optimal clinical and non-clinical characteristics. This is not possible in other methods

where the linker structure 1s fixed.

As used herein, the term “non-naturally occurring amino acid”, or amino acid analog, relates
to amono acids having the general structure —NH—CHR—CO—, but which do not occur in
a biological protein. The term comprises, but is not restricted to, B-alanine, a-aminobutyric
acid, y-aminobutyric acid, o-aminoisobutyric acid, e-lysine, ornithine, hydroxyproline,
agmatine, {S)-2-amino-4-((2-amino)pyrimidinyl)butanoic acid, 4-amino butyric acid, 4-
amino-3-hydroxy-5-phenylpentanoic acid, 4-amino-3-hydroxy-6-methylheptanoic acid, 6-
aminohexanoic acid, alpha-aminoisobutyric acid, benzophenone, t-butylglycine, citruiline,
cyclohexyialanine, desamino tyrosine, L-(4-guanidino)phenylalanine, homoarginine,
homocysteine, homoserine, homolysine, n-formyl tryptophan, norleucine, norvalene,
phenylglycine, (S)-4- piperidyl-N-amidino)glycine, ornithine, parabenzoyl-L-phenylalanine,
sarcosine, statine, 2-thienyl alanine, and/or D- isomers of the naturally or non-naturally

occurring amino acids.

The term “D-amino acid” is understood to comprise the D-counterparts of both naturally

occurring amino acids as well as of non-naturally occurring amino acids.

In one embodiment, the linker having the peptide structure is not cleavable by cathepsin B. In
one further embodiment, the linker having the peptide structure does not comprise a valine-

alanine motif or a valine-citrullin motif.

One typical dipeptide structure used in ADC linkers, yet devoid of a Lys residue, is the
valine-citrulline motif, as e.g. provided in Brentuximab Vedotin, and discussed in Dubowchik
and Firestone 2002. This linker can be cleaved by cathepsin B to release the toxin at the side
of disease. The same applies to the valine-alanine motif, which is for example provided in

SGN-CD33A.
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In one further embodiment, the linker does not comprise polyethylene glycol or a

polyethylene glycol derivative.

Polyethylene glycol (PEG) is a polyether compound with many applications from industrial
manufacturing to medicine. PEG is also known as polyethylene oxide (PEO) or
polyoxyethylene (POE), depending on its molecular weight. The structure of PEG is
commonly expressed as H-(O—CH>—CH>),—OH.

It is hence important to understand that, because B can either be a payload or a linking
moiety, the method according to the invention has two major embodiments, as shown in the

following table 3:

Linker peptide Process type Steps
(Aax)m-Lys-(Aax)n- One-step conjugation | step 1: conjugation of linker
Payload comprising the payload to Gln
residue in antibody
(Aax)m-Lys-(Aax)n- Two-step conjugation | step 1: conjugation of linker
Linking moiety comprising the Linking moiety to
Gln residue in antibody
step 2: conjugation of payload to
Linking moiety

Table 3

According to one embodiment of the invention, m + n + o < 25, preferably < 20, more
preferably < 15, more preferably < 12, more preferably < 10, more preferably < &, more

preferably < 7, more preferably < 6, more preferably < 5, more preferably < 4.
According to one further embodiment of the invention, the payload or linking moiety is
conjugated to a Gln residue which was introduced into the heavy or light chain of the

antibody by molecular engineering.

According to one further embodiment of the invention, the payload or linking moiety is

conjugated to a Gln in the Fc domain of the antibody
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According to one further embodiment of the invention, the payload or linking moiety is

conjugated to the Gln residue Q295 (EU numbering) of the Cu2 domain of the antibody.

It is important to understand that Q295 is an extremely conserved amino acid residue in IgG
type antibodies. It is conserved in human IgGl, 2, 3, 4, as well as in rabbit and rat antibodies
amongst others. Hence, being able to use Q295 is a considerable advantage for making
therapeutic antibody-payload conjugates, or diagnostic conjugates where the antibody is often
of non-human origin. The method according to the invention does hence provide an

extremely versatile and broadly applicable tool.

Further, it has been shown that engineered conjugates using Q295 for payload attachment
demonstrate good pharmacokinetics and efficacy (Lhospice et al. 2015), and are capable of
carrying even unstable toxins prone for degradation (Dorywalska et al. 2015). It thus
expected that similar effects will be seen with this site-specific method since the same residue
is modified, but of glycosylated antibodies. Glycosylation may further contribute to overall
ADC stability, removal of the glycan moieties as with the mentioned approaches has been

shown to result in less-stable antibodies (Zheng et al. 2011).

According to one further embodiment of the invention, the antibody to which the payload or

linking moiety is conjugated is glycosylated.

Typical IgG shaped antibodies are N-glycosylated in position N297 (Asp-X-Ser/Thr-motif)
of the Cx2 domain.

In the literature discussing the conjugation of linkers to a Cu2 Gln residue by means of a
transglutaminase, the focus has been on small, low-molecular weight substrates, However, in
the prior art literature, to accomplish such conjugation, a deglycosylation step in position
N297, or the use of an aglycosylated antibody, is always described as necessary (WO
2015/015448; WO 2017/025179; WO 2013/092998).

Quite surprisingly, and against all expectations, however, site-specific conjugation to Q295
of glycosylated antibodies is indeed efficiently possible by using the above discussed

oligopeptide structure.
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Though Q295 is very close to N297, which is, in its native state, glycosylated, the method
according to the invention, using the specified linker, still allows the conjugation of the linker

or payload thereto.

However, as shown, the method according to the invention does not require an upfront
enzymatic deglycosylation of Q295, nor the use of an aglycosylated antibody, nor a
substitution of N297 against another amino acid, nor the introduction of a T299A mutation to

prevent glycosylation.

These two points provide significant advantages under manufacturing aspects. An enzymatic
deglycosylation step is undesired under GMP aspects, because it has to be made sure that the
both the deglycosylation enzyme (e.g., PNGase F) as well as the cleaved glycan have to be

removed from the medium.

Furthermore, no genetic engineering of the antibody for payload attachment is necessary, so
that sequence insertions which may increase immunogenicity and decrease the overall

stability of the antibody can be avoided.

The substitution of N297 against another amino acid has unwanted effects, too, because it
may affect the overall stability of the entire Fc domain (Subedi et al, 2015), and the efficacy
of the entire conjugate as a consequence that can lead to increased antibody aggregation and a
decreased solubility (Zheng et al. 2011) that particularly gets important for hydrophobic
payloads such as PBDs. Further, the glycan that is present at N297 has important
immunomodulatory effects, as it triggers antibody dependent cellular cytotoxicity (ADCC)
and the like. These immunomodulatory effects would get lost upon deglycosylation or any of
the other approaches discussed above to obtain an aglycosylated antibody. Further, any
sequence modification of an established antibody can also lead to regulatory problems, which
is problematic because often times an accepted and clinically validated antibody is used as a

starting point for ADC conjugation.

Hence, the method according to the invention allows to casily and with without

disadvantages make stoichiometrically well-defined ADCs with site specific payload binding.
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According to one further embodiment of the invention, the net charge of the linker is neutral

or positive.

The net charge of a peptide is usually calculated at neutral pH (7.0). In the simplest approach,
the net charge is determined by adding the number of positively charged amino acids residues
(Arg and Lys and optionally His) and the number of negatively charged ones (Asp and Glu),

and calculate the difference of the two groups.

According to one further embodiment of the invention, the linker does not comprise

negatively charged amino acid residues.

Preferably, the oligopeptide does not comprise the negatively charged amino acid residues

Glu and Asp.

According to one further embodiment of the invention, the linker comprises positively

charged amino acid residues.

According to one embodiment of the invention, the linker comprises at least two amino acid

residues selected from the group consisting of

e Lysine or a Lysine derivative or a Lysine mimetic,
e Arginine, and/or

e Histidine.

According to one further embodiment of the invention, B is a Cys residue with a free

sulthydryl group.

The free sulthydryl group of such Cys residue (or derivative) can be used to conjugate a
maleimide-comprising linker toxin construct thereto. See Fig. 5 for some more details of the

conjugation reaction, and some potential linker constructs.
Toxins comprising a maleimide linker have frequently been used, and also approved by

medical authorities, like Adcetris. Thus drugs comprising a MMAE toxin are conjugated to a

linker comprising (i) a p-aminobenzyl spacer, (ii) a dipeptide and (iii) a maleimidocaproyl
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linker, which enables the conjugation of the construct to the free sulfhydryl group of a Cys

residue in the antibody.

Providing a Cys-residue in the linker according to the present invention does therefore have
the advantage to be able to use off-the-shelf-toxin-maleimide constructs to create antibody-
payload conjugates, or, more generally, to be able to fully exploit the advantages of Cys-
maleimide binding chemistry. At the same time, off-the-shelf antibodies can be used, which

do not have to be deglycosylated.

In specific embodiments, the Cys residue is C-terminal, intrachain or N-terminal in the

peptide linker.

According to one further embodiment of the invention, the antibody comprises the Asn

residue N297 (EU numbering) in the Cy2 domain of the antibody.

According to one further embodiment of the invention, the N297 residue is glycosylated.

According to one further embodiment of the invention, the linker or payload is conjugated to

the amide side chain of the Gln residue.

According to one further embodiment of the invention, it is provided that, in case B is a
linking moiety, a further step of linking the actual payload to the linking moiety is carried

out.

According to one further embodiment of the invention, the microbial transglutaminase is
derived from Streptomyces mobaraensis, preferentially with a sequence identity of 80% to

the native enzyme.
One such Microbial transglutaminase is commercially available from Zedira (Germany). It is
recombinantly produced by E. coli. Streptomyces mobaraensis transglutaminase (UniProtKB

- Q6E0Y3 (Q6E0Y3 STRMB) has an amino acid sequence as disclosed in SEQ ID NO 36.

In another embodiment, a microbial transglutaminase Streptomyces ladakanum (formerly

known as Streptoverticillium ladakanum is being used. Streptomyces ladakanum
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transglutaminase (US Pat No US 6,660,510 B2) has an amino acid sequence as disclosed in
SEQ ID NO 37.

Both the above transglutaminases can be sequence modified. In several embodiments,
transglutaminases can be used which have 80 % or more sequence identity with SEQ ID NO

36 or SEQ ID NO 37.

Another suitable microbial transglutaminase is commercially from Ajinomoto, called
ACTIVA TG. In comparison to the transglutaminase from Zedira, ACTIVA TG lacks 4 N

terminal amino acids, but has similar activity.

Further microbial transglutaminases which can be used in the context of the present invention
are disclosed in Kieliszek and Misiewicz 2014, W02015191883 A1, W02008102007 A1l and
US20100143970, the content of which is fully incorporated herein by reference.

According to one further embodiment of the invention, the linking moiety B is at least one

selected from the group consisting of

e Dbioorthogonal marker group

¢ other non-bio-orthogonal entities for crosslinking

The term “bioorthogonal marker group” has been established by Sletten and Bertozzi (2011)
to designate reactive groups that can lead to chemical reactions to occur inside of living

systems without interfering with native biochemical processes.

A number of chemical ligation strategies have been developed that fulfill the requirements of
bioorthogonality, including the 1,3-dipolar cycloaddition between azides and cyclooctynes
(also termed copper-free click chemistry, Baskin et al (2007), between nitrones and
cyclooctynes (Ning et al (2010), oxime/hydrazone formation from aldehydes and ketones
(Yarema, et al (1998), the tetrazine ligation Blackman et al (2008), the isonitrile-based click
reaction (Stockmann et al (2011), and most recently, the quadricyclane ligation (Sletten &

Bertozzi (JACS, 2011), Copper(I)-catalyzed azide-alkyne cycloaddition (CuAAC, Kolb &
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Sharpless 2003), Strain-promoted azide-alkyne cycloaddition (SPAAC, Agard et al 2006), or
Strain-promoted alkyne-nitrone cycloaddition (SPANC, MacKenzie et al 2014).

All these documents are incorporated by reference herein to provide sufficient enabling

disclosure, and avoid lengthy repetitions.

According to one further embodiment of the invention, the bioorthogonal marker group or the

non-bio-orthogonal entity is at least one selected from the group consisting of:

° —N-N=N, or —N3

. Lys(N3)

. Tetrazine

o Alkyne

o DBCO

o BCN

o Norborene

o Transcyclooctene

o -RCOH (aldehyde),
o Acyltrifluoroborates,
. -SH, and/or

o Cysteine

These groups can for example engage in any of the following binding reactions:

binding partner 1 binding partner 2 reaction type
—N-N=N cyclooctyne derivatives (e.g. | SPAAC

DIFO, BCN, DIBAC, DIBO,

ADIBO/DBCO)
—N-N=N Alkyne CuAAC
—N-N=N Triarylphosphines Staudinger ligation
tetrazine Cyclopropene

Norborene

Cyclooctyne

(BCN)
-SH, e.g., of a Cys residue Maleimide Thiol-Maleimide

conjugation

Amine N-hydroxysuccinimid
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-O-carbamoylhydroxylamines Acyltrifluoroborates KAT-ligation  (potassium
R j)\ 0 acyl-trifluoroborate)
waeN LEt
0 Et KF SB)KNW
Rx-S-S-Ry R,-SH + reducing agent (e.g. | Direct disulfide
TCEP, DTT) bioconjugation
-CHO (aldehyde) HIPS-probe Hydrazino-iso-Pictet-
/ Spengler (HIPS)
HN/
oy
N
R
-CHO (aldehyde) Ri-N-N- R» Hydrazone-ligation
HO-N-R; Oxime-ligation
H2N-CHR:-CH2-SH Thiazolidine-Ligation
maleimide -SH, e.g., of a Cys residue Thiol-Maleimide

conjugation

Table 4

In the above table 4, the said linking moieties can either be what is called therein “binding

partner 17 or “binding partner 2”.

According to one further embodiment of the invention, the payload B is at least one selected

from the group consisting of:

e toxin

e cytokine

e growth factor

¢ radionuclide

e hormone

e anti-viral agent

e anti-bacterial agent

o fluorescent dye

¢ immunoregulatory/immunostimulatory agent

e half-life increasing moiety

e solubility increasing moiety
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e apolymer-toxin conjugate

e anucleic acid

e abiotin or streptavidin moiety
e avitamin

e atarget binding moiety, and/or

¢ anti-inflammatory agent.

Half-life increasing moicties are, for example, PEG-moicties (polyethylenglycol moieties;
PEGylation), other polymer moieties, PAS moieties (oliogopeptides comporising Proline,
Alanine and Serine; PASylation), or Serum albumin binders. Solubility increasing moiety

are, for example PEG-moicties (PEGylation) or PAS moieties (PASylation).

Polymer-toxin conjugate are polymers that are capable of carrying many payload molecules.
Such conjugates are sometimes also called fleximers, as e.g. marketed by Mersana

therapeutics

One example of a nucleic acid payload is MCT-485, which is a very small noncoding double
stranded RNA which has oncolytic and immune activating properties, developed by

MultiCell Technologies, Inc.

Anti-inflammatory agents are for example anti-inflammatory cytokines; which; when
conjugated to a target specific antibody, can ameliorate inflammations caused, e.g., by

autoimmune diseases.

According to one further embodiment of the invention, the toxin is at least one selected from

the group consisting of

e Pyrrolobenzodiazepines (PBD)

e Auristatins (e¢.g., MMAE, MMAF)

e Maytansinoids (Maytansine, DM1, DM4)
e Duocarmycins

e Tubulysins

¢ Enediyenes (e.g. Calicheamicin)
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PNUs, doxorubicins

e Pyrrole-based kinesin spindle protein (KSP) inhibitors
e C(Calicheamicins

e Amanitins (e.g. a-Amanitin), and/or

e Camptothecins (e.g. exatecans, deruxtecans)

The vitamin can be selected from the group consisting of folates, including folic acid, folacin,

and vitamin B9.

The target binding moiety can be a protein or small molecule being capable of specifically
binding to a protein or non-protein target. In one embodiment, such target binding moiety is a
scFv shaped antibody, a Fab fragment, a F(ab)2 fragment, a nanobody, affibody, a diabody, a
VHH shaped antibody, or an antibody mimetic, including a DARPIN.

According to one further embodiment of the invention, the antibody is at least one selected

from the group consisting of

e IgG, IgE, IgM, IgD, IgA and IgY
o IgGl, IgG2, 1gG3, 1gG4, IgA1 and IgA, and/or
¢ a fragment or recombinant variant thereof retaining target binding properties

and comprising the Cy2 domain

The antibody is preferably a monoclonal antibody.

The antibody can be of human origin, but likewise from mouse, rat, goat, donkey, hamster, or
rabbit. In case the conjugate is for therapy, a murine or rabbit antibody can optionally be

chimerized or humanized.

Fragment or recombinant variants of antibodies comprising the Cy2 domain are, for example,

e antibody formats comprising mere heavy chain domains (shark
antibodies/IgNAR (Vy-Cu1-Cu2-Cu3-Cu4-CuS): or camelid antibodies/hclgG
(Vu-Cu2-Cu3)2)
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e scFv-Fc (VH-VL-CH2-CH3)2
e Fc fusion peptides, comprising an Fc domain and one or more receptor

domains.

The antibody can also be bispecific (e.g., DVD-IgG, crossMab, appended IgG — HC fusion)

or biparatopic. See Brinkmann and Kontermann (2017) for an overview.

According to one further embodiment of the invention, the linker has two or more linking

moieties B.

In such embodiment, an antibody-payload conjugate can be created with, for example, an

antibody to payload ratio of 2, with two payloads conjugated to each Q295 residue.

According to one further embodiment of the invention, the two or more linking moieties B

differ from one another.

In such embodiment, a first linking moiety could for example be an azide (N3), while a
second linking moiety could be a tetrazine. Such oligopeptide linker thus allows to conjugate
two different payloads to two Gln residues of the antibody, i.¢., the Q295 of the Cu2 domains
of the antibody.

In such way, an antibody payload ratio of 2+2 can be obtained. Using a second payload
allows for the development of a completely new class of antibody payload conjugates that go

beyond current therapeutic approaches with respect to efficacy and potency.

Such embodiment allows, inter alia, to target two different structures in a cell, like, e.g., the
DNA and microtubule. Because some cancers can be resistant to one drug, like e.g., a

mirobutule toxin, the DNA-toxin can still kill the cancer cells.

According to another embodiment, two drugs could be used that are only fully potent when
they are released at the same time and in the same tissue. This may lead to reduced off-target
toxicity in case the antibody is partially degraded in healthy tissues or one drug is pre-

maturely lost.
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Furthermore, dual-labeled probes can be used for non-invasive imaging and therapy or
intra/post-operative imaging/surgery. In such embodiment, a tumor patient can be selected by
means of the non-invasive imaging. Then, the tumor can be removed surgically using the
other imaging agent (e.g., a fluorescent dye), which helps the surgeon or robot to identify all

cancerous tissue.

According to another aspect of the invention, an antibody-payload conjugate is provided

which has been generated with a method according to any one of the aforementioned steps.

According to another aspect of the invention, a linker having the peptide structure (shown in

N->C direction) is provided:

NH>
|
(Aax)m-(Aax)-(Aax)n-B-(Aax). or
NH:
|
(Aax)m-B-(Aax)n-(Aax)-(Aax)o, wherein

e mis an integer between > 0 and < 12

e nis an integer between > 0 and < 12

e 0 is an integer between > 0 and < 12

e mt+tnto=>0,

e Aax can be any naturally or non-naturally occurring L- or D-amino acid, or
amino acid derivative or mimetic, and

e Bisapayload or a linking moiety.

NH>»
|

and wherein Aax is an amino acid, amino acid derivative or amino acid mimetic comprising a

side chain having a primary amine group.
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Generally, the advantages and embodiments discussed above in accordance with the method
of the present invention do also apply to this aspect. i.c., the linker as composition of matter.
Hence, those embodiments shall be deemed disclosed also with the linker as composition of

matter.

It is important to understand that in different linker peptides shown herein, the C-terminus
and/or the N-terminus may or may not be protected, even if shown otherwise. Protection can
be accomplished by amidation of the former, and/or acetylation of the latter. In the context of

the present invention, both the protected and unprotected linker peptides are encompassed.

NH>»
|

In one embodiment thereof, Aax is Lysine or a Lysine derivative or a Lysine mimetic.

In further embodiments, the linker is not cleavable by cathepsin B, and/or the linker does not
comprise a valine-alanine motif or a valine-citrulline motif, and/or the linker does not

comprise Polyethylenglycol or a Polyethylenglycol derivative.

According to one embodiment, m + n + o < 25, preferably < 20, more preferably < 15, more
preferably < 12, more preferably < 10, more preferably < 8, more preferably < 7, more

preferably < 6, more preferably < 5, more preferably < 4.

According to one embodiment, the linking moiety B is at least one selected from the group

consisting of

. bioorthogonal marker group

o other non-bio-orthogonal entities for crosslinking

According to one embodiment, the bioorthogonal marker group or the non-bio-orthogonal

entity is at least one selected from the group consisting of

. —N-N=N, or —N3
. Lys(N3)
. Tetrazine
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o Alkyne

o DBCO

o BCN

o Norborene

o Transcyclooctene

o -RCOH (aldehyde),
o Acyltrifluoroborates,
. -SH, and/or

o Cysteine.

In further embodiments, the net charge of the linker is neutral or positive, and/or the linker
does not comprise negatively charged amino acid residues, and/or the linker comprises
positively charged amino acid residues, and/or the linker comprises at least two amino acid

residues selected from the group consisting of

e Lysine or a Lysine derivative or a Lysine mimetic,
e Arginine, and/or

e Histidine.

According to one embodiment the primary amine group is suitable to serve as the substrate of

a microbial transglutaminase (MTG).

According to one further embodiment, the linker is suitable for generating an antibody-

payload conjugate by means of a microbial transglutaminase (MTG).
According to one further embodiment, the linker is selected from

a) the list as shown in table 5, and/or

b) any one of SEQ ID NO 1 —35 and 38 - 45

According to yet another aspect of the invention, a linker-payload construct is provided,

comprising at least

a) a linker according to any the above description, and
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b) one or more payloads,

wherein, in said construct, the linker and/or the payload have optionally been chemically

modified during binding to allow covalent or non-covalent binding, to form said construct.

In case two or more payloads are being used, the latter can be identical or different from one

another.

In one embodiment, the payload is at least one selected from the group consisting of

o toxin

o cytokine

o growth factor

o radionuclide

o hormone

o anti-viral agent

o anti-bacterial agent

o fluorescent dye

o immunoregulatory/immunostimulatory agent
. half-life increasing moiety

o solubility increasing moiety

o a polymer-toxin conjugate

o a nucleic acid

o a biotin or streptavidin moiety
o a vitamin

o a target binding moiety, and/or
o anti-inflammatory agent.

In another embodiment, the toxin is at least one selected from the group consisting of

o Pyrrolobenzodiazepines (PBD)
o Auristatins (e.g., MMAE, MMAF)
o Maytansinoids (Maytansine, DM1, DM4)
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. Duocarmycins

o Tubulysins

o Enediyenes (e.g. Calicheamicin)

. PNUs, doxorubicins

o Pyrrole-based kinesin spindle protein (KSP) inhibitors
o Calicheamicins

o Amanitins (e¢.g. a-Amanitin), and/or

o Camptothecins (e.g. exatecans, deruxtecans)

According to another aspect of the invention, an antibody-payload conjugate is provided

comprising

a) one or more linker-payload constructs according to the above description, and

b) an antibody comprising at least one Gln residue in the heavy or light chain,

wherein, in said conjugate, the linker-payload constructs and/or the antibody have optionally
been chemically modified during conjugation to allow covalent or non-covalent conjugation,

to form said conjugate.

According to another aspect of the invention, a pharmaceutical composition is provided, the
composition comprising the linker according to the above description, the linker-payload
construct according to the above description, and/or the antibody-payload conjugate

according to the above description.

According to another aspect of the invention, a pharmaceutical product is provided, the
product comprising the antibody-payload conjugate according to the above description, or the
pharmaceutical composition according to the above description, and at least one further

pharmaceutically acceptable ingredient.

According to another aspect of the invention, the pharmaceutical composition according to
the above description or the product according to the above description is provided (for the

manufacture of a medicament) for the treatment of a patient

o suffering from,
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o being at risk of developing, and/or

o being diagnosed for

a neoplastic disease, neurological disease, an autoimmune disease, an inflammatory disease

or an infectious disease, or the prevention or for the prevention of such condition.

According to another aspect of the invention, a method of treating or preventing a neoplastic
disease is provided, said method comprising administering to a patient in need thercof the
antibody-payload conjugate according to the above description, the pharmaceutical
composition according to the above description, or the product according to the above

description.

The inflammatory disease can be an autoimmune disease. The infectious disease can be a

bacterial infection or a viral infection.

Said conjugate or product is administered to the human or animal subject in an amount or
dosage that efficiently treats the disease. Alternatively, a corresponding method of treatment

is provided.

The following table 5 shows different linkers that can be used in the context of the present
invention, and their SEQ ID Numbers. For the avoidance of doubt, if there is a discrepancy
with the electronic WIPO ST 25 sequence listing, the sequences of this table are to be

deemed the correct ones.

It is important to understand that in some linker peptides shown herein, the moiety at the C-
terminus is simply designated as Ni. However, this should be understood as an abbreviation
of Lys(Ns). For example, RAKAR(N3) or ArgAlaLysAlaArg(N3) does actually mean
RAKARK>, with K> = Lys(N3), or ArgAlaLysAlaArgLys(N3).

It is furthermore important to understand that in different linker peptides shown herein, the C-

terminus and/or the N-terminus may or may not be protected, even if shown otherwise.
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Protection can be accomplished by amidation of the former, and/or acetylation of the latter.
In the context of the present invention, both the protected and unprotected linker peptides are

encompassed.

For example RAKARK(N3) does indeed encompass four variants, with a) both termini
protected as discussed above, b) only the N-terminus or the C-terminus protected as

discussed above, or ¢) both termini unprotected.

On the other hand, NH>-ArgAlaLysLys(N3)-COOH for example explicitly specifies a

peptide which is not protected, i.e., has unprotected N- and C terminus.

Fig No |Three letter code One letter code [ T |me 3 w
S ® |« 3 £ m
=l |2e53| °
— [yl : —
@ g |»>0 g o
3| | z285| 2

— = 3
) e T3S °
o, I 2
Q R O
< 5S|* o
w =
<
[¢]

Linkers with Lys providing primary amine for transglutaminase reaction (in bold print)

2 ArgAlaLysAlaArglLys(Ns | RAK1ARK,, with K; = Lys(Ns) 6 3 1
) Lys(Ns)

9,16 |ArgAlalysLys(Ns) RAK1K,, with K = Lys(Ns) 4 |2 2
Lys(Ns)

9 ArgAlalysXaa(Ns) RAKX, with X = Xaa(Ns), |Xaa(Ns) 4 2 3

Xaa is 4-Azido-L-
homoalanine

9 ArgAlalys [PEG]3(N3) | RAK [PEG]sN3, with N3 5 2 4
[PEG]s =triethylenglycol

9 ArgAlalysCys RAKC Cys-SH 4 2 5

19A ArgGlyLysLys(Ns) RGK1K;,, with Kz = Lys(Ns) 4 |2 6
LyS(Ng)

19A ArgSerLysLys(Ns) RSK1K2, with K, = Lys(Ns) | Lys(Ns) 4 2

19A | ArgHisLysLys(Ns) RHK1K2, with K; = Lys(N3) 4 |3
LyS(Ng)

19A | AlaHisLysLys(N3) AHK:1Ka, with Kz = Lys(N3) 4 |2 9
Lys(Ns)

19A Lys(N3)ArgAlaLysAlaAr | KiRAK2AR with Ky = Lys(N3) 6 |3 10

g Lys(Ns)
19A ArglysArglys(Ns) RK1RK; with K1 = Lys(N3) | Lys(Ns) 4 3 11
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Linkers with Lys with primary amine for transglutaminase reaction (in bold print), N- and/or

C-terminus not protected

198

NH,-ArgAlaLysLys(Ns)-
COOH

NH;-RAK1K>-COOH with
K1 = Lys(N3)

Lys(Ns)

4

Linkers with amino acid derivative or mimetic (italics), Lys providing primary amine for
transglutaminase reaction (in bold print)

18A ArgfSAlaLysLys(Ns) RBAK1Kz, with K3 = Lys(Ns) 4 12
Lys(N3)
18A HomoArgAlaLyslLys(Ns) | hRAK1K,, with Kz = Lys(Ns) 4 13
Lys(Ns)
18A homoArgfSAlaLysLys(Ns | hRBAK1K,, with Kz = Lys(Ns) 4 14
) Lys(Ns)
Linkers with amimo acid with Lys derivative or mimetic providing primary amine for
transglutaminase reaction (in bold print)
18B ArgAlaOrnLys(Ns), Orn | RAoK, with K= Lys(N3) | Lys(Ns) 4 15
= Ornithine and o=0rn
18B ArgAlaDablys(N3), Dab | RAdK, with K = Lys(N3) | Lys(Ns) 4 16
= a,y-diaminobutyric |and d = Dab
acid
18B ArgAlaRhLysLys(Ns), RARhK1K,, with K3 = Lys(Ns) 4 17
BhLys = L-Bhomolysine | Lys{N3)
((S)-3,7-Diamino-
heptanoic acid
18B ArgAlahomolLyslys(N3) | RAhKiK,, with K; = Lys(Ns) 4 18
homolys = homolysine | Lys{Ns)
18B ArgAladLysLys(Ns), RAk1Ky, with K; = Lys(Ns) 4 19
dLys = D-Lysine Lys(N3) and ki = dLys
Bifunctional linkers
7A ArgAlaLysLys(N3)ArgAl | RAK1K,2RAKs, with Lys(Ns) 7 20
alys(Tetrazine) Ko=Lys(Ns), K3 = and
Lys(Tetrazine) Lys(Tet
razine)
7B Lys(Ns)CysArgAlaLys K1CRAK; with Lys(Ns), 5 21
Ki=Lys(Ns) Cys-SH
7C LysAlaArgCysLys(Ns) K1ARCK; with Lys(Ns), 5 22
Ko=Lys(Ns) Cys-SH
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8A Lys(Ns)ArgAlaLysAlaAr | KiRAK>ARKs, with Kq Lys(Ns) 7 3 23
glys(N3) and Kz=Lys(Ns)) (2x)

8B LysAlaArgLys(Ns)Lys(Ns | K1ARK2K3; with Kz and Lys(Ns3) 5 2 24
) Ka=Lys(Ns) (2x)

Other linkers with Lys providing primary amine for transglutaminase reaction {in bold print)

20 Arglys(Ns)Lys RK1K», with Ki=Lys(N3)) |Lys(Ns) 3 2 38**

20 LysLys(Ns) KiKa Lys(Ns) 2 1 39**

20 LysCys KC Cys-SH 2 1 40**
ArglLysArg-B RKR 3 3 41%*
ArgHisLys-B RHK 3 3 42**
ArgAlaAlaArglys-B RAARK 5 3 25
LysTyrArg -B KYR 3 2 43%*
ArgArglysAlaTyr-B RRKAY 5 3 26
ArgArglLysAsnTyr-B RRKNY 5 3 27
LysAlaArgAlaArg-B KARAR 5 3 28
LysAlaArgAla-B KARA 4 2 29
ArgAlalLysAlaArg-B RAKAR 5 3 30
AlaTyrAlalys-B AYAK 4 1 31
ArgAlalLysAlaArgGlyLys | RAKARGK 7 4 32
-B
ArgAlalLysLysAsnArgAla | RAKKNRAK 8 5 33
Lys-B
AsnlLysAlaleuLysAlaPro | NKALKAP 7 2 34
-B
AspGlyValGluLysAsnAl | DGVEKNAKTKPR 12 |4 35
alysThrLysProArg-B
ArgAlalys-B RAK 3 2 44**
LysAlaArg-B KAR 3 2 45**
LysAlaHis-B KAH 3 2 46
LysHisAla-B KHA 3 2 47
LysGlyHis-B KGH 3 2 47
LysHisGly-B KHG 3 2 48
LysAlaAla-B KAA 3 1 49
LysAlaSer-B KAS 3 1 50
LysSerAla-B KSA 3 1 51
LysSerArg-B KSR 3 2 52
LysArgSer-B KRS 3 2 53
LysHisArg-B KHR 3 2 54
LysArgHis-B KRH 3 2 55
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LysArgTyr-B KRY 3 2 56
LysTyrArg-B KYR 3 2 57
LysGlyAla-B KGA 3 1 58
LysAlaGly-B KAG 3 1 59
LysSerGly-B KSG 3 1 60
LysGlySer-B KGS 3 1 61
LysAlaAsn-B KAN 3 1 61

* note that Lys(N3) does not qualify as a positively charged amino acid
** Due to a length of max 3 AA. These linkers are not mentioned in the electronic sequence listing

Table 5

Examples

While the invention has been illustrated and described in detail in the drawings and foregoing
description, such illustration and description are to be considered illustrative or exemplary
and not restrictive; the invention is not limited to the disclosed embodiments. Other
variations to the disclosed embodiments can be understood and effected by those skilled in
the art in practicing the claimed invention, from a study of the drawings, the disclosure, and
the appended claims. In the claims, the word “comprising” does not exclude other elements
or steps, and the indefinite article “a” or “an” does not exclude a plurality. The mere fact that
certain measures are recited in mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage. Any reference signs in the

claims should not be construed as limiting the scope.

All amino acid sequences disclosed herein are shown from N-terminus to C-terminus; all

nucleic acid sequences disclosed herein are shown 5'->3".

Example 1: Screening of linker library for suitable Lys comprising peptides

Three lysine-containing oligopeptide libraries were screened in order to identify oligopeptide
structures that are suitable to accomplish quantitative conjugation (i.e. >95%) to Q295 of
native antibodies by means of the Microbial Transglutaminase as discussed herein. Peptides
of library 1 were to some extent derived from Caporale et al., 2015 but also own ones were
designed, while library 2 and 3 were generated and developed from the gained knowledge of

the preceding libraries. A glycosylated IgG (IgG1) was used as the reference antibody.
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Reaction conditions were as follows: 1 mg/mL native humanized IgG1 reference antibody, 80
molar excess of the peptide versus the antibody, 6 — 12 U/ml MTG, 20 h, 37 °C, buffer pH
7.6. The reaction mixture was analyzed on a LC-MS-ESI (LCT-Premier, Waters, Milford,
United States). For analysis, the antibody-conjugate was reduced with 50mM DTT (15min at
37°C) to separate the light from the heavy chain. This was achieved using liquid
chromatography (LC) and an Aeris WIDEPORE XB-C18 column (3.6pum, 100mm x 2.1mm;

Phenomenex, USA) at a column temperature of 80°C, applying an LC-gradient shown in the

following table 6.
Time [min] Water [%] Acetonitrile 2-Propanol [%] | Curve
[Yo]

0 90 10 0 Starting point

70 25 5 linear
15 58 37 5 linear
20 5 90 5 linear

Table 6

The obtained MS spectra were analyzed using MassLynx V4.1 and deconvoluted using the

MaxEnt1 algorithm. The conjugation ratio Rc was calculated as follows:

Rc=

Z (intensity of conjugated peaks)

(1)

I (intensity of unconjugated peaks)+ X (intensity of conjugated peaks)

Fig. 3 shows the result of screening the three libraries. It was found that positively charged
amino acids are favoring the conjugation reaction while negatively charged amino acids often
suppress the conjugation reaction. However, negatively charged amino acids can be
outbalanced by introduction of a positively charge amino acid. In such, the transglutaminase

enzyme accepts such peptide.
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These peptides are not functional, i.e. they do not carry the linker moiety, ¢.g., the bio-
orthogonal group, but solely were used to find the lysine-containing peptide that was

conjugated with highest efficiency.

The fact that charged oligopeptide structures can efficiently be conjugated to the Q295 of a
non-deglycosylated (=native) antibody is advantageous, because it will also allow to attach
even the most hydrophobic payloads, such as the pyrrolobenzodiazepine-toxins (PBD-
toxins), and keeping them effectively in solution with minimized aggregation potential
compared to low-molecular weight substrates with limited hydrophilicity that are based on

poly(ethylene glycol).

Example 2: Cell toxicity assay

Cell lines and culture: MDA-MB-231, and SK-BR-3 were obtained from the American Type
Culture Collection (ATCC) and cultured in RPMI-1640 following standard cell-culture

protocols.

SK-BR-3 is a breast cancer cell line isolated by the Memorial Sloan—Kettering Cancer Center
in 1970 that is used in therapeutic research, especially in context of HER2 targeting. MDA-
MB-231cells are derived from human breast adenocarcinoma of the "basal" type, and are
triple negative (ER, PR and HER2 negative). Adcetris (Brentuximab Vedotin) is a
commercially available antibody drug conjugate that targets CD30 and is hence expected to
not be active against cells which do not express CD30, ¢.g., MDA-MB-231, and SK-BR-3.
Kadcyla (Trastuzumab emtansin) is a commercially available antibody drug conjugate that
targets Her2 and is hence expected to be active against cells which express Her2 (e.g., SK-
BR-3), and not active against cells which do not express Her2 (e.g., MDA-MB-231). ADC
(in-house) is an antibody drug conjugate produced with the linker technology as specified
herein, using a non-deglycosylated antibody, and targets Her2, having a Drug to Antibody
Ratio of 2, hence bearing two emtansin (DM-1) molecules. Anti-HER2 mAb is a non-

deglycosylated, unconjugated antibody, targeting Her2.

Cell toxicity assay: Cells were seeded into 96 well plates (white walled, clear flat bottom
plates) at densities of 10,000 cells per well and incubated overnight at 37°C and 5% COa..

Monoclonal antibodies (mAbs) and antibody-drug conjugates (ADCs) were serially diluted
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1:4 in media at a starting concentration of 10 pg/mL (66.7 nM). Media was removed from
cells, and mAb/ADC dilutions were added. Cells treated with media only served as the
reference for 100% viability. Cells were incubated with antibodies for three days at 37°C and

5% CO».

Cell viability was assessed by Cell Titer-Glo® (Promega) following manufacturer’s
instructions and as briefly outlined here. Plates were equilibrated to room temperature for 30
minutes. Cell Titer-Glo® reagent was made by addition of Cell Titer-Glo buffer to substrate.
50 uL per well of Cell Titer-Glo® reagent was added and incubated at room temperature with
shaking for two minutes followed by an additional 30 minutes incubation at room
temperature. Luminescence was detected on a Perkin Elmer 2030 Multilabel Reader Victor™

X3 plate reader using an integration time of 1 second.

The data were processed as follows: luminescence values of wells treated with media only
were averaged and served as the reference for 100% viability. Percent viability of mAb/ADC

treated wells was calculated using the following equation:

Luminescence af treated well

B4 wiability = <A ) # 10005

verage luminescence of media treated wells

Normalized percent viability was plotted versus the logarithm of mAb/ADC concentration

and the data were fit using GraphPad Prism 7.00.

As can be seen in Fig. 22, ADC (in-house) has the same potency against SK-BR3 cells as
Kadcyla. Hence, the advantages provided by the novel linker technology (ease of
manufacture, site specificity, stable stoichiometry, no need to deglycosylate that antibody) do
not come at any disadvantage regarding the cellular toxicity. This is even more important as
the ADC (in-house) has a DAR of 2, while Kadcyla has an average DAR of 3.53 = 0.05,

hence is capable to deliver more toxin to the target cells.
Example 3: Preparation of site-specifically conjugated IgG1 antibodies

Preparation of site-specifically conjugated IgGl antibodies that remain native after

conjugation (Fig. 10-12). The following conjugation conditions were used: native IgGls in a
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standard buffer (1 mg/mL end conc.), 80 equivalents of azide-containing-peptide, 12 U/mL
microbial transglutaminase, buffer pH 7.6 (25 °C), 20 h incubation at 37 °C. The conjugated
antibodies were then purified using a PD10 column followed by a centrifugation step in an
Amicon Ultra-4 50 kDa filter. 10 eq DBCO-PEG4-5/6-FAM-dye or 10 eq DBCO-PEG4-5/6-
Carboxyrhodamine-dye, dissolved in DMSO, was then added for a click reaction, 4 h at RT
in the dark. The clean-up was done with iterative wash steps using buffer pH 7.6 and 50 kDa
Amicons. Antibody concentrations were determined by UV-VIS spectrometry. The
conjugation quantification was done by LC-MS, using an Aeris WIDEPORE XBC18 column

and the conditions mentioned in Example 1.

Example 4: Flow-cytometry experiments

SKOV3ip cells (approx. 15 * 10%) got washed with 10 mL PBS (37 °C). The supernatant is
discarded and 2.5 mL Accutase was added to lyse the cells from the surface for 10-30 min at
37 °C. With additional 7.5 mL PBS the cells got gently pipette-mixed and transferred into a
15 mL Falcon tube. The cells were counted with a Neubauer cell counting chamber. The
falcon tube was centrifuged for 5 min at 1000 g, the supernatant discarded and the cell pellet
resuspended with ice-cold FACS buffer (PBS + 3 % FCS). The amount of buffer used
corresponds to a concentration of 500°000 cells per 100 uL sample. From now it was worked
on ice. 100 uL cells were aliquoted to the control well in a 96-well plate. 5 ug human IgG1
was added and mixed carefully by pipetting. The whole 96-well plate with the cells got
incubated for 30 min while gently shaking. After 15 min incubation, a pipette-mixing step
was performed. Then, additional 100 uL FACS-Buffer was added to the well and the cells got
pelleted 5 min/ 500 g with a precooled centrifuge at 4 °C. The supernatant got discarded and
the cells gently resuspended in 200 ul. FACS buffer. The cells were pelleted again and the
washing procedure repeated for at least one more time. Then, 100 uL FACS buffer was used
to resuspend the cells and 1 uL secondary goat anti-human IgG-FITC (1:75 dilution, Santa
Cruz Biotechnology, USA) was added. The rest of the other wells were then provided with
100 uL cells. The control wells contained cells only, whereas the sample wells got provided
with 5 ug of corresponding antibody (conjugated and clicked IgG1 including isotype IgG1
control). The 30 min incubation step as well as all the washing steps were done like described
above. After the second washing step, 120 uL. FACS buffer was used to resuspend the pellets
to go for flow cytometry analysis with a Guava easyCyte Flow Cytometer (Merck-Millipore,
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Switzerland). Data were analysed with the FlowJo software (TreeStar Inc, USA). Results are

shown in Fig. 13.

Example S: Conjugation efficiency

Peptides were used as obtained and dissolved at a suitable stock concentration (e.g. 25mM)
following the manufacturers instruction, aliquots were prepared and stored at -20°C. Two
antibodies of IgG-subclass (antibody 1: anti Her2 IgG1, antibody 2: anti CD38 IgG1) were
modified as follows: 1 mg/mL of non-deglycosylated antibody (~6.67uM) was mixed with
80 molar equivalents of peptide linker (i.e. ~533uM), 6 U/mL MTG and buffer. The reaction
mixture was incubated for 20 h at 37°C and then subjected for LC-MS analysis under
reducing conditions. For Lys(N3)-RAKAR-Lys(N3) 12 U/ml MTG was used.

The following table shows the conjugation efficiency of some exemplary linkers according to

the present invention:

Fig No |Three letter code One letter code — | Conjugation o | 9o 3>
=] . (1) 0, 0 ¢C
= | efficiency to T | a2 3
@ Q295 in AEER]
3 antibody | 289
B 1/ 2 2|35
< > o
=]
2 ArgAlaLysAlaArglLys(Ns) | RAK1ARK>, Lys(N3) |84 % |82% 6 3
with Kz = Lys(N3s)
9,16 |ArgAlalysLys(Ns) RAK:1K>, Lys(Ns) [90% [90% |4 |2
with Kz = Lys(N3s)
19A ArgGlyLysLys(Ns) RGK1K;, Lys(N3) [92% 4 2
with Kz = Lys(N3s)
19A ArgSerlLysLys(Ns) RSK1K3, Lys(N3) [91% 4 2
with Kz = Lys(N3s)
19A ArgHisLysLys(Ns3) RHK1K;, Lys(N3) |88% 4 2
with Kz = Lys(N3s)
19A AlaHisLysLys(Ns) AHK:K>, Lys(Ns3) |92% 4 2
with Kz = Lys(N3s)
19A Lys(Ns)ArgAlaLysAlaArg | K1RAK,AR Lys(N3) |83% 6 3
with K1 = Lys(N3s)
19B NH-ArgAlalysLys(Ns)- NH;-RAK1K>- Lys(Ns) | 93% 4 2
COOH COOH
with K1 = Lys(N3s)
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7B Lys(Ns)CysArgAlaLys K1CRAK> Lys(Ns), | 85% 5 2
with Ki=Lys(Ns) |Cys-SH
8A Lys(Ns)ArgAlaLysAlaArgl | K1RAKARKs, Lys(Ns) | 70% 7 3
ys(N3) with K1 and (2x)
K3=Lys(N3))

27 Mar 2020

As a negative comparison, three linkers were used that are not in accordance with the present

2018337671

invention.
Linker abbreviation Conjugation
efficiency to
Q295 in
antibody
1/ 2
NH»-(PEG)s-TCO TCO Spycher et al., ChemBioChem, 2017 18 10
NH2-(PEG)3-N3 PEGA Lhospice et al., Mol Pharm, 2015 20 21
Dennler et al., Bioconj Chem, 2014
Biotin cadaverine BC Dennler et al., Bioconj Chem, 2014 16 20

None of these linkers provides a primary amine group on amino acid side chain, and, hence,

no conjugation to a non-deglycosylated antibody did occur.

Example 6: Dual-payload conjugation and cell-binding study

6.1. Preparing dual-functionalized humanized IgG1

IgG1 antibody was incubated for 24 h at 37 °C with 80 eq. Peptide NH2-K(N3)CRAK-COOH
and 6 U MTG/mg Antibody in buffer pH 7.6. The conjugated antibody was purified from
excess linker and MTG enzyme by size exclusion chromatography on a Superdex 16/600
HiLoad 200 column. The fractions were concentrated in Amicon Ultra centrifugal filter units
30 MWCO. The antibody-linker conjugate was then reduced with 30eq Dithiothreitol (DTT),
purified followed by exposure to 10 equivalents dehydroascorbic acid for one hour at 8 °C.
Another cleaning step is done three times as described using Amicon filter tubes of 30
MWCO. The antibody-conjugate sample was then incubated with 20 eq. maleimide-
NODAGA and put overnight to 8 °C. After Amicon-washing to remove excess linker, the
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sample was incubated with 20 equivalents DBCO-PEG4-Ahx-DM1 for 4h. After purification,
the sample was analyzed with LC-MS. Results are shown in Figs 23A and 23B.

6.2. Antibody labeling and cell-binding study (Lindmo-Assay)

70 ul functionalized antibody (1.3 mg/mL) was provided with 15 pL Indium-111 (!!!In) (7.7
MBq), 15 uL HC1 0.05 M, and 30 uL. Ammonium carbonate 0.5 M. The mix was incubated
for one hour at 37 °C and then six times Amicon 30 MWCO cleaned up. Target expressing
cells in a T150 flask were first washed with 10 mL PBS and then detached with 10 mL PBS
+ 1 mM EDTA at 37°C. 10 mL complete cell culture medium was added and the cells were
centrifuged in a falcon tube for 5 min at 1000 rpm. The cells were then washed with PBS and
then suspended in PBS + 1 % BSA to a stock solution of 4 * 106 cells / 0.5 mL. The cells
were kept on ice for the following steps. Five cell-dilutions (in triplicates) were made from
0.25 Mio cells up to 4 Mio cells in 0.5 mL in a tube. 50 uL labeled antibody (normed to
25’000 cpm) was added to each tube. The control for non-specific binding was first provided
with additional 15 ug unlabeled native IgG1-antibody. The tubes were incubated for 30 min
at 37 °C and 220 rpm. Subsequently, 2 mL ice cold PBS + 1 % BSA was added and the
samples got centrifuged 5 min at 1500 rpm at 4 °C. The supernatant was removed and
another 2 mL PBS + 1 % BSA was added. The centrifugation step was then repeated. After
removing the supernatant, the samples were measured on a Gamma counter. The results show
that the dual-labeled ADC (conjugated with Maleimide-NODAGA and DBCO-PEG4-Ahx-
DM1) yet maintained binding specificity and could efficiently be labeled with Indium-111.
Results are shown in Figs 24A and 24B.

Example 7: Control conjugation of Ac-RPAK(N3)-NH:2 (Ac-ArgpfAlaLys(N3)-NH>?) (i.e., a
linker not containing an amino acid with a primary amine on a side chain) to

humanized IgGl1.

The conjugation was performed as outlined above in example 5. After LC-MS analysis, no
modification of the antibody heavy chain could be detected, as expected. This indicates that
MTG selectively reacts with primary amines of, e.g. Lysine residues, or Lysine analogues or
mimetics. The amine group on the side chain of Arginine is however part of the guanidine

group and hence not a primary amine in the meaning of the present invention. As a

47



WO 2019/057772 PCT/EP2018/075350

consequence, no conjugation to a non-deglycosylated antibody did occur. Results are shown

in Fig 25.

Example 8: Conjugation to human 1gG4 antibody

Human IgG4 antibody was incubated using Ac-RAKAR-NH; peptide following the standard
conjugation protocol. LC-MS analysis revealed after conjugation that the IgG4 was

selectively modified at a single residue only at the heavy chain. Results are shown in Figs

26A, 26B and 26C

Example 9: ADC preparation from a humanized IgG1, followed by LC-MS

3.9mg/ml humanized IgG1 antibody was incubated with 2.4U/mg antibody MTG and 80eq
Ac-RAK-Lys(N3)-NH> in buffer pH 7.6 at 37°C and after incubation a conjugation ratio of
>98% was achieved. After size-exclusion chromatography to remove excess linker and MTG,
the sample was concentrated and reacted with 10eq DBCO-PEG4-Ahx-DM1 for 19h and
purified, a clicking efficiency of >98% was achieved. After each step, an LC-MS was done
showing thus the assembly of the ADC step-by-step. No modification of the light chain was
detected at all the steps. Results are shown in Figs 27A, 27B and 27C.

Example 10: SEC-MALS experiments

Antibodies and antibody conjugates (Herceptin, an anti-HER2-mAb-linker construct using
the claimed linker technology, an anti-HER2-mAb-linker-DM1 conjugate using the claimed
linker technology (elsewhere herein called inhouse ADC), and Kadcyla® were dialyzed
against buffer A (buffer A: 20 mM HEPES pH 7.5, 150 mM NacCl) at room temperature for 3
hours. Subsequently, the dialysis buffer was filtered through a 0.1 um filter. A Superdex®
200 Increase 10/300 GL column was equilibrated overnight at room temperature in filtered
dialysis buffer until a stable light scattering baseline was achieved. Samples were diluted to 4
mg/mL in dialysis buffer A and prepared by centrifugation at 13000 RPM for 5 minutes prior
to loading 30 uL onto the size exclusion column. The flow rate was set to 0.5 mL/min, and
both light scattering and the refractive index were monitored by Wyatt Technologies
MiniDAWN TREOS and optilab-t-rex detectors, respectively. ASTRA chromatography

software was used for baseline correction and data analysis.
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Results are shown in Figs 28 A — D. It can be seen that the Inhouse ADC is nicely defined
both in the light scattering experiment (SEC, peak line) as well as in the multi angle light
scattering (MALS) experiment (inclined line in the middle). Both values are comparable to
naked Herceptin, indicating that there are no fragments or aggregates. The subject linker
technology hence delivers, in a simple step, a very pure product. In contrast thereto, Kadcyla,
which is conjugated by means of maleimide chemistry, has a broader peak, indicating more

fragments and aggregates.
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Disclaimer

It is important to understand that in some linker peptides shown herein, the moiety at the C-
terminus is simply designated as Ni. However, this should be understood as an abbreviation
of Lys(Ns). For example, RAKAR(N3) or ArgAlaLysAlaArg(N3) does actually mean
RAKARK>, with K> = Lys(N3), or ArgAlaLysAlaArgLys(N3).

It is furthermore important to understand that in different linker peptides shown herein, the C-
terminus and/or the N-terminus may or may not be protected, even if shown otherwise.
Protection can be accomplished by amidation of the former, and/or acetylation of the latter.
In the context of the present invention, both the protected and unprotected linker peptides are
encompassed. For example RAKARK(N3) does indeed encompass four variants, with a) both
termini protected as discussed above, b) only the N-terminus or the C-terminus protected as

discussed above, or ¢) both termini unprotected.
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What is claims is:

1. A method for generating an antibody-payload conjugate by means of a
microbial transglutaminase (MTG), which method comprises a step of conjugating a linker
having a primary amine residue, said linker comprising the peptide structure (shown in N->C

direction)

NH:

|
(Aax)m-(Aax)-(Aax)s-B-(Aax)o, or

NH:

|
(Aax)m-B-(Aax)s-(Aax)-(Aax)o,

to a Gln residue comprised in the heavy or light chain of an antibody, wherein

e m is an integer between > 0 and < 12

e nisan integer between > 0 and < 12

e 0 s an integer between > 0 and < 12

e m+n+o0>0,

e Aax can be any naturally or non-naturally occurring L- or D-amino acid, or
amino acid derivative or mimetic, and

e B isapayload or a linking moiety,

NH,
|

wherein Aax is Lysine or a Lysine derivative or a Lysine mimetic,

and wherein the linker is suitable for conjugation to a glycosylated antibody.

2. The method according to claim 1, wherein the linker including the payload or

linking moiety B is conjugated to a Gln in the Fc domain of the antibody

3 The method according to claim 1 or claim 2, wherein
(a) the linker including the payload or linking moiety B is conjugated to a Gln
residue which was introduced into the heavy or light chain of the antibody by molecular

engineering; or
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(b) the linker including the payload or linking moiety B is conjugated to the Gln
residue Q295 (EU numbering) of the Cy2 domain of the antibody.

4. The method according to any one of the aforementioned claims, wherein the
antibody to which the linker including the payload or linking moiety B is conjugated is
glycosylated.

5. The method according to any one of the aforementioned claims, wherein the

antibody comprises the Asn residue N297 (EU numbering) in the Cu2 domain of the

antibody.
6. The method according to claim 5, wherein the N297 residue is glycosylated.
7 The method according to any one of the aforementioned claims, wherein the

linker including the payload or linking moiety B is conjugated to the amide side chain of the

Gln residue.

8. The method according to any one of the aforementioned claims, wherein one
or more of the following:

(a) the linker is not cleavable by cathepsin B;

(b) the linker does not comprise a valine-alanine motif or a valine-citrulline motif;
and

(©) the linker does not comprise Polyethylenglycol or a Polyethylenglycol

derivative.

0. The method according to any one of the aforementioned claims, wherein one
or more of the following:

(a) m + n + o < 25, preferably < 20, more preferably < 15, more preferably < 12,
more preferably < 10, more preferably < 8, more preferably < 7, more preferably < 6, more
preferably < 5, more preferably < 4;

(b) the net charge of the linker is neutral or positive;

(©) the linker does not comprise negatively charged amino acid residues;

(d) the linker comprises positively charged amino acid residues; and
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(e) the linker comprises at least two amino acid residues selected from the group

consisting of

. Lysine or a Lysine derivative or a Lysine mimetic,
. Arginine, and/or
. Histidine.
10. The method according to any one of the aforementioned claims wherein, in

case B is a linking moiety, a further step of linking the actual payload to the linking moiety is

carried out.

11. The method according to any one of the aforementioned claims, wherein the
microbial transglutaminase is a microbial transglutaminase comprising an amino acid
sequence according to SEQ ID NO:36 or 37, or wherein the microbial transglutaminase is a
microbial transglutaminase comprising an amino acid sequence with at least 80% sequence

identity to SEQ ID NO:36 or 37.

12. The method according to any one of the aforementioned claims, wherein the

linking moiety B is at least one selected from the group consisting of

. bioorthogonal marker group, and
. other non-bio-orthogonal entities for crosslinking.
13. The method according to claim 12, wherein the bioorthogonal marker group or

the non-bio-orthogonal entity is at least one selected from the group consisting of

° —N-N=N, or -N3

. Lys(N3)

° Tetrazine

° Alkyne

. DBCO

° BCN

o Norborene

° Transcyclooctene

° -RCOH (aldehyde),
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14.

Acyltritfluoroborates,
-SH, and/or

Cysteine.

The method according to any one of the aforementioned claims, wherein the

payload B is at least one selected from the group consisting of

15.

toxin

cytokine

growth factor

radionuclide

hormone

anti-viral agent

anti-bacterial agent
fluorescent dye
immunoregulatory/immunostimulatory agent
half-life increasing moiety
solubility increasing moiety

a polymer-toxin conjugate

a nucleic acid

a biotin or streptavidin moiety
a vitamin

a target binding moiety, and/or

anti-inflammatory agent.

The method according to claim 14, wherein the toxin is at least one selected

from the group consisting of

Pyrrolobenzodiazepines (PBD)
Auristatins (e.g., MMAE, MMAF)
Maytansinoids (Maytansine, DM 1, DM4)
Duocarmycins

Tubulysins
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. Enediyenes (e.g. Calicheamicin)

) PNUs, doxorubicins

. Pyrrole-based kinesin spindle protein (KSP) inhibitors

. Calicheamicins

. Amanitins (e.g. a-Amanitin), and/or

. Camptothecins (e.g. exatecans, deruxtecans).

16. The method according to any one of the aforementioned claims, wherein the

antibody is at least one selected from the group consisting of:

. IgG, IgE, 1gM, IgD, IgA and IgY
. IgGl, IgG2, 1gG3, IgG4, IgA1 and IgA
. or a fragment or recombinant variant thereof retaining target binding

properties and comprising the Cx2 domain

17. The method according to any one of the aforementioned claims, wherein the

linker has two or more linking moieties B.

18. The method according to claim 17, wherein two or more linking moiecties B

differ from one another.

19. An antibody-payload conjugate obtained by a method according to any one of

claims 1 to 18.

20.  An antibody-payload conjugate comprising a linker having the peptide

structure (shown in N->C direction)

NH>

|
(Aax)m-(Aax)-(Aax)u-B-(Aax), , or

NH:

|
(Aax)m-B-(Aax),-(Aax)-(Aax), , wherein

57



01 Feb 2021

2018337671

e mis an integer between > 0 and < 12

e nisan integer between> 0 and < 12

e 0is an integer between > 0 and < 12

e mt+tn+to=>0,

e Aax can be any naturally or non-naturally occurring L- or D-amino acid,
or amino acid derivative or mimetic, and

e B s apayload or a linking moiety,

NH,
|

wherein Aax is Lysine or a Lysine derivative or a Lysine mimetic,
wherein the linker is conjugated to a Gln residue in the F¢ domain of the antibody via
the primary amine of the Lysine, the Lysine derivative or the Lysine mimetic;

and wherein

(a) the linker is conjugated to a Gln residue which was introduced into the heavy or
light chain of the antibody by molecular engineering; or

(b) the linker is conjugated to the Gln residue Q295 (EU numbering) of the Cu2
domain of the antibody.

21. The antibody-payload conjugate according to claim 20, wherein the antibody
is glycosylated.

22. The antibody-payload conjugate according to claim 20 or claim 21, wherein
the antibody comprises the Asn residue N297 (EU numbering) in the Cuy2 domain of the
antibody.

23. The antibody-payload conjugate according to claim 22, wherein the N297

residue is glycosylated.

24, The antibody-payload conjugate according to any one of claims 20 - 23,
wherein one or more of the following:

(a) the linker is not cleavable by cathepsin B;

(b) the linker does not comprise a valine-alanine motif or a valine-citrulline motif;

and
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(©) the linker does not comprise Polyethylenglycol or a Polyethylenglycol

derivative.

25. The antibody-payload conjugate according to any one of claims 20 - 24,
wherein one or more of the following:

(a) m + n + o < 25, preferably < 20, more preferably < 15, more preferably < 12,
more preferably < 10, more preferably < 8, more preferably < 7, more preferably < 6, more
preferably <5, more preferably < 4;

(b) the net charge of the linker is neutral or positive;

(©) the linker does not comprise negatively charged amino acid residues;

(d) the linker comprises positively charged amino acid residues; and

(e) the linker comprises at least two amino acid residues selected from the group

consisting of

. Lysine or a Lysine derivative or a Lysine mimetic,
o Arginine, and/or
° Histidine.

26. The antibody-payload conjugate according to any one of claims 20 - 25,

wherein the linking moiety B is at least one selected from the group consisting of

. bioorthogonal marker group, and

. other non-bio-orthogonal entities for crosslinking.

27. The antibody-payload conjugate according to claim 26, wherein the
bioorthogonal marker group or the non-bio-orthogonal entity is at least one selected from the

group consisting of

° —N-N=N, or —N3
o Lys(N3)

° Tetrazine

. Alkyne

° DBCO

° BCN
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° Norborene

. Transcyclooctene

. -RCOH (aldehyde),
. Acyltrifluoroborates,
) -SH, and/or

. Cysteine.

28. The antibody-payload conjugate according to any one of claims 20 - 27,

wherein the payload B is at least one selected from the group consisting of

. toxin

. cytokine

. growth factor

. radionuclide

. hormone

. anti-viral agent

. anti-bacterial agent

. fluorescent dye

. immunoregulatory/immunostimulatory agent
. half-life increasing moiety

. solubility increasing moiety

. a polymer-toxin conjugate

o a nucleic acid

. a biotin or streptavidin moiety

. a vitamin

. a target binding moiety, and/or

. anti-inflammatory agent.

29. The antibody-payload conjugate according to claim 28, wherein the toxin is at

least one selected from the group consisting of

. Pyrrolobenzodiazepines (PBD)
. Auristatins (e.g., MMAE, MMAF)
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. Maytansinoids (Maytansine, DM 1, DM4)

. Duocarmycins

. Tubulysins

. Enediyenes (e.g. Calicheamicin)

) PNUs, doxorubicins

. Pyrrole-based kinesin spindle protein (KSP) inhibitors
. Calicheamicins

. Amanitins (e.g. a-Amanitin), and/or

. Camptothecins (e.g. exatecans, deruxtecans).

30. The antibody-payload conjugate according to any one of claims 20 - 29,

wherein the antibody is at least one selected from the group consisting of:

. IgG, IgE, 1gM, IgD, IgA and IgY
. IgGl, IgG2, 1gG3, IgG4, IgA1 and IgA
. or a fragment or recombinant variant thereof retaining target binding

properties and comprising the Cy2 domain

31. The antibody-payload conjugate according to any one of claims 20 - 30,

wherein the linker has two or more linking moicties B.

32. The antibody-payload conjugate according to claim 31, wherein two or more

linking moieties B differ from one another.
33. A linker having the peptide structure (shown in N->C direction)
NH,
|
(Aax)m-(Aax)-(Aax),-B-(Aax), , or

NH:

|
(Aax)m-B-(Aax)y-(Aax)-(Aax),, wherein

e m is an integer between > 0 and < 12
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e nisan integer between > 0 and < 12
e o0 isan integer between > 0 and < 12
e m+nto>1,

e Aax can be any naturally or non-naturally occurring L- or D-amino acid, or

amino acid derivative or mimetic, and

e B isapayload or a linking moiety,

NH:

wherein Aax is Lysine or a Lysine derivative or a Lysine mimetic, and

wherein the linker comprises at least two amino acid residues selected from the group

consisting of

34.

(2)
(b)

and

(c)

derivative.

35.

following:

(2)

Lysine or a Lysine derivative or a Lysine mimetic,

Arginine, and/or

Histidine.
The linker according to claim 33, wherein one or more of the following:
the linker is not cleavable by cathepsin B;

the linker does not comprise a valine-alanine motif or a valine-citrulline motit;

the linker does not comprise Polyethylenglycol or a Polyethylenglycol

The linker according to claim 33 or claim 34, wherein one or more of the

m + n + o < 25, preferably < 20, more preferably < 15, more preferably < 12,

more preferably < 10, more preferably < 8, more preferably < 7, more preferably < 6, more

preferably <5, more preferably <4;

(b)
(c)
(d)

36.

the net charge of the linker is neutral or positive;
the linker does not comprise negatively charged amino acid residues; and

the linker comprises positively charged amino acid residues.

The linker according to any one of claims 33 - 35, wherein the primary amine

group is suitable to serve as the substrate of a microbial transglutaminase (MTG).
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37. The linker according to any one of claims 33 - 36, which linker is selected

from

a) the list as shown in table 5, and/or
b) any one of SEQ ID NO 1 — 35 and 38 —45.

38. A linker-payload construct comprising at least

a) a linker according to any one of claims 33 — 37, and

b) one or more payloads,

wherein, in said construct, the linker and/or the payload have optionally been
chemically modified during binding to allow covalent or non-covalent binding, to form said

construct.

39. An antibody-payload conjugate comprising
a) one or more linker-payload constructs according to claim 38§, and

b) an antibody comprising at least one Gln residue in the heavy or light chain,

wherein, in said conjugate, the linker-payload constructs and/or the antibody have
optionally been chemically modified during conjugation to allow covalent or non-covalent
conjugation, to form said conjugate:
wherein the linker is conjugated to a Gln residue in the Fc domain of the antibody via
the primary amine of the Lysine, the Lysine derivative or the Lysine mimetic;
and wherein
(a) the linker is conjugated to a Gln residue which was introduced into the heavy or
light chain of the antibody by molecular engineering; or
(b) the linker is conjugated to the Gln residue Q295 (EU numbering) of the Cu2
domain of the antibody.

40. A pharmaceutical composition comprising the antibody-payload conjugate
according to any one of claims 19 - 32 or the antibody-payload conjugate according to claim
39.
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41. A pharmaceutical product comprising the antibody-payload conjugate
according to any one of claims 19 - 32 or claim 39 or the pharmaceutical composition

according to claim 40 and at least one further pharmaceutically acceptable ingredient.

42. The antibody-payload conjugate according to any one of claims 19 - 32 or
claim 39, the pharmaceutical composition according to claim 40 or the product according to

claim 41 (for the manufacture of a medicament) for the treatment of a patient

. suffering from,
. being at risk of developing, and/or
. being diagnosed for

a neoplastic disease, neurological disease, an autoimmune disease, an inflammatory

disease or an infectious disease, or the prevention or for the prevention of such condition.

43. A method of treating or preventing a neoplastic disease, said method
comprising administering to a patient in need thereof the antibody-payload conjugate
according to any one of claims 19 - 32 or claim 39, the pharmaceutical composition

according to claim 40 or the product according to claim 41.

44. A method of treating or preventing a neurological disease, an autoimmune
disease, an inflammatory disease or an infectious disease, said method comprising
administering to a patient in need thereof the antibody-payload conjugate according to any
one of claims 19 - 32 or claim 39, the pharmaceutical composition according to claim 40 or

the product according to claim 41.

45.  Use of the antibody-payload conjugate according to any one of claims 19 - 32
or claim 39, the pharmaceutical composition according to claim 40 or the product according
to claim 41 in the manufacture of a medicament for treating or preventing a neoplastic
disease, neurological disease, an autoimmune disease, an inflammatory disease or an

infectious disease.
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<212> PRT

<213> Artificial Sequence

<220>

<221> Xaa

<222> (1)..(1)

<223> Xaa is 6-azido-L-lysine (Lys(N3))

<220>
<223> 1linker

<400> 10
Xaa Arg Ala Lys Ala Arg
1 5

<210> 11
<211> 4
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<212>
<213>

<220>
<221>
<222>
<223>

<220>
<223>

<400>

PRT
Artificial Sequence

Xaa

(4)..(4)
Xaa is 6-azido-L-lysine (Lys(N3))

linker

11

Arg Lys Arg Xaa

1

<210>
<211>
<212>
<213>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<223>

<400>

12

4

PRT

Artificial Sequence

Xaa

(2)..(2)

Xaa is beta Alanine

Xaa

(4)..(4)
Xaa is 6-azido-L-lysine (Lys(N3))

linker

12

Arg Xaa Lys Xaa

1

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

13

4

PRT

Artificial Sequence

Xaa

(1)..(1)

Xaa is L-homoarginine



2018337671 27 Mar 2020

<220>
<221>
<222>
<223>

<220>
<223>

<400>

Xaa

(4)..(4)
Xaa is 6-azido-L-lysine (Lys(N3))

linker

13

Xaa Ala Lys Xaa

1

<210>
<211>
<212>
<213>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<223>

<400>

14

4

PRT

Artificial Sequence

Xaa

(1)..(1)

Xaa = L-homoarginine

Xaa

(2)..(2)

Xaa = beta-alanine

Xaa

(4)..(4)
Xaa is 6-azido-L-lysine (Lys(N3))

linker

14

Xaa Xaa Lys Xaa

1

<210>
<211>
<212>
<213>

<220>

15

4

PRT

Artificial Sequence
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<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<223>

<400>

Xaa

(3)..(3)

Xaa is Ornithine

Xaa

(4)..(4)

Xaa is 6-azido-L-lysine (Lys(N3))
linker

15

Arg Ala Xaa Xaa

1

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<223>

<400>

16

4

PRT

Artificial Sequence

Xaa

(3)..(3)

Xaa is alpha,gamma, -diaminobutyric acid

Xaa

(4)..(4)
Xaa is 6-azido-L-lysine (Lys(N3))

linker

16

Arg Ala Xaa Xaa

1

<210>
<211>
<212>
<213>

<220>
<221>
222>

17

4

PRT

Artificial Sequence

Xaa

(3)..(3)
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<223>

<220>
<221>
<222>
<223>

<220>
<223>

<400>

Xaa = L-RB-homolysine (((S)-3,7-Diamino-heptanoic acid)

Xaa

(4)..(4)
Xaa is 6-azido-L-lysine (Lys(N3))

linker

17

Arg Ala Xaa Xaa

1

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<223>

<400>

18

4

PRT

Artificial Sequence

Xaa

(3)..(3)

Xaa is L-homolysine

Xaa

(4)..(4)
Xaa is 6-azido-L-lysine (Lys(N3))

linker

18

Arg Ala Xaa Xaa

1

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

19

4

PRT

Artificial Sequence

Xaa

(3)..(3)

Xaa is D-Lysine
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<220>
<221>
<222>
<223>

<220>
<223>

<400>

Xaa

(4)..(4)
Xaa is 6-azido-L-lysine (Lys(N3))

linker

19

Arg Ala Xaa Xaa

1

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<223>

<400>

20

7

PRT

Artificial Sequence

Xaa

(4)..(4)
Xaa is 6-azido-L-lysine (Lys(N3))

Xaa

(7)..(7)

Xaa is L-Lys(tetrazine)

linker

20

Arg Ala Lys Xaa Arg Ala Xaa

1

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<220>
<223>

5

21

5

PRT

Artificial Sequence

Xaa

(1)..(1)
Xaa is 6-azido-L-lysine (Lys(N3))

linker
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<400>

21

Xaa Cys Arg Ala Lys

1

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<220>
<223>

<400>

5

22

5

PRT

Artificial Sequence

Xaa

(5)..(5)
Xaa is 6-azido-L-lysine (Lys(N3))

linker

22

Lys Ala Arg Cys Xaa

1

<210>
<211>
<212>
<213>

<220>
<221>
222>
<223>

<220>
<221>
222>
<223>

<220>
<223>

<400>

5

23

7

PRT

Artificial Sequence

Xaa

(1)..(1)
Xaa is 6-azido-L-lysine (Lys(N3))

Xaa

(7)..(7)
Xaa is 6-azido-L-lysine (Lys(N3))

linker

23

Xaa Arg Ala Lys Ala Arg Xaa

1

5

10
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<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<223>

<400>

24

5

PRT

Artificial Sequence

Xaa

(4)..(4)

Xaa is 6-azido-L-lysine (Lys(N3))
Xaa

(5)..(5)

Xaa is 6-azido-L-lysine (Lys(N3))

linker

24

Lys Ala Arg Xaa Xaa

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

25

5

PRT

Artificial Sequence

linker

25

Arg Ala Ala Arg Lys

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

26

5

PRT

Artificial Sequence

linker

26

Arg Arg Lys Ala Tyr

1

5
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<210> 27

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> linker

<400> 27

Arg Arg Lys Asn Tyr
1 5

<210> 28

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> 1linker

<400> 28

Lys Ala Arg Ala Arg
1 5

<210> 29

<211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> 1linker

<400> 29
Lys Ala Arg Ala
1

<210> 30

<211> 5

<212> PRT

<213> Artificial Sequence

<220>

12
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<223> linker
<400> 30

Arg Ala Lys Ala Arg
1 5

<210> 31

<211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> 1linker

<400> 31

Ala Tyr Ala Lys
1

<210> 32

<211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> 1linker

<400> 32
Arg Ala Lys Ala Arg Gly Lys
1 5

<210> 33

<211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> 1linker

<400> 33

Arg Ala Lys Lys Asn Arg Ala Lys

1 5

13
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<210> 34

<211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> linker

<400> 34

Asn Lys Ala Leu Lys Ala Pro
1 5

<210> 35

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> 1linker

<400> 35
Asp Gly Val Glu Lys Asn Ala Lys Thr Lys Pro Arg
1 5 10

<210> 36
<211> 395
<212> PRT
<213> Streptoverticillium ladakanum

<400> 36
Met His Arg Arg Ile His Ala Val Gly Gln Ala Arg Pro Pro Pro Thr
1 5 10 15

Met Ala Arg Gly Lys Glu Thr Lys Ser Tyr Ala Glu Thr Tyr Arg Leu
20 25 30

Thr Ala Asp Asp Val Ala Asn Ile Asn Ala Leu Asn Glu Ser Ala Pro
35 40 45

Ala Ala Ser Ser Ala Gly Pro Ser Phe Arg Ala Pro Asp Ser Asp Asp
50 55 60

14
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Arg

65

Arg

Lys

Thr

Trp

Phe

145

Ser

Phe

Met

Asn

Asp

225

Lys

Ile

Val

Pro

Trp

Glu

Val

130

Asp

Gly

Asp

Asn

Leu

210

Ala

Glu

Tyr

Thr

Ser

Gln

Glu

115

Asn

Glu

Glu

Glu

Arg

195

Lys

Arg

Arg

Ser

Pro

Tyr

Gln

100

Gln

Ser

Asp

Thr

Glu

180

Ala

Lys

Ser

Asn

Lys

Pro

Gly

85

Val

Arg

Gly

Arg

Arg

165

Lys

Leu

Glu

Pro

Gly

245

His

Ala

70

Arg

Tyr

Glu

Gln

Phe

150

Ala

Gly

Glu

Leu

Phe

230

Gly

Phe

Glu

Ala

Ser

Trp

Tyr

135

Lys

Glu

Phe

Asn

Ala

215

Asn

Trp

Pro

Glu

His

Leu

120

Pro

Asn

Phe

Gln

Ala

200

Asn

Ser

His

Ser

Leu

Thr

Arg

105

Ser

Thr

Glu

Glu

Arg

185

His

Gly

Ala

Asp

Gly

Asp

Val

90

Asp

Tyr

Asn

Leu

Gly

170

Ala

Asp

Asn

Leu

Pro

250

Gln

Arg

75

Val

Gly

Gly

Arg

Lys

155

Arg

Arg

Glu

Asp

Arg

235

Ser

Asp

15

Met

Asn

Arg

Cys

Leu

140

Asn

Val

Glu

Ser

Ala

220

Asn

Arg

Arg

Pro

Asn

Lys

Val

125

Ala

Gly

Ala

Val

Ala

205

Leu

Thr

Met

Ser

Asp

Tyr

Gln

110

Gly

Phe

Arg

Lys

Ala

190

Tyr

Arg

Pro

Lys

Ser

Pro

Ile

95

Gln

Val

Ala

Pro

Glu

175

Ser

Leu

Asn

Ser

Ala

255

Ser

Tyr

80

Met

Thr

Ser

Arg

160

Ser

Val

Asp

Glu

Phe

240

Val

Ala
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Asp

Thr

Thr

305

Ala

His

Arg

Gly

His
385

Lys

Gly

290

Ser

Gln

Tyr

Ala

Glu

370

Arg

<210>
<211>
<212>
<213>

<400>

Arg
275

Leu

Pro

Thr

His

Ser

355

Pro

Pro

37
335
PRT

260

Lys

Val

Gly

Glu

Ala

340

Ser

Tyr

Arg

Tyr

Asp

Glu

Ala

325

Pro

Ala

Val

Gln

STREPTOMYCES

37

Phe Arg Ala Pro Asp

1

5

Leu Asp Arg Met Pro

20

Gly

Met

Gly

310

Asp

Asn

Thr

Val

Gly
390

Asp

Ser

295

Phe

Ala

Gly

Gly

Ser

375

Lys

Pro

280

Arg

Val

Asp

Ser

Ser

360

Pro

Ala

MOBARAENSIS

265

Asp

Asp

Asn

Lys

Leu

345

Glu

Ser

Gly

Ala

Arg

Phe

Thr

330

Gly

Gly

Pro

Leu

Phe

Asn

Asp

315

Val

Cys

Tyr

Ser

Ala
395

Arg

Ile

300

Trp

His

Ser

Pro
380

Ser
285

Pro

Thr

Ala

Asp

365

Arg

270

Ala

Arg

Trp

His

Cys

350

Phe

Met

Pro

Ser

Phe

Gly

335

Leu

Asp

Leu

Gly

Pro

Gly

320

Asn

Thr

Arg

Glu

Ser Asp Glu Arg Val Thr Pro Pro Ala Glu Pro

10

15

Asp Pro Tyr Arg Pro Ser Tyr Gly Arg Ala Glu

25

16

30



2018337671 27 Mar 2020

Thr

Arg

Ser

65

Thr

Glu

Glu

Arg

His

145

Gly

Ala

Asp

Gly

Glu
225

Ile

Asp

50

Tyr

Asn

Leu

Gly

Ala

130

Asp

Asn

Leu

Pro

Gln

210

Ala

Val

35

Gly

Gly

Arg

Lys

Arg

115

Arg

Glu

Asp

Arg

Ser

195

Asp

Phe

Asn

Arg

Cys

Leu

Asn

100

Val

Asp

Gly

Ala

Asn

180

Lys

Arg

Arg

Asn

Lys

Val

Ala

85

Gly

Ala

Val

Ala

Leu

165

Thr

Met

Ser

Pro

Tyr

Gln

Gly

70

Phe

Arg

Lys

Ala

Tyr

150

Arg

Pro

Lys

Gly

Asp
230

Ile

Gln

55

Val

Ala

Pro

Asp

Ser

135

Leu

Asn

Ser

Ala

Ser

215

Arg

Arg

40

Met

Thr

Phe

Arg

Ser

120

Val

Asp

Glu

Phe

Val

200

Ser

Gly

Lys

Thr

Trp

Phe

Ser

105

Phe

Met

Asn

Asp

Lys

185

Ile

Asp

Thr

Trp

Glu

Val

Asp

90

Gly

Asp

Asn

Leu

Ala

170

Asp

Tyr

Lys

Gly

Gln

Glu

Asn

75

Glu

Glu

Glu

Lys

Lys

155

Arg

Arg

Ser

Arg

Leu
235

17

Gln

Gln

60

Ser

Asp

Thr

Ala

Ala

140

Lys

Ser

Asn

Lys

Lys

220

Val

Val

45

Arg

Gly

Lys

Arg

Lys

125

Leu

Glu

Pro

Gly

His

205

Tyr

Asp

Tyr

Glu

Gln

Tyr

Ala

110

Gly

Glu

Leu

Phe

Gly

190

Phe

Gly

Met

Ser

Trp

Tyr

Lys

95

Glu

Phe

Asn

Ala

Tyr

175

Asn

Trp

Asp

Ser

His

Leu

Pro

80

Asn

Phe

Gln

Ala

Asn

160

Ser

His

Ser

Pro

Arg
240
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Asp

Asn

Lys

Leu

Gly

305

Lys

Arg

Phe

Thr

Gly

290

Tyr

Ser

Asn

Asp

Val

275

Ala

Ser

Trp

Ile

Tyr

260

Trp

Met

Asp

Asn

Pro

245

Gly

Thr

His

Phe

Thr
325

Arg

Trp

His

Val

Asp

310

Ala

Ser

Phe

Gly

Tyr

295

Arg

Pro

Pro

Gly

Asn

280

Glu

Gly

Asp

Thr

Ala

265

His

Ser

Ala

Lys

Ser

250

Gln

Tyr

Lys

Tyr

Val
330

Pro

Thr

His

Phe

Val

315

Thr

18

Gly

Glu

Ala

Arg

300

Val

Gln

Glu

Ala

Pro

285

Asn

Thr

Gly

Ser

Asp

270

Asn

Trp

Phe

Trp

Phe

255

Ala

Gly

Ser

Val

Pro
335

Val

Asp

Ser

Asp

Pro
320
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