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METHOD AND KIT

Field of the Invention

The present invention relates to isolating a population of cells, to methods for
isolating and assessing IgG, to methods for isolating Fab or Fc¢ fragments of IgG, and to

kits for carrying out such methods.

Background of the Invention

The immunoglobulin G (IgG) class of antibodies plays an important role in
adaptive immune defense of the human host against pathogens. IgG consists of two
identical heavy chains and two identical light chains, which in turn are composed of
variable and constant domains. Papain treatment of IgG molecule can generate Fab
fragments recognizing antigens and Fc fragment, a recognition site for host receptors
and a site of interaction with a number of effector molecules.

The Fc portion of IgG also contains a conserved complex carbohydrate or
glycan attached to the asparagine 297 residue in the Cy2 domain of each heavy chain.
These glycans are located in the interface between the Cy2 domains when IgG is in its
native form. They consist of a biantennary core of N-acetylglucosamine and mannose
with added terminal and branching carbohydrate residues such as N-acetylglucosamine,
fucose, sialic acid, and galactose. The presence of this carbohydrate is crucial for
proper antibody structure and interactions with cellular immunoglobulin G Fcy
receptors (FcyRs) and the complement system.

Endoglycosidase S (EndoS) is secreted by Streptococcus pyogenes and has a
specific endoglycosidase activity on native IgG by hydrolyzing the conserved glycans
attached to the asparagine 297 residue on the heavy chains of IgG. EndoS is the first
known bacterial enzyme with a unique specificity for native IgG. In contrast, the
activities of other known endoglycosidases require or are enhanced by denaturation of
the glycoprotein substrate.

Antibodies such as IgG have many applications in basic research as well as in
diagnostics and drug development. In some of these applications, such as
immunohistochemistry, immunoassays, tumour detection, radiotherapy,

crystallographic studies of antibody binding sites and immunotargeting, it is more
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convenient to use Fab fragments than whole IgG molecules. Some of the advantages of
using Fab fragments are that they will not be affected by Fc receptors on cells or
precipitate antigen, they display a reduced immunogenicity and are less susceptible to
phagocytosis, and that radiolabelled Fab fragments are more rapidly cleared from tissue
than whole IgG molecules. For other applications, it is desirable to use Fc fragments of
IgG.

If Fab or Fc fragments are to be produced on a large scale they may be produced
as recombinant proteins. For purification purposes, recombinant IgG and serum-
produced IgG is often produced as a whole molecule and then chemically processed to
obtain Fab or Fc fragments.

The cleavage of IgG into Fab and Fc fragments is most often carried out using
proteolytic enzymes such as pepsin or papain. These enzymes often cleave other
proteins, so the cleavage reaction generally has to be performed on a purified IgG
fraction. Furthermore, pepsin and papain typically cleave IgG in more than one place.
This means that the fragments obtained often do not correspond to whole Fab or Fc
fragments, and even if cleavage does result in Fab and Fc fragments, they are typically
susceptible to further cleavage into smaller fragments. The isolation of F¢ fragments
from Fab fragments is most often carried out using protein A or G affinity separation

columns, which utilise the Fc-binding properties of the bacterial proteins A and G.

Summary of the Invention

The inventors have made the surprising discovery that contacting cells with
EndoS removes IgG which is already bound to FcyRs. In accordance with the present
invention, there is thus provided an in vitro method of dissociating Fcy-receptor-IgG
complexes comprising contacting the complexes with an EndoS polypeptide to thereby
obtain Fcy-receptor which is not bound to IgG, wherein optionally the Fcy-receptor-IgG
complexes are present in a cell-containing sample. The invention also provides a
method for isolating a population of cells substantially free of Fcy-receptor-bound IgG
molecules, which method comprises:

(a) contacting a cell-containing sample with an EndoS polypeptide; and

(b) separating the cells from the contacted sample;
thereby obtaining said population of cells.

The inventors have also identified improved methods for isolating IgG. The

methods make use of a modified EndoS polypeptide which lacks endoglycosidase
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activity. The inventors have shown for the first time that such a modified EndoS
polypeptide has unique specificity for the IgG glycoprotein in its native, functionally
active form. The method is therefore particularly useful for isolating glycosylated
and/or functionally active IgG. By using such a modified EndoS polypeptide in
combination with an additional IgG-binding reagent which is capabale of binding
denatured and/or deglycosylated IgG, the inventors have also identified a method for
assessing the glycosylation state or functional quality of an IgG-containing sample.

In accordance with the present invention, there is thus provided a method for
isolating IgG from an IgG-containing sample, which method comprises:

(a) contacting said IgG-containing sample with a modified EndoS

polypeptide which lacks IgG endoglycosidase activity

(b) separating said EndoS from the contacted sample;
thereby obtaining isolated IgG.

Additionally there is provided method of assessing the glycosylation state or
functional quality of an IgG-containing sample, which method comprises taking a first
and a second sub-sample of the IgG-containing sample, and wherein steps (a) and (b)
according to the method above are applied to the first sub-sample, and wherein steps (a)
and (b) as above are applied to the second sub-sample except the EndoS polypeptide is
substituted with an alternative IgG-binding reagent which is capabale of binding
denatured and/or deglycosylated IgG, and further comprising:

(© quantifying the amount of IgG bound to the EndoS polypeptide in the
first sub-sample, and the amount of IgG bound to the alternative IgG-
binding reagent in the second sub-sample; and

(d comparing both the amounts of bound IgG determined in (c);
and thereby assessing the glycosylation state or functional quality of an IgG containing
sample.

The present inventors have also identified improved methods for isolating Fab
or Fc fragments of IgG. The methods of the invention make use of a highly specific
IgG cleaving enzyme from S. pyogenes, IdeS (Immunoglobulin G-degrading enzyme of
S. pyogenes), and an Fc-binding protein. Accordingly, the methods of the invention do
not suffer from the limitations of previous methods as described in the background
section, for example those using pepsin and papain. This is because IdeS has only one
defined cleavage site within the hinge region of the IgG molecule, and so there is no

possibility of further cleavage of the Fab and Fc fragments.
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In one method of the invention, a sample containing IgG is contacted with IdeS
and an Fc-binding protein. A preferred Fc-binding protein is a modified EndoS
polypeptide which lacks endoglycosidase activity as described above. The modified
EndoS protein is preferred to widely used alternative Fc-binding proteins, such as
protein A and protein G. This is because the modified EndoS protein binds only to Fe,
whereas the inventors have found that protein A and protein G may also bind Fab
fragments. Therefore it is more difficult to isolate Fab fragments from Fc fragments
with these proteins. Other preferred Fc-binding proteins include Protein H.

In the methods of the invention, typically IdeS cleaves the IgG into Fab and Fc
fragments and the Fc binding protein binds to the Fc fragments. The Fc fragments are
then separated from the Fab fragments.

This method is particularly useful for isolating Fab or Fc fragments from
samples comprising purified IgG. More specificially, it is useful for isolating Fab or Fc
fragments from a sample comprising IgG purified using the modified EndoS
polypeptide of the invention. However, the method can also be adapted for use on
samples containing unpurified IgG, such as serum, cell lysate or cell culture medium.

Also provided are kits for carrying out the methods according to the invention

and a population of cells isolated by the method according to the invention.

Brief Description of the Figures

Figure 1 shows that EndoS has glycosidase activity on all four human IgG subclasses.
Panel A: Glycan structure of human IgG. Glycan on the y—chains of IgG attached to
aspargine 297. GIcNAc, N-acetylglucosamine; Fuc, fucose; Man, mannose; Gal,
galactose; NeuAc, sialic acid. Cleavage site for EndoS and recognation site for Lens
culinaris agglutinin lectin (LCA) are indicated. Panel B: Purified IgG ;4 incubated
with EndoS and analyzed by SDS-PAGE and stained. Panel C: IgG |4 incubated with
EndoS and analyzed using L.CA lectin blot.

Figure 2 shows the hydrolysis of human IgG-subclasses by EndoS in a plasma
environment. Human plasma treated with EndoS or PBS and followed by LCA lectin
ELISA of the purified IgG fraction. IgG glycan hydrolysis was detected using LCA
lectin ELISA. The results are presented as percent hydrolysis of each subclass

compared to signals from untreated plasma.
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Figure 3 shows that EndoS(E235Q) binds to all IgG-subclasses. Panel A: Slot-blot
representing the binding of EndoS and EndoS (E235Q) to each IgG subclass
immobilized onto a nitrocellulose membrane in amounts: 3, 1.5 and 0.75 pg. The
binding was detected using antiserum against EndoS. Panel B: Binding of EndoS
(E235Q) to immobilized IgG-classes using BIAcore technology. The selected plot
shows EndoS (E235Q) binding to IgG1 using hydrolysed IgG1 as a reference (bulk
changes subtracted). Binding kinetic constants are shown in the table where applicable.
Nb indicates that the combination is investigated but shown not to bind using the

BlAcore technology.

Figure 4 shows that EndoS treatment of IgG subclasses inhibits binding of IgG to
FcyRII. Panel A: Binding of purified IgG subclasses, EndoS treated or not, to FcyRIla
and FcyRIIb immobilized to a microtititer plate. HRP-labeled protein G was used for
detection of bound IgG subclasses. (+) indicates intact IgG and (-) EndoS hydrolysed
IgG. Panel B: Binding of IgG subclasses to immobilized receptors as visualized using
BIAcore surface plasmon resonance. Plot shows a typical sensorgram, here the IgG1
binding to FcyRIIa. An empty flow cell is used as reference (subtracted). Data shown in
Table 2 are kinetic constants of binding IgG-subclasses. Nb indicates that the IgG-

receptor pair is investigated using the technology, but here shown not to interact.

Figure 5 shows that EndoS treated IgG does not bind to FcyRIla on K562 cells. Panel
A: The relative binding of radioactive IgG, treated with EndoS or not, to K562 cells.
The cells were incubated with '“*iodine-labelled IgG (intact or EndoS-treated). The
radioactivity of the washed cell pellets was detected. The binding of '*’I- IgG (intact) to
K562 cells, presented here as 100%, represents a specific IgG binding to K562 cells
that could be inhibited by addition of cold IgG. Panel B: K562 cells were incubated
with human plasma treated with EndoS or PBS. The cells were resuspended in lysis
buffer and analyzed by SDS-PAGE and Western blot using antiserum against human
IgG.

Figure 6 shows that EndoS treated IgG does not bind to monocytes. Panel A:

Monocytes were incubated with '**iodine-labelled IgG (intact or EndoS-treated). After
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incubation for 30 minutes at room temperature, the proteins from cell lysates, 10 pg
total protein, were separated by 10% SDS-PAGE. The gel was dried and analyzed by
phosphorimaging. Panel B: Flow cytometry analysis showing the decreased binding of
IgG to activated monocytes in blood treated with EndoS. Human blood was treated with
EndoS before addition of leukocyte activator fMLP. The IgG binding to monocytes was
detected using mouse anti-human IgG and FITC-labelled goat anti-mouse IgG as a

secondary antibody.

Figure 7 shows the dissociation of IgG from FcyRII upon treatment with EndoS. Panel
A: IgG bound to K562 cells dissociates from FcyRlIla upon incubation with EndoS but
not with EndoS(E235Q). K562 cells were incubated with plasma and subsequently with
EndoS, EndoS(E235Q) or PBS. Cell lysates, 10 pg total protein, were analysed for IgG
by SDS-PAGE and blot using antiserum against human IgG. Panel B: IgG bound to
monocytes dissociates from FcyRs after treatment with EndoS. Monocytes were
incubated with plasma and later with EndoS or PBS. Resuspended cell pellets were
analyzed for IgG by blot using antiserum against human IgG. The glycan of IgG was
detected by blot and reactivity with LCA lectin. Panel C: A BIAcore setup showing
EndoS affecting the IgG1 dissociation from an immobilized receptor FcyRlIla. In two
parallel experiments, the injection of EndoS (black curve) is compared to the injection
of buffer (broken line) at the same time-point during the dissociation phase of the IgG1-

FcyRlIla interaction.

Figure 8 shows a ClustalW amino acid sequence alignment of EndoS homologues from
different S. pyogenes serotypes, S. equi and S. zooepidemicus. Strain names, species,
and M serotypes are shown to the left. Amino acid identities and similarities are shown
in grey and the consensus sequence is shown under the alignment. The conserved
chitinase motif is boxed and the glutamic acid essential for activity is marked with an

asterisk below the alignment.

Figure 9 shows a Clustal W amino acid sequence alignment of the EndoS a-domain with
EndoF, from Elizabethkingia meningoseptica and CP40 from Corynebacterium
pseudotuberculosis. Protein names are shown to the left. Amino acid identities and

similarities are shown in grey and the consensus sequence is shown under the
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alignment. The conserved chitinase motif is boxed and the glutamic acid essential for

activity is marked with an asterisk below the alignment.

Brief Description of the Sequences

SEQ ID NO: 1 is an amino acid sequence of an EndoS polypeptide isolated
from S. pyogenes AP1.

SEQ ID NO: 2 is an amino acid sequence of a modified EndoS polypeptide
(E235Q) derived from the sequence of SEQ ID NO: 1.

SEQ ID NO: 3 is an amino acid sequence of an EndoS polypeptide isolated
from S. pyogenes AP1, including a signal sequence. This sequence corresponds to
NCBI Accession No: AAK00850.

SEQ ID NO: 4 is a nucleic acid sequence encoding EndoS isolated from
S. pyogenes AP1, including a signal sequence.

SEQ ID NOS: 5 to 7 are primer sequences.

SEQ ID NO: 8 is an amino acid sequence of IdeS isolated from S. pyogenes
AP1.

SEQ ID NO: 9 is an amino acid sequence of IdeS isolated from S. pyogeres
AP1, including a putative signal sequence.

SEQ ID NO: 10 is a nucleic acid sequence encoding IdeS isolated from
S. pyogenes AP1, including a signal sequence.

SEQ ID NO: 11 is an amino acid sequence of mature protein H.

SEQ ID NO: 12 is an amino acid sequence of protein H, including a signal
sequence.

SEQ ID NO: 13 is a nucleic acid sequence encoding protein H, including a

signal sequence.

Detailed Description of the Invention

General polypeptide features

The present invention provides various methods which utilize the bacterial
proteins EndoS and IdeS, as well as other proteins. The terms protein, peptide and
polypeptide are used interchangeably herein. It will be understood that certain methods

of the invention require an EndoS polypeptide having IgG endoglycosidase activity,
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whereas other methods of the invention require a modified EndoS polypeptide lacking
said activity.

The following section relates to general features of all polypeptides of the
invention, and in particular to variations, alterations, modifications or derivatisations of
amino acid sequence which are included within the polypeptides of the invention. It
will be understood that such variations, alterations, modifications or derivatisations of
polypeptides as are described herein are subject to the requirement that the polypeptides
retain any further required activity or characteristic as may be specified subsequent
sections of this disclosure.

Variants of polypeptides of the invention may be defined by particular levels of
amino acid identity which are described in more detail in subsequent sections of this
disclosure. Amino acid identity may be calculated using any suitable algorithm. For
example the PILEUP and BLAST algorithms can be used to calculate homology or line
up sequences (such as identifying equivalent or corresponding sequences (typically on
their default settings), for example as described in Altschul S. F. (1993) J Mol Evol
36:290-300; Altschul, S, F et al (1990) J Mol Biol 215:403-10. Software for
performing BLAST analyses is publicly available through the National Center for
Biotechnology Information (http://www.ncbi.nlm.nih.gov/). This algorithm involves
first identifying high scoring sequence pair (HSPs) by identifying short words of length
W in the query sequence that either match or satisfy some positive-valued threshold
score T when aligned with a word of the same length in a database sequence. T is
referred to as the neighbourhood word score threshold (Altschul ef al, supra). These
initial neighbourhood word hits act as seeds for initiating searches to find HSPs
containing them. The word hits are extended in both directions along each sequence for
as far as the cumulative alignment score can be increased. Extensions for the word hits
in each direction are halted when: the cumulative alignment score falls off by the
quantity X from its maximum achieved value; the cumulative score goes to zero or
below, due to the accumulation of one or more negative-scoring residue alignments; or
the end of either sequence is reached. The BLAST algorithm parameters W, T and X
determine the sensitivity and speed of the alignment. The BLAST program uses as
defaults a word length (W) of 11, the BLOSUMS62 scoring matrix (see Henikoff and
Henikoff (1992) Proc. Natl. Acad. Sci. USA 89: 10915-10919) alignments (B) of 50,
expectation (E) of 10, M=5, N=4, and a comparison of both strands.
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The BLAST algorithm performs a statistical analysis of the similarity between
two sequences; see e.g., Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA 90:
5873-5787. One measure of similarity provided by the BLAST algorithm is the
smallest sum probability (P(N)), which provides an indication of the probability by
which a match between two polynucleotide or amino acid sequences would occur by
chance. For example, a sequence is considered similar to another sequence if the
smallest sum probability in comparison of the first sequence to the second sequence is
less than about 1, preferably less than about 0.1, more preferably less than about 0.01,
and most preferably less than about 0.001. Alternatively, the UWGCG Package
provides the BESTFIT program which can be used to calculate homology (for example
used on its default settings) (Devereux et al (1984) Nucleic Acids Research 12, 387-
395).

It will be understood that variants of polypeptides of the invention also includes
substitution variants. Substitution variants preferably involve the replacement of one or
more amino acids with the same number of amino acids and making conservative
amino acid substitutions. For example, an amino acid may be substituted with an
alternative amino acid having similar properties, for example, another basic amino acid,
another acidic amino acid, another neutral amino acid, another charged amino acid,
another hydrophilic amino acid, another hydrophobic amino acid, another polar amino
acid, another aromatic amino acid or another aliphatic amino acid. Some properties of
the 20 main amino acids which can be used to select suitable substituents are as

follows:

Ala aliphatic, hydrophobic, neutral Met hydrophobic, neutral

Cys polar, hydrophobic, neutral Asn polar, hydrophilic, neutral

Asp polar, hydrophilic, charged (-) [Pro hydrophobic, neutral

Glu polar, hydrophilic, charged (-) [Gln polar, hydrophilic, neutral

Phe aromatic, hydrophobic, neutral jArg polar, hydrophilic, charged (+)

Gly aliphatic, neutral Ser Polar, hydrophilic, neutral

His aromatic, polar, hydrophilic,  [Thr polar, hydrophilic, neutral
charged (+)

E aliphatic, hydrophobic, neutral [Val aliphatic, hydrophobic, neutral

Lys polar, hydrophilic, charged(+) [Trp aromatic, hydrophobic, neutral
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Leu aliphatic, hydrophobic, neutral [Tyr aromatic, polar, hydrophobic

The polypeptides for use in the invention may be in a substantially isolated
form. 1t will be understood that the polypeptide may be mixed with carriers or diluents
which will not interfere with the intended purpose of the polypeptide and still be
regarded as substantially isolated. A polypeptide for use in the invention may also be in
a substantially purified form, in which case it will generally comprise the polypeptide in
a preparation in which more than 50%, e.g. more than 80%, 90%, 95% or 99%, by
weight of the polypeptide in the preparation is a polypeptide of the invention.

The amino acid sequence of polypeptides for use in the invention may be
modified to include non-naturally occurring amino acids or to increase the stability of
the compound. When the polypeptides are produced by synthetic means, such amino
acids may be introduced during production. The polypeptides may also be modified
following either synthetic or recombinant production.

Polypeptides for use in the invention may also be produced using D-amino
acids. In such cases the amino acids will be linked in reverse sequence in the C to N
orientation. This is conventional in the art for producing such polypeptides.

A number of side chain modifications are known in the art and may be made to the side
chains of the polypeptides, subject to the polypeptides retaining any further required
activity or characteristic as may be specified herein.

It will also be understood that the polypeptides used in the invention may be
chemically modified, e.g. post-translationally modified. For example, they may be
glycosylated, phosphorylated or comprise modified amino acid residues. They may be
modified by the addition of a signal sequence to promote insertion into the cell
membrane.

The polypeptides of the invention may also be derivatised or modified to assist
with their isolation or purification. Thus, in one embodiment of the invention, the
polypeptide for use in the invention is derivatised or modified by addition of a ligand
which is capable of binding directly and specifically to a separation means.
Alternatively, the polypeptide is derivatised or modified by addition of one member of
a binding pair and the separation means comprises a reagent that is derivatised or
modified by addition of the other member of a binding pair. Any suitable binding pair

can be used. In a preferred embodiment where the polypeptide for use in the invention

10
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is derivatised or modified by addition of one member of a binding pair, the polypeptide
is preferably histidine-tagged or biotin-tagged. Typically the amino acid coding
sequence of the histidine or biotin tag is included at the gene level and the proteins are
expressed recombinantly in E.coli. The histidine or biotin tag is typically present at one
end of the polypeptide, either at the N-terminus or at the C-terminus. The histidine tag
typically consists of six histidine residues, although it can be longer than this, typically
up to 7, 8,9, 10 or 20 amino acids or shorter, for example 5, 4, 3, 2 or 1 amino acids.
Furthermore, the histidine tag may contain one or more amino acid substitutions,

preferably conservative substitutions as defined above.

EndoS polypeptides having IgG endoglycosidase activity

The EndoS polypeptide in this instance is preferably S. pyogenes EndoS, or a
variant or fragment of S. pyogenes EndoS which retains IgG endoglycosidase activity.
The variant may be an EndoS polypeptide from another organism, such as another
bacterium. The bacterium is preferably a Streptococcus, such as Streptococcus equi,
Streptococcus zooepidemicus or, preferably, Streptococcus pyogenes. Alternatively, the
variant may be from Corynebacterium pseudotuberculosis, for example the CP40
protein; Enterococcus faecalis, for example the EndoE protein; or Elizabethkingia
meningoseptica (formerly Flavobacterium meningosepticum), for example the EndoF2
protein. The sequences of EndoS variants from various S. pyogenes serotypes and from
S. equi and S. zooepidemicus are shown in Figure 8. Figure 9 shows an alignment of
the a-domain of EndoS with EndoF2 from Elizabethkingia meningoseptica and CP40
from Corynebacterium pseudotuberculosis.
The EndoS polypeptide may comprise:
(a) the amino acid sequence of SEQ ID NO: 1;
(b) a variant thereof having at least 50% identity to the amino acid
sequence of SEQ ID NO: 1 and having IgG endoglycosidase activity; or
(c) a fragment of either thereof having IgG endoglycosidase activity.

Preferably, the polypeptide comprises, or consists of, the sequence of SEQ ID
NO: 1. SEQ ID NO: 1 is the sequence of the mature form of EndoS from S. pyogenes,
without the signal sequence. The EndoS polypeptide of the invention may additionally
comprise a signal sequence. For example, the EndoS polypeptide of the invention may
comprise the amino acid sequence of the immature form of EndoS from S. pyogenes,

which is publically available (NCBI Accession No: AAK00850) and is provided as

11
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SEQ ID NO: 3. SEQ ID NO: 1 corresponds to amino acids 37 to 995 of SEQ ID NO:
3.

Variant polypeptides as described in this section are those for which the amino
acid sequence varies from that in SEQ ID NO: 1 or 3, but which retain the IgG
endoglycosidase activity of EndoS. Such variants may include allelic variants and the
deletion, modification or addition of single amino acids or groups of amino acids within
the protein sequence, as long as the peptide maintains IgG endoglycosidase activity.

The variant sequences typically differ by at least 1, 2, 3, 5, 10, 20, 30, 50, 100 or
more mutations (which may be substitutions, deletions or insertions of amino acids).
For example, from 1 to 100, 2 to 50, 3 to 30 or 5 to 20 amino acid substitutions,
deletions or insertions may be made, provided the modified polypeptide retains activity
as an IgG-specific endoglycosidase.

Variants of the amino acid sequence of SEQ ID NO: 1 or 3 preferably contain
residues 191 to 199 of SEQ ID NO: 1, i.e. Leu-191, Asp-192, Gly-193, Leu-194, Asp-
195, Val-196, Asp-197, Val-198 and Glu-199 of SEQ ID NO: 1 (residues 227 to 235 of
SEQ ID NO: 3, i.e. Leu-227, Asp-228, Gly-229, Leu-230, Asp-231, Val-232, Asp-233,
Val-234 and Glu-235 of SEQ ID NO: 3). These amino acids constitute a chitinase
family 18 active site, ending with glutamic acid. The glutamic acid in the active site of
chitinases is essential for enzymatic activity. Most preferably, therefore, the variant of
SEQ ID NO: 1 or 3 contains glutamic acid at the position equivalent to position 199 of
SEQ ID NO: 1 (position 235 of SEQ ID NO: 3). The variant of SEQ ID NO: 1 may
contain residues 191 to 199 of SEQ ID NO: 1 (227 to 235 of SEQ ID NO: 3) having
one or more conservative substitutions, provided that the variant contains glutamic acid
at the position equivalent to position 199 of SEQ ID NO: 1 (position 235 of SEQ ID
NO: 3).

Typically, polypeptides which display the IgG endoglycosidase activity of
EndoS with more than about 50%, 55% or 65% identity, preferably at least 70%, at
least 80%, at least 90% and particularly preferably at least 95%, at least 97% or at least
99% identity, with the amino acid sequence of SEQ ID NO: 1 or 3 are considered
variants of the protein The identity of variants of SEQ ID NO: 1 or 3 may be measured
over a region of at least 100, at least 250, at least 500, at least 750, at least 800, at least
850, at least 900, at least 950, at least 955 or more contiguous amino acids of the
sequence shown in SEQ ID NO: 1, or more preferably over the full length of SEQ ID
NO: 1 or 3.

12
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The fragment of the EndoS polypeptide used in the invention is typically at
least 10, for example at least 20, 30, 40, 50 or more amino acids in length, up to 100,
200, 250, 300, 500, 750, 800, 850, 900, 950 or 955 amino acids in length, as long as it
retains the 1gG endoglycosidase activity of EndoS. Preferably, the fragment of the
EndoS polypeptide used in the invention encompasses residues 191 to 199 of SEQ ID
NO: 1, i.e. Leu-191, Asp-192, Gly-193, Leu-194, Asp-195, Val-196, Asp-197, Val-198
and Glu-199 of SEQ ID NO: 1 (residues 227 to 235 of SEQ ID NO: 3, i.e. Leu-227,
Asp-228, Gly-229, Leu-230, Asp-231, Val-232, Asp-233, Val-234 and Glu-235 of SEQ
ID NO: 3). A preferred fragment of the invention consists of amino acids 1 to 409 of
SEQ ID NO: 1 (amino acids 37 to 445 of SEQ ID NO: 3), which corresponds to the
enzymatically active a-domain of EndoS generated by cleavage by the streptococcal
cysteine proteinase SpeB. Another preferred fragment consists of amino acids 37 to
995 of SEQ ID NO: 3, which corresponds to the secreted form of EndoS after removal
of the signal sequence.

Polypeptides for use in the present invention may be isolated from any suitable
organism that expresses an EndoS polypeptide or a variant of an EndoS polypeptide.
Typically, the EndoS polypeptide is isolated from suitable EndoS expressing strains of
Streptococcus, preferably strains of S. pyogenes. Suitable organisms and strains may be
identified by a number of techniques. For example, S. pyogenes strains may initially be
tested for the presence an ndoS gene. Polynucleotide primers or probes may be
designed based on, for example, SEQ ID NOs: 1 or 3. The presence of the ndoS gene
can then be verified by PCR using such primers or by hybridisation of probes to
genomic DNA of the S. pyogenes strain.

Streptococcal strains expressing active EndoS or a variant thereof can be
identified by assaying for IgG endoglycosidase activity in the culture supernatant or by
immunodetection using antibodies directed towards EndoS. The Streptococcal strains
that have been verified as expressing active EndoS are the S. pyogenes M1 serotype
strains AP1 and SF370, the S. equi strain 4047 and the S. zooepidermicus strain H70.
In addition, the ndoS gene is found in the following S. pyogenes strains: M1 serotype
strains SSI-1 and MGASS5005, M2 serotype strain MGAS10270, M3 serotype strain
MGAS315, M4 serotype strain MGAS10750, M5 serotype strain Manfredo, M6
serotype strain MGAS10394, M12 serotype strain MGAS9429, M 18 serotype strain
MGASS8232, M28 serotype strain MGAS6180 and M49 serotype strain 591.
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Isolation and purification of EndoS from an expressing S. pyogenes culture, or
from cultures of other cells expressing EndoS is typically on the basis of IgG
endoglycosidase activity. Preferably the purification method involves an ammonium
sulphate precipitation step and an ion exchange chromatography step. According to
one method, the culture medium is fractionated by adding increasing amounts of
ammonium sulphate. The amounts of ammonium sulphate may be 10 to 80%.
Preferably the culture medium is fractionated with 50% ammonium sulphate, and the
resulting supernatant is further precipitated with 70% ammonium sulphate. Pelleted
polypeptides may then be subjected to ion exchange chromatography, for example by
FPLC on a Mono Q column. Eluted fractions may be assayed for IgG endoglycosidase
activity and peak activity fractions may be pooled. Fractions may be analysed by SDS
PAGE. Fractions may be stored at -80°C. In an alternative method to purify EndoS,
EndoS without the signal sequence (i.e. having the sequence of SEQ ID NO: 1) is
expressed in Escherichia coli using GST Gene Fusion System (Amersham-Pharmacia
Biotech, Uppsala, Sweden). A 2929 base pair PCR product covering bases 304 to 3232
of the ndoS sequence is amplified from S. pyogenes genomic DNA using primers 5°-
ACT-GGG-ATC-CCG-GAG-GAG-AAG-ACT-3’ with a BamHI site (underlined) and
5’-TTA-ATC-TCG-AGG-TTG-CTA-TCT-AAG-3’ with an Xhol site (underlined).
This fragment is digested with BamHI and X#ol and ligated into the pGEX-5X-3
generating plasmid pGEXndoS that is used to transform E. coli BL21(DE3)pLys.
pGEXndoS/BL21(DE3)pLys is induced with 0.1 mM isopropyl B-D-
thiogalactopyranoside. After induction, bacteria are lysed using BugBuster™
(Novagen) and the GST-EndoS fusion protein is purified on Glutathione-Sepharose®.
The GST tag is removed using factor Xa according to protocols (Amersham-Pharmacia
Biotech), and residual factor Xa is removed using Xarrest™-agarose (Novagen). This
results in a preparation of recombinant EndoS (rEndoS) that is homogenous as assessed
by SDS-PAGE and Western blot using EndoS-specific antibodies. Prior to in vivo
experiments protein samples are sterile-filtered through a 0.2 um filter (Millipore).
Purified EndoS protein is stored at -80°C in phosphate buffered saline.

Polypeptides for use in the invention may also be prepared as fragments of such
isolated polypeptides. Further, the EndoS polypeptides may also be made synthetically
or by recombinant means. For example, a recombinant EndoS polypeptide may be

produced by transfecting mammalian cells in culture with an expression vector
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comprising a nucleotide sequence encoding the polypeptide operably linked to suitable
control sequences, culturing the cells, extracting and purifying the EndoS polypeptide
produced by the cells.

The EndoS polypeptides of invention described in this section display IgG
endoglycosidase activity. Preferably, the polypeptide hydrolyses IgG or IgG Fc
fragments by hydrolysing the conserved glycan linked to the asparagine residue
corresponding to residue 297 of a full-length IgG heavy chain polypeptide. Preferably,
the polypeptide hydrolyzes the B-1,4-di-N-acetylchitobiose core of the asparagine-
linked glycan. Preferably the activity is specific for IgG.

The endoglycosidase activity may be determined by means of a suitable assay.
For example, a test polypeptide may be incubated with IgG at a suitable temperature,
such as 37°C. The starting materials and the reaction products may then be analysed by
SDS PAGE. Typically, the molecular mass of the IgG heavy chain is reduced by
approximately 3kDa if the test polypeptide has IgG endoglycosidase activity. Another
assay for determining whether a test polypeptide has IgG endoglycosidase activity is by
detection of glycosylated IgG using Lens culinaris agglutinin lectin (LCA), optionally
using horseradish peroxidase and peroxidase substrate. Typically, the carbohydrate
signal is reduced if the test polypeptide has IgG endoglycosidase activity. Another
assay for determining whether a test polypeptide has IgG endoglycosidase activity is by
incubation of a test polypeptide with purified IgG Fc fragments followed by reduction
of the sample with 10 mM dithiotreitol and mass spectroscopy (MALDI-TOF) analysis.
Typically, the mass of monomeric IgG Fc is reduced by 1417 + 14 Da if the test
polypeptide has IgG endoglycosidase activity.

The endoglycosidase activity of the polypeptides can be further characterised by
inhibition studies.

The endoglycosidase activity of the polypeptide is generally IgG-specific in that
the polypeptide may not degrade the other classes of Ig, namely IgM, IgA, IgD and IgE,
when incubated with these immunoglobulins under conditions that permit cleavage of
IgG. The EndoS polypeptide is capable of hydrolyzing IgG molecules present in a
sample taken from a subject. Thus, where the subject is a human, the EndoS
polypeptide is capable of hydrolyzing the glycans on the heavy chains of human IgG.
EndoS is capable of hydrolyzing human IgG of all four subclasses (IgG).4). In
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preferred embodiments, the EndoS polypeptide has the ability to hydrolyze human,

Rhesus monkey, mouse, rat, rabbit, horse, goat, dog and swine IgG.

EndoS polypeptides which lack IgG endoglycosidase activity

The EndoS polypeptide in this instance is preferably modified S. pyogenes
EndoS, which has been engineered to lack IgG endoglycosidase activity but which
possesses IgG binding activity. By IgG binding activity it will be understood that the
modified EndoS binds to IgG, or a variant or fragment thereof, in particular the Fc
fragment thereof, which is normally glycosylated. By “normally glycosylated” it will
be understood that the IgG molecule, or variant of fragment thereof, is a glycoprotein
comprising at least the IgG polypeptide heavy chain (or variant of fragment thereof)
coupled to at least one carbohydrate group as found coupled to naturally occurring IgG
molecules. In particular, the at least one carbohydrate group is a glycan linked to the
asparagine residue corresponding to residue 297 of a full-length IgG heavy chain
polypeptide. Preferably, the asparagine-linked glycan has a B-1,4-di-N-acetylchitobiose
core.

The EndoS polypeptide is preferably engineered by site-directed mutagenesis.
By IgG binding activity it will be understood that the EndoS polypeptides described in
this section bind at least one, preferably two, three or all four of the IgG subclasses,
IgG).4. Preferably the at least one IgG subclass is bound with high affinity and/or high
specificity.

By high affinity it is meant that the binding affinity constant (Kp) for the
interaction of the modified EndoS with an IgG subclass is greater than 0.05 pM,
preferably greater than 0.06 uM, 0.07 uM or 0.08 uM. Binding activity may be
determined, and binding affinity may be assessed by any suitable means. For example,
by surface plasmon resonance interaction analysis, equilibrium dialysis analysis, or any
standard biochemical methods in conjunction with, for example, Scatchard analysis.

By high specificity, it is meant that the polypeptide may not bind the other
classes of Ig, namely IgM, IgA, IgD and IgE, when incubated with these
immunoglobulins under conditions that permit binding to IgG.

The variant may be derived from an EndoS polypeptide from another organism,

such as another bacterium, as is described in the preceding section with the exception
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that the variant in this instance lacks IgG endoglycosidase activity but possesses IgG
binding activity. The modified EndoS polypeptide may comprise:

(a) the amino acid sequence of SEQ ID NO: 2;

(b) a variant thereof having at least 50% identity to the amino acid

sequence of SEQ ID NO: 2 which lacks IgG endoglycosidase activity; or

(c) a fragment of either thereof which lacks IgG endoglycosidase activity.
Preferably, the polypeptide comprises, or consists of, the sequence of SEQ ID NO: 2.
SEQ ID NO: 2 is derived from the sequence of SEQ ID NO: 1, but has been engineered
to lack IgG endoglycosidase activity by the substitution of glutamic acid (E) for
glutamine (Q) at position 199 of SEQ ID NO: 1. This corresponds to position 235 of
SEQ ID NO: 3 (NCBI Accession No: AAK00850) and this particular modification is
referred to as E235Q. Such polypeptides typically possess IgG-binding activity as
described above.

Variant polypeptides as described in this section are those for which the amino
acid sequence varies from that in SEQ ID NO: 2, but which lack IgG endoglycosidase
activity and retain IgG-binding activity. Such variants may include allelic variants and
the deletion, modification or addition of single amino acids or groups of amino acids
within the protein sequence, as long as the peptide maintains the above characteristics.

The variant sequences typically differ by at least 1, 2, 3, 5, 10, 20, 30, 50, 100 or
more mutations (which may be substitutions, deletions or insertions of amino acids).
For example, from 1 to 100, 2 to 50, 3 to 30 or 5 to 20 amino acid substitutions,
deletions or insertions may be made, provided the modified polypeptide lacks IgG
endoglycosidase activity and retains IgG-binding activity.

Variants of the amino acid sequence of SEQ ID NO: 2 preferably contain
residues 191 to 199 of SEQ ID NO: 2, i.e. Leu-191, Asp-192, Gly-193, Leu-194, Asp-
195, Val-196, Asp-197, Val-198 and GIn-199 of SEQ ID NO: 2 (equivalent to residues
191 to 199 of SEQ ID NO: 1). These amino acids constitute a chitinase family 18
active site as in SEQ ID NO: 1, except the C terminal glutamic acid is replaced with
glutamine. The glutamic acid in the active site of chitinases is essential for enzymatic
activity. Most preferably, therefore, the variant of SEQ ID NO: 2 contains glutamine at
the position equivalent to position 199 of SEQ ID NO: 2. The variant of SEQ ID NO: 2
may contain residues 191 to 199 of SEQ ID NO: 2 having one or more conservative
substitutions, provided that the variant does not contain glutaminic acid at the position

equivalent to position 199 of SEQ ID NO: 2.
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Typically, polypeptides which lack IgG endoglycosidase activity and retain
IgG-binding activity with more than about 50%, 55% or 65% identity, preferably at
least 70%, at least 80%, at least 90% and particularly preferably at least 95%, at least
97% or at least 99% identity, with the amino acid sequence of SEQ ID NO: 2 are
considered variants of the protein The identity of variants of SEQ ID NO: 2 may be
measured over a region of at least 100, at least 250, at least 500, at least 750, at least
800, at least 850, at least 900, at least 950, at least 955 or more contiguous amino acids
of the sequence shown in SEQ ID NO: 2, or more preferably over the full length of
SEQ ID NO: 2.

The fragment of the EndoS polypeptide used in the invention is typically at
least 10, for example at least 20, 30, 40, 50 or more amino acids in length, up to 100,
200, 250, 300, 500, 750, 800, 850, 900, 950 or 955 amino acids in length, as long as it
lacks IgG endoglycosidase activity and retains IgG-binding activity. Preferably, the
fragment of the EndoS polypeptide used in the invention in this instance encompasses
residues 191 to 199 of SEQ ID NO: 2, i.e. Leu-191, Asp-192, Gly-193, Leu-194, Asp-
195, Val-196, Asp-197, Val-198 and GIn-199 of SEQ ID NO: 2. A preferred fragment
of the invention consists of amino acids 1 to 409 of SEQ ID NO: 2 (amino which
corresponds to the enzymatically active a-domain of EndoS generated by cleavage by
the streptococcal cysteine proteinase SpeB.

Streptococcal strains expressing an EndoS or a variant thereof that lacks IgG
endoglycosidase activity and retains IgG-binding activity can be identified by
immunodetection using antibodies directed towards EndoS, followed by assaying for
IgG endoglycosidase activity and IgG-binding activity as described above. The
Streptococcal strains that have been verified as expressing active EndoS are described
in the above section. These strains represent good candidates for the possible
expression of EndoS polypeptides that lack IgG endoglycosidase activity and retain
IgG-binding activity. Isolation and purification of EndoS from an expressing S.
pyogenes culture is also described above.

In an alternative method, an EndoS protein with the desired characteristics can
be produced by altering a nucleotide encoding an EndoS protein, and then expressing
said nucleotide in a suitable system. Suitable methods include site-directed
mutagenesis of the nucleotide encoding the protein. This technique has been widely
used in the study of protein functions. The technique is typically oligonucleotide-based

and involves the following steps:
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(1) Cloning the DNA encoding the protein of interest into a plasmid vector.

(2) Denaturing the plasmid DNA to produce single strands.

(3) Contacting the denatured DNA with a synthetic oligonucleotide (or
oligonucleotides) complementary to the target sequence but incorporating the desired
mutation(s) (point mutation, deletion, or insertion), such that the synthetic
oligonucleotide anneals to the target region.

(4) Extending the mutated strand by a DNA-polymerase using the plasmid DNA
strand as the template.

(5) Propagating the heteroduplex (mutated/non-mutated strand) by
transformation in E. coli.

After propagation, about 50% of the produced heteroduplexes are mutants and
the other 50% are "wild type" (no mutation). Selection and enrichment methods are
used to favor the production of mutants. For example, the parental non-mutated strand
can be digested with a restriction enzyme that only digests methylated DNA (Dpnl).
This allows removal of the parental strand from the reaction before transformation of E.
coli by since the newly synthesized strands are un-methylated while the parental strand
(if purified from the correct E. coli background) is methylated.

Alternatives to site-directed mutagenesis include:

(1) Polymerase chain reaction (PCR) based methods using specific mutagenic
primers, or error-prone PCR with subsequent screening for desired mutations or
loss/gain of protein function.

(2) Introduction of a plasmid harboring the gene of interest into an E. coli
mutator strain (deficient in DNA proofreading systems) and subsequent screening for
desired mutations or loss/gain of protein function.

(3) Chemical synthesis of partial or whole genes containing the desired
mutations and subsequent introduction into an appropriate protein expression system.

Alternatively, an EndoS protein with the desired characteristics can be produced
by DNA-independent methods, which include chemical synthesis of parts of a
polypeptide with the desired mutation.

Polypeptides for use in the invention may also be prepared as fragments of such
isolated polypeptides. Further, the EndoS polypeptides may also be made synthetically
or by recombinant means. For example, a recombinant EndoS polypeptide may be
produced by transfecting mammalian cells in culture with an expression vector

comprising a nucleotide sequence encoding the polypeptide operably linked to suitable
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control sequences, culturing the cells, extracting and purifying the EndoS polypeptide
produced by the cells.

The IgG binding activity of the polypeptide is generally IgG-specific in that the
polypeptide may not bind the other classes of Ig, namely IgM, IgA, IgD and IgE, when
incubated with these immunoglobulins under conditions that permit binding
interactions. The EndoS polypeptide is capable of binding to IgG molecules present in
a sample taken from a subject. Thus, where the subject is a human, the EndoS
polypeptide is capable of binding human IgG. EndoS is capable of binding human IgG
of all four subclasses (IgG4). In preferred embodiments, the EndoS polypeptide has
the ability to bind human, Rhesus monkey, mouse, rat, rabbit, horse, goat, dog and

swine IgG.

IdeS

IdeS is an extracellular cysteine protease produced by the human pathogen S.
pyogenes and is described in WO 03/051914. IdeS was originally isolated from a group
A streptococcal strain of serotype M1, but the ides gene has now been identified in all
tested group A streptococcal strains. IdeS has an extraordinarily high degree of
substrate specificity, with its only identified substrate being IgG. IdeS catalyses a
single proteolytic cleavage in the lower hinge region of human IgG. This proteolytic
degradation promotes inhibition of opsonophagocytosis and interferes with the killing
of group A Streptococcus. 1deS also cleaves some subclasses of IgG in various animals
and efficiently converts IgG into Fc and Fab fragments. The ides gene has been cloned
and expressed in E.coli as a GST fusion protein.

The 1deS polypeptide for use in the methods of the invention is preferably S.
pyogenes 1deS, or a variant or fragment of S. pyogenes IdeS which retains cysteine
protease activity. The variant may be an IdeS polypeptide from another organism,
such as another bacterium. The bacterium is preferably a Streptococcus. The
Streptococcus is preferably a group A Streptococcus, a group C Streptococcus or a
group G Streptococcus. In particular, the variant may be an IdeS polypeptide from a
group C Streptococcus such as S. equii or S. zooepidemicus. Alternatively, the variant
may be from Pseudomonas putida.

The IdeS polypeptide may comprise:

(a) the amino acid sequence of SEQ ID NO: 8§;

(b) a variant thereof having at least 50% identity to the amino acid
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sequence of SEQ ID NO: 8 and having IgG cysteine protease activity; or

(c) a fragment of either thereof having IgG cysteine protease activity.

Preferably, the IdeS polypeptide comprises, or consists of, the sequence of SEQ
ID NO: 8. SEQ ID NO: 8 is the sequence of the mature form of IdeS, without the
signal sequence, and corresponds to amino acids 30 to 339 of SEQ ID NO: 9.

Variant IdeS polypeptides are those for which the amino acid sequence varies
from that in SEQ ID NO: 8, but which display the same IgG cysteine protease activity
as IdeS. Typically, polypeptides with more than about 50%, 55% or 65% identity,
preferably at least 70%, at least 80%, at least 90% and particularly preferably at least
95%, at least 97% or at least 99% identity, with the amino acid sequence of SEQ ID
NO: 8 are considered variants of the protein. Such variants may include allelic variants
and the deletion, modification or addition of single amino acids or groups of amino
acids within the protein sequence, as long as the peptide maintains the basic
functionality of IdeS. The identity of variants of SEQ ID NO: 8 may be measured over
a region of at least 50, at least 75, at least 100, at least 150, at least 200, at least 250, at
least 275, at least 300 or more contiguous amino acids of the sequence shown in SEQ
ID NO: 8, or more preferably over the full length of SEQ ID NO: 8.

Variants of the amino acid sequence of SEQ ID NO: 8 preferably contain
residues Lys-55 and/or Cys-65 and/or His-233 and/or Asp-255 and/or Asp-257 of SEQ
ID NO: 8. Most preferably, the variant of SEQ ID NO: 8 contains each of residues
Lys-55, Cys-65, His-233, Asp-255 and Asp-257 of SEQ ID NO: 8.

The variant sequences typically differ by at least 1, 2, 5, 10, 20, 30, 50 or more
mutations (which may be substitutions, deletions or insertions of amino acids). For
example, from 1 to 50, 2 to 30, 3 to 20 or 5 to 10 amino acid substitutions, deletions or
insertions may be made. The modified polypeptide retains activity as an IgG-specific
cysteine protease. Preferably the variant polypeptides comprise a cysteine residue and
a histidine residue at a spacing typically found in cysteine proteases. For example, in
SEQ ID NO: 8, these residues are found at a spacing of about 130 amino acids, as is
typically found in cysteine proteases.

The fragment of the IdeS polypeptide used in the invention is typically at least
10, for example at least 15, 20, 25, 30, 40, 50 or more amino acids in length, up to 100,
150, 200, 250 or 300 amino acids in length, as long as it retains the IgG cysteine
protease activity of IdeS. Preferably, the fragment of the IdeS polypeptide used in the

invention encompasses residues Lys-55 and/or Cys-65 and/or His-233 and/or Asp-255
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and/or Asp-257 of SEQ ID NO: 1. Most preferably, the fragment encompasses each of
residues Lys-55, Cys-65, His-233, Asp-255 and Asp-257 of SEQ ID NO: 8.

IdeS polypeptides for use in accordance with the invention display
immunoglobulin cysteine protease activity, and in particular IgG cysteine protease
activity. Preferably, the polypeptide cleaves IgG in the hinge region and more
particularly in the hinge region of the heavy chain. Cleavage results in production of F¢
and Fab fragments of IgG. Preferably the activity is specific for IgG. The cysteine
protease activity may be determined by means of a suitable assay. For example, a test
polypeptide may be incubated with IgG at a suitable temperature, such as 37°C. The
starting materials and the reaction products may then be analysed by SDS PAGE to
determine whether the desired IgG cleavage product is present. Typically this cleavage
product is a 31kDa fragment. Typically there is no further degradation of IgG after this
first cleavage. The cleavage product may be subjected to N-terminal sequencing to
verify that cleavage has occurred in the hinge region of IgG. Preferably the N-terminal
sequence comprises the sequence GPSVFLFP.

The cysteine protease activity of the polypeptides can be further characterised
by inhibition studies. Preferably, the activity is inhibited by the peptide derivate Z-
LVG-CHN; and/or by iodoacetic acid both of which are protease inhibitors. However,
the activity is generally not inhibited by E64.

The cysteine protease activity of the polypeptides is generally IgG-specific in
that the polypeptides may not degrade the other classes of Ig, namely IgM, IgA, IgD
and IgE, when incubated with these immunoglobulins under conditions that permit
cleavage of IgG. The IdeS polypeptide is capable of cleaving human IgG. In preferred
embodiments the polypeptide has the ability to cleave human, rabbit, mouse or goat
IgG.

IdeS polypeptides for use in the present invention may be isolated from any
suitable organism that expresses an IdeS polypeptide. Typically, the IdeS polypeptide
is isolated from suitable IdeS expressing strains of S. pyogenes. Suitable organisms and
strains may be identified by a number of techniques. For example, S. pyogenes strains
may initially be tested for the presence an ides gene. Polynucleotide primers or probes
may be designed based on for example, SEQ ID NOs: 8, 9 or 10. The presence of the
ides gene can then be verified by PCR using the primers or by hybridisation of the
probes to genomic DNA of the S. pyogenes strain.
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S. pyogenes strains expressing active IdeS can be identified by assaying for IgG
cysteine protease activity in the culture supernatant. Preferably inhibitor E64 is added
to the supernatant to inhibit any SpeB cysteine protease activity. At least five strains
express active IdeS: strains AP1, AP12, AP55, KTL3 and SF370. Preferably the
expressing strain is selected from AP1, AP12 and AP55.

Isolation and purification of IdeS from an expressing S. pyogeres culture, or
from cultures of other cells expressing IdeS is typically on the basis of IgG cysteine
protease activity. Preferably the purification method involves an ammonium sulphate
precipitation step and an ion exchange chromatography step. According to one method,
the culture medium is fractionated by adding increasing amounts of ammonium
sulphate. The amounts of ammonium sulphate may be 10 to 80%. Preferably the
culture medium is fractionated with 50% ammonium sulphate, and the resulting
supernatant is further precipitated with 70% ammonium sulphate. Pelleted
polypeptides may then be subjected to ion exchange chromatography, for example by
FPLC on a Mono Q column. Eluted fractions may be assayed for IgG cysteine protease
activity and peak activity fractions may be pooled. Fractions may be analysed by SDS
PAGE. For example, an N-terminal sequence can be obtained from the SDS PAGE

protein band. Fractions may be stored at -20°C.

Fc binding proteins

A preferred Fc-binding protein for use in the methods of the invention is a
modified EndoS polypeptide which lacks endoglycosidase activity as described in the
relevant section of the description above. The modified EndoS polypeptide of the
invention binds Fc fragments of all IgG subclasses, provided they are normally
glycosylated.

Another preferred Fc binding protein for use in the methods of the invention is
Protein H. Protein H is expressed by S. pyogenes and is described in EP-A-0371199
and WO 91/19740. Protein H has a characteristic spectrum of immunoglobulin-binding
properties, for example binding to the Fc part of IgG. It is also capable of binding
albumin. A number of regions within protein H have been identified, and designated as
the S, A, B, C1, C2, C3 and D regions. The IgG Fc-binding domains reside in the AB
region, whilst the C-repeats (C1, C2 and C3) are responsible for albumin binding.

Protein H has also been found to target to the nucleus and have cytostatic effects.
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The protein H polypeptide for use in the methods of the invention is preferably
S. pyogenes protein H, or a variant or fragment of S. pyogenes protein H which retains
IgG Fc-binding activity. The variant may be a protein H polypeptide from another
organism, such as another bacterium. The bacterium is preferably a Streptococcus.

The protein H polypeptide may comprise:

(a) the amino acid sequence of SEQ ID NO: 11;

(b) a variant thereof having at least 50% identity to the amino acid
sequence of SEQ ID NO: 11 and having IgG Fc-binding activity; or

(©) a fragment of either thereof having IgG Fc-binding activity.

Preferably, the protein H polypeptide comprises, or consists of, the sequence of
SEQ ID NO: 11. SEQ ID NO: 11 is the sequence of the mature form of protein H,
without the signal sequence, and corresponds to amino acids 42 to 376 of SEQ ID NO:
12.

Variant polypeptides are those for which the amino acid sequence varies from
that in SEQ ID NO: 11, but which display the same IgG Fc-binding activity as protein
H. Typically, polypeptides with more than about 50%, 55% or 65% identity, preferably
at least 70%, at least 80%, at least 90% and particularly preferably at least 95%, at least
97% or at least 99% identity, with the amino acid sequence of SEQ ID NO: 11 are
considered variants of the protein. Such variants may include allelic variants and the
deletion, modification or addition of single amino acids or groups of amino acids within
the protein sequence, as long as the peptide maintains the basic functionality of protein
H. The identity of variants of SEQ ID NO: 11 may be measured over a region of at
least 50, at least 75, at least 100, at least 150, at least 200, at least 250, at least 275, at
least 300 or more contiguous amino acids of the sequence shown in SEQ ID NO: 11 or
more preferably over the full length of SEQ ID NO: 11.

Variants of the amino acid sequence of SEQ ID NO: 4 preferably contain amino
acids 1 to 117 of SEQ ID NO: 11, which is the N-terminal AB region of protein H that
contains the residues responsible for IgG Fc-binding. Such variants most preferably
contain residues 84 to 108 of SEQ ID NO: 11, which is part of the IgG Fc-binding
region of protein H. Variants of protein H preferably contain the C repeats (C1, C2 and
C3) of protein H, i.e. amino acids 118 to 242 of SEQ ID NO: 11.

The variant sequences typically differ by at least 1, 2, 5, 10, 20, 30, 50 or more

mutations (which may be substitutions, deletions or insertions of amino acids). For

24



10

15

20

25

30

WO 2009/033670 PCT/EP2008/007457

example, from 1 to 50, 2 to 30, 3 to 20 or 5 to 10 amino acid substitutions, deletions or
insertions may be made. The modified polypeptide retains IgG Fc-binding activity.

The fragment of the protein H polypeptide used in the invention is typically at
least 10, for example at least 15, 20, 25, 30, 40, 50 or more amino acids in length, up to
100, 150, 200, 250, 300 or 325 amino acids in length, as long as it retains the IgG Fc-
binding activity of protein H. Preferably, the fragment of the protein H polypeptide
used in the invention encompasses residues 84 to 108 of SEQ ID NO: 11. Preferred
fragments of SEQ ID NO: 11 include: amino acids 1 to 117 of SEQ ID NO: 11, which
is the N-terminal AB region of protein H and contains the region responsible for IgG
Fc-binding; amino acids 1 to 108 of SEQ ID NO: 11; amino acids 1 to 80 of SEQ ID
NO: 11, which is the N-terminal A region; amino acids 1 to 77 of SEQ ID NO: 11;
amino acids 81 to 117 of SEQ ID NO: 11, which is the B region of protein H; amino
acids 1 to 305 of SEQ ID NO: 11, which is the form of protein H produced
recombinantly in E. coli; and amino acids 1 to 285 of SEQ ID NO: 11, which is the
form of protein H cleaved from the Streptococcal cell surface by the action of a
streptococcal cysteine protease.

Polypeptides for use in accordance with the invention display IgG Fc-binding
activity. IgG Fc-binding activity may be determined by means of a suitable assay, such
as Western blot or slot blot analysis using radiolabelled IgG Fc as a probe or by means
of ELISA, for example as described in Frick et al. (1994), Molecular Microbiology
12:143-151.

The IgG Fc-binding activity of the protein H polypeptides can be further
characterised by inhibition studies. For example, binding of radiolabelled protein H to
IgG Fc immobilized on polyacrylamide beads can be inhibited with protein H
polypeptides, for example as described in Frick ef al. (1994), Molecular Microbiology
12:143-151.

The Fc-binding activity of the protein H polypeptides is generally IgG-specific
in that the polypeptides may not bind to the other classes of Ig, namely IgM, IgA, IgD
and IgE, when incubated with these immunoglobulins under conditions that permit
binding to IgG. The protein H polypeptide is capable of binding to human IgG. In
preferred embodiments the polypeptide has the ability to bind human, rabbit and
baboon IgG.

Protein H polypeptides for use in the present invention may be isolated from

any suitable organism that expresses protein H. Typically, the protein H polypeptide is
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isolated from suitable protein H expressing strains of S. pyogenes. Suitable organisms
and strains may be identified by a number of techniques. For example, S. pyogenes
strains may initially be tested for the presence of a gene encoding protein H.
Polynucleotide primers or probes may be designed based on, for example, SEQ ID
NOs: 11, 12 or 13. The presence of the gene encoding protein H can then be verified
by PCR using the primers or by hybridisation of the probes to genomic DNA of the S.
pyogenes strain.

S. pyogenes strains expressing active protein H can be identified by assaying for
IgG binding activity in the culture supernatant. The strains of S. pyogenes expressing
active protein H are strains belonging to the M1 serotype, such as AP1.

Isolation and purification of a protein H from an expressing S. pyogenes culture,
or from cultures of other cells expressing protein H is typically on the basis of IgG
binding activity. Preferably the purification method involves an affinity
chromatography step using IgG coupled to sepharose.

Similar considerations to the above apply to other suitable Fc binding proteins
which may be used in the methods of the invention. For éxample, one or more of
Protein G (typically derived from Streptococcal bacteria), Protein A (typically derived
from Staphylococcal bacteria) and Protein A/G (a recombinant fusion protein that
combines IgG binding domains of both Protein A and Protein G) may be used instead
of or in addition to Protein H in the methods of the invention. These proteins are well-
characterised as native and recombinant proteins of microbial origin which all possess
the ability to bind to the Fc region of mammalian immunoglobulins. The interaction
between the various proteins and immunoglobulins is not equivalent for all antibody
subclasses and it will be understood that Fc binding proteins with IgG-specific Fc

binding activity are preferred.

Method for isolating a population of cells which are substantially free of IgG molecules
bound to FcyRs.

IgGs, classified in four subclasses, IgG), IgG», IgG3 and 1gGy, are described to
interact with different types of FcyRs giving different activation profiles. FcyRs
provide a linkage between the humoral and cellular immune responses. Phagocytic cells
express members of three classes of IgG-Fc receptors, FcyRI, FcyRII and FcyRIII,

characterized by structural and functional homology and specific recognition site on the
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Cu2 region of IgG. Binding of pathogen-IgG complexes to FcyRs mediates an essential
response from host against pathogens by initiating a cascade of signals causing
antibody-dependent-cellular-cytotoxicity (ADCC), complement-dependent-cellular-
cytotoxicity (CDCC), endocytosis, phagocytosis, oxidative burst, release of
inflammatory mediators, etc. Complexed IgG-FcyR can besides activation of the Clq
component of complement also activate other ligands e.g. mannan binding lectin
(MBL), the neonatal receptor FcRn, the mannose receptor (MR), etc. FcyRs may be
expressed constitutively on haematopoietic cells and may be induced or up-regulated by
cytokines and other agents. FcyRs are responsible for balancing activation (FcyRI,
FcyRlIlIa and FcyRIlIla) and inhibitory signals (FcyRIIb) in the immune system with the
ability to both activate and inhibit IgG mediated effector stimulation.

The effects mediated by FcyRs are therefore of great interest in the study of
immunology. However, evaluation of such effects is complicated in vitro because cells
isolated from subjects or individuals are typically pre-loaded with IgG bound to their
FcyRs. Accordingly the receptors are blocked, preventing further analysis. No suitable
reagent exists in the art to strip bound IgG from FcyRs without producing additional
damage to cells. Researchers have thus been obliged to use cell lines expressing FcyRs
which can be cultured in the absence of IgG. This provides only an approximation of
native cells isolated from a subject, and accordingly research in this area has been
hindered. The present inventors have demonstrated that EndoS polypeptides having
IgG endoglycosidase activity can hydrolyse all subclasses of IgG, preventing their
binding to FcyRs. Furthermore, the inventors have demonstrated that contacting cells
with EndoS leads to the release of bound IgG from the FcyRs. Therefore, studies that
previously have been limited to cells lines can now be performed on native cells. This
will, for example, allow studies of IgG/receptor affinities, kinetics, and calculations of
number of receptors per cell, and elucidate Fc-mediated signaling events in native cells
rather than cell lines.

The present invention therefore provides methods for isolating a population of
cells substantially free of Fcy-receptor-bound IgG molecules, which method comprises
contacting a cell-containing sample with an EndoS polypeptide and
separating the cells from the contacted sample, thereby obtaining said population of

cells.
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The cell-containing sample may be a blood or serum sample taken from a
subject or individual, or may be cell culture medium. The subject or individual is
preferably a human but may be an animal, preferably selected from Rhesus monkey,
mouse, rat, rabbit, horse, goat, dog and swine.

The cell-containing sample is contacted with EndoS polypeptide under
conditions suitable for interaction between the polypeptide and the cells to take place
and endoglycosidase activity to occur. Suitable conditions include use of EndoS at a
concentration of at least 1 pg/ml, 2 pg/ml, 4 pg/ml, 6 ug/ml, 8 pg/ml, 10 pg/ml, 12
pg/ml, 15 pg/ml or 20 pg/ml, preferably at least 10 pg/ml. Suitable conditions also
include incubation of the cell-containing sample with EndoS for at least 20 minutes, 30
minutes, 40 minutes, 50 minutes, 60 minutes, 70 minutes, 80 mintures, 90 minutes or
120 minutes, preferably at least 90 minutes. Incubation preferably takes place at room
temperature, more preferably at approximately 20°C, 25°C, 30°C, 35°C, 40°C or 45°C,
and most preferably at approximately 37°C.

Cells are separated from the contacted sample by any suitable means. Suitable
means include those which result in the separation of viable cells. These means
therefore include methods which do not damage the cells or induce inflammatory
responses in the cells. Suitable means include, for example, gentle washing of the cells.
By gentle washing it is intended to encompass at least one instance of centrifugation of
the cell-containing sample at approximately 1000 x g for approximately 5 minutes,
followed by aspiration of the supernatant and resuspension of the pellet in suitable fresh
cell culture medium. The centrifugation, aspiration and resuspension steps are
preferably repeated at least one, two, three, four, or preferably five times.

Alternative means may comprise methods for the removal of the EndoS
polypeptide from the sample, or methods for the removal of the cleaved IgG from the
sample. A preferred method for removal of the EndoS from a sample comprises using
an EndoS which is derivatised or modified as described above.

A preferred modification comprises the addition of a histidine tag. The
presence of a histidine tag means that the polypeptide binds with a high affinity to a
reagent or separating means containing chelating groups on its surface which carry a
nickel, copper or zinc ion. The histidine tag binds strongly to these metal ions. Such a
reagent can therefore be used to separate EndoS from a sample.

Another preferred modification comprises the addition of a biotin tag. The

presence of a biotin tag means that the polypeptide binds with a high affinity to a
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reagent or separating means comprising streptavidin. The biotin tag binds strongly to
streptavidin. Such a reagent can therefore be used to separate EndoS from a sample.

Preferred reagents or separating means are populations of magnetic particles
capable of binding to the EndoS polypeptide. For example, where the EndoS
polypeptide is derivatised with a histidine tag, the magnetic particles contain on their
surface chelating groups which carry a nickel, copper or zinc ion. Alternatively, where
the EndoS polypeptide is derivatised with a biotin tag, the magnetic particles contain on
their surface streptavidin.

Accordingly, a preferred method of removing EndoS from a sample comprises
using a population of magnetic particles as described above and carrying out magnetic
field separation on the sample. The magnetic particles are preferably magnetic
nanoparticles, and the magnetic field separation is preferably high-gradient magnetic
field separation.

It will be understood that any suitable separation means may be used. For
example, ultracentrifugation and ultrasound based separation technologies may be used.
As a further example, in one embodiment, the separation means comprises a solid
support. Preferred solid supports include cross-linked agarose beads, or similar, which
may be used as the matrix in an affinity chromatography column. Alternatively the
solid support may comprise a suitable silica-based material or polystyrene. In one
embodiment the solid support may comprise a plastic container such as a microtiter
plate or equivalent, to which the polypeptide to be separated can be directly adsorbed.

Alternative separation means include reagents comprising antibodies specific to
the polypeptide to be separated, which may be generated by methods standard in the art.
Antibodies in this sense include a monoclonal antibody, a polyclonal antibody, a single
chain antibody, a chimeric antibody, a CDR-grafted antibody or a humanized antibody.
The antibody may be an intact immunoglobulin molecule or a fragment thereof such as
a Fab, F(ab’)2 or Fv fragment. If more than one antibody is present, the antibodies
preferably have different non-overlapping determinants such that they may bind to the
polypeptide simultaneously. The antibody may be bound to a solid support or may be
labeled or conjugated to another chemical group or molecule to assist with their
separation or isolation. For example, typical chemical groups include fluorescent labels
such as Fluorescein (FITC) or Phycoerythrin (PE), or tags such as biotin.

Further alternative means may additionally comprise methods for the removal of

the IgG which has been dissociated from Fcy-receptors. The dissociated IgG could be
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removed from the sample by the addition of an alternative IgG binding reagent which is
capable of binding IgG in an unglycosylated and/or denatured form. Suitable agents
include Protein A and Protein G. These agents could then be separated from from the
sample, thereby removing the dissociated IgG. The alternative IgG binding reagents
may be derivatised or modified as described above for EndoS to assist with their
separation. A preferred alternative IgG binding reagent would be derivatised or
modified to interact with the same separation means as the derivatised or modified
EndoS described above. For example, the alternative IgG binding agent could be
derivatised or modified to interact with the same population of magnetic particles as the
derivatised or modified EndoS. Both the EndoS polypeptide and the alternative IgG

binding agent may then be removed from the sample by magnetic field separation.

Method for determining the presence or absence of IgG in a sample, or for isolating
IgG from an IgG-containing sample

The isolation and/or detection of IgG is typically carried out in the art using
such agents as Protein G or Protein A. These bacterial proteins interact well with IgG.
However, Protein A does not bind to all four IgG subclasses (IgG.4), and both Protein
A and Protein G are unable to discriminate between unglycosylated and/or denatured,
inactive IgG and glycosylated and/or native, functionally active IgG. By contrast, the
present inventors have identified that EndoS polypeptides which lack IgG
endoglycosidase activity typically bind all four IgG subclasses with high affinity, and
are selective for normally glycosylated IgG, i.e. IgG in its native, functionally active
form.

Accordingly, the present invention provides an improved method for
determining the presence or absence of IgG in a sample, which method comprises
contacting said sample with an EndoS polypeptide which lacks IgG endoglycosidase
activity, separating said EndoS from the contacted sample, and thereby determining the
presence or absence of IgG and, optionally, where IgG is present, obtaining isolated
IgG. The invention therefore also provides a method for isolating IgG from an IgG-
containing sample, which method comprises contacting said sample with an EndoS
polypeptide which lacks IgG endoglycosidase activity, separating said EndoS from the
contacted sample, and thereby obtaining isolated IgG.

The above samples are contacted with EndoS polypeptide under conditions

suitable for interaction between the polypeptide and the sample to take place and IgG
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binding activity to occur, i.e. to allow formation of a IgG-EndoS polypeptide complex.
Suitable conditions include use of EndoS at a concentration of at least 1 pg/ml, 2 pg/ml,
4 pg/ml, 6 pg/ml, 8 pg/ml, 10 pg/ml, 12 pg/ml, 15 pg/ml or 20 pg/ml, preferably at
least 10 pg/ml. Suitable conditions also include incubation of the sample with EndoS
for at least 20 minutes, 30 minutes, 40 minutes, 50 minutes, 60 minutes, 70 minutes, 80
mintures, 90 minutes or 120 minutes, preferably at least 60 minutes. Incubation
preferably takes place at room temperature, more preferably at approximately 20°C,
25°C, 30°C, 35°C, 40°C or 45°C, and most preferably at approximately 37°C.

A particular advantage of EndoS in these methods is that EndoS specifically
binds to normally glycosylated IgG. The IgG binding activities of other IgG binding
agents typically require or are enhanced by denaturation of the IgG glycoprotein. This
is typically achieved by treating an IgG-containing sample with acid. Such treatment
may damage or denature some antibodies (acid-sensitive antibodies). Since the method
of the invention requires no such treatment, the method is particularly suitable for
isolating acid-sensitive IgG in its native form from a sample.

The EndoS may separated from the contacted sample by any suitable method. A
preferred method for removal of the EndoS from a sample comprises using an EndoS
which is derivatised or modified as described above.

A preferred modification comprises the addition of a histidine tag. The
presence of a histidine tag means that the polypeptide binds with a high affinity to a
reagent or separating means containing chelating groups on its surface which carry a
nickel, copper or zinc ion. The histidine tag binds strongly to these metal ions. Such a
reagent can therefore be used to separate EndoS from a sample.

Another preferred modification comprises the addition of a biotin tag. The
presence of a biotin tag means that the polypeptide binds with a high affinity to a
reagent or separating means comprising streptavidin. The biotin tag binds strongly to
streptavidin. Such a reagent can therefore be used to separate EndoS from a sample.

Preferred reagents or separating means are populations of magnetic particles
capable of binding to the EndoS polypeptide. For example, where the EndoS
polypeptide is derivatised with a histidine tag, the magnetic particles contain on their
surface chelating groups which carry a nickel, copper or zinc ion. Alternatively, where
the EndoS polypeptide is derivatised with a biotin tag, the magnetic particles contain on

their surface streptavidin.
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Accordingly, a preferred method of removing EndoS from a sample comprises
using a population of magnetic particles as described above and carrying out magnetic
field separation on the sample. The magnetic particles are preferably magnetic
nanoparticles, and the magnetic field separation is preferably high-gradient magnetic
field separation.

It will be understood that any suitable separation means may be used. For

example, the alternative means described in the preceding section.

The EndoS of the contacted sample may be assessed for the presence or absence
of bound IgG by any suitable means.

For example, the molecular weight of the EndoS may be analysed. EndoS
bound to IgG will have a higher molecular weight than EndoS not bound to IgG.
Accordingly suitable methods include any method able to discriminate protein species
by weight, for example SDS-PAGE and Western Blot, Mass spectrometry etc.
Alternatively, the above Western Blot may be directly analysed for the presence of IgG
by usings IgG-specific antibodies or antibodies specific to a particular IgG sub-class.
Detection of proteins in a blot in this manner is a widely used technique in the art.

Other suitable means for detecting the presence or absence of IgG bound to
EndoS include incubating the EndoS with antibodies to IgG or IgG-binding proteins
with coupled enzymes (e.g. horseradish peroxidase, alkaline phosphatase) followed by
addition of fluorogenic/chromogenic substrates. In this instance, the development of a
colour signal indicates the presence of IgG, with the quantity of IgG being proportional
to the strength of the signal. Detection of proteins in this manner is a widely used
technique in the art.

Further suitable means for detecting the presence or absence of IgG bound to
EndoS comprise first separating bound IgG from EndoS so that it can be analysed /
detected independently of EndoS by any of the above methods or any suitable method.
IgG may be separated from EndoS by any suitable means. Suitable means include the
elution of IgG from EndoS by contacting the EndoS from the contacted sample with a
suitable elution buffer. The choice of elution buffer will typically depend on whether
or not the IgG bound to EndoS is known or suspected to be acid-sensitive, i.e.
denatured / inactivated by contact with acids.

Where the antibody is not acid-sensitive, an elution protocol using a low pH

elution buffer may typically be employed. Elution protocols of this type are well
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known in the art. Such elution buffers have a pH typically below about pH 3, most
preferably below about pH 2. Preferred examples include 0.1 M Glycine at pH2. In
addition, or optionally, such elution buffers may typically comprise at least one of the
following:

- Sodium or potassium salts, preferably at a concentration of about 0.5M to about 1M;
- Mono-, di-, or polysaccharides with structures similar to the glycan associated with
Asn-297 on native IgG;

or any combination thereof.

However, as outlined above, the methods of the invention are particularly
suitable for detection / isolation of acid-sensitive antibodies. Where the IgG bound to
EndoS is known or suspected to be acid-sensitive, it is therefore preferable to use
elution buffers and protocols which do not require a low pH. Such protocols are also
known in the art and are based on the principle of providing a buffer comprising a
molecule which competes with the bound IgG for binding to EndoS, thus leading to
release of the bound IgG. Suitable competition elution buffers therefore typically
comprise one or more mono-, di-, or polysaccharides with structures similar to the
glycan associated with Asn-297 on native IgG. Particularly preferred elution buffers
comprise sucrose at about 0.25M to about 0.5M, preferably with pH from about 5.3 to
about 8.3. Examples of specific preferred elution buffers include, for example: Sucrose
0.25M, in PBS pH7.4; Sucrose 0.5M, in PBS pH7.4; Sucrose 0.25M, in PBS pH5.3;
Sucrose 0.25M, in PBS pH8.5 and Sucrose 0.25M, Maltose 0.25M, in PBS pH7.4.

In addition, or optionally, such competition elution buffers may typically
comprise Sodium or potassium salts, preferably at a concentration of about 0.5M to
about 1M.

The means for separating bound IgG from EndoS as described above may also

be used to obtain isolated IgG.

Method of assessing the glycosylation state and/or functional quality of an IgG
containing sample

As described above, the EndoS polypeptides of the invention lacking IgG
endoglycosidase activity and having IgG binding activity are specific for glycosylated
and/or native, functionally active IgG. Therefore, by using said EndoS polypeptides in
combination with an alternative IgG-binding reagent, the present invention provides a

method of assessing the glycosylation state or functional quality of an IgG containing
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sample, which method comprises taking a first and a second sub-sample from the IgG-
containing sample, contacting the first sub-sample with an EndoS polypeptide as
described in the preceding section and the second sub-sample with an alternative IgG-
binding reagent which is capabale of binding unglycosylated and/or denatured, inactive
IgG, and then quantifying the amount of IgG bound to the EndoS polypeptide in the
first sub-sample, and the amount of IgG bound to the alternative IgG-binding reagent in
the second sub-sample. Finally, by comparing both of the amounts of bound IgG
determined in the first and second sub-samples, the glycosylation state or functional
quality of an IgG containing sample can be assessed.

The alternative IgG-binding reagent is typically Protein A or Protein G, which
bind to all forms (native or denatured) of IgG. In this instance, the amount of IgG
bound to said reagent therefore represents the total IgG present in the second sub-
sample. The EndoS polypeptide binds only to glycosylated and/or native, functionally
active IgG, and therefore the amount of IgG bound to EndoS represents only the
glycosylated and/or native, functionally active IgG present in the first sub-sample. By
comparing the concentration of total IgG from the second sub-sample to the
concentration of native IgG in the first sample, the skilled person will recognise that
one obtains a ratio which reflects the proportion of IgG in the original sample which is
present in its glycosylated and/or native, functionally active form.

In another embodiment, the alternative IgG-binding reagent could be specific
for unglycosylated and/or denatured IgG. Such a reagent could be, for example, an
antibody. Accordingly, in this embodiment the proportion of IgG in the original sample
which is present in its glycosylated and/or native, functionally active form can be

assessed by the formula:

Amount of IgG in first sub-sample / (Amount of IgG in first sub-sample + Amount of
IgG in second sub-sample)

The samples in the above methods are contacted with EndoS polypeptide or alternative
IgG-binding reagent under conditions suitable for interaction between the polypeptide
or reagent and the sample to take place and IgG binding activity to occur. Suitable

conditions are, for example, equivalent to those set out in the preceding section.

Method for isolating IgG Fab or Fc fragments from an IgG-containing sample
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The methods of the present invention can be used for isolating Fab fragments from IgG-
containing sampies. In one embodiment, the present invention provides a method for
isolating Fab fragments of IgG from an IgG-containing sample, which method
comprises:

(a) contacting said IgG-containing sample with IdeS, and an Fc binding

protein;

(b) separating said IdeS and said Fc binding protein from the contacted

sample; and
thereby isolating Fab fragments.

Preferred methods for separating IdeS and Fc binding protein from a sample
comprises using an IdeS and/or Fc binding protein which is derivatised or modified as
described above. The same or a different modification may be used on each of IdeS
and the Fc binding protein.

A preferred modification comprises the addition of a histidine tag. The
presence of a histidine tag means that the polypeptide binds with a high affinity to a
reagent or separating means containing chelating groups on its surface which carry a
nickel, copper or zinc ion. The histidine tag binds strongly to these metal ions. Such a
reagent can therefore be used to separate IdeS and/or Fc binding protein from a sample.

Another preferred modification comprises the addition of a biotin tag. The
presence of a biotin tag means that the polypeptide binds with a high affinity to a
reagent or separating means comprising streptavidin. The biotin tag binds strongly to
streptavidin. Such a reagent can therefore be used to separate IdeS and/or Fc binding
protein from a sample.

Preferred reagents or separating means are populations of magnetic particles
capable of binding to the EndoS polypeptide. For example, where the IdeS and/or Fc
binding protein polypeptide is derivatised with a histidine tag, the magnetic particles
contain on their surface chelating groups which carry a nickel, copper or zinc ion.
Alternatively, where the IdeS and/or Fc binding protein polypeptide is derivatised with
a biotin tag, the magnetic particles contain on their surface streptavidin.

Accordingly, a preferred method of removing EndoS from a sample comprises
using a population of magnetic particles as described above and carrying out magnetic

field separation on the sample. The magnetic particles are preferably magnetic
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nanoparticles, and the magnetic field separation is preferably high-gradient magnetic
field separation.

Thus, step (a) of the above method preferably additionally comprises contacting
the sample with a population of magnetic nanoparticles capable of binding to IdeS and
the Fc binding protein, and wherein step (b) comprises carrying out magnetic field
separation on the sample.

It will be understood that any suitable separation means may be used. For
example, the alternative means described in the section relating to methods for isolating
a population of cells which are substantially free of IgG molecules bound to FcyRs
could be adapted for separation of IdeS and/or Fc-binding protein.

The Fc binding protein is preferably Protein H or a modified EndoS polypeptide
lacking endoglycosidase activity.

In the above embodiment of the invention, the IgG-containing sample typically
comprises purified or isolated IgG. By "purified or isolated IgG" is meant an IgG
fraction with a purity of normal commercial grade. IgG is typically isolated from a
sample such as serum or, in the case of recombinant IgG, from cell lysate. Isolation
may be carried out according to any suitable method, preferably according to the
method described above for the isolation of IgG using a modified EndoS polypeptide
lacking endoglycosidase activity. Thus, one embodiment of the invention encompasses
the method set out above comprising, prior to step (a):

(1) contacting said IgG-containing sample with an EndoS polypeptide which

lacks IgG endoglycosidase activity, to thereby allow formation of a IgG-EndoS

polypeptide complex;

(i1) separating said IgG-EndoS polypeptide complex from the contacted sample;

(i11) eluting IgG from the IgG-EndoS polypeptide complex thereby obtaining an

IgG-containing sample;
and wherein steps (a) and (b) are carried out the IgG-containing sample obtained in step
(iii). Separation of the IgG-EndoS polypeptide complex from a sample is preferably
carried out according to the methods set out in the section above relating to methods for
determining the presence or absence of IgG in a sample, or for isolating IgG from an
IgG-containing sample.

In an alternative embodiment of the invention, the methods are adapted to
isolate Fab fragments from IgG-contaiﬁed samples without the need to purify the IgG

before carrying out the method. These methods can be carried out on a sample
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containing unpurified IgG, for example, whole serum, cell lysate or cell culture
medium. In this embodiment of the invention, the method comprises:

(a) contacting said IgG-containing sample with an Fc binding protein to thereby

allow formation of a IgG-Fc binding protein complex;

(b) separating said IgG-Fc binding protein complex from the contacted sample;

(c) adding to IgG-Fc binding protein complexes obtained in step (b) IdeS; and

(d) separating said IdeS and said Fc binding protein from the mixture obtained

in (c);

and thereby isolating Fab fragments.

The methods for separating IdeS and /or Fc binding protein from the samples / mixtures
above preferably comprise using an IdeS and/or Fc binding protein which is derivatised
or modified as described above. The same or a different modification may be used on
each of IdeS and the Fc binding protein. Preferred reagents or separating means are
populations of magnetic particles capable of binding to the IdeS and/or Fc binding
protein. For example, where the IdeS and/or Fc binding protein polypeptide is
derivatised with a histidine tag, the magnetic particles contain on their surface chelating
groups which carry a nickel, copper or zinc ion. Alternatively, where the IdeS and/or
Fc binding protein polypeptide is derivatised with a biotin tag, the magnetic particles
contain on their surface streptavidin.

Thus, step (a) of the above method preferably additionally comprises
contacting the sample with a population of magnetic nanoparticles capable of binding to
the Fc binding protein, step (c) additionally comprises contacting the IgG-Fc binding
protein complexes obtained in step (b) with a population of magnetic nanoparticles
capable of binding to IdeS and the Fc binding protein, and wherein steps (b) and (d)
comprise carrying out magnetic field separation on the sample of (a) and mixture
obtained in (c), respectively.

It will be understood that any suitable separation means may be used. For
example, the alternative means described in the section relating to methods for isolating
a population of cells which are substantially free of IgG molecules bound to FcyRs
could be adapted for separation of IdeS and/or Fc-binding protein.

The Fc binding protein in the above embodiment is preferably Protein H or a

modified EndoS polypeptide lacking endoglycosidase activity.
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The above methods of the invention can also be used for isolating Fc fragments
from IgG-containing samples. In one such embodiment of the invention, the method
comprises:

(a) contacting said IgG-containing sample with IdeS;

(b) separating IdeS from the mixture obtained in step (a), thereby isolating Fab

and Fc fragments;

(c) contacting said Fab and Fc fragments with an Fc binding protein to thereby

allow formation of a Fc fragment-Fc binding protein complex;

(d) separating the Fc fragment-Fc binding protein complexes from the mixture

obtained in step (¢); and

(e) isolating Fc fragments from the Fc fragment-Fc binding protein complexes

obtained in step (d).

It will be understood that any suitable separation means may be used as described
above, however, the methods for separating IdeS and /or Fc binding protein from the
samples / mixtures above preferably comprise using an IdeS and/or Fc binding protein
whichvis derivatised or modified as described above.

Preferably, step (a) of the above method additionally comprises contacting the
sample with a population of magnetic nanoparticles capable of binding to IdeS, step (c)
additionally comprises contacting the Fab and Fc fragments obtained in step (b) with a
population of magnetic nanoparticles capable of binding to the Fc binding protein, and
wherein steps (b) and (d) comprise carrying out magnetic field separation on the sample
of (a) and mixture obtained in (c), respectively. The Fc¢ binding protein is preferably
Protein H or a modified EndoS polypeptide lacking endoglycosidase activity.

In an alternative embodiment, Fc fragments may be isolated from an IgG-
containing sample by a method comprising:

(a) contacting said IgG-containing sample with IdeS and an Fc-binding protein

(b) separating the Fc-binding protein from the mixture obtained in (a); thereby
isolating Fc fragments.

It will be understood that any suitable separation means may be used as
described above. However, preferably step (a) of the above method additionally
comprises contacting the sample with a population of magnetic nanoparticles capable of
binding to the Fc-binding protein but not to IdeS, and wherein step (b) comprises
carrying out magnetic field separation on the mixture obtained in (a). Preferably, the

IdeS and /or the Fc-binding protein are derivatised or modified as described above, with
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the proviso that a different modification is applied to each. For example, where the
IdeS is modified by addition of a histidine tag such that it binds to a population of
magnetic particles containing on their surface chelating groups which carry a nickel,
copper or zinc ion, the Fc-binding protein might be modified by addition of a biotin tag
such that it binds to a population of magnetic particles containing on their surface
streptavidin. The Fc binding protein is preferably Protein H or a modified EndoS
polypeptide lacking endoglycosidase activity.

Similar to the methods for isolating Fab fragments, it will be appreciated that in
the methods for separating Fc fragments the IgG-containing sample typically comprises
purified or isolated IgG. A preferred method of isolating IgG is described in steps (i) to

(iii) as set out above.

Kits
The present invention provides:
- a kit for isolating a population of cells substantially free of Fcy-receptor-bound IgG
molecules, comprising:
(a) an EndoS polypeptide according to the invention with endoglycosidase
activity; and optionally

(b) means and/or instructions for separating cells from a sample.

- a kit for isolating IgG from an IgG-containing sample, comprising:
(a) an EndoS polypeptide according to the invention which lacks
endoglycosidase activity; and optionally

(b) means for separating said EndoS polypeptide from a sample.

- a kit for determining the presence or absence of IgG in a sample, comprising:
(a) an EndoS polypeptide according to the invention which lacks
endoglycosidase activity; and optionally

(b) means for separating said EndoS polypeptide from a sample.

- a kit for assessing the glycosylation state and/or functional quality of an IgG
containing sample, comprising:
(a) an EndoS polypeptide according to the invention which lacks

endoglycosidase activity; and optionally;
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(b) an alternative IgG-binding reagent which is capable of binding

denatured and/or deglycosylated IgG;

(c) means for separating said EndoS polypeptide from a sample; and

(d) means for separating said alternative IgG-binding reagent from a sample.
The alternative IgG-binding reagent comprises Protein G and/or Protein A and/or
Protein A/G.

The present invention also provides:

- a kit for isolating Fab or Fc fragments of IgG comprising:

(a) IdeS;

(b) an Fc binding protein; and

(c) means for separating said IdeS and said Fc binding protein from a
sample.

In a preferred embodiment, the kit additionally comprises an EndoS polypeptide
according to the invention which lacks endoglycosidase activity and a means for
separating said EndoS polypeptide from a sample. The Fc binding protein is preferably
Protein H or an EndoS polypeptide according to the invention which lacks
endoglycosidase activity.

Preferred embodiments of the above kits further comprise instructions for using
the kit in a method of the invention. Further preferred embodiments include those
wherein the means for separating an an EndoS polypeptide, an alternative IgG-binding
reagent, an IdeS polypeptide, or an Fc binding protein from a sample are populations of
magnetic nanoparticles, wherein each population is capable of binding to at least one of
the indicated polypeptides / reagents / proteins. In this embodiment the kit typically
additionally comprises instructions to perform magnetic field separation on the sample.

In preferred embodiments of the above methods and kits, the
polypeptides/proteins/reagents used are derivatised with an affinity tag, preferably a

histidine tag, to assist with separation of said polypeptides.

The following Examples illustrate the invention:
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Example 1

In the present study we elucidate the effect(s) of EndoS on IgG subclasses and IgG-
FcgR interactions. The results revealed that EndoS hydrolyses the heavy chain of all
four human IgG subclasses (IgG).4), both soluble and in a plasma environment.
Additionally, we found that EndoS hydrolysis of the IgG glycan dramatically influences
the binding of IgG to soluble, immobilized FcyRIla and FcyRIIb as well as to FcyR-
expressing cells. Moreover, IgG bound to these cells dissociates due to treatment of
cells with EndoS. Furthermore, an intact form of EndoS generated by site-directed
mutagenesis binds with high affinity to IgG,.4, while the active form only transiently
interacts with its substrates. These results provide novel information about the
mechanisms behind enzymatic modulation of the host immune defense by bacteria,
provide novel information about the molecular interactions between an IgG glycan-
hydrolyzing enzyme and IgG, and emphasize the importance of IgG glycosylation for

correct antibody effector functions.

MATERIALS AND METHODS

Proteins and reagents

Blood was drawn from healthy individuals and collected in heparin containing tubes.
Full-length EndoS with (GST-EndoS) or without glutathione-S-transferase (GST) as a
fusion was recombinatly expressed and purified from Escherichia coli harboring the
plasmid pGEXndoS. The mutation of glutamic acid 235 of EndoS into glutamine was
performed as follows:

Mutation of glutamic acid 235 (Glu-235) into glutamine (E235Q) was performed using
QuickChange II Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA). The
mutagenic oligonucleotide primers (mutation underlined) 5°- CCT TGA TGG CTT
AGA TGT GGA TGT TCA ACA TGA TAG TAT TCC-3’ and the anti-sense of the
above sequence were allowed to anneal to denatured plasmid pGEXndoS. Mutated
strands were amplified using high fidelity DNA and parental methylated strands were
digested with Dpnl. This was followed by transformation into supercompetent E. coli
XL-1 Blue for nick repair and replication, generating mutated plasmid
pGEXndoS(E235Q). Recombinant EndoS(E235Q) was then expressed and purified as

described above for EndoS.
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Soluble purified Fc-receptors were generated by co-transfection of CHO-K1(CHO)
cells with pNT-neo-FcyRII or pNT-neo-FcyRIII plasmids with subsequent selection in 1
mg/ml genetecin. IgG-subclasses were purified from human plasma as described (Ref).
RPMI 1640 medium and Hank’s balanced salt solution (HBSS) were from GIBCO,
Paisley, U.K. All other reagents were purchased from Sigma-Aldrich unless indicated

otherwise.

Treatment of human plasma with EndoS and purification of IgG

A volume of 2 ml human plasma was incubated with 20 ug EndoS or PBS for 1.5 hours
at 37 °C. The IgG fraction was purified using Protein G Sepharose (GE Healthcare Bio-
sciences AB, Uppsala, Sweden). Briefly, 200 pl Protein G Sepharose suspended 1:1 in
PBS (phosphate-buffered saline; 10 mM phosphate buffer, pH 7.4, 120 mM NaCl, 3
mM KCl) was added to plasma samples and incubated at 4°C for 2 hours or over night.
After centrifugation for five minutes at 8000 x g, the supernatant was discarded and the
pellet washed three times with PBS. IgG was eluated with 0.1 M glycine pH 2.0 and
neutralized with 1 M Tris-HCI pH 8.0. The IgG concentration was determined to 8
mg/ml using the Advanced Protein Assay (Cytoskeleton, Denver, CO, USA).

Cell preparations

The K562 cell line was cultured in RPMI 1640 medium supplemented with Glutamax-I,
100 pg/ml antibiotics (penicillin and streptomycin) and 10% fetal calf serum at 37°C in
an atmosphere containing 5% CO; and 95% humidity. Nunclon flasks for cell culture
were used (Nunc A/S, Roskilde, Denmark). Cells were cultured in a serum free medium
for 20 hours before being used in experiments. Monocytes were isolated from human
whole blood using the Polymorphprep preparation kit (AXIS-SHIELD, Oslo, Norway)
or Ficoll-Paque Plus (Amersham Bioscience, Uppsala, Sweden) according to
instructions provided by the manufacturers. After isolation, cells were counted and
resuspended in PBS or RPMI-medium.

Enzyme linked immunosorbent assay (ELISA)

For glycan detection, microtiter plates (NUNC, Roskilde, Denmark) were coated with
100 pL. monoclonal mouse anti-human IgG1, IgG2, IgG3 or IgG4 (SIGMA®, Saint
Louis, MO, USA) diluted to final concentrations of 1.5-0.5 pg/ml in coating buffer
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containing 16 mM Na,CO; and 35 mM NaHCO; pH 9.6 and kept at 4 °C overnight.
Then, the plate was washed three times with lectin buffer containing 10 mM HEPES,
pH 7.5, 0.15 M NaCl, 0.01 mM MnCl,, 0.1 mM CaCl, and 0.1% v/v Tween 20 and
blocked in the same buffer for one hour at room temperature. In the next step purified
IgG fraction (dilution 1:100) was added and the incubation proceeded for another 2
hours at 37 °C. After three washes with lectin buffer, 1 pg/ml biotinylated Lens
Culinaris agglutinin (LCA)-lectin (Vector Laboratories, Burlingame, CA, USA) was
added and incubation continued for 1 hour at 37°C. Following three more washes, 0.1
pg/ml peroxidase-labeled streptavidin (Vector Laboratories) was added and the plate
was incubated for 1 hour at 37 °C. The color reaction was developed with 0.1 M citric
acid monohydrate, 0.1 M Na,HPO4 x 2H,0 buffer pH 4.5 containing 0.012% v/v H,0,
and 1.7 mM 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS). The
absorbance was read on a model 550 micro plate reader (BIO-RAD, Hercules, CA,
USA) at 415 nm. For detection of binding of human IgG subclasses to FcyRs, the plate
was coated with soluble FcyRlIla or FcyRIIb or FcyRIIIa at a concentration 5 pg/ml for
20 hours at 4 °C. Next day, the plate was blocked with PBS supplemented with 0.05%
v/iv. Tween 20 (PBST) and 2% w/v bovine serum albumin for 2 hours at room
temperature. After this step, the purified IgG subclasses, 0.1 pg of each were added.
The plate was washed three times with PBST after the coating step and between each of
the following incubation step. A peroxidase-conjugated protein G (dilution 1:5000)
(BIO-RAD, Hercules, CA, USA) was used for detection. The color reaction was

performed as above. All experiments were made in triplicates.

Radioactive labeling

Proteins were labelled with 0.2 mCi Na '®I (PerkinElmer, Upplands-Visby, Sweden)
using the IODE-BEADS Iodination reagent kit (PIERCE, Rockford, IL, USA)
according to manufacturer’s instructions. The unbound radioactivity was removed by
desalting the proteins on PD-10 Sepharose (Pharmacia, Sweden). The activity of the

labeled proteins was estimated to 4 uCi/pg protein.
Detection of IgG binding to cells

IgG was purified from human plasma treated with EndoS or PBS as described above

and thereafter labeled with '**iodine (‘*’I). For detection of 1251_1gG binding to K562
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cells, 2 x 10° cells were incubated with 0.5 x 10° cpm of IZSI-IgG or '®I-deglycosylated
IgG for 30 minutes at room temperature. After five washes with PBS and
centrifugations at 1000 x g for three minutes, the radioactivity of the cell pellets was
detected using Wallac Wizard™ 1470 Automatic Gamma Counter (PerkinElmer,
Waltham, MA, USA). In another experiment, 1 x 10° monocytes were incubated with
0.5x 10° cpm of 125I-IgG or '*’I-EndoS treated IgG for 30 minutes at room temperature.
After five repeated washes of cells with PBS and final pelleting of cells by
centrifugation at 1000 x g for five minutes, the cells were resuspended in lysis buffer
containing 20 mM Tris-HCI pH 7.4, 0.150 M NaCl, 1% v/v Triton-100 and 0.25% v/v
NP40 for ten minutes at 4 °C. Next, the samples were centrifuged for ten minutes at
14000 x g and supernatants applied on a polyacrylamide gel. After separation, the gel
was dried and samples analyzed by phosphoimaging in a Fujix BAS 2000 Bioimaging
analyzer (Fujifilm Sverige AB, Stockholm, Sweden). In experiment when the binding
of IgG to cells was analyzed by Western blot, 0.5-1 x 10° cells were incubated with
plasma treated with EndoS or buffer (as described above), at 37 °C for 1 hour.
Afterwards, the cells were washed three times with PBS or RPMI medium, resuspended

in 100 pL lysis buffer and the bound IgG in cell lysates analyzed by Western blot.

Incubation of cells with EndoS

K562 cells or monocytes, 2 x10°and 8 x10° respectively, were incubated with two ml of
human plasma for 30 minutes at 37 °C. The cells were washed five times with PBS and
centrifuged at 1000 g for ten minutes after every wash. EndoS, 40 pug in PBS or PBS
alone was added to cells and incubation followed for one hour at 37 °C. Cells were
washed three times with PBS and resuspended in 100 pL lysis buffer. Samples were
centrifuged for five minutes at 14000 x g, and pellets discarded and supernatants saved

for analysis. The supernatants were analyzed for IgG and glycan contents using SDS-

PAGE and Western blot.

Slot-blotting analysis

IgG1-4, 0.3, 015, 0.075 pg of each in PBS were applied to PVDF membranes using a
slot-blot apparatus from Schleicher and Schuell, Inc., Kene, NH 03431, USA. The
membranes were incubated with PBST, 5% skim milk, for 1 hour, washed with PBST

and incubated with EndoS or EndoS (E235Q), 0.05 mg/ml in PBST and 5% skim milk
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for 1 hour. After washing, the membranes were incubated with rabbit EndoS-antiserum
and subsequently with peroxidase conjugated goat anti-rabbit antibodies. The color
development was made using ABTS as peroxidase substrate. All incubation steps were

performed at room temperature.

BIAcore surface plasmon resonance interaction analysis

Receptors, IgGs and deglycosylated IgGs were diluted with 10 mM sodium acetate pH
4 and immobilized via amine coupling to different flow cells of CMS5 sensorchips
(BIAcore, Uppsala, Sweden). Immobilization levels were optimized to around 8000 —
10000 response units. After determining EndoS(E235Q) as a non-binder to all
deglycosylated IgG variants, these flow cells were considered as controls for bulk
refraction index changes for EndoS(E235Q) binding to IgGl throughout IgG4,
respectively. In experiments determining IgG1-IgG4 affinity for the receptors FcyRlla,
FcyRIIb and FeyRIIla, a flow cell subjected to the immobilization protocol but without
addition of protein was used as control. For affinity measurements, the binding and
dissociation phases were monitored in a BIAcore 2000 instrument. In control
experiments for possible mass transfer limitations, the IgGs were injected over the
receptors and the EndoS variants over the IgG sub-classes at different flow rates. No
differences in initial binding were observed at 5 pl/min or above indicating no
limitations to any combinations. Interactants were injected in different concentrations
(typically 10 — 1.25 pg/ml) at 35 pl/min and 25 °C over the different coated surfaces
(flow cells) (in running buffer: 10 mM Hepes, pH 7.5, 150 mM NaCl, 0.005%
surfactant P20, and 3.4 mM EDTA). Between experiments, the surfaces were strictly
regenerated with pulses of running buffer containing 2 M NaCl followed by an
extensive wash procedure after reaching baseline. For EndoS digestion of IgG bound to
pre-immobilized FcyRlla, an IgGl concentration (10 pg/ml) was chosen to give a
suitable steady-state dissociation phase at a time point were the IgGl injection was
aborted and replaced by running buffer. This experiment was considered as a control
and as such compared to an EndoS injection at the same time point after IgG1 binding
to FcyRIla. After X and Y normalization of data, the blank curves from control flow
cells of each injected concentration were subtracted. Where applicable, the association
(ka) and dissociation (kq) rate constants were determined simultaneously using the

equation for 1:1 Langmuir binding in the BIA Evaluation 4.1 software (BIAcore). The

45



10

15

20

25

30

WO 2009/033670 PCT/EP2008/007457

binding curves were fitted locally and the equilibrrium dissociation constants (Kp) were

calculated from mean values of the obtained rate constants.

Flow cytometry analysis of whole blood

A volume of 15 ml blood was incubated with 0.4 mg EndoS or PBS for 35 minutes at
37 °C. An activator of leukocytes, Formyl-Methionine-Leucine-Phenylalanine (fMLP),
(dilution 1:10000) (SIGMA, Saint Louise, MO, USA) was then added and the
incubation continued for 10 minutes at 37 °C. Next, blood samples were centrifuged
1000 g, five minutes. Plasma and buffy coat was transferred to another tube and
centrifuged for five minutes at 1000 g. The cells were then washed three times with
HBSS containing 30% v/v RPMI and finally resuspended in 100 pl of the same
medium. Monoclonal mouse anti-human IgG was prepared by mixing equal amounts of
mouse anti-human IgG1 (51 mg/ml), IgG2 (22 mg/ml), IgG3 (16 mg/ml) and IgG4 (24
mg/ml) and 5 pl of this mixture was added and samples incubated for ten minutes at
room temperature. In the next step 5 pl of FITC-conjugated goat anti-mouse IgG
(DakoCytomation, Glostrup, Denmark) was added before erythrocytes were lysed using
the DakoCytomation Uti-Lyse erythrocyte kit (Carpinteria, CA). Signals were analyzed
on a FACSCalibur flow cytometer (Becton Dickinson, Franklin Lakes, NJ, USA).
Monocytes were identified by forward scatter and side scatter characteristics
(FSC/SSC).

SDS-PAGE and Western blot analysis

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was
performed using Mini Protean II cell equipment from BIO-RAD (Hercules, CA, USA)
or equipment from LKB produkter (Bromma, Sweden) using the buffer system
described by Laemmli (17). Samples were mixed 1:1 (v/v) with sample buffer
supplemented with 5% mercaptoethanol, and boiled for five minutes before loading
onto the 10% polyacrylamide gel. PageRuler™ Protein Ladder Plus (Fermentas,
Burlington, Canada) was used as high-molecular-mass standards. The polyacrylamide
gels were stained with Coomassie Brilliant Blue R-250 and in some cases dried. For
immunoblotting, the gels were transferred to polyvinylidenefluoride (PVDF)
membranes (Immobilon P, Millipore, Bedford, MA) as described by Matsudaira (18).
After blotting, membranes were blocked in PBS supplemented with 0.05% v/v Tween
20 (PBST) and 5% w/v skim milk (DIFCO, Detroit, MI) for 20 minutes at room
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temperature. For detection of IgG, the blots were subsequently washed in PBST and
then incubated with rabbit anti-human IgG (diluted 1:3000) (BIO-RAD, Hercules, CA)
for one hour at 37°C. After a washing step, membranes were incubated with
horseradish peroxidase-conjugated goat anti-rabbit IgG (BIO-RAD) (dilution 1:1000).
For lectin blot analysis, membranes were blocked for 20 minutes in lectin buffer, 10
mM HEPES, pH 7.5, 0.15 M NaCl, 0.01 mM MnCl,, 0.1 mM CaCl, and 0.1% v/v
Tween 20 at room temperature and incubated with biotinylated LCA lectin (Vector
Laboratories) (diluted 1:5000). After repeated washes in lectin buffer the membranes
were incubated with peroxidase-labeled streptavidin (Vector Laboratories) (diluted
1:10000). All membranes were developed using SuperSignal West Pico (PIERCE,
Rockford, IL) according to the manufacturer’s instructions before analyzing by the
Chemidoc XRS imaging system and Quantity One image analysis software (BIO-
RAD).

RESULTS

EndoS has glycosidase activity on all four IgG subclasses

It has previously been shown that EndoS hydrolyzes the chitobiose core of the
conserved N-linked glycan on the y-chain of human polyclonal IgG (Figure 1A). It was
therefore of interest to elucidate whether EndoS has activity on all four subclasses of
human IgG (IgGi-4). Purified recombinant EndoS was incubated with purified human
IgGi4. SDS-PAGE analysis revealed that EndoS-treated IgG of all subclasses migrated
at an apparent molecular weight of approximately 3 kDa lower than untreated IgG
(Figure 1B), which is consistent with hydrolysis of the chitobiose core of the IgG
glycan. To confirm glycan hydrolysis, samples were also analyzed by lectin blot using a
Lens culinaris agglutinin (LCA) lectin recognizing a-linked mannose residues (Figure
1A). Lectin blot analysis of the samples revealed that all IgG subclasses lose the
reactivity with LCA after incubation with EndoS consistent with complete or nearly
complete hydrolysis of the glycan (Figure 1C). Additionally, the glycosidase activity of
EndoS on IgG,.4 in a plasma environment was investigated. In this experiment human
plasma was incubated with purified EndoS or buffer, followed by affinity purification
of the IgG fraction. These fractions were subsequentlely subjected to a LCA ELISA

using immobilized monoclonal antibodies against IgG;4 to capture IgG. This revealed
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that all four IgG subclasses reacted with lectin when plasma was incubated with buffer
(control), indicating presence of the glycan. In contrast, when plasma was treated with
EndoS, a significantly reduced IgG,4 reactivity with LCA lectin was observed,
indicating hydrolysis of the glycan on IgG;4 (Figure 2). Taken together, these results
clearly show that EndoS has the ability to hydrolyze human IgG of all subclasses, in

purified form as well as in whole plasma.

Inactive form of EndoS binds IgG

We have previously partly elucidated the molecular requirements for EndoS hydrolysis
of IgG. Site directed mutagenesis of glutamic acid 199 of SEQ ID NO: 1 (position 235
of SE ID NO:3) (EndoS(E235Q)) to glutamine at the proposed orifice of the catalytic
tunnel abolishes enzymatic activity. In addition, chemical blocking of tryptophanes
revealed that these amino acid residues are important for activity. To further investigate
the physical interaction between enzyme and substrate, the binding of EndoS and
EndoS(E235Q) to immobilized polyclonal IgG and IgG4 subclasses was studied using
slot-binding experiments with immobilized IgG probed with EndoS and
EndoS(E235Q). Purified, soluble IgG subclasses 1-4, each immobilized onto a
nitrocellulose membrane, were probed with EndoS and EndoS (E235Q) followed by
incubation with antibodies against EndoS. This experiment revealed a strong binding of
EndoS (E235Q) to polyclonal IgG, IgG1 and IgG2, and a weaker association to IgG3
and IgG4, while only very weak interactions between active EndoS and all subclasses
could be seen (Figure 3A). To calculate the affinity constants between EndoS and
immobilized 1gG.4, surface plasmon resonance was used. Similarly to slot-binding
results, this showed that EndoS (E235Q) binds all IgG subclasses with high affinity,
while there is no detectable binding of EndoS to IgG. (Figure 3B, Table 1). The kinetic
parameters of EndoS (E235Q) binding to immobilized IgG subclasses were of similar
character and the strongest interaction was demonstrated between IgGl and
EndoS(E235Q) with a binding affinity constant (Kp) of 0.42 pM. No binding of either
EndoS or EndoS(E235Q) to IgG,4 subclasses, which were hydrolysed by EndoS before
immobilization, was detected. These findings indicate that the intact IgG glycan is
necessary for the interaction between EndoS and IgG. Furthermore, the experiments

comparing the interactions between EndoS, EndoS(E235Q) and IgG indicates that
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EndoS binds IgG with a high affinity, but the active enzyme is instantly released after

glycan hydrolysis in a “touch and go” manner.

EndoS influences the binding of IgG,_4 to FcyRs

Since the nature of the interactions between FcyRs and the Fc domain of IgG is highly
dependent on the IgG glycosylation state we explored the effects of EndoS activity on
IgG interactions with FcyRs. Thus, in ELISA experiment the soluble FeyRIIa, FcyRIIb
and FcyRlIIla were immobilized and probed with purified IgG,4 subclasses. In line with
other observations it was here seen that FcyRIIa and FcyRIIb binds IgG1. This binding
was nearly abolished after treatment of IgG1 with EndoS. The binding of the other IgG
subclasses to these receptors was weak and was even more reduced after treatment with
EndoS. In general, ELISA studies revealed the IgG subclass binding affinity pattern
[gG1>1gG3>IgG4>1gG2 for FcyRIla and IgG1>1gG4>1gG3>IgG2 for FcyRIIb (Figure
4A). Furthermore, we observed that the EndoS hydrolysed IgG2 had a different
outcome regarding the binding to FcyRIla/FeyRIIb with more extensive binding ability,
compared to the untreated IgG2. FcyRlIlla was negative in binding of all IgG subclasses
(data not shown). The interaction between IgG)4, EndoS treated or not, with FcyRs was
further analyzed by surface plasmon resonance. Each IgG subclass was captured on the
surface with an immobilized FcyRIIa, FcyRIIb or FeyRIIIa. Consistent with the ELISA
data, the results showed that IgG1 had the strongest affinity for both FcyRlIla and
FcyRIIb with similar binding affinity constants, 97 nM and 17 nM respectively (Figure
4B, Table 2). In agreement with our previous findings, no binding of IgG1 to these
receptors was detectable when EndoS treated IgG1 was used. There was no detectable
interaction between FcyRlIla/FcyRIIb and IgG2 or IgG3, or between IgG4 and FcyRIla
(Table 2). No binding of soluble IgG4 subclasses to immobilized FcRIIla could be
detected. These results indicate that EndoS hydrolysis dramatically decreases IgG’s
affinity for FcyRs.

EndoS decreases IgG binding to blood cells

Based on results from ELISA and surface plasmon resonance, we continued to analyze
the effect(s) of EndoS glycosidase activity on the interaction between FcyRs and IgG.
For this purpose we used an erythroleukemic cell line (K562) exclusively expressing

FcyRlIla. Since soluble FcyRI was not available to us, we also investigated human
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monocytes that predominantly bind IgG through FcyRI. Thus, IgG was purified from
plasma treated with EndoS or PBS, labeled with '®I and incubated with the K562 cells.
The radioactivity of the cell pellets was measured. The specific IgG binding to these
cells was calculated by addition of cold human IgG which inhibited the binding of
radioactive IgG. This showed that the binding of radioactive IgG, originally purified
from plasma treated with EndoS, was totally abolished (Figure 5A). A strong binding of
IgG to K562 cells after incubation of cells with human plasma was confirmed by
Western blot and the reactivity of cell lysates with antibodies against human IgG. In
contrast, there was a clear decrease in binding of IgG to K562 cells incubated with
plasma pre-treated with EndoS (Figure 5B). Likewise, the binding of '*I-IgG to
monocytes as analyzed by SDS-PAGE was totally inhibited when IgG was treated with
EndoS (Figure 6A). To further analyze EndoS’ influence on the interaction between
FcyRs on monocytes and IgG, flow cytometry analysis of whole blood was performed.
Human blood was incubated with EndoS after pre-incubation of blood with the
leukocyte activator fMLP. Monocytes were gated based on forward and side scatter and
the reactivity of monocytes with monoclonal anti-human IgG was evaluated. The result
revealed that 87% of monocytes were positive for IgG binding, while only 43% of
monocytes in blood incubated with EndoS were positive (Figure 6B). These results
indicate that EndoS hydrolyzed IgG is significantly reduced in its binding capacity to

human cells expressing different sets of FcyRs.

1gG dissociates from FcyRIla upon treatment with EndoS

Our experiments this far have revealed that EndoS hydrolysis of IgG inhibits binding to
FcyRs on cells and surfaces, but it remained unclear if EndoS has activity on IgG
already bound to FcyRs and if such activity could release the IgG bound to FcyRs.
Therefore we investigated the effects of EndoS on IgG bound to K562 cells that had
been exposed to human plasma and subsequently treated with EndoS. The cell lysates
were analyzed by SDS-PAGE and Western blot using an antibody against human IgG.
There was significant binding of IgG to K562 cells as judged by results presented in
figure 7A. Interestingly, no IgG-band was visible on a blot when cells were treated with
EndoS, suggesting a total IgG dissociation from the cells (Figure7A). A control
experiment, using EndoS (E235Q), revealed an IgG signal on the surface of K562 cells

comparable to the untreated cells. These results strongly suggest that IgG dissociates
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from the cell surface due to N-glycan hydrolysis of IgG by EndoS. Similarly, the effect
of EndoS on IgG bound to monocytes was analyzed. This showed that most of the
monocyte-bound IgG dissociated from cells due to treatment with EndoS as compared
to untreated cells (Figure 7B). As expected, monocytes treated with EndoS, in contrast
to control cells, showed no reaction with LCA lectin, indicating that the minute
amounts of IgG remaining on the cells as detected in the IgG blot had most likely been
hydrolyzed by EndoS (Figure 7B). The results demonstrated above were further
confirmed by surface plasmon resonance experiments. Soluble IgGl and FcyRII
receptor were chosen because of our earlier observation that IgG1 is the strongest
binder of FcyRII. After binding of IgG1 to pre-immobilized FcyRlIla, and reaching a
steady-state dissociation phase, the IgG1 injection was aborted and replaced by EndoS
injection or running buffer. This revealed that EndoS injection causes the dissociation
of IgG1 from immobilized FcyRlIla receptor while the IgG1 dissociation from FcyRlIla
was unaffected when adding running buffer (Figure 7C). Taken together these results
clearly demonstrate that EndoS by IgG glycan hydrolysis can release IgG bound to

FcyRs on cells and surfaces.

DISCUSSION

In the present Example we elucidate the physical interaction between EndoS and IgG
and the physiological relevance of EndoS IgG N-glycan hydrolyzing activity for IgG-
FcyRs interactions. We present for first time that EndoS specifically acts as an
endoglycosidase on all human IgG subclasses, both in purified form and in a plasma
environment. As expected, there is a physical interaction between the enzyme and all
IgG subclasses, that we successfully demonstrated using enzymatically inactive,
mutated form of EndoS. In this study we observed that EndoS hydrolysed IgG did not
bind to monocytes, and that there was a nearly completely dissociation of IgG from
monocytes upon hydrolysis by EndoS. Since monocytes express FcRI and this receptor
has the highest affinity for IgG, we conclude that EndoS influences IgG binding even to
FcRI, because the effects of EndoS we observed must be predominantly due to
involvment of FcRI. Interestingly, EndoS seems to have an effect on both isotypes of
FcyRII receptors, thus influencing both activating and inhibiting IgG mediated effector

stimulation.
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The above data supports the methods of the invention which utilise EndoS
polypeptides. EndoS polypeptides having IgG endoglycosidase activity could be used
for in vitro treatment of samples such as whole blood or purified blood cells in order to
remove IgG already bound to various FcyRs on these cells. This would facilitate
analysis of effects of specific IgG preparations added to the cells, regarding receptor
binding and cellular activation, without the interference of pre-bound IgG. EndoS
polypeptides lacking IgG endoglycosidase activity but having IgG binding activity,
such as EndoS(E235Q) have great potential as a specific IgG purification and detection
tool. In this study we have demonstrated that EndoS(E235Q) interacts equally well with
all subclasses of IgG. This is comparable to what can be seen for protein G, one of the
major molecules currently used for IgG preparation and detection, but advantageous
compared to protein A that does not bind IgG3. Furthermore, Protein A also binds IgM
and IgA to a certain extent. We have previously shown that there is no interaction
between EndoS and IgM or IgA. Furthermore, we could show here that EndoS(E235Q)
does not interact with IgG lacking its heavy chain glycans. This is in contrast to both
protein G and protein A that binds IgG irrespective of the glycosylation state. This
could be especially important when only intact IgG with a functional effector region is
required. When using currently available reagents like protein G, a second purification
step using for instance a lectin column is required to obtain only the glycosylated
fraction of IgG. This property of EndoS(E235Q) could be used in combination with for

instance protein G to asses the glycosylation/functional quality of an IgG preparation.

Example 2: Construction of histidine-tagged protein H

Cloning
Nucleotides 124 to 1048 of the structural gene encoding protein H were

cloned into the pET21b vector using the restriction sites Not I and Bam HI. The
structural gene was obtained using PCR with the vector pHD389 as a template.

The PCR primers used were as follows:
5'-TCG GAT CCG GCG CCG GAA GGG GCT AAA ATT GAT TGG C-3' (37-mer)
5’-CTC TGC GGC CGC TGC TGT TTC ACC TGT TGA AGG TAA -3’ (36-mer)

The PCR fragment and the vector pET21b were digested with Bam HI and Not

I. The digested fragments were separated on a 0.8% agarose gel (E-gel, Invitrogen) and
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purified with QIAquick Gel Extraction Kit. The PCR fragment was ligated into the
vector pET21b using ligase from Invitrogen.

To check the DNA construct, the ligation mix was electroporated into E.coli
DHI10B cells. Five clones were tested using plasmid purification followed by digestion
with Bam HI and Not I. Positive colonies were picked and grown for plasmid
purification. The plasmid was transferred into E.coli BL21 for effective protein
expression.

Protein expression and purification

Protein expression was performed using standard protocol and instructions for
expression using the pET21b vector. The cells were harvested, resuspended in buffer
and sonicated. The cell debris was discarded using centrifugation and clear lysate was
added onto a 1 ml HisTrap column from Amersham BioSciences using standard
protocol. The protein eluated from the column was analysed using electrophoresis
under reduced conditions using NuPage 4-12% BisTris gel (Invitrogen). The molecular
weight of the protein was approx 35 kDa; the theoretical molecular weight of
HisProtein H is 36 kDa.

IgG binding activity was shown by mixing human IgG and HisProteinH and
then capturing the complex on a HisTrap (GE Healthcare) column followed by analysis
on NuPage 4-12% BisTris gel (Invitrogen). The eluate contained no IgG fragment,
which indicated that IgG was trapped together with the protein H in the column.

Example 3: Construction of histidine-tagged IdeS

Cloning

Nucleotides 79 to 1020 of the structural gene encoding IdeS were cloned into
the pET21b vector using the restriction sites Xho I and Bam HI. The structural gene
was obtained using PCR on the pGEX:IdeS vector.

The PCR primers used were as follows:
5'-CCG GAT CCG CTA GCA GAT AGT TTT TC-3' (26-mer)
5°-GGC CTC GAG GGA ATT GGT CTG ATT CC -3’ (26-mer)

The PCR fragment and the vector pET21b were digested with Bam HI and
Xho I. The digested fragments were separated on a 0.8% agarose gel (E-gel,
Invitrogen) and purified with QIAquick Gel Extraction Kit. The PCR fragment was
ligated into the vector pET21busing ligase from Invitrogen.

To check the DNA construct, the ligation mix was electroporated into E.coli
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DHI0B cells. Five clones were tested using plasmid purification followed by
digestion with Bam HI and Xho I. Positive colonies were picked and grown for
plasmid purification. The plasmid was transferred into E.coli BL21 for effective
protein expression.
Protein expression and purification

Protein expression was performed using standard protocol and instructions for
expression using the pET21b vector. The cells were harvested, resuspended in buffer
and sonicated. The cell debris was discarded using centrifugation and clear lysate was
added onto a 1 ml HisTrap column from Amersham BioSciences using standard
protocol. The protein eluted from the column was analysed using electrophoresis
under reduced conditions using NuPage 4-12% BisTris gel (Invitrogen). The
expressed and purified protein was analysed using electrophoresis with NuPage 4-
12% BisTris gel (Invitrogen). The molecular weight of the protein was approximately
34 kDa.

IdeS activity was tested by mixing human IgG and IdeS for 1 hour at 37°C.
The result was evaluated under reduced conditions with electrophoresis using a
NuPage 4-12% BisTris gel (Invitrogen). Pure HisIdeS and pure IgG were used as
references. The gel revealed that the IgG molecule was digested and as a result an
additional band at approximately 31 kDa appeared on the gel, corresponding to an
IgG cleavage product, as has previously been described (Vincents et al, 2004,
Biochemistry 43: 15540-15549).

Example 4: Activity of histidine-tagged IdeS in the presence of protein H

The following reactions were set up in Eppendorf tubes and the results were

analysed with electrophoresis using a NuPage 4-12% BisTris gel (Invitrogen).

Lane: Description: 31 kDa band appearing on the gel:
1 Molecular weight marker NO
2 HisldeS NO
3 protein H NO
4 IgG NO
5 IgG +HisldeS, incubated for 30 minutes at 37°C YES
6 IgG+HisldeS+proteinH, incubated for 30 minutes at 37°C YES
7 HisproteinH+ IgG, incubated for 30 minutes at 37°C, then

HisldeS was added and incubated for another 30 minutes at 37°C YES

The results above indicated that histidine-tagged IdeS cleaves IgG fractions in
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the presence of untagged and histidine-tagged protein H.

Example 5
Elution buffers

The following protocol was used to test different elution buffers for use in the elution of
EndoS (E235Q) from IgG sepharose. The buffers tested would be particularly suitable
for use in methods of the invention directed towards acid-sensitive antibodies.
The different buffers tested were:
1. Sucrose 0.25M, in PBS pH7.4
Sucrose 0.5M, in PBS pH7.4
Sucrose 0.25M, in PBS pH5.3
Sucrose 0.25M, in PBS pH8.5
Sucrose 0.25M, Maltose 0.25M, in PBS pH7.4
PBS, pH7.4
IgG-sepharose gels were made according to standard protocols and washed using PBS
pH7.4. For each tested elution buffers, 0.3mg of GST-tagged EndoS (E235Q) was

A O o

loaded onto the gel as a test sample. The samples were incubated on a rocking table for
1h and supernatants removed by centrifugation at 500g for 3 minutes. The samples
were washed with 4x 1.0ml PBS, pH7.4. GST-tagged EndoS (E235Q) was then eluted
using 1.0ml of an elution buffer selected from 1 — 6 above. Each of 1 —6 was tested on
a separate sample. All samples were incubated on rocking table for 1.5 h. The first
celuate (Eluate 1) was then removed by centrifugation at 500g for 3 minutes. An
additional 1.0ml of the respective elution buffers was added to each sample, and the
samples were incubated on rocking table for approximately 30 min. The second eluate
(Eluate 2) was removed by centrifugation as described above. A final, additional 1.0ml
of the respective elution buffers was added to each sample, and the samples were
incubated on rocking table for approximately 50 min. The final eluate (Eluate 3) was
removed by centrifugation as described above.

All eluates from each sample, and the original supernatants, were then diluted in 300 pl
PBS before analysis by gel electrophoresis (not shown).

The gel analysis demonstrated that GST-tagged EndoS (E235Q) could be eluted from
IgG using different concentrations and types of saccharide as eluents. The elution

buffers with sucrose at 0.25 and 0.5M were the most effective.

55



10

15

20

25

30

WO 2009/033670 PCT/EP2008/007457

CLAIMS

1. An in vitro method of dissociating Fcy-receptor-IgG complexes comprising
contacting the complexes with an EndoS polypeptide to thereby obtain Fcy-receptor
which is not bound to IgG, wherein optionally the Fcy-receptor-IgG complexes are

present in a cell-containing sample.

2. A method according to claim 1 which is carried out to isolate or prepare a
population of cells free of Fcy-receptor-bound IgG molecules, which method
comprises:
(a) contacting a cell-containing sample with an EndoS polypeptide; and
(b) optionally separating the cells from the contacted sample;

thereby obtaining said population of cells.

3. Method according to claim 1 or 2, wherein said EndoS polypeptide has IgG
endoglycosidase activity and comprises:
(a) the amino acid sequence of SEQ ID NO: 1; or
(b) a variant thereof having at least 50% identity to the amino acid
sequence of SEQ ID NO: 1; or

(©) a fragment of either thereof.

4, Method according to claim 3, wherein said polypeptide consists or consists

essentially of the sequence shown in SEQ ID NO: 1.

5. Method according to any one of claims 1 to 4, wherein the Fcy-receptor-IgG

complexes are present in blood, serum or cell culture medium.

6. Method according to any one of claims 1 to 4, wherein the Fcy-receptor-IgG
complexes are present on monocytes and/or wherein the population of cells is
substantially free of at least one, preferably two, three or all four of the IgG
subclasses, 1gG1, 1gG2, IgG3 and 1gG4.

7. A population of cells obtained by the method according to any one of claims 1

to 6.
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8. A method for isolating IgG from an IgG-containing sample, which method
comprises:

(a) contacting said IgG-containing sample with an EndoS polypeptide
which lacks IgG endoglycosidase activity, to thereby allow formation
of a IgG-EndoS polypeptide complex;

(b) separating said EndoS from the contacted sample; and

thereby obtaining isolated IgG.

9. A method for determining the presence or absence of IgG in a sample, which
method comprises:

(a) contacting said sample with an EndoS polypeptide which lacks IgG
endoglycosidase activity, to thereby allow formation of a IgG-EndoS
polypeptide complex

(b) optionally separating said EndoS from the contacted sample; and

(©) determining whether the separated EndoS is bound to IgG; and

thereby determining the presence or absence of IgG in the sample.

10.  Method according to claim 8 or 9, wherein said EndoS polypeptide comprises:
(a) the amino acid sequence of SEQ ID NO: 2;
(b) a variant thereof having at least 50% identity to the amino acid
sequence of SEQ ID NO: 2 and having IgG-binding activity; or
(©) a fragment of either thereof having IgG-binding activity.

11. Method according to any one of claims 8 to 10, wherein the isolated or

detected IgG is in its native, functionally active form.

12. Method according to any one of claims 8 to 11, wherein the isolated or
detected IgG comprises at least one, preferably two, three or all four of the IgG
subclasses, IgG, 1gG,, 1gG; and 1gGs.

13. Method according to any one of claims 8 to 12 wherein step(a) additionally

comprises contacting the sample with a population of magnetic nanoparticles capable
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of binding to the EndoS polypeptide, and wherein step (b) comprises carrying out

magnetic field separation on the contacted sample.

14. A method of assessing the glycosylation state or functional quality of an IgG
containing sample, which method comprises taking a first and a second sub-sample of
the IgG-containing sample, and wherein steps (a) and (b) according to any one of
claims 8 or 10 to 12 are applied to the first sub-sample, and steps (a) and (b)
according to any one of claims 8 or 10 to 12 are applied to the second sub-sample
except the EndoS polypeptide is substituted with an alternative IgG-binding reagent
which is capabale of binding unglycosylated and/or denatured, inactive IgG, and
further comprising:

(c) quantifying the amount of IgG bound to the EndoS polypeptide in the
first sub-sample, and the amount of IgG bound to the alternative IgG-
binding reagent in the second sub-sample; and

(d) comparing both of the amounts of bound IgG determined in (c);

and thereby assessing the glycosylation state or functional quality of an IgG

containing sample.

15.  Method according to claim 14 wherein the alternative IgG-binding reagent

comprises Protein G and/or Protein A.

16. A method for isolating Fab fragments from IgG-containing samples, which
method comprises:
(a) contacting said IgG-containing sample with IdeS, and an Fc binding
protein;
(b) separating said IdeS and said Fc binding protein from the contacted
sample; and

thereby isolating Fab fragments.

17.  Method according to claims 16 wherein step(a) additionally comprises
contacting the sample with a population of magnetic nanoparticles capable of binding
to the IdeS polypeptide and the Fc binding protein, and wherein step (b) comprises
carrying out magnetic field separation on the contacted sample, and/or wherein the Fc¢

binding protein is Protein H or an EndoS polypeptide as defined in claim 10.
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18.

A method for isolating Fc fragments from IgG-containing samples, which

method comprises:

19.

(a) contacting said IgG-containing sample with IdeS;

(b) separating IdeS from the mixture obtained in step (a), thereby isolating Fab
and Fc fragments;

(c) contacting said Fab and Fc fragments with an Fc binding protein to

thereby allow formation of a Fc fragment-Fc binding protein complex;

(d) separating the Fc fragment-Fc¢ binding protein complexes from the mixture
obtained in step (¢); and

(e) isolating Fc fragments from the Fc¢ fragment-Fc binding protein complexes

obtained in step (d).

Method according to claim 18 wherein step (a) additionally comprises

contacting the sample with a population of magnetic nanoparticles capable of binding

to IdeS, step (c) additionally comprises contacting the isolated Fab and Fc fragments

obtained in step (b) with a population of magnetic nanoparticles capable of binding to

the Fc binding protein, and wherein steps (b) and (d) comprise carrying out magnetic

field separation on the contacted sample or isolated Fab and Fc¢ fragments,

respectively and/or wherein the Fc binding protein is Protein H or an EndoS

polypeptide as defined in claim 10.

20.

Method according to any one of claims 16 to 19, which method comprises

prior to step (a):

(1) contacting said IgG-containing sample with an EndoS polypeptide as
defined in claim 10, to thereby allow formation of a IgG-EndoS polypeptide
complex;

(i1) separating said IgG-EndoS polypeptide complex from the contacted
sample;

(ii1) eluting IgG from the IgG-EndoS polypeptide complex thereby obtaining

an IgG-containing sample;

and wherein steps (a) and (b) are carried out the IgG-containing sample obtained in

step (iii).
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21.  Akit for isolating a population of cells substantially free of Fcy-receptor-
bound IgG molecules, comprising:
(a) an EndoS polypeptide as defined in claim 3; and optionally

(b) means and/or instructions for separating cells from a sample.

22.  Akit for isolating IgG from an IgG-containing sample, comprising:
(a) an EndoS polypeptide as defined in claim 10; and optionally

(b) means for separating said EndoS polypeptide from a sample.

23.  AKit for determining the presence or absence of IgG in a sample, comprising:
(a) an EndoS polypeptide as defined in claim 10; and optionally

(b) means for separating said EndoS polypeptide from a sample.

24.  AKkit for assessing the glycosylation state or functional quality of an IgG
containing sample, comprising:
(a) an EndoS polypeptide as defined in claim 10;
(b) an alternative IgG-binding reagent which is capable of binding denatured
and/or deglycosylated IgG;
(c) means for separating said EndoS polypeptide and said alternative IgG-

binding reagent from a sample.

25.  Kitaccording to claim 24 wherein the alternative IgG-binding reagent

comprises Protein G and/or Protein A and/or Protein A/G.

26.  Kit for isolating Fab or Fc fragments of IgG comprising:
(a) IdeS;
(b) an Fc binding protein; and

(c) means for separating said IdeS and said Fc binding protein from a sample.

27. Kit according to claim 26 wherein the kit additionally comprises an EndoS
polypeptide as defined in claim 10 and a means for separating said EndoS polypeptide
from a sample, and/or wherein the Fc binding protein is Protein H or said EndoS

polypeptide as defined in claim 10.
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28.  Kit according to any one of claims 21 to 27, wherein the means for separating
said EndoS polypeptide, said alternative IgG-binding reagent, said IdeS, or said Fc
binding protein from a sample are populations of magnetic nanoparticles, wherein
each population is capable of binding to at least one of the indicated polypeptides /
reagents / proteins, and optionally wherein the kit additionally comprises instructions

to perform magnetic field separation on the sample.
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Table 1. Kinetic constants of EndoS binding immobilized IgG subclasses

500

EndoS (E235Q) EndoS
ig ka (x 104/M/s) kd {x 107/8) KD (x 107M)
IgG1 4.2 17.6 4.2 nb
19G2 1.2 25 2.1 nb
1gG3 107 8.9 0.83 nb
9G4 1.5 20 14 nb
Deglyc IgG14 nb nb nb nb

Nb = no binding
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Table 2. Kinetic constants of IgG1-19G4 binding receptor subclasses.
FoyRlila FeyRIbd FeyRlla
Ig ka (x 10*/Mfs) kd (x 10°/s} KD (x 107M) ka (x 10*/MIs) kd (x 109/8) KD (x 107 M)
1gG1 35 34 0.97 2.6 4.3 1.7 nb
1gG2 nb nb nb nb nb nb nb
1gG3 nb nb nbd nd nb nd nb
igG4 nb nb nb 34 6.9 290 nb
Deglyc 1gG1-4 nb nb nb nb nb nb nb

Nb = no binding
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