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half-life extension of small-sized therapeutics.
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(Bacl(ground: Half-life extension has become increasingly important for therapeutic proteins.
Results: Fusion of different bacterial immunoglobulin-binding domains to small recombinant antibodies prolonged their

Conclusion: Fusion of domain C3 of streptococcal protein G showed the best effects, thus representing a promising module for

Significance: This study further established immunoglobulin-binding domains as suitable half-life extension modules.
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Many therapeutic proteins possessing a small size are rapidly
cleared from circulation. Half-life extension strategies have
therefore become increasingly important to improve the phar-
macokinetic and pharmacodynamic properties of protein ther-
apeutics. Here, we performed a comparative analysis of the
half-life extension properties of various bacterial immunoglob-
ulin-binding domains (IgBDs) derived from Staphylococcus pro-
tein A (SpA), Streptococcus protein G (SpG), and Finegoldia (for-
merly Peptostreptococcus) protein L (PpL). These domains,
composed of 50—60 amino acid residues, were fused to the C
terminus of a single-chain Fv and a bispecific single-chain dia-
body, respectively. All fusion proteins were produced in mam-
malian cells and retained their antigen-binding properties. The
half-lives of the antibody molecules were prolonged to varying
extents for the different IgBDs. The strongest effects in mice
were observed for domain C3 of SpG (SpGcs) followed by
domains B and D of SpA, suggesting that SpG; is particularly
useful to extend the plasma half-life of small proteins.

With a growing number of small protein therapeutics being
developed, half-life extension strategies have become increas-
ingly important to improve their pharmacokinetic and pharma-
codynamic properties (1, 2). These strategies include ap-
proaches to increase the hydrodynamic radius of the protein,
e.g. by hyperglycosylation, coupling to polyethylene glycol
(PEG) chains or other hydrophilic polymers, and fusion to PEG-
mimetic polypeptide chains or long circulation plasma protein
and fragments thereof. Fusion to the Fc region of IgG molecules
or to serum albumin has been shown to prolong the half-life of
protein therapeutics, e.g. growth factors, hormones, and cyto-
kines, and several of these molecules are already approved or in
clinical development (2—4). Additionally, noncovalent interac-
tion with plasma proteins has emerged as a half-life extension
strategy. Here, most studies have focused so far on albumin-
binding moieties, including peptides, antibody fragments, sin-
gle-domain antibodies, and bacterial albumin-binding domains
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derived from protein A, fused or conjugated to a therapeutic
compound (1).

Recently, we have shown that fusion of an scDb” to the
immunoglobulin-binding domain B (IgBD) from protein A
(SpAg) also results in a prolonged plasma half-life (5). Immu-
noglobulin-binding domains (IgBDs) are known from various
bacterial proteins, including staphylococcal protein A (SpA),
streptococcal protein G (SpG), and peptostreptococcal protein
L (PpL) (6, 7). These IgBDs are composed of 50 — 60 amino acid
residues forming either a 3-a-helix bundle or a compact struc-
ture composed of a 4-stranded B-sheet packed against a central
a-helix (6). Primary binding sites of the domains from SpA and
SpG on IgG have been localized at the C,;2-C,;3 interface of [gG
heavy chain Fc fragments, overlapping with the binding site of
FcRn (8). Furthermore, SpA and SpG but also PpL interact with
different regions of Fab fragments (Fig. 1). Thus, binding to
variable heavy chain (V;) domains belonging to the V,,3 family
was shown for the domain D of SpA, and this site is structurally
distinguishable from its Fc-binding site (9). Domain C4 from
PpL is capable of binding to certain subgroups of Vk light chain
domains (10, 11), and domain C3 of SpG has been shown to
bind also to the C;;1 domain of IgG molecules (12).

Here, we performed a comparative analysis of the capacity of
various IgBDs derived from SpA, SpG, and PpL to extend the
half-life of small recombinant antibodies, a scDb possessing a
molecular mass of 55 kDa and a single-chain Fv fragment (scFv)
with a molecular mass of 28 kDa. We show that half-lives in
mice are prolonged to various extents depending on the applied
IgBDs. The longest terminal half-life was seen for the fusion
proteins containing domain C3 of SpG opening new applica-
tions as half-life extension module.

EXPERIMENTAL PROCEDURES

Materials—HRP-conjugated anti-His tag antibody was pur-
chased from Santa Cruz Biotechnology (Santa Cruz, CA), and
FITC-conjugated mouse anti-His tag antibody was from

2 The abbreviations used are: scDb, single-chain diabody; CEA, carcinoembry-
onicantigen; AUC, area-under-the-curve; FcRn, neonatal Fc receptor; IgBD,
immunoglobulin-binding domain; PpL, Peptostreptococcus protein L; scFv,
single-chain fragment variable; SpA, Staphylococcus protein A; SpG, Strep-
tococcus protein G.
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FIGURE 1. Summary of IgBD bound to human IgG1. IgBDs from protein A (SpAg, SpAp), protein G (SpGc,, SpGe;), and protein L (PpLc,*) in complex with IgG
were visualized on a human IgG1 model (29). In addition, the extracellular region of FcRn bound to the Fc region was included (8). Protein Data Bank entries are
indicated for each IgBD and the FcRn. The structures were visualized with PyMOL (30). The IgG1 heavy chain is shown in gray, the light chain in light pink.

Dianova (Hamburg, Germany). Carcinoembryonic antigen
(CEA) obtained from Europa Bioproducts (Cambridge, UK).
Human and mouse serum IgG was purchased from Sigma.
Human and mouse Fab and Fc fragments generated from
serum IgG were purchased from EMELCA Bioscience (Breda,
The Netherlands). The human colon adenocarcinoma cell line
LS174T was purchased from ECACC (Wiltshire, UK) and cul-
tured in RPMI 1640 medium, 5% FBS, 2 mm glutamine (Invit-
rogen). Jurkat cells were cultured in RPMI 1640 medium, 10%
FBS, 2 mm glutamine. CD1 mice were purchased from Elevage
Janvier (Le Genest St. Isle, France).

Construction and Production of scDb-IgBD and scFv-IgBD
Fusion Proteins—DNA encoding the IgBDs (IgBD SpAg, SpAp,
SpA¢,4 SPGes, and PpL,*), including a His, tag at the C ter-
minus, were synthesized by GeneArt (Regensburg, Germany)
adding a NotI restriction site at the 5" end and an EcoRI and
Xbal restriction site at the 3’ end. IgBD SpAj was cloned into
mammalian expression vector pSecTagA-scDb-CEACD3-
ABD-L (13) cut with Notl and Xbal substituting the ABD-L
domain and generating pSecTagA-scDb-CEACD3-SpAj. The
IgBD SpAp, SpAg,4 SpGes, and PpL,* were then cloned into
pSecTagA-scDb-CEACD3-SpAg as Notl-Xbal fragments sub-
stituting the SpAg IgBD. ScFv-IgBD fusion proteins were gen-
erated cloning the IgBDs as NotI-EcoRI fragments into vector
pSecTagA-scFv-CEA-4—-1BBL (14). HEK293 cells were stably
transfected with the plasmids, and the antibody-IgBD fusion
proteins were purified from cell culture supernatant by IMAC
essentially as described previously (15).

ELISA—CEA (3 ug/ml) or immunoglobulins (IgG at 1 pug/ml;
IgM, IgA, and IgE at 10 ug/ml) were coated overnight at 4 °C,
and the remaining binding sites were blocked with 2% (w/v) dry
milk/PBS. Purified recombinant antibodies and serum samples
were titrated in duplicate and incubated for 1 h at room tem-
perature. Detection was performed with mouse HRP-conju-
gated anti-His tag antibody using TMB substrate (0.1 mg/ml
TMB, 100 mMm sodium acetate buffer, pH 6.0, 0.006% H,O,).
The reaction was stopped with 50 ul of 1 M H,SO,. Absorbance
was measured at 450 nm in an ELISA reader.
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Flow Cytometry—Binding to CEA- and CD3-expressing cells
was determined by flow cytometry (16). LS174T or Jurkat cells
(2.5 X 10°) were incubated with a dilution series of antibodies
for 2 h at4 °C. Cells were then washed with PBS, 2% FBS, 0.02%
NaNj; (PBA), and bound antibodies were detected with FITC-
conjugated mouse anti-His tag antibody. Data were fitted with
Prism software (GraphPad, La Jolla, CA) from two independent
binding curves.

Size Exclusion Chromatography—Purity and Stokes radii of
the scDb-IgBD and scFv-IgBD fusions proteins were analyzed
by HPLC size exclusion chromatography using a BioSuite 250
column (Waters Corporation, Milford, MA) and a flow rate of
0.5 ml/min. The following standard proteins were used: thyro-
globulin, apoferritin, B-amylase, BSA, carbonic anhydrase, and
cytochrome c.

Affinity Measurements—Affinities of IgBD fusion proteins
for human and mouse serum IgG as well as Fab fragments
thereof at neutral or acidic pH were determined by quartz crys-
tal microbalance measurements (A-100 C-Fast system; Attana,
Stockholm, Sweden). IgGs as well as Fab fragments were chem-
ically immobilized on a low nonspecific binding carboxyl sen-
sor chip according to the manufacturer’s protocol at a density
resulting in a signal increase of 65—95 Hz. Binding experiments
were performed in PBST (0.1% Tween 20), pH 7.4 or pH 6.0, at
a flow rate of 25 pl/min. The chip was regenerated with 25 ul of
10 mm glycine-HCI, pH 3.0. Before each measurement, a base
line was measured which was subtracted from the binding
curve. Data were collected by Attester 3.0 (version 3.1.1.8;
Attana) and analyzed by Attache Office Evaluation Software
(version 3.3.4; Attana), using a mass transport limited model for
curve fitting.

Pharmacokinetics—Animal care and all experiments per-
formed were in accordance with federal guidelines and have
been approved by university and state authorities. CD1 mice
(816 weeks, 30 —40 g) received an intravenous injection of 25
ug of the IgBD fusion proteins in a total volume of 150 ul. In
time intervals of 3 min, 30 min, 1 h, 2 h, 6 h, 1 day, 3 days, and 7
days, blood samples (50 ul) were taken from the tail and incu-
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FIGURE 2. Construction of scDb-IgBDs and scFv-IgBDs. a, composition of the scDb-IgBD and scFv-IgBD fusion protein. IgBDs are fused to the C terminus of
a bispecific scDb or a scFv. b, SDS-PAGE analysis of purified scDb-CEACD3 (lane 1), scDb-SpAg (lane 2), scDb-SpA, (lane 3), scDb-SpAg, (lane 4), scDb-SpGe; (lane
5),and scDb-PpL,* (lane 6) under reducing conditions. ¢, SDS-PAGE analysis of purified anti-CEA scFv (lane 1), scFv-SpAg (lane 2), scFv-SpAg (lane 3), scFv-SpAg,
(lane 4), scFv-SpGc; (lane 5), and scFv-PpLc,* (lane 6) under reducing conditions. Two micrograms of protein were analyzed per lane, and the gel was stained
with Coomassie Brilliant Blue G-250. Lane M, molecular mass standards. d—g, purified scDb, scFv as well as the scDb-SpG¢; and scFv-SpGc; fusion proteins were

analyzed by size exclusion chromatography.

bated on ice. Clotted blood was centrifuged at 13,000 X g for 30
min at 4 °C, and serum samples were stored at —20 °C. Serum
concentrations of CEA-binding recombinant antibodies were
determined by ELISA (as described above). For comparison, the
first value (3 min) was set to 100%. Half-lives (¢,,c, £1,3) and
AUC were calculated with Excel. Terminal half-lives (¢,8) were
calculated using the last three or four serum concentrations
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shown in Fig. 1. For statistics, Student’s ¢ test was applied.
Results are shown as mean value = S.D.

RESULTS
ScDb-IgBD and scFv-IgBD fusion proteins were generated

by fusing IgBDs from SpA, SpG, or PpL to the C terminus of a
bispecific single-chain diabody directed against CEA and CD3
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TABLE 1

Stokes radii and pharmacokinetic properties
Data are shown as mean * S.D.

Construct Molecular mass S, tya [ AUC
kDa nm h h %h

scDb 54.5 26 02+01 13*02 52%16
scDb-SpA;  59.9 26 22*x05 11.8*16 1,407 =352
scDb-SpA,  60.1 22 20*+08 9.0*46 1,042 * 403
scDb-SpAg,, 59.7 24 1.0*+03 42*+06 435*79
scDb-SpGe;  59.6 27 28*12 233%59 1,879 *279
scDb-PpL,. 60.3 23 08*+01 24*06 233*136
scFv 26.7 12 01001 06*X02 16*4
scFv-SpAg 33.6 27 1.0x£01 44*07 377 = 200
scFv-SpA,  33.8 23 1.1+03 49*10 434 *222
scFv-SpAg,, 33.5 24 04*+02 11*04 63%29
scFv-SpGe; 334 27 08*01 208 =*11.0 1,040 = 589
scFv-PpLc,. 34.0 25 06*+02 27*10 207 =128

(scDb CEACDS3) or a single-chain Fv directed against CEA
(scFv CEA) (17) (Fig. 2a). From SpA we used domain B (18),
domain D (9), and a modified version of domain E, which was
described to exhibit increased thermal stability (19). From SpG
we used domain C3 (12), and from PpL we used a mutated
version of domain C4 (C4*) carrying mutations disrupting the
second binding site for Fab fragments (10).

The scDb-IgBD and scFv-IgBD fusion proteins were pro-
duced in stably transfected HEK293 cells and purified from the
supernatant by immobilized metal affinity chromatography.
Yields were in the range of 2—22 mg/liter supernatant. Purity of
the fusion proteins was confirmed by SDS-PAGE analysis (Fig.
2, b and ¢). The scDb-IgBD fusion proteins migrated with
apparent molecular masses of around 60 kDa and the scFv-
IgBD fusion proteins with apparent molecular masses of ~35
kDa, corresponding to the calculated molecular masses (Table
1). Purity was further confirmed by size exclusion chromatog-
raphy. All fusion proteins showed a single peak corresponding
to monomeric molecules (Fig. 2, d—g). The measured Stokes
radii of the fusion proteins were in the range of 2.2-2.7 nm.
Interestingly, the Stokes radii of the scFv-IgBD fusion proteins
were similar to those of the scDb-IgBD fusion proteins, whereas
the unmodified scFv had a Stokes radius of 1.2 nm (Table 1).

All fusion proteins showed binding to CEA in ELISA (Fig. 3)
and to CEA-expressing LS174T in flow cytometry studies, with
EC,, values in the low nanomolar range (Fig. 4). The bispecific
scDb fusion proteins showed also binding to CD3-expressing
Jurkat cells (Fig. 4). In the flow cytometry experiments, no
reduction in binding was observed in the presence of excess
amounts of human IgG. In contrast, an increased binding was
seen, indicating that binding of the IgBD fusion protein to IgG
increases sensitivity, presumably due to avidity effects.

Binding to various extent of the scDb-IgBD fusion proteins to
human and mouse immunoglobulins was demonstrated in
ELISA (Fig. 5). Except for the PpL.,* fusion protein, all other
IgBD fusion proteins showed binding to mouse and human
serum IgG. Strongest binding to mouse and human IgG was
seen for SpG; followed by SpA and SpAg. This pattern was
also seen using Fc fragments of mouse and human serum IgG.
In contrast, binding to Fab fragments of mouse and human
serum IgG was observed only for scDb-SpG,;, demonstrating
that SpG; can bind to the Fc and Fab fragments of human and
mouse IgG. In these assays, binding of SpG; to human and
mouse Fab fragments was weaker than binding to Fc fragments.

SN
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FIGURE 3. Binding of scDb-IgBD and scFv-lgBD fusion proteins to CEA in
ELISA. Increasing concentrations of the scDb-IgBD (a) or scFv-IgBD (b) fusion
proteins were analyzed for binding to immobilized CEA.

Furthermore, the SpA- and SpG-IgBD fusion proteins bound to
human IgM. Binding to human IgA was observed for the three
SpA-IgBD fusion proteins, whereas some weak binding to
human IgE was observed for scDb-SpG; and to some extent
for scDb-SpA,, presumably through binding to the Fc region.
Unmodified scDb included as negative control did not reveal
any binding to the various Ig preparations.

In further experiments, we measured binding to mouse and
human serum IgG and its Fab fragments by quartz crystal
microbalance (Table 2). Affinities of the SpA- and SpG-IgBD
fusion proteins for human IgG were in the low nanomolar
range. Because of the heterogeneity of the IgG preparations
composed of different IgG subclasses the obtained affinities
represent most like average values. Strongest binding was ob-
served for the SpG; fusion proteins. The measured affinities
for mouse IgG were 2—10-fold weaker. In these experiments, we
could demonstrate a weak binding of the scDb-PpL,* fusion
protein to human and mouse IgG as well as human Fab frag-
ments. An affinity of 160 nm for human IgG was described for
this mutated domain, similar to the affinity of the wild-type
domain (130 nm) (20). We measured a much lower affinity of
only 1.5 uMm for the scDb-PpL,* fusion protein, indicating that
fusion to a protein negatively influences interaction with IgG.
An affinity for Fab fragments of 190 nm was determined for
scDb-SpGc,, and some very weak binding to human Fab with
an K, of 3 um was measured for scDb-PpL,*. We further ana-
lyzed binding of scDb-SpG.; to human serum IgG Fc frag-
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FIGURE 4. Cell binding of scDb-IgBD fusion proteins. Binding of scDb-IgBD fusion proteins to CD3-positive Jurkat cells and CEA-expressing LS174T cells was
analyzed in the absence or presence of human IgG (100 ng/ml 1gG), respectively. Binding was detected with a FITC-labeled anti-His tag antibody. Binding is
shown as mean fluorescence intensity (MF/) calculated from MFI of cells incubated with fusion protein/MFI of cells alone (background).

ments and to a humanized IgGl antibody (Trastuzumab)
(Table 2). At neutral pH, the fusion protein showed an affinity
of 10 nMm for Fc fragments and 5 nm for human IgG1. These
experiments confirmed a high affinity of scDb-SpGc, for
human IgG Fc and further demonstrate that SpG., is capable of
binding to IgG Fab and Fc fragments. At acidic pH, the affinity
of SpG¢; was unaltered or even slightly increased, whereas
SpAj and SpA, exhibited reduced affinities at pH 6, in accord-
ance with data described for protein A and protein G (21)
(Table 2).
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Half-lives of scDb-IgBD and scFv-IgBD fusion proteins were
analyzed in CD1 mice receiving a single intravenous injection of
the IgBD fusion proteins. Serum concentrations were deter-
mined by ELISA, ie. detecting molecules with CEA-binding
activity. The unmodified antibodies were rapidly cleared from
circulation with terminal half-lives of 1.3 h for the scDb and
0.6 h for the scFv. The half-lives of the antibody IgBD fusion
proteins were prolonged to varying extent (Fig. 6 and Table 1).
The longest half-life was found for the SpG; fusion proteins
(terminal half-life of 23.3 and 20.8 h for scDb-SpG; and scFv-
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FIGURE 5. Binding of scDb-IgBD to IgG, Fab, and Fc analyzed by ELISA. Human and mouse IgG as well as Fab and Fc fragments thereof were immobilized,
and binding of the scDb-IgBD fusion proteins was determined at a concentration of 100 nm. Furthermore, the scDb-IgBD fusion proteins were analyzed for
binding to human IgM, human IgA, and human IgE.

SpG3, respectively). In contrast, only a marginal improvement
was observed for the SpA;,, and the PpL.,* fusion proteins.
The SpAj and SpAj, fusion proteins showed an intermediate

TABLE 2

Affinities of scDb-IgBD fusion proteins for human and mouse IgG and
Fab fragments thereof at neutral or acidic pH determined by quartz

crystal microbalance (QCM) measurements extension of the half-life (terminal half-life of 9—11.8 h for the
Human K, Mouse K, scDb fusion proteins and 4.4 — 4.9 h for the scFv fusion proteins,
Construct Ig pH74 pH6.0 pH74 pH6.0 respectively) (Table 1). The extended half-life of the IgBD
m um i i fusion proteins also resulted in an increased AUC. The strong-
EPQB igg 32 ?ig ggo ;%)00 est increase was determined for the SpG; fusion proteins (36-
pfo 1§G Fab _a ND? _ ND fold for scDb-SpG5 and 65-fold for scFv-SpG5). The AUCs of
SPAez, IgG 37 654 78 2,480 the SpAg and SpA, fusion proteins were increased 20 —27-fold.
IgG Fab — ND — ND
SpGe. 1gG 6 5 67 46
< IgG Fab 190 150 190 190 DISCUSSION
IgG Fc 10 3.6 ND ND : :
hamanized 1gGI° 5 P In Fhls stl‘ldy, we have generat.ed a panel 9f n‘ovel IgBD fuspn
PpLc, 1gG 1,510 1,130 — ND proteins using IgBDs from various bacterial immunoglobulin
_ 1gGFab 3100 ND - ND receptors. Although all fusion proteins retained their antigen-
e Dnof inding detected. binding activity, differences were observed in their capacity to
¢ Trastuzumab was used as IgG1 probe. interact with immunoglobulins.
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FIGURE 6. Plasma half-life of scDb-IgBD and scFv-IgBD fusion proteins
compared with unmodified proteins (scDb, scFv) and a chimeric IgG.
scDb-IgBD (a) and scFv-IgBD (b) fusion proteins were injected intraperitone-
ally into CD1 mice (25 pg/animal), and serum concentrations of the antibody
molecules were determined at different time points by ELISA. Data were nor-
malized considering maximal concentration at the first time point (3 min).

The unmodified antibodies, an scDb of 55 kDa and an scFv of
28 kDa, were rapidly cleared from circulation with terminal
half-lives of 1.3 h for the scDb and 0.6 h for the scFv. In a
previous study of the same scDb used here, we showed that this
is mainly due to rapid renal clearance (22), reflected also by the
Stokes radius of only 2.6 nm, which allows almost unhindered
passage through the glomerular filtration barrier (23). Only
marginal effects on the half-life was seen for the SpA;,, and the
PpL.,* fusion proteins with 2—3-fold increased half-lives.
Fusion of SpA, to the scDb resulted in a similar half-life exten-
sion (7-fold prolonged terminal half-life) observed in a previous
study with an scDb-SpAj fusion protein (5), which was also
seen to a similar extent for the two scFv fusion proteins. Com-
pared with the SpA; and SpA, fusion proteins, we found that
the SpGc; fusion proteins exhibited even further extended half-
lives, which was 2.5-fold increased for the scDDb fusion protein
and ~5-fold increased for the scFv fusion protein, correspond-
ing to 2—3-fold increased AUCs. These findings illustrate that
the IgBDs are capable of binding to serum immunoglobulins in
vivo and that the IgBDs exhibit different capacities to extend
the plasma half-life of two small recombinant antibodies.

The half-life of recombinant proteins bound to serum immu-
noglobulins is influenced by several factors, including (i) the
selectivity for long circulating immunoglobulins; (ii) the stabil-
ity of the complexes in plasma, i.e. at neutral pH; (iii) the stabil-
ity of the complex in the sorting endosome, i.e. at acidic pH; and
(iv) interference of bound IgBD fusion proteins with recycling
of the complexes by the FcRn.
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A reduced binding at acidic pH might result in dissociation of
the IgBD fusion proteins from bound immunoglobulins in the
acidic environment of the early and recycling endosomes (pH
~6.3-6.8) (24) leading to intracellular degradation of the
fusion proteins. Of note, all SpA-IgBD fusion proteins showed a
markedly reduced affinity at pH 6, whereas the SpG; fusion
protein exhibited an unaltered or even increased affinity. This
indicates that the SpG;-Ig complexes are stable in the acidic
environment of the sorting endosome enabling recycling into
the bloodstream.

AllIgBDs from SpA and SpG bind to the Fc region of IgG and
are also described to be capable of binding to Fab fragments,
although in our studies we could not detect binding of the SpA-
IgBD fusion proteins to human or mouse Fab fragments gener-
ated from serum IgG, indicating a rather low affinity for Fab
fragments. This is in accordance with data obtained for the
individual IgBDs from SpA where affinities for V;3-containing
scFv fragments of 2.6—14 um were determined by BIAcore
measurements (25). Furthermore, they differ in their binding
sites on Fab arms. Whereas SpA domains bind to the variable
heavy chain domains (V,;) belonging to the V,;3 germ line fam-
ily, the SpG domain binds to the constant heavy chain domain 1
(Cyl) at a region highly conserved between the different
human IgG subclasses. Thus, interaction with the V,; domains
results in binding to all immunoglobulin classes, whereas bind-
ing to C;;1 should be rather selective for IgG molecules.
Because the different immunoglobulin classes exhibit different
half-lives, selective binding of the IgBD fusion proteins to the
Fab arms can directly influence half-life.

Finally, efficient FcRn-mediated recycling requires that the
IgBDs do not interfere with binding of IgG to the FcRn. The Fc
binding sites of the IgBDs analyzed in this study are located at
the C;;2-C;;3 domain interface of the Fc region and are there-
fore overlapping with the binding site for FcRn (8, 26, 27) (see
also Fig. 1). Our binding studies indicate that the interaction of
the SpA-IgBD fusion proteins, and also the SpG; fusion pro-
teins, with IgG is dominated by binding to the Fc region. Previ-
ously, it was shown that a genetically engineered functional
analog of SpA; (domain Z) inhibits binding of IgG to FcRn (28),
suggesting that the SpA-IgBD fusion proteins interfere strongly
with FcRn recycling of the fusion proteins. However, the SpG
fusion proteins do not reach the long half-life of IgG, which is in
the range of 1-2 weeks in mice, indicating that also the Fc-
binding site of SpG; interferes with recycling by the FcRn,
leaving room for further improvements.

Overall, we established for the different IgBD fusion proteins
differences in the pH stability of binding and the selectivity for
different immunoglobulin regions, which might explain the
observed differences in half-lives between the SpA-IgBD and
the SpG; fusion proteins. The remarkably long half-life medi-
ated by SpG; makes this domain a promising module for half-
life extension of small sized therapeutics.
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