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Antibody Epitope of Human a-Galactosidase A Revealed
by Affinity Mass Spectrometry: A Basis for Reversing
Immunoreactivity in Enzyme Replacement Therapy of
Fabry Disease
Zdenek Kukacka,[a, b] Marius Iurascu,[a, b] Loredana Lupu,[a, b] Hendrik Rusche,[a, b]
Mary Murphy,[c] Lorenzo Altamore,[d, e, f] Fabio Borri,[d, e, f] Stefan Maeser,[a, b]
Anna Maria Papini,[d, e, f] Julia Hennermann,[g] and Michael Przybylski*[a, b]
human aGal(309–332) recognized by a human monoclonal
anti-aGal antibody, using a combination of proteolytic excision
of the immobilized immune complex and surface plasmon resonance biosensing mass spectrometry. The epitope peptide,
aGal(309–332), was synthesized by solid-phase peptide synthesis. Determination of its affinity by surface plasmon resonance
analysis revealed a high binding affinity for the antibody (KD =
39 V 10@9 m), which is nearly identical to that of the full-length
enzyme (KD = 16 V 10@9 m). The proteolytic excision affinity mass
spectrometry method is shown here to be an efficient tool for
epitope identification of an immunogenic lysosomal enzyme.
Because the full-length aGal and the antibody epitope showed
similar binding affinities, this provides a basis for reversing immunogenicity upon ERT by: 1) treatment of patients with the
epitope peptide to neutralize antibodies, or 2) removal of antibodies by apheresis, and thus significantly improving the response to ERT.

a-Galactosidase (aGal) is a lysosomal enzyme that hydrolyses
the terminal a-galactosyl moiety from glycosphingolipids. Mutations in the encoding genes for aGal lead to defective or
misfolded enzyme, which results in substrate accumulation
and subsequent organ dysfunction. The metabolic disease
caused by a deficiency of human a-galactosidase A is known
as Fabry disease or Fabry–Anderson disease, and it belongs to
a larger group known as lysosomal storage diseases. An effective treatment for Fabry disease has been developed by
enzyme replacement therapy (ERT), which involves infusions of
purified recombinant enzyme in order to increase enzyme
levels and decrease the amounts of accumulated substrate.
However, immunoreactivity and IgG antibody formation are
major, therapy-limiting, and eventually life-threatening complications of ERT. The present study focused on the epitope determination of human a-galactosidase A against its antibody
formed. Here we report the identification of the epitope of
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a-Galactosidase (aGal) is a lysosomal enzyme that hydrolyses
the terminal a-galactosyl moiety from glycosphingolipids. Mutations in the gene encoding aGal or biochemical changes
lead to the complete loss of the enzyme or its misfolding into
an inactive form, resulting in accumulation of globotriaosylceramide (GL-3) substrate and related glycosphingolipids in lysosomes (Figure 1). This leads to increased substrate levels in the
blood and in several organs including brain, and finally to
organ dysfunction and diminished survival, especially due to
stroke and renal disease.[1–3] The pathophysiology caused by
aGal deficiency is termed Fabry disease (FD) or Fabry–Anderson disease, and belongs to a group of approximately 60–70
lysosomal storage diseases (LSDs). FD is an X-linked inherited
disease, thus mainly males are affected, although females can
also develop FD symptoms and require treatment.[3, 4] Enzyme
replacement therapies (ERTs) have been successfully developed
for several LSDs, such as Gaucher’s disease, Pompe disease,
and FD.[1–4] FD therapy is performed through intravenous infusion with purified recombinant enzyme in order to increase
enzyme levels in lysosomes and decrease accumulated substrate.[2, 3] Currently, two recombinant enzymes are clinically
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and cross-reactivity of antibodies suggests that switching from
one to the other recombinant enzyme is unlikely to prevent
the immune response.[2, 4] At present there is little understanding of the mechanisms of adverse immune reactions upon ERT,
and almost no knowledge on the corresponding antibodies
formed. Immunomodulating or immunosuppressive therapies
are presently applied to decrease allergic reactions.[6, 7] Immunomodulation has been reported in patients with Pompe disease and Gaucher’s disease, with variable success, and temporary depletion of B cells (anti-CD20) has been mostly used.[8–10]
However, only bone marrow transplantation in patients with
mucopolysaccharidosis type I (another type of LSD) resulted in
a decrease in antibody formation.[1, 2] Thus, the development of
alternative treatments by identification of antibody-specific
epitopes and application of peptide epitopes capable of blocking antibodies represents a relevant clinical goal.
A variety of methods, including mass spectrometry (MS)based approaches, have been developed for the identification
of antibody-specific epitopes and for providing structural information about antigen–antibody complexes. These methods
also include X-ray crystallography and NMR spectroscopy, immunoanalytical characterization of antigen–antibody interactions, and the design and synthesis of peptide–epitope mimotopes.[11–14] Proteolytic excision–extraction mass spectrometry
(PROTEX-MS), hydrogen–deuterium exchange mass spectrometry (HDX-MS) of peptide backbone hydrogen atoms, and fastphotochemical oxidation of proteins are the major techniques
for MS-based elucidation of antibody epitopes, but these tools
alone do not provide quantitative affinity data.[15–18] We have
recently developed an online surface plasmon resonance (SPR)
biosensing technique combined with MS, which enables simultaneous affinity isolation, structure identification and affinity
quantification of epitopes from an immobilized antibody–
ligand complex, using an integrated, automated interface for
sample concentration and in situ desalting for MS analysis.[19]
The PROTEX-MS method, using either proteolytic epitope excision of intact immune complexes or epitope extraction from a
defined peptide fragment mixture presented to the immobilized antibody, has been successfully applied to the identification of both linear and discontinuous epitopes of a wide range
of protein antigens.[20–25] In general, the PROTEX-MS method is
based on 1) the high stability of antibodies toward protease digestion, and 2) the proteolytic shielding of the epitope–paratope interaction structure.[15]
Here we report the structure identification and synthesis of
the epitope of aGal and characterization of its affinity for a
human monoclonal antibody that was shown to bind with
high (nanomolar) affinity. A single 24-amino-acid peptide sequence was identified by proteolytic excision with trypsin, that
contained two shielded, uncleaved lysine residues. The synthetic peptide epitope aGal(309–332) showed high, nanomolar
affinity for the antibody, similar to that of the full-length
enzyme, whereas partial sequences of the epitope showed
substantially lower affinities. Therefore, this epitope peptide
appears to be promising for the development of new approaches for antibody depletion upon ERT, such as by apheresis.

Figure 1. A) Structure of human a-galactosidase (PDB ID: 1R47); modified
from Ref. [28]. B) Human aGal-catalyzed reaction of globotriaosylceramide
(GL-3) to lactosylceramide and galactose.

used at different dosages: agalsidase-a and agalsidase-b.[1, 4]
Most males with FD are negative for cross-reacting immunological material (CRIM) due to frameshift or missense mutations. Therefore, exposure to infused aGal-A is expected to
result in antibody formation.
Although effective for a number of LSDs, substantial problems and limitations are caused by the raising of antibodies
upon ERT. ERT can trigger the formation of specific IgE antibodies, which may be associated with allergic reactions ranging
from mild symptoms to anaphylactic shock.[5–9] Moreover, ERT
can result in the production of neutralizing IgG antibodies that
bind to the infused enzymes and might impair or even diminish the clinical effectiveness of ERT.[6] The emergence of neutralizing anti-aGal-A antibodies in FD patients treated with
agalsidase-a or agalsidase-b has been reported in several studies.[3] In contrast to female patients, who did not develop detectable amounts of antibodies following ERT, a substantial
proportion of male patients after six months of treatment
showed high titers of IgG antibodies that cross-react in vitro
with the recombinant enzyme and neutralized rh-aGal-A activity in up to 95 % of patients. During infusion with rh-aGal-A, circulating enzyme–antibody complexes were formed, whereas
all IgG-negative patients showed a significant decrease in urinary globotriaosylceramide substrates. Thus, in vivo neutralizing antibodies are frequently encountered in male FD patients
ChemMedChem 2018, 13, 909 – 915
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Results and Discussion

(392–393). The sequence coverage of the protein in the supernatant fraction was 96 %.
The ESI-MS analysis of the fraction eluted from the antibody
revealed a single tryptic epitope peptide, aGal(309–332), with
a monoisotopic molecular mass of m/z 2696.5 Da, which
showed protonated 3 + , 4 + and 5 + charged ions as the most
abundant (Figure 3 B). In the epitope peptide, the lysine residues K314 and K326 were not cleaved by trypsin, thus confirming that these residues are shielded by antibody binding. The
epitope was unequivocally identified by the molecular mass
determination of the eluted peptide by MALDI-MS (m/z 2698.2
[M + H] + ), and by tryptic cleavage of the epitope peptide,
which yielded fragments (309–314), (315–326), and (327–332)
(data not shown). The peptide epitope (309–332) is highlighted in the tertiary structure of the aGal homodimer in Figure 4 B, which suggests a defined conformational arrangement
in the protein structure; however structural details of the epitope upon antibody binding were not obtained.

Primary structure characterization of human a-galactosidase
The primary structure of the recombinant human aGal was
characterized by 1) MALDI-MS analysis of the intact enzyme,
and 2) MALDI-TOF-MS and ESI–ion trap MS analysis of tryptic
digestion mixtures (Table S1 in the Supporting Information).
Identification using the MASCOT database revealed that the
MALDI-MS analysis provided nearly all expected peptides
except for small repetitive sequences such as the RK dipeptide
fragment (392–393) with 95 % sequence coverage, whereas
ESI-MS analysis of the tryptic peptides yielded a 98 % sequence
coverage (Figure 2 and Table S1). Notably, the tryptic peptides
(302–308), (309–314), and (315–326) were all found in the free
enzyme (Table S1), but were not detected upon binding to the
antibody, in which case lysine residues K314 and K326 were
found uncleaved in the epitope peptide, as described below.
In the analysis of the tryptic digested peptide mixture, the
three glycosylated peptide fragments comprising the N-glycosylation sites N139, N192, and N408 were also detected, albeit
with low abundances. The MALDI-MS and ESI-MS peptide mapping in solution was fully achieved by in-gel digestion of the
full-length protein band; however, the peptide recoveries were
found to be lower than by digestion in solution.

Synthesis and characterization of peptide epitopes
The complete 24-amino-acid peptide epitope aGal(309–332)
was synthesized by solid-phase peptide synthesis (SPPS) with
the Fmoc/tert-butyl strategy using a microwave-assisted synthesizer, which provided convenient conditions to obtain the
crude peptide in high yield with high purity. In addition, the
shorter partial peptides comprising the epitope—aGal(309–
314), aGal(315–326), and aGal(327–332)—were prepared by
standard SPPS conditions using a semiautomatic peptide synthesizer, as described in the Experimental Section. With the use
of the microwave synthesizer, two deprotection steps were
used: 1) the first for 15 s, 155 W at 75 8C; 2) the second for
30 s, 30 W at 90 8C (Table S2).
Following cleavage of the peptides from the resin and deprotection with TFA/H2O/TIS solution, the crude products were
precipitated with diethyl ether, lyophilized, and the final products purified using solid-phase extraction. The purity of all peptides was examined by ESI-MS and found to exceed 95 %. The
epitope peptides were also identified by MALDI-MS, which in
all cases showed abundant protonated molecular ions [M + H] +
consistent with the correct sequences (Table S2).

Identification of the a-galactosidase epitope to the aGal
antibody
To identify the epitope of aGal, both proteolytic epitope excision and extraction MS were employed using an affinity
column with Sepharose-immobilized monoclonal anti-a-galactosidase antibody and trypsin digestion, as described in the Experimental Section. In an epitope extraction experiment, aGal
was digested with trypsin in solution. The resulting peptide
fragment mixture was subjected to interaction with the Sepharose-immobilized antibody, and first analyzed as a supernatant (Figure 3 A). The ESI-MS analysis of the supernatant fraction revealed the identical tryptic peptide fragments and sequence coverage as for the free aGal sequence; nearly all peptides were identified except the short dipeptide sequence RK

Figure 2. ESI-MS analysis of the tryptic peptide digestion mixture of human aGal. Partial peptide sequences are assigned to the singly and multiply protonated ions, as indicated.
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Figure 3. ESI–ion trap mass spectra of A) the supernatant fraction after aGal tryptic digestion, and B) the epitope from the affinity elution fraction after aGal
tryptic digestion.

of the antibody (Table 1). Dissociation constants for aGal and
the synthetic peptide epitope aGal(309–332) from the human
anti-aGal antibody are shown in Figure 5 A and B at concentrations of 5–20 nm and 50 nm–1 mm, respectively. Remarkably,
nearly identical affinities were found with KD values of 16 nm

Table 1. Affinity determination of intact a-galactosidase, peptide epitope
(309–332) and partial peptides.

Intact protein
Epitope
Peptide I
Peptide II
Peptide III
Peptide IV
Peptide V
Peptide VI

Affinity determination of a-galactosidase and a-galactosidase epitope peptides

aGal(1–429)
aGal(309–332)
aGal(309–320)
aGal(315–326)
aGal(321–332)
aGal(309–316)
aGal(317–324)
aGal(325–332)

15.6
38.8
15.100
4.340
705.2
8.160
> 1000
4.930

Conclusions

Using the SPR biosensor–mass spectrometry combination, conditions were effective for determination of the affinities of the
full-length aGal and their comparison to the epitope peptides
www.chemmedchem.org

KD [V 10@9 m]

for the full-length enzyme, and 39 nm for the aGal(309–332)
epitope. Because the peptide epitope (309–332) contains two
cleavage sites for trypsin, dissociation constants were also determined for the shorter synthetic peptides. However, affinities
for the peptides aGal(309–315) and aGal(316–324) were substantially lower with KD values in the micromolar range, whereas the affinity of the C-terminal peptide aGal(325–332) was significantly higher (KD & 150 nm; Table S3). Hence this peptide
can be considered to comprise the core epitope sequence.

Figure 4. A) Amino acid sequence of human aGal containing a C-terminal
oligohistidine tag. The (309–332) epitope is highlighted in red. B) Crystal
structure (ribbon conformation; modified from Ref. [26]) of the human aGal
dimer.
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Figure 5. SPR affinity determination of A) full-length aGal and B) the epitope aGal(309–332).

tations in the gene encoding aGal lead either to the complete
loss of enzyme or to expression of inactive, misfolded enzyme,
resulting in accumulation of GL-3 and related glycosphingolipids in blood vessels, skin, kidney, heart, brain, with subsequent organ dysfunction and reduced life span. Most males affected with FD are negative for CRIM due to frameshift, missplicing, stop codon or unstable missense mutations. Therefore, exposure to infused aGal A is expected to result in antibody production. Defects in the aGal gene product, caused
mostly by single amino acid substitutions, lead to its rapid
degradation within the endoplasmic reticulum[3] and prohibit
intracellular trafficking of the enzyme to its destination, the lysosome. This explains the high antibody production and binding rate, although predominantly, patients synthesize proteins
with exchanged amino acids, not mutations such as in stop
codons that lead to a lack of protein expression, as found for
the b-glucocerebrosidase defect in Gaucher’s disease.[5] In a
study, three of the 14 patients who received aGal developed
low IgG antibody titers (approximately 1:10), and no patient
developed IgE, IgA, or IgM antibodies. However, nine patients
were positive, with titers of approximately 1:2. Low-titer antibodies appeared to have no clinically significant effect on the
safety and efficacy of ERT, and antibody titers decreased over
time. The majority of seroconverted patients showed decreased antibody titers in a 30 month longitudinal study. However, approximately 90 % of 58 patients receiving ERT with
1 mg kg@1 aGal over 20 weeks developed IgG antibodies. Overall, the rate of antibody formation in patients treated with
aGal varied between 15 % and 90 %.[1–4]
In this study, we identified the epitope of human aGal to a
monoclonal human anti-aGal antibody. Because the full-length
ChemMedChem 2018, 13, 909 – 915

www.chemmedchem.org

enzyme and the epitope showed similar binding affinities, this
provides the basis for reversing the immunogenicity, using
1) pretreatment of patients with epitope peptides to neutralizing antibodies, or 2) removal of antibodies by apheresis. Both
approaches are expected to significantly improve the response
to ERT. The synthesis and affinity characterization of the single
24-amino-acid peptide sequence suggested defined conformational properties, which are currently being investigated in
detail.
The synthetic peptide epitope aGal(309–332) contains two
shielded (uncleaved) lysine residues (Figure 4) and exhibits
high nanomolar affinity similar to that of the full-length protein, whereas partial sequences showed substantially lower affinities (Table S2). Thus, the epitope peptide aGal(309–332)
might be suitable for developing an effective clinical application for depleting antibodies formed during ERT, such as by
apheresis, and provides numerous possibilities for optimization
of affinity and stability in physiological conditions. In summary,
the identification, chemical synthesis, and biochemical evaluation of the antibody epitope aGal(309–332) affords new possibilities for reversing the immunogenicity and restoring the
therapeutic efficacy of aGal ERT of FD.

Experimental Section
a-Galactosidase characterization
Recombinant human a-galactosidase A was obtained from Shire
Ltd (Lexington, MA), and Sino Biological Inc. (Beijing, China). The
enzyme was produced in human cells and thus comprised an
amino acid sequence identical to that of the wild-type human
enzyme; in addition, the protein contained a C-terminal tag se-
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quence of seven histidine residues, as well as the glycosylation
profile of the native human enzyme.[2, 3] The molecular mass of the
enzyme was characterized by MALDI-TOF/TOF mass spectrometry,
which showed a single molecular ion mass of m/z 45.305 Da (Supporting Information).

10 mm, pH 5.5). Remaining N-hydroxysuccinimide groups were
then blocked with ethanolamine (1 m, pH 8.5). Determination of
dissociation constants was performed after covalent immobilization
of the antibody using the human a-galactosidase A solution
(250 mL) at different concentrations (5–20 nm) and a flow rate of
25 mL min@1. All affinity determinations were performed in PBS
buffer (10 mm, pH 7.5) at 20 8C, followed by regeneration with glycine buffer (10 mm, pH 2.0). Final KD values were determined by fitting to a one-to-one binding model.

Anti-a-galactosidase antibody characterization
Monoclonal human anti-a-galactosidase A antibody was obtained
from Sino Biological Inc. (Beijing, China; produced in rabbit). The
molecular masses of the heavy and light chains and the N-terminal
Fv sequence of the antibody were characterized by MALDI-TOF
mass spectrometry, and by N-terminal Edman sequencing (Applied
Biosystems Procise-494 protein sequencer), as described in
Ref. [27].

Synthesis and characterization of peptide epitopes
The 24-amino-acid aGal peptide epitope (309–332), three 12amino-acid
overlapping
peptide
epitopes—aGal(309–320),
aGal(315–326), and aGal(321–332)—and the three 8-amino-acid sequential peptides—aGal(309–316), aGal(317–324), and aGal(325–
332)—were synthesized using microwave-assisted SPPS. Protected
amino acids, Fmoc-Ala-OH, Fmoc-Arg(Pbf)-OH, Fmoc-Asp(tBu)-OH,
Fmoc-Asn(Trt)-OH, Fmoc-Glu(tBu)-OH, Fmoc-Gln(Trt)-OH, Fmoc-GlyOH, Fmoc-His(Trt)-OH, Fmoc-Ile-OH, Fmoc-Leu-OH, Fmoc-Lys(Boc)OH, Fmoc-Met-OH, Fmoc-Phe-OH, Fmoc-Pro-OH, Fmoc-Ser(tBu)-OH,
Fmoc-Thr(tBu)-OH, Fmoc-Trp(Boc)-OH, Fmoc-Tyr(tBu)-OH, and
Fmoc-Val-OH were obtained from Carbosynth Ltd. (Compton, UK).
Fmoc-Arg(Pbf)-Wang, Fmoc-Asn(Trt)-Wang, Fmoc-Lys(Boc)-Wang,
Fmoc-Val-Wang, and Fmoc-Leu-Wang resins were obtained from
Matrix Innovation (Quebec City, Canada). Microwave-assisted syntheses were performed on a Liberty Blue Microwave Automated
Peptide Synthesizer with additional Discover module (CEM Corporation, Matthews, NC), that combines microwave energy with SPPS
using the Fmoc/tert-butyl strategy.

Proteolytic digestion
A stock solution (100 mL) containing the galactosidase (100 mg),
was mixed with NH4HCO3 solution (100 mL, 20 mm, pH 8.5, containing 1 mg mL@1 DTT). Trypsin was added to yield an enzyme/substrate ratio of 1:20 and the mixture was incubated at 37 8C for 4 h.
Additional trypsin was then added to increase the enzyme/substrate ratio to 1:10, and the mixture was further incubated for a
total of 8 h. Aliquots (40 mL) of the peptide mixture, containing the
equivalent of 20 mg enzyme, were frozen and stored at @20 8C
until use.

Epitope identification

Fmoc deprotection was performed in two stages with an initial deprotection of 15 s at 155 W and 75 8C followed by 30 s at 30 W and
90 8C. The resin was then washed four times with DMF (4 mL each)
before coupling of each amino acid. Coupling reactions of standard amino acids were performed at 5-fold excess in two stages at
90 8C: 1) 15 s at 170 W and 2) 110 s at 30 W. Arginine required a
double coupling in two stages: 1) 1500 s at 25 8C without MWs
and 2) 300 s at 30 W and 75 8C. Histidine coupling was performed
in two stages: 1) 120 s at 25 8C without MWs and 2) 140 s, 35 W
and 50 8C (Table S2, Supporting Information). After Fmoc deprotection of the last amino acid the resin was washed with CH2Cl2
(10 mL).

Epitope identification was performed by proteolytic excision/extraction MS, using proteolytic extraction affinity mass spectrometry
and online SPR–MS.[15, 19] The newly developed biosensor–MS
system uses an SPR biosensor coupled through a microfluidic interface to an ESI mass spectrometer. Detection of the kinetic interaction between affinity pairs was obtained by SPR, whereas ESI-MS
analysis provided identification of the interaction epitope. The
anti-aGal antibody ( & 10 mg) was immobilized on a microcolumn
of an approximately 50-fold amount of activated Sepharose with
incubation for 2 h at 37 8C. Then, a proteolytic peptide mixture resulting from tryptic digestion (8 h, 37 8C; as described above) was
loaded onto the affinity microcolumn using the SPR autosampler/
injector at a flow rate of 25 mL min@1. After incubation for 30 min,
the unbound supernatant peptides were washed away for 20 min
using phosphate-buffered saline (PBS) buffer, and the remaining
bound epitope peptides were eluted for 30 min with a 0.1 % TFA
solution, using the autosampler (flow rate, 25 mL min@1). The eluted
epitope fraction was on-line desalted for 4 min using a C18 microguard column, and analyzed by ESI-MS on an Esquire 3000 + ion
trap MS (Bruker Daltonics, Bremen, Germany).

Peptide cleavage (3 h at 20 8C) from the resin and deprotection of
the amino acid side chains were performed with a TFA/H2O/TIS
(95:2.5:2.5 v/v/v) solution. The resin was then washed with TFA
and the filtrate partially evaporated. The crude product was precipitated with diethyl ether, collected by centrifugation, dissolved
in water and lyophilized.
Lyophilized crude peptides were initially treated by solid-phase extraction with a RP-18 LiChroprep silica column from Merck (Darmstadt, Germany) using H2O/CH3CN as eluent, yielding a partially purified product. The final purification of the partially pure peptides
was performed by semi-preparative RP-HPLC on a Sepax Bio-C18
(5 mm, 200 a, 2500 mm V 10 mm) column at 25 8C using a Waters
instrument (separation module 2695, detector diode array 2996)
working at a flow rate of 4 mL min@1. The solvent systems used
were: A (0.1 % TFA in H2O, v/v) and B (0.1 % TFA in 84 % CH3CN in
A, v/v). Final purity of all peptides was + 95 %. Peptides were characterized by RP-HPLC ESI-MS (Table S3, Supporting Information).
The analytical HPLC system was an Alliance Chromatograph
(Waters) with a Phenomenex Jupiter C18 column (5 mm, 300 a,
250 mm V 4.6 mm) working at a flow rate of 0.6 mL min@1, with UV

Affinity determination of a-galactosidase to the aGal
antibody
Affinity analysis was performed with an Ametek-2CH-7500 SPR
system (Ametek Reichert, Buffalo, NY, USA), consisting of an autosampler, an SPR pump and a SPR detector. Human monoclonal
anti-a-galactosidase A antibody (35 mg mL@1) was immobilized on a
dextran SPR chip on which dextran carboxyl groups were activated
with a mixture of N-(3-dimethylaminopropyl)-N-ethyl-carbodiimide
(200 mm), and N-hydroxysuccinimide (50 mm), and followed by injection of the antibody (300 nm) in sodium acetate buffer (250 mL,
ChemMedChem 2018, 13, 909 – 915
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detection at 215 nm, coupled to a single quadrupole ESI-MS
(Waters 3100). The solvent systems used were: A (0.1 % TFA in H2O,
v/v) and B (0.1 % TFA in 84 % CH3CN in A, v/v).
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Affinity determination of peptide epitopes
Affinity analyses of peptide epitopes were performed with the
Ametek-2CH-7500 SPR biosensor (Ametek Reichert) on dextran SPR
chips with immobilized human monoclonal anti-aGal antibody.
The immobilization procedure was identical to that used for the affinity determination of intact aGal. Determination of dissociation
constants was performed using an epitope peptide solution
(250 mL) at different concentrations (5–200 nm) at a flow rate of
25 mL min@1. All affinity determinations were performed in PBS
buffer (pH 7.5) followed by regeneration with glycine buffer
(10 mm, pH 2.0) at 20 8C.
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