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ABSTRACT: Gross cystic disease fluid protein (GCDFP-15), also known as prolactin-inducible protein (PIP),
is a specific breast tumor marker. GCDFP-15/PIP is also identified as gp17 and/or seminal actin-binding
protein (SABP) from seminal vesicles and as extraparotid glycoprotein (EP-GP) from salivary glands. It
is an aspartyl proteinase able to specifically cleave fibronectin (FN), suggesting a possible involvement
in mammary tumor progression and fertilization. Other functions were attributed to this protein(s) on the
basis of its ability to interact with an array of molecules such as CD4, actin, and fibrinogen. We investigated
the structure of the protein(s) under disease versus physiological conditions by RP-HPLC chromatography,
ProteinChip technology, and QStar MS/MS mass spectrometry. The proteins behaved differently when
examined by RP-HPLC chromatography and surface-enhanced laser desorption ionization time-of-flight
(SELDI-TOF) mass spectrometry, suggesting different conformations and/or tissue-specific posttranslational
modifications of the proteins, although their primary structure was identical by MS/MS analysis. Both
showed a single N-glycosylation site. A different N-linked glycosylation pattern was observed in
pathological GCDFP-15/PIP as compared with physiological gp17/SABP protein by coupling enzymatic
digestion and ProteinChip technology. Furthermore, taking advantage of ProteinChip technology, we
analyzed the interaction of both proteins with CD4 and FN. We observed that the physiological form was
mainly involved in the binding to CD4. Moreover, we defined the specific FN binding-domain of this
protein. These data suggested that, depending on its conformational state, the protein could differently
bind to its various binding molecules and change its function(s) in the microenviroments where it is
expressed.

The gross cystic disease fluid protein-15 (GCDFP-15),1

also known as prolactin-inducible protein (PIP), is a breast
tumor marker (1-3). It is expressed specifically in human
mammary gland diseases, such as various mastopathies, and
in breast carcinomas, characterized by apocrine metaplastic
changes in breast epithelium (4, 5). GCDFP-15/PIP is not
found in normal breast epithelium, but it is uniformly
expressed in all normal apocrine glands (4). It also has been

independently identified as gp17 and/or seminal actin-binding
protein (SABP), a 17 kDa glycoprotein expressed in the
glandular epithelium of seminal vesicles, and as extraparotid
glycoprotein (EP-GP) in submandibular and sublingual
glands (6-8).

Several functions have been attributed to this protein
(3, 9-11). We previously demonstrated that this factor is
an aspartyl proteinase with specific fibronectin-degrading
ability, suggesting its potential role in processes such as
mammary tumor progression and fertilization (3). In addition,
GCDFP-15/gp17 is found on the post-acrosomal region of
ejaculated spermatozoa and remains bound to the sperm cell
surface after capacitation, thus further suggesting a possible
role in fertilization (9). It is also reported to be a potent
inhibitor of T lymphocyte apoptosis induced by sequential
cross-linking of CD4 and T cell receptor (11). Moreover,
the functional relevance of its interaction with actin, fibrino-
gen, keratin, tropomyosin, and hydroxyapatite (a major
component of tooth enamel) as well as with some strains of
oral bacteria andStaphylococcus hominisfrom the skin and
ear canal is presently not clear (8, 12, 13).

Previous studies from our laboratory demonstrated im-
munological similarities and differences between GCDFP-
15/PIP and gp17/SABP/EP-GP from different sources (14),
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although the purified proteins from BCF and HSP exhibited
an identical electrophoretic mobility, by SDS-PAGE. Each
showed two bands, under reducing conditions, in positions
corresponding to an apparent molecular mass of about 17
and 13 kDa, representing the glycosylated and unglycosylated
species, respectively (6, 7).

In this report, to elucidate the differences between GCDFP-
15 and gp17, expressed in pathological versus physiological
tissues respectively, we analyzed the protein from different
sources by coupling RP-HPLC chromatography, ProteinChip
technology (15), and MS/MS (16).

We found that the protein from pathological versus
physiological sources exhibited a disparate behavior by RP-
HPLC chromatography and SELDI-TOF MS analysis, sug-
gesting that the different structural properties may be a
consequence of varying conformations and/or tissue-specific
posttranslational modifications. Furthermore, the direct mass
analysis by SELDI-TOF MS of glycopeptides derived from
GCDFP-15/PIP and gp17/SABP revealed a different N-
linked glycosylation pattern. A preliminary structural analysis
of the N-linked glycans in the two glycoproteins from
pathological and normal sources was also carried out by mass
analysis of their tryptic glycopeptides before and after
treatment with various exoglycosidases and of permethylated
N-glycans. The majority of complex oligosaccharides in
gp17/SABP presented monosialylated diantennary structures
with different degrees of fucosylation, whereas triantennary
structures were also detected in pathological GCDFP-15/PIP.

In addition, the interaction with molecules such as CD4
and fibronectin was examined by using ProteinChip technol-
ogy, showing a differential binding ability of protein from
the two sources. In particular we identified the fibronectin
binding domain of this protein in two regions which did not
overlap with the CD4-binding domain. The first region
contained the amino acid residues 42-57 and the second
contained the C-terminal residues 109-118.

MATERIALS AND METHODS

Materials. Trypsin and fibronectin were purchased from
Roche Molecular Biochemicals (Mannheim, Germany).
Recombinant soluble CD4 molecules were obtained from
Genentech (South San Francisco, CA). H4 and PS10 Pro-
teinChips and the calibration standard molecules for the
SELDI-TOF mass spectrometer were purchased from Ci-
phergen Biosystems (Fremont, CA). Sinapinic acid (SPA),
R-cyano-4-hydroxy-cinnamic acid (CHCA), and iodoacetic
acid (IAA) were obtained from Sigma (St. Louis, MO).
Peptide N-glycosidase F (PNGase F) was obtained from NEN
Research Products (Boston, MA). Dithiothreitol (DTT) was
from GIBCO BRL (Grand Island, NY). Sialidase from
Arthrobacter ureafacienswas purchased from Oxford Gly-
coSciences (Bedford, MA). All other chemicals used were
the highest purity available.

Purification of GCDFP-15/PIP and gp17/SABP from BCF
and HSP, RespectiVely. The protein GCDFP-15/PIP was
isolated from breast cyst fluid obtained by needle aspiration
from women with gross cystic disease. The breast cyst fluid
proteins were ultrafiltered and dialyzed against 20 mM
monoethanolamine buffer, pH 9.4 (buffer Q) by Pellicon XL
filters (Millipore, Bedford, MA), with a 10 000 Da cutoff.
The proteins were loaded onto a Q-Fast Flow column

(Pharmacia, Uppsala, Sweden), and the material was eluted
with a linear gradient of 0-0.5 M NaCl in buffer Q at a
flow rate of 1 mL/min. The material eluted between 0.25
and 0.3 M NaCl was pooled, dialyzed against 20 mM
monoethanolamine buffer, pH 9.4, and loaded onto a mono-Q
HR 5/5 (Pharmacia). GCDFP-15/PIP, obtained from this
second chromatographic step, was then purified by gel
filtration on Superdex 75 (HL 16/60) column (Pharmacia)
by using a FPLC apparatus from Pharmacia, as previously
reported (17). The gp17/SABP was purified from seminal
fluids obtained from healthy donors, using the same GCDFP-
15/PIP purification procedure.

ReVerse-Phase HPLC Chromatography.Both proteins,
after gel filtration, were loaded on RP-HPLC C18 column
(150× 2.1 mm, 300 Å pore size, Vydac, Hesperia, CA). A
Beckman system Gold (Fullerton, CA) composed of a model
168 Diode Array Detector and a Model 126 pump module
were used. A linear gradient from 5% to 65% B solvent over
60 min, with 5 min 5% B initial condition (where solvent A
was 0.12% aqueous trifluoroacetic acid and solvent B was
0.1% trifluoroacetic acid in acetonitrile) was performed at
flow rate 0.2 mL/min to analyze GCDFP-15/PIP and gp17/
SABP from the two sources. The peptides deriving from
tryptic digestion were fractionated by a linear gradient from
5% to 70% B solvent over 70 min preceded by a 5 min hold
at 5% B, where A and B were the same solvents described
above. All peaks were manually collected, lyophilized in a
Speed-Vac centrifuge (Savant, Holbrook, NY), numbered
according to the elution time and stored at-20 C until their
subsequent analysis.

Surface-Enhanced Laser Desorption Ionization Time-of-
Flight (SELDI-TOF) Mass Spectrometry.The instrument was
externally calibrated using the [M+ H] + ion peaks of the
bovine insulin atm/z 5733.6 and human angiotensin atm/z
1296.5 for peptide analysis and bovine cytochrome C atm/z
12230.9 and bovine superoxide dismutase atm/z 15591.4
for protein analysis. All mass spectra were recorded in the
positive-ion mode using a Ciphergen PBS II ProteinChip
Array reader, a linear laser desorption/ionization-time-of-
flight mass spectrometer with time-lag focusing (15). Prior
to SELDI-TOF MS analysis, either 1µL of CHCA or SPA
solution (in 0.1% trifluoroacetic acid in 50% aqueous
acetonitrile) was added to each feature of ProteinChip surface
for peptide or protein analysis, respectively. Raw data were
analyzed using the computer software provided by the
manufacturer and are reported as average masses.

Digestion of Proteins in Solution.The proteins, after RP-
HPLC chromatography on the C18 column, were subjected
to digestion with trypsin. Initially, they were denatured in 6
M GuCl and subjected to a reduction and alkylation reaction
by treatment with 45 mM dithiothreitol (DTT) for 20 min at
55 C and then 100 mM iodoacetic acid (IAA) for 15 min at
room temperature in the dark. Following removal of GuCl
by dialysis, using dialysis membranes with 3500 Da cutoff
(Pierce, Rockford, IL), the reduced and alkylated proteins
were cleaved with trypsin by using an Enzyme/Substrate ratio
of 1:100. The tryptic digestion was carried out in 50 mM
ammonium bicarbonate, pH 7.8, at 37 C overnight. In
solution PNGase F digestion of glycopeptides was performed
in 50 µL of 100 mM sodium phosphate, pH 8.5 for 18 h at
37 C, by using 0.4 units of enzyme.
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SELDI Quadrupole Time-of-Flight Tandem Mass Spec-
trometry. Tandem mass spectrometric peptide sequencing
was accomplished using an Applied Biosystems/Sciex QStar
triple quadrupole time-of-flight instrument (Toronto, Canada)
equipped with a Ciphergen SELDI ProteinChip Interface.
The instrument was calibrated externally using an acquired
MS/MS spectrum of ACTH(18-39) peptide atm/z 2465.2,
where four fragment ions and the parent were used as
calibration points. All mass spectra were acquired in positive-
ion mode with a source collisional cooling gas pressure of
approximately 100 mTorr. MS/MS data were acquired using
collision energies following the approximate rule of 50 eV/
kDa parent peptide mass. Matrix conditions were identical
to SELDI-TOF analysis described previously. Raw data were
analyzed using the instrument’s Analyst software.

Amino Acid Sequencing of GCDFP-15/gp17 by Edman
Degradation.N-terminal sequence analysis of the proteins
and peptides was performed on an ABI Procise protein
sequencer (Foster City, CA), according to the manufacter’s
pulse-phase protocol.

N-Glycans Analysis.Total N-linked glycans released by
PNGase F were separated from peptides by reverse phase
chromatography on Sep-Pak cartridges (Waters, Milford,
MA) equilibrated with 5% acetic acid. The oligosaccharides
were eluted in the aqueous phase and freeze-dried. Glycans
were permethylated according to the procedure described by
Dell (18). In short, 0.5-1 mL of dimethyl sulfoxide/NaOH
solution was added to the oligosaccharide sample followed
by about 0.5 mL of methyl iodide. The mixture was shaken
for 10 min at room temperature and then quenched with 1
mL of water. The products were extracted into chloroform
then washed several times with water. The chloroform layer
was dried under a stream of nitrogen, and the residue was
dissolved in methanol for mass analysis, by using a Voyager
DE MALDI-TOF mass spectrometer (ABI), equipped with
delayed extraction.

Chemical Reaction on ProteinChip Surfaces.The on-chip
exoglycosidase digestion was performed after the glycopep-
tides had been spotted on the H4 ProteinChip surface and
analyzed. In short, for PNGase digestion, 4µL of 100 mM
sodium phosphate, pH 8.5, and 0.1 unit of enzyme were used
for the reaction on each feature of ProteinChip array; for
the hydrolysis reaction of the glycopeptides with sialidase
from A. ureafaciens, 4 µL of 50 mM ammonium acetate,
pH 5.5 and 0.1 unit of sialidase were used. All hydrolysis
reactions were carried out for 1 h in ahumid chamber. After
incubation, the reaction buffers on each feature of the surface
was removed by washing with 5% aqueous acetonitrile
solution and 1µL of CHCA solution was added for the
subsequent analysis by SELDI-TOF-MS.

Interaction Analysis of GCDFP-15/PIP and gp17/SABP
with CD4 and Fibronectin on the ProteinChip Surface.CD4
and FN were covalently attached to PS10 preactivated
ProteinChip surface arrays. These capture surfaces were
prepared following the manufacturer’s instructions. In short,
CD4 and FN (in PBS) were incubated on the PS10 preac-
tivated surface for 18 h in a humid chamber. A solution of
PBS was used to prepare the blank capture surfaces without
CD4 and FN covalently attached, to check for the binding
specificity of this assay. After the coupling reactions of CD4,
FN, and their solvent, the activated groups on each feature
of the array were blocked by treatment with 1 M ethanol-

amine in PBS for 30 min in a humid chamber. After washing
with PBS buffer, GCDFP-15/PIP and gp17/SABP, obtained
from the gel-filtration purification step, were added on each
feature of CD4 or FN or blank specific capture surfaces and
incubated for 4 h in ahumid chamber. After incubation, the
surfaces were washed twice with PBS containing 0.05%
Tween 20 and twice with PBS. The interaction of the tryptic
peptides with CD4 and FN was also analyzed using the same
procedure. SPA and CHCA solutions were used as matrix.

RESULTS

RP-HPLC and SELDI-TOF Mass Spectrometry Analysis
of GCDFP-15/PIP and gp17/SABP from BCF and HSP.
GCDFP-15/PIP and gp17/SABP were previously isolated
from breast cystic fluid (BCF) and human seminal plasma
(HSP) and appeared as dimeric and/or tetrameric forms (13,
19-20). Although both exhibited identical electrophoretic
mobility by SDS-PAGE, we have previously demonstrated
differential immunological reactivity between the proteins
from different sources, as well as their differential ability to
bind to molecules such as CD4 and actin by Biacore analysis
(14).

To obtain further structural information, we analyzed these
proteins by RP-HPLC chromatography and by SELDI-TOF
mass spectrometry. To this end, we purified GCDFP-15/PIP
and gp17/SABP from BCF and HSP by using a combination
of ion-exchange and gel-filtration chromatography as previ-
ously reported (17) and as described in Materials and
Methods. As shown in Figure 1, we observed that gp17/
SABP isolated from HSP eluted as a sharp peak from C18
RP-HPLC column, while GCDFP-15/PIP from BCF ap-
peared as two broad peaks. These molecular species were
analyzed by SELDI-TOF mass spectrometry on the H4
ProteinChip surface (Figure 2). The analysis showed the
gp17/SABP (the sharp peak, obtained from RP-HPLC) as a
molecular species withm/z ratio of 15902 and two minor
species withm/z values of 14596.8 and 16406. The initial
peak (49.5 min) of GCDFP-15/PIP from BCF presented as
a broad peak centered atm/z 15940 and minor molecular
species withm/z 14032.5. Interestingly, the GCDFP-15/PIP
exhibited a decreased ability to ionize, although the same
amount of protein was examined by mass spectrometry.
Furthermore, the GCDFP-15/PIP molecular species that
eluted from C18 as a broad shoulder peak at 54.8 min (Figure
1) showed the same molecular species found in the initial
peak upon mass spectrometric analysis, suggesting a complex
heterogeneity of this pathological species compared to gp17/
SABP deriving from HSP.

Both gp17/SABP and GCDFP-15/PIP eluted from Super-
dex 75 gel filtration column at retention times which
supported their identification as dimeric species. However,
when examined on SELDI-TOF, only GCDFP-15/PIP showed
a minor molecular species atm/z value of 30 880.3, while
gp17/SABP and the majority of GCDFP-15/PIP gavem/z
around 15 000 (data not shown).

Amino Acid Sequence Analysis of GCDFP-15/PIP from
BCF. Although identical cDNA clones have been isolated
from a cDNA library derived from steroid- and prolactin-
treated T47D human breast cancer cell line (2), from a human
salivary gland cDNA library (21), and from human seminal
vesicles (22), conflicting data at protein level are reported.

Structural Study of GCDFP-15/gp17 Biochemistry, Vol. 42, No. 20, 20036171



Analysis of the C-terminus of gp17/SABP from HSP gave
a Glu residue (12, 20), in contrast to a Val residue for
GCDFP-15/PIP from BCF, obtained by Vandewalle et al.
(23).

To investigate the primary structure of the GCDFP-15/
PIP protein expressed in pathological tissues, 50µg of protein
was subjected to tryptic digestion, and the resulting peptides
were separated by RP-HPLC chromatography (Figure 3A)
as described in Materials and Methods. The fractions, eluted
from RP-HPLC C18 column, were examined by SELDI-
TOF MS (Figure 3 B). We observed peptides with molecular
masses consistent with the expected tryptic peptides, except
for them/z 1255 molecular species from fraction 14, which
could be attributed to the partially cleaved C-terminal 109-
118 peptide. Taking advantage of the ProteinChip Interface
(15), we directly analyzed on the ProteinChip surface the
sequence of peptides by MS/MS, using a Qstar mass
spectrometer.

As shown in Figure 3C, the obtained collision-induced
dissociation (CID) spectra of GCDFP-15/PIP derived tryptic
peptide with am/z value of 1254.7 revealed the sequence
FYTIEILKVE, identical to the C-terminal 109-118 peptide
from human seminal plasma (12, 20). This finding demon-
strated that both proteins had identical C-terminal amino acid
sequences. The sequences from the peptides with molecular

mass ofm/z1554.3 and 1283.8 were also determined by MS/
MS and corresponded to the 91-105 and 79-90 peptides,
respectively (data not shown). Them/z 1817.3 peptide
sequenced by Edman degradation analysis was identified as
the 42-57 peptide.

SELDI-TOF Mass Spectrometry Analysis of GCDFP-15/
PIP and gp17/SABP-DeriVed Glycopeptide(69-78). SELDI-
TOF MS analysis of tryptic digestion products from both
proteins, previously fractionated, showed that fraction 10
(Figure 3A) contained molecular species with mass/charge
in a range between 2600 and 4200 (Figure 4A,B). These
species could be partial tryptic digestion fragments and/or
glycosylated forms of the protein.

To investigate this point, we subjected these molecular
species to digestion with PNGase F to remove any associated
N-glycans. To this end, we added PNGase F directly on the
chip surface, where the molecules were previously spotted
and the reaction was carried out in a humid chamber for 1
h, as described in Materials and Methods. As shown in Figure
4C, after the deglycosylation reaction of both fractions, we
detected a major molecular species withm/z 1413.8, which
is consistent with the mass expected for the deglycosylated
tryptic peptide(69-78).

Characterization of N-Glycans from GCDFP-15/PIP and
gp17/SABP.The differences observed in the spectra obtained

FIGURE 1: HPLC profiles of GCDFP-15/PIP and gp17/SABP proteins. 50 µg of protein from different sources was loaded on a C18
reverse-phase HPLC column. After injection, isocratic conditions were applied for 5 min at the initial 5% solvent B, followed by a gradient
to 65% solvent B over 60 min.

FIGURE 2: SELDI-TOF MS spectra of GCDFP-15/PIP and gp17/SABP proteins. Each protein from the major peak obtained by elution on
C18 RP-HPLC column was spotted on H4 ProteinChip and allowed to air-dry. After washing with 5% acetonitrile, each feature of array
was allowed to air-dry. 1µL of saturated sinapinic acid was added and air-dried and the sample examined by SELDI-TOF mass spectrometry.
The mass/charge (m/z) values of each detected species were reported.
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FIGURE 3: RP-HPLC separation, SELDI-TOF MS, and CID spectra of GCDFP-15/PIP derived tryptic peptides. Separation of peptides
generated by cleavage with trypsin of reduced and alkylated GCDFP-15/PIP from BCF. The tryptic peptides were separated on a C18
column using a linear acetonitrile gradient, as described in Materials and Methods. The upper trace and the lower trace indicated the
absorbance at 220 and 280 nm, respectively (A). The fractions, obtained by RP-HPLC chromatography, as described in the text, were
spotted on H4 ProteinChip and allowed to air-dry. After washing with 5% acetonitrile, each feature of ProteinChip array was allowed to
air-dry. 1 µL of CHCA saturated solution was added, and after it was air-dried, SELDI-TOF mass spectrometry was performed for each
fraction. The mass/charge (m/z) values of each detected species were reported (B). Collision-induced dissociation (CID) spectra from 1254
(m/z) molecular species with the determined sequence presented (C).

Structural Study of GCDFP-15/gp17 Biochemistry, Vol. 42, No. 20, 20036173



from GCDFP-15/PIP and gp17/SABP-derived glyco-
peptide(69-78) (Figure 4A,B) prompted us to further investigate
their posttranslational modification.

To this end, the structure of the overall glycosidic moiety
of GCDFP-15/PIP and gp17/SABP from both sources was
examined by mass analysis of the permethylated oligosac-
charide mixture (18). The intact N-linked oligosaccharides
from both glycopeptides were released by PNGase F treat-
ment in solution, as described in Materials and Methods. The
glycan mixture was separated from the peptides by a Sep-
Pak reverse phase chromatographic step, permethylated and
analyzed by matrix assisted laser desorption ionization time-
of-flight (MALDI-TOF) mass spectrometry. The different
glycan structures were identified by their masses on the basis
of the known biosynthetic pathway of N-linked glycan
structures that are reported in Table 1. N-linked glycans from
both proteins constituted a heterogeneous mixture of complex
type structures. In particular, the abundant species detected
from GCDFP-15/PIP were consistent with mono- and di-
sialylated, fucosylated, and nonfucosylated diantennary
structures. Minor components corresponding to fucosylated
and nonfucosylated, monosialylated triantennary structures
were also detected. However, the most abundant species from
gp17/SABP consisted essentially of fucosylated diantennary
structures.

Exoglycosidase Digestion of Glycopeptide(69-78) from
GCDFP-15/PIP and gp17/SABP on ProteinChip Surface.To

confirm the hypothetical structures, we examined the gly-
copeptides deriving from the proteins from both sources
before and after treatment with exoglycosidases by SELDI-
TOF MS. In particular, both glycopeptides were subjected
to hydrolysis with sialidase fromArthrobacter ureafaciens.
Initially, GCDFP-15/PIP derived glycopeptide(69-78) was
analyzed by SELDI-TOF MS on a H4 ProteinChip surface
(Figure 5, panel A). The hydrolysis reaction was carried out
for 1 h in a humid chamber in the appropriate reaction
buffer, as described in Materials and Methods. After incuba-
tion, 1 µL of CHCA was added, and the sample was ana-
lyzed.AfterhydrolysisofGCDFP-15/PIPderivedglycopeptide(69-78)

with sialidase, we observed the disappearance of major
molecular species atm/z value of 4131.3, 3753.4, 3627.1,
3477.9, 3424.3, and 3327.5 and the appearance of molecular
species atm/z of 3841.9, 3183.9, and 3139.3 in the spectra,
consistent with the removal of sialic acid residue(s) from
the glycoforms examined (Figure 5, panel B). This further
supported the data from our mass analysis of permethylated
glycans (Table 1).

The glycopeptide(69-78) from gp17/SABP was also exam-
ined using the same procedure. A single sialic acid residue
on these glycoforms was detected (data not shown) and
consistent with the mass analysis of permethylated sugars
(reported in Table 1).

Analysis of CD4 Interaction with GCDFP-15/PIP and
gp17/SABP by ProteinChip Technology.We have previously
demonstrated a differential binding ability to CD4 for
GCDFP-15/PIP and gp17/SABP from different sources by
using Biacore analysis (14).

To investigate the molecular species of both proteins
involved in the binding to CD4, we analyzed this interaction
by ProteinChip technology. To this end, we covalently
coupled CD4 molecules on PS10 chip surface, as described
in Materials and Methods. GCDFP-15/PIP and gp17/SABP
were incubated on this specific CD4-chip surface for 4 h in
a humid chamber. The surfaces were washed, and 1µL SA
was added to each spot and the bound material was analyzed
by SELDI-TOF MS (15). As shown in Figure 6 A, all the
molecular species from both proteins were detected after

FIGURE 4: PNGase F hydrolysis on ProteinChip surface. SELDI-TOF MS spectra of fraction 10 of gp17/SABP and GCDFP-15/PIP derived
tryptic peptides before (A and B) and after (C) treatment with PNGase F glycosidase on H4 ProteinChip array. The mass/charge (m/z)
values of each detected species were reported.

Table 1: Oligosaccharide Structures Observed in the MALDI
Spectra of the Permethylated Glycans Released from Gp17/SABP
and GCDFP-15/PIP Glycopeptide(69-78)

MNa+ structure

2430.8 mono-sialylated diantennary
gp17/SABP 2605.2 fucosylated mono-sialylated diantennary

2779.6 difucosylated mono-sialylated diantennary
2953.7 trifucosylated mono-sialylated diantennary

2429.8 mono-sialylated diantennary
2604.1 fucosylated mono-sialylated diantennary

GCDFP-15/PIP 2791.4 disialylated diantennary
2965.1 fucosylated disialylated diantennary
3227.8 difucosylated mono-sialylated triantennary
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binding to CD4-chip surface. The binding specificity was
tested by incubation of the same amount of protein on a blank
PS10 ProteinChip surface without CD4, prepared as de-
scribed in Materials and Methods. No bound material was
detected on this suface by SELDI-TOF MS analysis.

The unbound material from the CD4 ProteinChip surface
was spotted on the H4 ProteinChip surface and revealed that
GCDFP-15/PIP was partially able to bind CD4, while gp17/
SABP appeared to be more completely bound to CD4 (Figure
6 B). Interestingly, the unbound material from GCDFP-15/

FIGURE 5: SELDI-TOF MS spectra of GCDFP-15/PIP derived glycopeptide(69-78) before and after treatment with sialidase fromA. ureafaciens
on ProteinChip surface. 1 µL of sample was spotted on H4 ProteinChip and allowed to air-dry. After washing with 5% acetonitrile, each
feature of array was allowed to air-dry. 1µL of saturated CHCA was added, and after it was air-dried, the sample was examined by
SELDI-TOF mass spectrometry (panel A). After the analysis, the reaction buffer and enzyme were added to the sample, and the hydrolysis
was carried out as described in the text. After hydrolysis, the buffer reaction and enzyme were removed, and 1µL of saturated CHCA was
added, and after it was air-dried, the sample was analyzed by SELDI-TOF MS (panel B). The mass/charge (m/z) values of each detected
species were reported.

FIGURE 6: SELDI-TOF MS spectra of GCDFP-15/PIP and gp17/SABP on CD4 capture ProteinChip Surface. 100 ng of GCDFP-15/PIP
and gp17/SABP were incubated on CD4 ProteinChip capture-surface, as described in the text. After appropriate washing, the bound material
was detected by SELDI-TOF mass spectrometry (A). The unbound material was spotted on H4 ProteinChip and allowed to air-dry. After
appropriate treatment SELDI-TOF mass spectrometry was performed (B). The mass/charge (m/z) values of each detected species were
reported.
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PIP showed a similar molecular species pattern to that
observed after Superdex 75. In contrast, both proteins
appeared to effectively bind to the FN molecule (data not
shown).

GCDFP-15/PIP and gp17/SABP Mapping Region of
Binding to FN on ProteinChip Surface.To get more
information about the region on GCDFP-15/PIP and gp17/
SABP involved in the binding to FN molecules, the tryptic
peptides from both proteins were assayed for their ability to
bind to these molecules by SELDI-TOF MS.

FN molecule was covalently coupled on the PS10 Pro-
teinChip surface (15). After fractionation of both sets of
tryptic peptides by RP-HPLC chromatography, they were
dried, resuspended in PBS buffer, and then incubated on
specific FN ProteinChip arrays for 4 h in ahumid chamber.
After incubation, each feature of array was washed as
described in Materials and Methods and allowed to air-dry.
A 1 µL sample of CHCA was added to each spot, and the
material bound was detected by SELDI-TOF MS analysis.
We observed that the 109-118 (1254.4m/z) and 42-57
(1816m/z) peptides (Figure 7A, panel a) exhibited the ability
to interact with FN (Figure 7A, panel b). In addition, our
assay showed that both the gp17/SABP and GCDFP-15/PIP
derived glycopeptides(69-78) (Figure 7B, panels a and c,

respectively) did not bind to FN (Figure 7B, panels b and d,
respectively).

DISCUSSION

GCDFP-15/PIP/gp17/SABP/EP-GP is an aspartyl protein-
ase. GCDFP-15/PIP is found in the cystic fluid secretions
from patients with gross cystic disease and is expressed in
primary and metastatic breast tumors with apocrine charac-
teristics (4, 5). Gp17/SABP/EP-GP is secreted from epithe-
lium cells of all apocrine glands such as lacrimal, subman-
dibular, as well as seminal vesicles (3, 6-8, 13). Many
different properties have been attributed to these proteins
based on their peculiar ability to bind to different molecules
such as CD4, actin, fibrinogen, and fibronectin, although their
function is not clearly understood (3, 8-13).

We have previously demonstrated similarities and differ-
ences among the proteins isolated from different sources such
as human seminal plasma and breast cyst fluid of patients
having gross cystic disease (14). These differences could help
to explain the function of this protein in different situations.
In this study, we addressed the analysis of its structural
properties by using a combination of analytical tools, such
as RP-HPLC chromatography, ProteinChip technology (15),
and QStar MS/MS mass spectrometry (16).

FIGURE 7: SELDI-TOF MS spectra of GCDFP-15/PIP- and gp17/SABP-derived tryptic peptides on FN capture ProteinChip Surface. The
pep(109-118) and pep(42-57) peptide mixture (panel a) were incubated on FN (panel b) capture ProteinChip surface as described in the text.
After appropriate washing, the bound material was examined by SELDI-TOF MS analysis (A). The gp17/SABP- (panel a) and GCDFP-
15/PIP- (panel d) derived glycopeptide(69-78) were tested for their ability to bind to FN (panel c and e), respectively (B).
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Chromatographic ProteinChip surfaces provided the best
platform for protein identification and characterization by
direct enzymatic digestions for several reasons (15). They
retained the substrate, trapped reaction products, facilitated
sample clean up, and allowed the sample to be placed in the
PBS II or QSTAR (via the interface). Little or no modifica-
tion of standard solution methods was required when using
ProteinChip surfaces. Reactions with changes in mass could
be followed by SELDI-TOF, providing a complete experi-
mental platform; reaction, detection and identification.

We demonstrated that both proteins, isolated from different
biological fluids using the same purification procedure,
shared the same primary structure. In particular, we analyzed
the tryptic peptides derived from GCDFP-15/PIP from BCF
by MS/MS analysis on QStar mass spectrometer and Edman
degradation analysis. We found C-terminal sequence identity
between the pathological and physiological form of the
protein.

In addition, we found differences between the proteins
when examined by RP-HPLC chromatography and Protein-
Chip technology. We observed a different elution profile
from a reverse phase column and different spectra from
SELDI-TOF MS analysis between the GCDFP-15/PIP and
gp17/SABP proteins. These differences could be attributed
to different conformations of the proteins and/or their
molecular heterogeneity (14). We identified different gly-
cosylation patterns between proteins by direct SELDI-TOF
MS analysis of glycopeptides deriving from both. This may
explain the different behavior observed between two species.

Interestingly, the analysis of interaction with CD4 of both
showed a differential ability to bind to this molecule.
GCDFP-15/PIP showed poor binding to CD4 compared with
the gp17/SABP physiological form further supporting the
previously reported Biacore data (14). This would appear
unrelated to the different glycoforms of the two proteins,
since we observed that their glycopeptides were not directly
involved in the binding to CD4.

Previously, the CD4-binding domain of gp17/SABP was
identified as the peptides, encompassing the 1-35 amino
acids N-terminal region and 78-105 region by Spot method
combined with mutagenesis (24). In this study, we identified
the region of the two proteins involved in the interaction
with fibronectin. We demonstrated that the C-terminal tryptic
peptide 109-118 and the peptide 42-57 were able to bind
to FN. This specific ability to interact with its binding
partners may be relevant toward further investigation of its
function. The above-mentioned peptides able to bind the
fibronectin and not CD4 could be used as natural ligands
for example in biological assay to test their ability to inhibit
the GCDFP-15/gp17 proteolytic activity.

In addition, the analysis of permethylated N-glycans
together with the hydrolysis by specific exoglycosidases
provided the first structural analysis of N-glycosylation of
this protein. Our preliminary data showed monosialylated
diantennary structures with different degrees of fucosylation
in gp17/SABP, as a major complex oligosaccharide com-
ponent, whereas triantennary structures were also observed
for its pathological counterpart. In particular, the spectra of
GCDFP-15/PIP derived glycopeptide after hydrolysis with
sialidase still showed the molecular species atm/z 3325.0,
consistent with mono-sialylated diantennary structure after
1 h of incubation. This finding suggests the possibility that

a 1 h incubation is insufficient for complete removal of sialic
acid residues. Another explanation may be that the removal
of one sialic acid residue from the molecular species ofm/z
3622 and/or them/z 3331 molecular species could carry an
R, 2-6 linked sialic acid residue, for which the sialidase
kinetic reaction is reduced. In this case, this finding may
suggest a disequilibrium between theR 2-3(Galâ 1-3Gal-
NAc) or R 2-6(Gal â 1-4GlcNAc) sialyltransferases in
pathological conditions as a consequence of their differential
expression and/or altered enzymatic activity. A correlation
between sialyltransferase expression and/or activity with
disease progression has been reported (25, 26, 27). In
addition, the high electronegative and hydrophilic sialic acid
residues on the protein in pathological conditions may protect
the glycoprotein from proteolytic degradation and influence
the uptake and processing of the sialylated glycoprotein
antigen from the cells of immune system.

The specific N-glycosylation of GCDFP-15/PIP may be
useful to provide an accurate criterion for breast tumor
diagnosis, which is reported for alpha-fetoprotein in patients
with neoplastic disease of liver (28, 29).

The different N-glycosylation may be among the important
factors involved in the stabilization of dimeric structure of
the protein in pathological as compared to physiological
conditions. This may enhance the proteolytic activity of
GCDFP-15/gp17 versus fibronectin (3) and the metastatic
potential of tumor cells (30). In addition, these data raised
the possibility that GCDFP-15/PIP could represent a cancer-
specific antigen against which an immune response can be
mounted (31). The different N-glycosylation and/or confor-
mation of protein may allow presentation to the immune
system of previously cryptic determinants, as demonstrated
for MUC1 and altered oncoproteins (32, 33). Antibodies
against these epitopes coupled with cytotoxic agents could
be considered as anticancer vaccines (34).
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