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Chapter 8

Characterization of Bovine Neutrophil Gelatinase-Associated Lipocalin

H. A. van Veen,' M. E. J. Geerts, R. A. A. Zoetemelk, J. H. Nuijens, and P. H. C. van Berkel?

Pharming, Archimedesweg 4, 2333 CN Leiden, The Netherlands

ABSTRACT

A protein of relative molecular mass of approximately
25,000 was purified from bovine colostrum by cation-
exchange and size-exclusion chromatography. The N-
terminus of the protein matched the sequence predicted
by the National Center for Biotechnology Information
for the bovine homolog of human neutrophil gelatinase-
associated lipocalin, a glycoprotein of relative molecular
mass 25,000 belonging to the family of lipocalins. The
protein was further designated as bovine neutrophil
gelatinase-associated lipocalin ((NGAL). Sodium dode-
cyl sulfate-PAGE of enzymically deglycosylated bNGAL
indicated that the intact protein bears one N-linked
glycan. Monosaccharide and mass spectrometric analy-
ses of released N-linked carbohydrates revealed the
presences of complex- and hybrid-type glycans, with
galactose substituted with N-acetylgalactosamine. This
substitution is typical for glycoproteins expressed in
the bovine mammary gland. A specific ELISA revealed
bNGAL concentrations in plasma and mature milk of
about 0.05 and 1 pg/mL, respectively, whereas values
as high as 51 pg/mL were measured in colostrum. Thus,
we have isolated and characterized a novel bovine
(milk) protein that is a new member of the lipocalin
family.

Key words: neutrophil gelatinase-associated lipocalin,
lactoferrin, colostrum

INTRODUCTION

The lipocalins are a functionally diverse family of
small extracellular proteins that belong to the super-
family of calycins (Flower, 1996). Despite their overall
limited sequence homology, the lipocalins share a char-
acteristic calyx- or cup-shaped structure that can bind
to a variety of small hydrophobic ligands and macromol-
ecules such as specific receptors (Flower, 1996). Mem-
bers of the kernel subfamily of lipocalins include the
species homologous proteins human neutrophil gela-
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tinase-associated lipocalin (hNGAL, also named hu-
man neutrophil lipocalin), mouse 24p3/uterocalin
(24p3), and rat ag-microglobulin-related protein
(A2UMRP; Kjeldsen et al., 2000). These lipocalins are
found in the specific granules of neutrophils and are
secreted by the liver, kidney, bronchial, and gastroin-
testinal mucosa and by the mammary gland and uterus,
most notably during involution (Kjeldsen et al., 2000).

A variety of functions have been attributed to
hNGAL, 24p3, and A2UMRP. These include involve-
ment in the transport of iron (Yang et al., 2002), fatty
acids, and retinol (Chu et al., 1998); host defense
against bacterial infection by sequestration of sidero-
phore-bound iron (Goetz et al., 2002); and the induction
of neutrophil apoptosis (Devireddy et al., 2001).

The AA sequence of hNGAL, a single-chain glycopro-
tein of relative molecular mass (M,) 25,000, shows 62
and 63.5% identity with 24p3 and A2UMRP, respec-
tively (Kjeldsen et al., 2000). X-ray crystallography
(Goetz et al., 2000) and nuclear magnetic resonance
spectroscopy of hNGAL (Coles et al., 1999) revealed the
typical 8-stranded antiparallel 3-barrel protein struc-
ture. However, the calyx appears to be unusually large
and lined with positively charged AA.

Here we describe the purification and characteriza-
tion of the bovine homolog of hNGAL, further referred
to as bovine neutrophil gelatinase-associated lipo-
calin (bNGAL).

MATERIALS AND METHODS
Reagents

N-Glycosidase F and neuraminidase were obtained
from Roche (Mannheim, Germany). Bovine lactoferrin
(bLF) from mature milk was obtained from Sigma
Chemical Co. (St. Louis, MO) or DMV (Veghel, The
Netherlands) or was purified as described previously
(van Veen et al.,, 2004). Bovine lactoferrin free of
bNGAL was obtained by size-exclusion chromatogra-
phy of purified bLF on a Superose 12 HR 10/30 column
(Amersham Biosciences, Uppsala, Sweden). RapiGest
was from Waters (Milford, MA), and the gel-filtration
protein markers were from BioRad (Hercules, CA).
Polyclonal rabbit anti-bNGAL antiserum was obtained
after repeated intramuscular injection with purified
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bNGAL (see ensuing discussion) in Freund’s adjuvant;
specific antibody was purified by affinity purification
on bNGAL-Sepharose and conjugated with horseradish
peroxidase as described previously for human lactofer-
rin antibodies (van Berkel et al., 1995). Bovine leuko-
cytes were isolated from EDTA-anticoagulated blood by
successive centrifugations to remove plasma and red
blood cell supernatants after lysis with ammonium
chloride. The leukocyte pellet was suspended in 1%
Triton X-100 and 10 mM EDTA and was frozen at —70°C
until use.

Purification of bBNGAL from Bovine Colostrum

Bovine NGAL and bLF were simultaneously ex-
tracted from colostrum of Friesian Holstein cows using
S Sepharose (Amersham Biosciences). Bovine colos-
trum (3 L) to which sodium phosphate (20 mM final
concentration) and NaCl (0.4 M) had been added was
defatted by centrifugation (1,600 x g, 15 min, 4°C) and
subsequently incubated batchwise with S Sepharose
(0.5 L). After incubation, the S Sepharose was washed
with 20 mM sodium phosphate (pH 7.5) and 0.4 M NaCl
and packed in a column (5 x 30 cm), and bound proteins
were eluted with 20 mM sodium phosphate (pH 7.5)
and 1 M NaCl at a flow rate of 10 mL/min. To separate
bLF from bNGAL, the S Sepharose eluate was filtered
over a Sephacryl S-200 HR column (2.6 x 70 cm; Amer-
sham Biosciences) in 10 mM sodium phosphate (pH 7.4)
and 1 M NaCl at a flow rate of 1.0 mL/min. The Sepha-
cryl elution fractions containing bNGAL were diluted
in 20 mM sodium phosphate (pH 7.5) and subjected to
Mono S HR 5/5 chromatography (van Veen et al., 2002)
to obtain a homogeneous bNGAL preparation. The re-
covery of bNGAL by using this procedure was about
40%.

Analytical Mono S Chromatography

Analytical cation-exchange chromatography using
Mono S was performed as described previously (van
Veen et al., 2002). Briefly, bovine colostrum to which
NaCl was added (0.4 M final concentration) was centri-
fuged (23,000 x g, 10°C, 150 min) to separate fat and
casein fractions from the whey. The whey was filtered
through a 0.22-pm filter and 500 wL was applied to a
Mono S HR 5/5 column (Amersham Biosciences) equili-
brated in 20 mM sodium phosphate (pH 7.5; buffer A)
containing 0.4 M NaCl. The column was subsequently
washed, and bound proteins were eluted with a linear
salt gradient from 0.4 to 1 M NaCl in 18 mL of buffer
A at a flow rate of 1.0 mL/min. Purified bNGAL (10 pg)
was applied to the Mono S column in buffer A and eluted
with a linear salt gradient from 0 to 1 M NaCl in 30
mL of buffer A at 1.0 mL/min.
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Figure 1. Analytical Mono S analysis of bovine whey and purified
bovine neutrophil gelatinase-associated lipocalin (bNGAL).
Whey obtained from bovine colostrum (panel A) or purified bNGAL
(panel B) was analyzed on a Mono S column (Amersham Biosciences,
Uppsala, Sweden). Left and right abscissas indicate absorption [at
280 nm (panel A) or 214 nm (panel B)] and NaCl concentration (M),
respectively. Bovine lactoferrin (bLF) A and bLF B (panel A) represent
the bLF A and B glycosylation variants (van Veen et al., 2004).

Mass Spectrometric and Monosaccharide Analysis
of the bNGAL Glycans

Bovine neutrophil gelatinase-associated lipocalin
(0.6 mg/mL) was incubated with 50 U/mL of N-glycosi-
dase F and 0.5 U/mL neuraminidase in 20 mM sodium
phosphate (pH 7.0) and 0.1% (wt/vol) RapiGest for 20 h
at 37°C. Released desialylated N-glycans were analyzed
by matrix-assisted laser desorption—ionization time-of-
flight MALDI-TOF) mass spectrometry in the reflector
mode on an Applied Biosystems Voyager DE Pro mass
spectrometer (Applied Biosystems, Foster City, CA).



The matrix was 2,5-dihydroxybenzoic acid (10 mg/mL)
in 50:50:0.1% acetonitrile—water-trifluoroacetic acid.
Spectra were obtained in the positive ion mode and
glycans were detected as sodium adducts, [M + Na]*.
The monosaccharide analysis was performed as de-
scribed previously (van Berkel et al., 2002).

Quantitative ELISA for bNGAL

Phosphate-buffered saline containing 1 wg/mL of af-
finity-purified rabbit anti-bNGAL was incubated for 16
h at 20°C in microtiter plates (Polysorp; Nunc, Roskilde,
Denmark). Plates were then washed with PBS and
0.02% (vol/vol) Tween-20 and incubated with serial di-
lutions in PTG buffer [PBS, 0.2% (wt/vol) porcine gela-
tin, and 0.02% (vol/vol) Tween-20] of purified bNGAL
standard and test samples, which were pretreated by
adding NaCl to 0.4 M. After 2 h, the plates were washed
and PTG buffer containing 1% (vol/vol) rabbit serum
and 0.3 pg/mL of peroxidase-conjugated rabbit anti-
bNGAL was added to each well. Plates were subse-
quently incubated for 1 h, washed, and tetramethylben-
zidine substrate solution (Pierce, Rockford, IL) was
added. Substrate conversion was stopped by the addi-
tion of 2 M H,SOy4, and the absorption at 450 nm was
measured using a Power Wave microtiter plate reader
(BioTek Instruments, Winooski, VT). All incubations
were performed with 100-pL volumes.

RESULTS
Purification of bBNGAL from Bovine Colostrum

Analytical Mono S chromatography of bovine colos-
tral whey revealed a protein peak eluting at 0.67 M
NaCl (Figure 1A, bNGAL), that is, before the lactoferrin
glycosylation variants bLF A and bLF B (van Veen
et al., 2004). On a preparative scale, the protein was
purified using cation-exchange and size-exclusion chro-
matography as described in the Materials and Methods
section. Analytical Mono S chromatography of the puri-
fied protein confirmed it to elute at 0.67 M NaCl and
to be free of bLF (Figure 1B). Analytical size-exclusion
chromatography of the purified protein on Superose
12 revealed a single peak eluting at 13.1 mL, which
corresponds to a M, of 25,000 by reference to the elution
pattern of the protein standards (Figure 2).

N-Terminal Protein Sequencing of Purified bNGAL

N-Terminal protein sequencing revealed a single N-
terminal sequence (Figure 3, bNGAL) indicating that
the preparation was pure and devoid of proteolysis. The
N-terminal sequence was determined for 41 AA. The
observed N-terminus completely matched the sequence
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Figure 2. Superose 12 analysis of purified bovine neutrophil gela-
tinase-associated lipocalin (b0NGAL). Bovine neutrophil gelatinase-
associated lipocalin (10 pg) was filtered over a Superose 12 HR 10/30
column (Amersham Biosciences, Uppsala, Sweden) in 20 mM sodium
phosphate (pH 7.5) containing 0.75 M NaCl at a flow rate of 0.25
mIL/min. The left abscissa indicates the absorption at 214 nm. The
arrows indicate the elution of the protein standards (1073 x M,).

predicted by the National Center for Biotechnology In-
formation (annotation process of the bovine genome,
XP_605012) for the bovine homolog of hNGAL. Identi-
ties of the observed N-termini with hNGAL, 24p3, and
A2UMRP were 68, 54, and 49%, respectively. Taken
together, the results indicated that the purified whey
protein was a lipocalin and the bovine homolog of
hNGAL, 24p3, and A2UMRP. The protein was further
referred to as bNGAL.

SDS-PAGE Analysis of bNGAL

Nonreduced SDS-PAGE of purified bNGAL revealed
2 protein bands of M, 43,000 and 25,000 (Figure 4, lane
1) that, upon reduction, shifted to M, 45,000 and 26,000,
respectively (Figure 4, lane 5). The M, of 25,000 corres-
ponded to the M, of bNGAL found by size-exclusion
chromatography, but a peak corresponding to a molecu-
lar mass of 43,000 was not observed on Superose 12
(Figure 2). Moreover, SDS-PAGE analysis of peak frac-
tions taken from the Superose 12 chromatographic
analysis revealed no separation between the 2 proteins
(results not shown), indicating that the protein of M,
43,000 likely represented a dimer formed upon denatur-
ation of the bNGAL in SDS.

Sodium dodecyl sulfate-PAGE analysis of bNGAL
treated with N-glycosidase F revealed protein bands of
M, 38,000 and 23,000 (Figure 4, lane 2), indicating that
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Figure 3. N-Terminal protein sequencing of bovine neutrophil gelatinase-associated lipocalin (bNGAL). N-Terminal protein sequencing
of bNGAL (20 pg) was performed by the automatic Edman degradation procedure using an Applied Biosystems gas-phase sequencer, model
473A (Applied Biosystems, Foster City, CA). The sequencing result of bNGAL, presented by the standard one-letter code for AA, is aligned
to the predicted sequence of bNGAL (National Center for Biotechnology Information: XP_605012) and published sequences of human
neutrophil gelatinase-associated lipocalin (hNGAL), mouse 24p3/uterocalin (24p3), and rat as-microglobulin-related protein (A2UMRP;
Kjeldsen et al., 2000). The shaded box represents motif 1, a highly conserved sequence among lipocalins (Flower et al., 1991).

bNGAL was N-linked glycosylated. Based on the aver-
age M, of 2,200 for a complex glycan (Spik et al., 1988),
the difference in M, of 2,000 observed on SDS-PAGE
before and after deglycosylation suggests that mono-
meric bNGAL (M, 25,000) bears one N-linked glycan.

Glycan Structures Present on bNGAL

Monosaccharide analysis of bNGAL showed the pres-
ence of mannose, N-acetylgalactosamine, N-acetylglu-
cosamine, and N-acetylneuraminic acid (Table 1). Fu-
cose and galactose were hardly detected, which sug-
gested that, in the event of N-linked glycosylation of
bNGAL, galactose was substituted with N-acetylgalac-
tosamine. This has previously been observed for other
N-linked glycoproteins produced in bovine milk and has
been ascribed to the presence of an N-acetylgalactosam-
inyl transferase in mammary gland epithelium (Van
den Nieuwenhofet al., 1999). The MALDI-TOF analysis
of desialylated bNGAL glycans showed 7 significant
peaks (Figure 5, peaks A—G). The proposed glycan com-
positions and structures, deduced from the mass-to-
charge (m/z) values of 6 of these peaks, are shown in

Table 2 and Figure 6, respectively. The observed m/z
value of each proposed structure differs maximally by
0.42 Da from the theoretical value of the glycan (Table
2). The majority of the masses could be assigned to
complex- or hybrid-type glycans with only N-acetylga-
lactosamine in their antennae (Table 2, Figure 6). Gly-
can structures B and G, which are minor peaks in the
MALDI-TOF spectrum (Figure 5), likely represent fuco-
sylated variants of structures A and E, respectively.
Major peaks C and D may, in theory, also represent
complex-type glycans bearing galactose in their anten-
nae. However, this is considered less likely given the
absence of galactose in the monosaccharide analysis,
although it cannot be excluded that minor amounts of
glycans bearing galactose are present. Structure F
could not be assigned on the basis of available data,
but might represent a sulfated variant of glycan E or
a hybrid-type glycan D with an additional mannose.
High-performance anion-exchange chromatography—
pulse amperometric detection analysis (Barroso et al.,
2002) of the N-linked glycans of bNGAL before and after
desialylation showed that the majority of the glycan
structures contained one N-acetylneuraminic acid (re-
sults not shown).
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Figure 4. Sodium dodecyl sulfate-PAGE analysis of bovine neutro-
phil gelatinase-associated lipocalin ((NGAL). Nonreduced (lanes 1—
4) and reduced (lane 5) SDS-PAGE (8-16%) analysis of bNGAL was
performed as described (van Veen et al., 2002). Lanes 1 and 5: bNGAL
(400 ng); lane 2: bNGAL treated with N-glycosidase F; lane 3: N-
glycosidase F; lane 4: SDS sample buffer. Proteins were visualized
with silver. The migration of the protein markers is indicated on the
left (1073 x M,).

Identification and Concentration of bNGAL
in Bovine Samples

A bNGAL-specific ELISA was developed using affin-
ity-purified rabbit anti-bNGAL antibodies. The detec-
tion limit of the ELISA was 0.5 ng/mL of bNGAL and
the intra and interassay coefficients of variations were
6 and 8%, respectively. Furthermore, the ELISA did
not detect bLLF (Figure 7) and showed complete recovery
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Table 1. Monosaccharide composition of bovine neutrophil gela-
tinase-associated lipocalin (bNGAL)

Monosaccharide bNGAL
Fucose <0.1
Mannose 3.0!
Galactose <0.1
Glucose <0.1
N-Acetylgalactosamine 1.0
N-Acetylglucosamine 3.1
N-Acetylneuraminic acid 0.8

'Results are expressed relative to the amount of mannose, which
was arbitrarily set at 3.0.

of bNGAL when added to the biological matrices tested
(results not shown).

Parallel curves were obtained for colostrum-purified
bNGAL and a lysate from leukocytes (Figure 7), indicat-
ing the presence of bNGAL in leukocytes. The concen-
tration of bNGAL in bovine plasma, as determined by
reference to a purified bNGAL standard, was approxi-
mately 0.05 pg/mL. Parallel curves between purified
bNGAL and bNGAL in milk were obtained after prein-
cubation of the milk in 0.4 M NaCl. Apparently, the
salt was necessary to disrupt electrostatic interactions
between bNGAL and the casein micelles, which is simi-
lar to previous observations for the detection of human
lactoferrin in murine milk (Nuijens et al., 1997). The
bNGAL concentration in mature milk was about 1 g/
mL, whereas levels as high as 51 pg/mL were measured
in colostrum samples. Analysis of various bLF prepara-
tions in the ELISA revealed bNGAL levels of 0.7% (wt/
wt) in 2 preparations purified as described previously
(van Veen et al., 2004). In commercial bLF, bNGAL
levels were measured to 2.2% (wt/wt). Taking into ac-
count the 3-fold difference in M, between bNGAL (M,
25,000) and bLF (M, 77,000; Nuijens et al., 1996), the
bNGAL contamination in bLF preparations can be sub-
stantial (i.e., about 7% on a molar ratio).

DISCUSSION

This study details the purification and characteriza-
tion of the bovine homolog of hNGAL, mouse 24p3,
and rat A2UMRP. The homology of the bovine protein,
designated bNGAL, was based on N-terminal sequence
identity with the predicted sequence and said lipocalins
(Figure 3).

Bovine neutrophil gelatinase-associated lipocalin
was extracted from colostrum using cation-exchange
chromatography at 0.4 M NaCl (Figure 1A), which indi-
cates that bNGAL is strongly positively charged. Fur-
ther purification to homogeneity (Figures 1B, 2, and
4) involved chromatography on Sephacryl S-200 and
Mono S.
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Table 2. Proposed N-linked glycan compositions of desialylated bovine neutrophil gelatinase-associated
lipocalin (bNGAL)

Observed ion,!

Proposed glycan

Theoretical ion,

Peak mlz composition mlz

A 1,339.79 (Hex)s(HexNAc),? 1,339.48
B 1,485.87 (Hex)s(HexNAc)4(Deoxyhex); 1,485.53
C 1,501.87 (Hex),(HexNAc), 1,501.53
D 1,663.94 (Hex)s(HexNAc), 1,663.58
E 1,745.99 (Hex)3(HexNAc)g 1,745.64
F 1,825.99 No assignment possible —

G 1,892.11 (Hex)3(HexNAc)g(Deoxyhex), 1,891.69

Mass-to-charge values ([M + Nal*) of desialylated released glycans of bNGAL (Figure 5).
2Hex = hexose; HexNAc = N-acetylhexosamine; Deoxyhex = deoxyhexose.

Analytical gel-filtration chromatography of bNGAL
revealed an M, of approximately 25,000 (Figure 2). So-
dium dodecyl sulfate-PAGE analysis of untreated and
deglycosylated bNGAL confirmed the M, of 25,000 and
showed that bNGAL bore one N-linked glycan (Figure
4). These results are highly similar to the M, and N-
linked glycosylation reported for hNGAL (Kjeldsen et
al., 1993).

On SDS-PAGE, a minor portion of purified bNGAL
migrated, with an M, of 43,000. This band did not disap-
pear upon reduction, which excludes the possibility that
dimers were formed through disulfide bonding upon
heating and denaturation and that bNGAL, like 24p3
and A2UMRP, does not have a free sulthydryl group
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Figure 5. Matrix-assisted laser desorption—ionization time-of-
flight (MALDI-TOF) analysis of bovine neutrophil gelatinase-associ-
ated lipocalin (bNGAL) glycans. Bovine neutrophil gelatinase-associ-
ated lipocalin released and desialylated N-linked glycans were sub-
jected to MALDI-TOF analysis as described in the Materials and
Methods section. The results are provided by the relative intensity (%)
as a function of the mass-to-charge ratio (m/z). Values in parentheses
indicate the m/z value of the associated peak.
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as in hNGAL (Kjeldsen et al., 2000). Sodium dodecyl
sulfate-PAGE analysis of Superose 12 fractions showed
no separation of the 2 proteins by size-exclusion chro-
matography. Furthermore, SDS-PAGE experiments
have indicated that the putative bNGAL dimer-to-mo-
nomer ratio increases with higher ionic strength prior
to dilution in SDS sample buffer (result not shown).
Taken together, the protein of M, 43,000 most likely
occurs as a laboratory artifact; however, it cannot be
excluded that dimerization of bNGAL occurs in vivo,
because this is a characteristic trait among lipocalins
(Kjeldsen et al., 2000).

A bNGAL-specific ELISA detected the molecule in
lysed leukocytes (Figure 7). The plasma concentration
of bNGAL, likely released from the specific granules of
activated neutrophils, is very similar to that of hANGAL
in the plasma of healthy volunteers, that is, approxi-
mately 0.05 pg/mL (Xu et al., 1994). Very similar to
the changes in bLF concentration during lactation
(Schanbacher et al., 1993), the bNGAL concentration
in colostrum is much higher than in mature milk. Given
the similarity in changes of expression with lactation
phases, even higher bNGAL concentrations may be
found at involution of the bovine mammary gland,
which has been reported for bLF (Schanbacher et al.,
1993), 24p3 (Ryon et al., 2002), and A2UMRP (Stoesz
and Gould, 1995).

With the ELISA, a significant contamination (as high
as 7% on a molar ratio) of bLF preparations with
bNGAL could be detected. Although the exact physio-
logical role of bNGAL is unknown, the molecule might
have antibacterial activities similar to those ascribed
to hNGAL (Goetz et al., 2002). Consequently, contami-
nation of (commercially obtained) bLF preparations
with bNGAL may have complicated experiments on the
antibiotic properties of bLF. Therefore, we recommend
removing all bNGAL from bLF prior to in vitro or in
vivo studies. Separation of bLF from bNGAL can be
achieved by cation-exchange, gel-filtration, or lectin
chromatography on concanavalin A (results not shown).
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G | Fucosylated variants of structure E

Figure 6. Proposed N-linked glycan structures of desialylated
bovine neutrophil gelatinase-associated lipocalin (0NGAL). The pro-
posed N-linked glycan structures were deduced from the glycan com-
positions of the indicated peaks (Table 2). N-Acetylglucosamine: [J;
mannose: O; N-acetylgalactosamine: H.

The separation on concanavalin A underlines the differ-
ences in the N-linked glycan structures present on
bNGAL and bLF. Bovine neutrophil gelatinase-associ-
ated lipocalin harbors mainly complex- and hybrid-type
glycans (Table 2, Figure 6), whereas bLF also bears
high-mannose type glycans (Coddeville et al., 1992),
which have a higher affinity for concanavalin A.
Recently, the expression of mouse 24p3 by the mam-
mary gland epithelium was reported (Ryon et al., 2002).
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Figure 7. Dose-response curves of purified bovine neutrophil gela-
tinase-associated lipocalin (b(NGAL) and a lysate from leukocytes in
the bNGAL ELISA. Serial dilutions of purified bNGAL (@, 50 ng/
mL), bovine lactoferrin (¥, 2 ng/mL), and a lysate from bovine leuko-
cytes (M) were incubated with affinity-purified rabbit anti-bNGAL
coated on microtiter plates as described in the Materials and Methods
section. Bound bNGAL was detected by subsequent incubation with
peroxidase-conjugated anti-bNGAL. The A5, values, measured as
described, are plotted as a function of the experimental volume (micro-
liters) tested.

Bovine neutrophil gelatinase-associated lipocalin
might be released in milk from activated neutrophils
or mammary gland epithelial cells or both. The analysis
of purified colostral bNGAL suggests that it is produced
by the epithelium because substitution of galactoses
with N-acetylgalactosamine is a typical feature of glyco-
proteins produced in the bovine mammary gland (Van
den Nieuwenhof et al., 1999). In conclusion, we have
isolated, identified, and characterized a novel bovine
(milk) protein that is a new member of the lipocalin
family and the homolog of hNGAL, 24p3, and A2UMRP.
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