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ABSTRACT

Using a combination of PAGE and mass spectrom-
etry for protein identification, we obtained evidence
that a putative odorant-binding protein, designated
hypothetical protein LOCBH17854, occurs in bovine
colostrum. This protein, termed as a putative bovine
colostral odorant-binding protein (bcOBP), consists
of 172 AA residues, including a putative 16-AA signal
peptide. The theoretical isoelectric point value and mo-
lecular mass of the full-length sequence of bcOBP were
calculated to be 4.57 and 19604.18, respectively. The
highest sequence similarity (83%) was observed with
a potential pheromone transporter, Allergen Bos d 2.
An odorant-binding protein derived from bovine nasal
mucosa showed relatively low sequence similarity (52%)
against bcOBP. Its biological function is unclear, but
pheromone transport could be considered. This is the
first report of a putative odorant-binding protein in
bovine colostrum.
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To date, many studies have been performed to ex-
plore bioactive proteins and peptides in bovine milk
(Korhonen and Pihlanto, 2007; Méller et al., 2008). In
addition to CN, whey proteins such as Ig, lactoferrin,
lactoperoxidase, «-LA, and 3-LG became available as
commercial products subsequent to the development of
industrial-scale purification methods (Korhonen and
Pihlanto, 2007). However, most of the proteins and
peptides low in abundance in milk that are expected
to show bioactivity are not commercially available, nor
have they yet been identified. Recently, mass spectrom-
etry has been added to conventional purification tech-
niques, providing a powerful aid in the identification of
proteins and peptides in biological materials (Contreras
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Mdel et al., 2008). Using these techniques, we aimed to
explore minor but potentially bioactive proteins and
peptides in bovine colostrum. Partial purification steps
and mass spectrometric identification allowed us to
detect a putative odorant-binding protein (OBP) that
occurs in bovine colostrum.

Colostrum samples were collected from healthy
Holstein-Friesian cows within 2 d postpartum. One
liter of colostrum was thoroughly mixed with 4 vol
of chloroform:methanol (2:1, vol/vol; Ohman and
Hygstedt, 1968). After centrifugation at 1,400 x g for
30 min, the methanol-water layer in the upper phase
was concentrated by rotary evaporation to remove the
methanol and then Iyophilized. The dried material was
dissolved in 50 mL of water and applied to a column (5
x 80 ¢m) of Bio-gel P-2 (Fine, Bio-Rad Laboratories,
Hercules, CA). Fractionation was performed using wa-
ter as the eluent. The elution of proteins and peptides
was monitored by UV absorption at 210 and 280 nm
and by the method of Lowry et al. (1951). Fractions
containing proteins and peptides that eluted just after
the void volume were pooled, and those between 5 and
100 kDa were collected by UF using Amicon Ultra-15
filters (NMWL 5 and 100 kDa, Millipore, Billerica,
MA). After lyophilization, the resulting fraction was
dissolved in 20 mL of water and loaded onto a (Q-Sep-
harose FF' (GE Healthcare UK Ltd., Buckinghamshire,
UK) column (2.5 x 10 cm) that had been equilibrated
with water. The materials not adsorbed by the column
were eluted in a single peak. The nonadsorbed fractions
were pooled and, when further chromatographed on a
Sephadex G-75 (GE Healthcare UK Ltd.) column (2.5
x 90 cm), separated into 3 peaks. The first peak was
collected, lyophilized, and stored at —20°C until used.

All the following procedures were performed at room
temperature except where stated. The lyophilized pro-
tein (75 pg) was dissolved in a buffer [200 mM Tris-HCI
(pH 6.8), 2% SDS, 40% glycerol, 0.04% bromophenol
blue| and heat denatured. Protein separation was per-
formed using a 16.5% polyacrylamide gel. After migra-
tion, the gel was stained using a Dodeca Silver Stain
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Figure 1. One-dimensional PAGE and mass analysis of tryptic peptides in the partially purified bovine colostrum. Inset, a silver stain-
ing image of the one-dimensional PAGE that was done using the first peak separated on a Sephadex G-75 column (GE Healthcare UK Lid.,

Buckinghamshire, UK) as a protein sample. M = molecular size marker; P =

excised for the following protein identification procedures.

kit (Bio-Rad Laboratories), according to the instruc-
tions of the manufacturer. The major band was excised
(Figure 1, inset), and the gel slice was destained by
vigorous shaking for 10 min in the dark with 50 pL of
30 mM potassium ferricyanide:100 mM sodium thio-
sulfate (1:1, vol/vol). The gel slice was washed 3 times
with water, and then thoroughly washed overnight by
shaking with 100 pL of 10% acetic acid:methanol (1:1,
vol/vol). The gel slice was transferred to 50 pL of 100
mM ammonium bicarbonate and incubated for 10 min.
The solvent was replaced by 50 pL of acetonitrile and
incubated for 10 min, and then the gel slice was dried
with a SpeedVac (Eyela, Tokyo, Japan). Before the in-
gel digestion, sulfhydryl groups of proteins in the gel
slice were protected by reduction with 50 pL of 130 mM
dithiothreitol in a buffer solution [6 M urea, 0.375 M
Tris-HCI (pH 8.8), 2% SDS, 20% glycerol] and by alky-
lation in the dark with 50 pL of 135 mM iodoacetamide
in the same solution. The gel slice was washed and dried
as described above. Proteins were hydrolyzed by an
overnight incubation at 37°C with 0.3 pg of proteomic-
grade trypsin (Sigma-Aldrich, St. Louis, MO) dissolved
in 30 pL of 44 m M ammonium bicarbonate:acetonitrile
(91:9, vol/vol). Peptides were extracted with 50 pL of
0.1% trifluoroacetic acid:acetonitrile (1:1, vol/vol), and
the peptide solution was desalted using ZipTip C18
pipette tips (Millipore) according to the instructions of
the manufacturer.

The peptide solution (0.5 pL) and an equal volume
of 10 mg/mL of 2,5-dihydroxybenzoic acid (Bruker
Daltonics, Bremen, Germany) in 0.1% trifluoroacetic

protein sample. An arrowhead indicates the position of the gel

acid:acetonitrile (2:1, vol/vol) were mixed on the tar-
get plate (MTP 384 target plate ground steel T T,
Bruker). After the solvent dried, the target plate was
loaded into the mass spectrometer (AutoflexIl TOF/
TOF, Bruker). Mass spectra were obtained using the
preinstalled method, RP_1-3kDa (a reflector positive
ion mode optimized to the mass range of 1 to 3 kDa).
Peptide calibration standard II (Bruker) was used as
an external mass calibrant. The acquired spectra were
statistically analyzed using flexAnalysis 2.0 software
(Bruker). The peptide mass list (Table 1) was searched
using the Biotool 3.0 interface (Bruker) connected to
the Mascot search engine (Perkins et al., 1999). Homol-
ogy search was done using a database at the Web site
of the National Center for Biotechnology Information
(http://www.ncbi.nlm.nih.gov/).

As the result of protein identification by mass spec-
trometry, hypothetical protein LOCH517854, a putative
OBP, was assigned with a probability-based MOWSE
(molecular weight search) score of 96 (P < 0.05). Re-
cently, the full-length genome sequence of domesticated
cattle has emerged, in which the hypothetical protein
LOC517854 coding gene was annotated as MGC151921
OBP-like (gene identification: 517854; The Bovine Ge-
nome Sequencing and Analysis Consortium et al., 2009).
Of the 13 mass signals acquired, 6 matched LOC517854
(Figure 1 and Table 1). This protein, termed a bovine
colostral OBP (bcOBP), consists of 172 AA residues
with a putative 16-AA signal peptide (Figure 2), which
was predicted by a SignalP 3.0 program at the Center
for Biological Sequence Analysis at the Technical Uni-
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Table 1. Mass list of tryptic peptides in the partially purified bovine colostrum

Peak identification Measured m/z

Intensity, arbitrary units

Sequences or comments

Unmatched
2 7774
4 842.5
7 1,197.6
8 1,209.7
9 1,225.7
Il 1,455.8
13 1,512.8

Matched
1 745.4
3 840.5
b 966.5
6 1,064.6
10 1,270.7
12 1,502.8

3.158.3 Unknown
-11,371.0 Trypsin autolysate
3,100.5 Unknown
710.3 Unknown
470.0 Unknown
409.1 Unknown
318.2 Unknown
2,343.1 “VVGEWR™
11,675.8 BIVEGGPLR™
1,675.2 MTTYA AADNK™
10,754.9 "TYQQLNNER'™
4,786.8 BGTSFTPEEFQK'
707.4 MQEGGVYFIEFEGK™

versity of Denmark (http://www.chs.dtu.dk/services/
SignalP/; Nielsen et al., 1997; Bendtsen et al., 2004).
The theoretical isoelectric point value and molecular
mass of the full-length sequence of bcOBP were cal-
culated to be 4.57 and 19,604.18, respectively. Tt was
difficult to estimate the yield of bcOBP, because at
least 3 proteins were still present as contaminants in
the sample prepared in this study. Furthermore, at that
time there was no evidence in relation to the existence
of bcOBP in mature milk.

Odorant-binding proteins are water-soluble proteins
with molecular masses of approximately 19 kDa. They
belong to the lipocalin superfamily, whose members
show low sequence similarity but share a conserved
3-dimensional structure (Flower et al., 2000; Tegoni
et al., 2000). Among bovine proteins belonging to
the lipocalin superfamily, the highest AA sequence
similarity of bcOBP was observed with the Allergen
Bos d 2 precursor (83%). This protein is secreted by
bovine sweat glands and causes allergenic reactions in
humans, and its function is assumed to be as a phero-
mone transporter (Mantyjarvi et al., 1996). However,
an OBP derived from bovine nasal mucosa (tradition-
ally abbreviated as OBPb) showed relatively low se-
quence similarity (52%) against bcOBP (Tirindelli et
al., 1989). Furthermore, the sequence similarity of an
OBP found in pig colostrum and milk was 33% against
bcOBP (Guiraudie-Capraz et al., 2005).

The OBPb was first discovered in bovine nasal
epithelium and mucosa as a protein capable of binding
pyrazine odorant molecules (Bignetti et al., 1985; Pevs-
ner et al., 1985). To date, OBP expressed in the nasal
or vomeronasal organs of mammals have been purified
from the cow (Bignetti et al., 1985; Pevsner et al., 1985),
elephant (Lazar et al., 2002), mouse (Pes et al., 1992),
pig (Dal Monte et al., 1991), porcupine (Felicioli et al.,
1993), and rabbit (Dal Monte et al., 1991; Garibotti et
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al., 1997), among others. The function of OBP in the
olfactory organ is controversial. The ligand specificity
of OBPb showed a broad spectrum with dissociation
constants in the micromolar range, and the protein is
localized selectively in the lateral nasal gland and mu-
cus secretions (Pevsner et al., 1990). Therefore, it was
initially assumed that the biological role of OBPb was
in olfaction, such as delivering odorant molecules to
receptor sites on olfactory cilia (Pevsner et al., 1990).
More recently, other hypotheses have been proposed,
including as 1) a pheromone transporter, 2) an odorant
scavenger, 3) a regulator of the olfactory receptor, and
4) a transducer of the olfactory receptor (Tegoni et al.,
2000; Lazar et al., 2002).

Regarding colostrum and milk, the expression of OBP
has been confirmed only in the pig by mass spectromet-
ric identification (Guiraudie-Capraz et al., 2005). Its
function was believed to be as a pheromone transporter,
based on the evidence that the porcine colostrum-milk
OBP could selectively bind to maternal pheromones
(Guiraudie-Capraz et al., 2005). Therefore, OBP in
maternal fluids, such as amniotic fluid, colostrum, and
milk, were assumed to be involved in recognition of
the mother by her neonates (Guiraudie-Capraz et al.,
2005). One can apply this hypothesis to bcOBP, but
further studies are needed to elucidate its biological
role. So far, evidence for the existence of OBP in colos-
trum and milk has been obtained only in the cow and
pig; therefore, the distribution of OBP in mammalian
colostrum and milk is of additional interest.

In conclusion, with a combination of conventional
purification procedures and a proteomic approach, we
have obtained evidence that a putative OBP occurs in
cow colostrum. Pheromone transport is an attractive
candidate for the function of bcOBP, but this remains
hypothetical. Our finding suggests that OBP might oc-
cur ubiquitously in mammalian colostrum.
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nt aa
1 ATGAAGATTCTGTTCCTGAGTCTTGTCCTTCTTGTGGTTTGTGCCGCCCAGGAAACTCCA

M K I L F L 8 L VvV L L v v cC A A O E T P 20
61 GCTGAGATAGACCCCTCARAGGTTGTAGGAGAGTGGCGCACCATTTATGCAGCTGCAGAT

A E I D P §S K VV G EWI RTTI Y A A A D 40
121 AACAAGGAGRAGATTGTGGARGGGGGCCCACTGAGGTGTTATAATCGCCACATTGAATGT

N K BE K i ¥ B & & F E R B ¥ B R H I R € 60
181 ATTAACAACTGCGAACAGCTCTCCCTTTCATTTTATATCARATTTGATGGCACATGCCAG

I ¥ N € E 0 E & L@ F ¥ I E F D @ T & g 380
241 TTTTTCTCAGGAGTGCTACAGAGACAGGAAGGAGGTGTTTACTTCATAGAATTCGAGGGG

F P § 6 ¥V L © R @ E & 6 VvV ¥ F I E F E G 100
301 AARATTTATTTGCAAATCATTCATGTAACAGACAACATACTGGTATTTTATTATGAARAT

¥ LT ¥ L @ £ EF H ¥ T D N I L ¥ F ¥ ¥ E N 120
361 GACGATCGAGAAAAGATCACAAAAGTAACTGAAGGTTCCGCCARAGGAACCAGTTTCACT

D b ¢ B K I o kK VvV T E G 88 A K 6 I & F T 140
421 CCAGAAGAATTTCAGAAGTATCAGCAGCTGAACAATGAGAGGGGGATTCCARRTGAAAAT

F E E FE @ K ¥ 9 g L N N BE R & I P N E N 180
481 ATAGAAAACATCATCGAARACAGACGACTGTCCTCCATAA

I E N T I E T D D € F P stop 172
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Figure 2. Complementary DNA and AA sequence alignment of the hypothetical protein LOC517854. Boldface indicates the predicted pu-
tative signal sequence; nt = nucleotide; an = amino acid. The numbers of nucleotides or AA residues are indicated either in the left or right

column, respectively.
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