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ABSTRACT 

Using a combination of PAGE and mass spectrom 
etry for protein identification， we obtained evidence 
that a putative odor叩 t-bindingprotein， designated 
hypothetical protein LOC517854， occurs in bovine 
colostrum. This protein， termed剖 aputative bovine 
col国 tralodorant-binding protein (bcOBP)， consisお
of 172 AA residues， including a putative 16-AA signal 
peptide. The theoretical isoelectric point value阻 dm仔
lecular mass of the full-Iength 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四lativelylow sequence simil田町 (52%)
against bcOBP. Its biological function is nnclear， but 
pheromone仕組sp阻む couldbe considered. This is the 
first report of a putative odorant-binding protein in 
bovine colostrnm 
Key words: colostrum， lipocalin， odorant-binding 
protein， pheromone tr町田port

To date， many studies have been performed to ex 
plore bioactive proteins and pep七idesin bovine milk 
(Korhonen阻 dPil山nto，2007; Moller et al.， 2008). 1n 
addition to CN， whey proteins such as 19， lactoferrin， 
lactoperoxidase，臼ーLA，andかLGbecame available as 
commercial products subsequent to the developmen七of
industrial-scale purification methods (Korhonen and 
Pihlanto， 2007). However， most ofもheproteins叩 d
pepもideslow 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 purificatioll tech-
niques， providing a powerful剖din the identification of 
proteins剖ldpeptides 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 pu凶t問 odorant-bindingprotein (OBP) that 
occurs in bovine colostrnm 
Colostrnm samples were collected from healthy 
Holstein-Friesian cows within 2 d postpartum. One 
liter of ∞lostrum w田山orollghlymixed with 4 vol 
of chloroform:methanol (2:1， vol/vol; Ohman and 
Hygstedt， 1968). After centrifugation at 1，400 x 9 fOl 
30 min， the methanol-water layer in the upper phase 
was concentrated by rotar'y evaporation to remove the 
methanol and then lyophilized. The dried material w酪
dissolved in 50 mL of water and applied to a column (5 
え80cm) of Bio-gel P-2 (Fine， B昨 RadLaboratories， 
He町x抗川c口叩:九1I山l
te白I 拙 the elue印n】t. The elution 0ぱfprote凹1阻nsand pe叩p北刈tide回§ 

was lllQ印】l1!】:11比to町redby UV absorpti旧O印nat 210 and 280 n町mn 

and by the method 0ぱfLow問rye叫ta叫l.(1951). Fi.a叫巳ti加l旧O印n81四S 
containing proteins and peptides that eluted just aftel 
the void volume were pooled， and those between 5 and 
100 kDa were collected by UF lIsing Amicon Ultra-15 
創出s(NMWL 5 and 100 kDa， Millipore， Billerica， 
MA). After Iyophil出品ion，the resulti時 fractionwas 
dissolved in 20皿Lof water and loaded onto a Q-Sep-
h町 田 eFF (GE Healthcar.e UK Ltd.， Buckinghamshire， 
UK) columIl (2.5 x 10 cm) that had been equil伽 ated
with water. The materials not adsorbed by the column 
were eluted in a single peak. The nonadsorbed fi.aιtions 
were pooled and， when further chromatographed on a 
Sephadex G-75 (GE Healthcar.e UK Ltd.) column (2.5 
x 90 cm)， separ.ated into 3 peaks. The first peak w出
collected， Iyophilized， and stored at -20oC lIntil used 
All the following proceclures were performecl at room 
temperature except where stated. The lyophilized pro 
tein (75 j.Lg) was dissolved in a buffer [200 mMTr時 HCl
(pH 6.8)， 2% SDS， 40% glycerol， 0.04% bromophenol 
blueJ and heat denatured. Protein separation was per 
formed using a 16.5% polyacryl剖nidegel. After migra-
tion， the gel was stained using a Dodeca Silver Stain 
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Figure 1. One-dimen::;ional PAGE and ma出 analysisof t.ryptic peptide凶illthe partially J)uritied bovinc colostrum. Inset， a以¥verstain-
ing image 01' the one-dimcnt>ional PAGE th叫 wru:;done using the 日目t.peak scp剖at.edon a Sephadex G-75 column (CE Healt.hcare UI< L吋 1
Bucki暗1四 n凶hire，UI<)剖 aprote川 samp¥e.M = molecular l)四 marker;P = prot.ein sampJc. An arrowhead indicat.e::; t.he position of the gcl 
excised for I.he fol1owing prot.ein ident凶ca.t.ionproc吋山田

1600 1400 1000 1200 
IlIIz 

800 600 400 

叫叫i吋d:a配ce剖to叩III耐t仕1'1尚le(ρ2:1， v.刊ol/v刊01り)w附er陀e1111旧1悶〉
ge凶tpla七怯e(MTP 384 ta町rg伊etplat胞egrouncl steel T F， 
Bn叩uke町r).Afl此te目rt仙hesolve臼I叫 clr口ied，七he 七凶凶a町u'工ge叫tplate was 
loaded 凹凶t加ot出helna邸 spectrome胞 l'(Au加日exIITOF/ 
TOF， Bruker). Mass spectra were obtainecl using the 
preinstalled methocl， RP _1-3kDa (a reflector positive 
ion mode optimizecl to the mass range of 1 to 3 kDa) 
Peptide calibration stanclarcl II (Bn山 r)was used踊
an external 111拙 scalibrant. The aιquired spectra were 
statistically analyzed using flexAnalysis 2.0 so此，ware
(Bruker). The peptide mass 1凶 (T，由le1) w出 se叫 ched
using the Biotool 3.0 interface (Bruker) connected to 
the Mascot search engine (Perkins et al.， 1999). Homol 
ogy search w回 doneusing a database at the Web site 
of the National Center for Biotechnology Information 
(http:j /www.ncbi.nlm.nih.gov/) 
As the result of protein identification by mass spec-
trometry， hypothetical protein LOC517854， a putative 
OBP， was assigned with a probability-basecl MOWSE 
(molecular weight search) score of 96 (Pく 0.05)_Rゃ
cently， the full-length genome sequence of domesticated 
cattle has emerged， in which the hypothetical protein 
LOC517854 cocling gene was annotated踊 MGC151921
OBPーlike(gene iclentification: 517854; The Bovine Ge-
n叩om附eSe閃qu凹enc叫叩dAna叫lys剖isConso 
Of the 13 mass signals acqu山111'閃ecl，6 n皿.na叫t仁checlLOC517854 
(Fi唱gu凹 1a吋 官羽¥tb、le1り).Thi旧sp仰I叩ote剖l肌I
C∞olostra叫10BP(bcOBP)， consists of 172 AA l'田idu出
with a putative 16-AA signal peptide (Figure 2)， wh比
was pr問edi】ct七e【dby a Si唱gnalP3.0 P戸rogra剖mat the Ce臼n叫te凹I 
fo印l'Bi同ologi陀ca心1Sequence Ana叫lys剖isat th珂eTechni児ca叫1Uni 

kit (Bio-R.ad Laboratories)， accorcling to the instruc-
tions of the manufadurer. The major band was excised 
(Figure 1， inset)，制dthe gel slice w田 desta川 eclby 
vigorous shaking for 10 min in the dark with 50 I"L of 
30 mM  potassium ferricyanide:100 mM  sodium thio-
sulfate (1:1， vol/vol). The gel sl四 W田 washed3 tim田
with water， and then thoroughly washed overnight by 
shaking with 100 I"L of 10% acetic acid:methanol (1:1， 
vol/vol). The gel slice w出 transfe口町1to 50 I1L of 100 
mM  ammonium bicarbonate組 dincubated for 10 min 
The solvent was replacecl by 50 I"L of acetonitrile and 
incubated for 10 min， and then the gel slice was clried 
with a SpeedVac (Eyela， Tokyo， Japan). Before the in 
gel digestion， sulfbydryl groups of proteins in tbe gel 
slice were pro七ecteclby reduction with 50μLof130 mM  
dithiotbreitol in a buff，印刷ution[6 M urea， 0.375 M 
Tris-HCl (pH 8.8)， 2% SDS， 20% glycerol] and by alky-
lation in the dark with 50 I1L of 135 mM  iodoacetamide 
in the same solntion. The gel slice was washecl剖lcldriecl 
as descritヲedabove. Proteins were hydrolyzed by an 
overnight incubation at 370C with 0.3μg of proteomic-
grade trypsin (Sigma-Aldrich， St. Louis， MO) dissolved 
in 30 I"L of 44 mM  ammonium bicarbonate:acetonitrile 
(91:9， vol/vol). Peptides were extracted w油 50I1L of 
0.1% trifluoroacetic acid:acetonitrile (1:1， vol/vol)， and 
the pepticle solution was desalted using ZipTip C18 
pipette tips (Millipore) according to the instl'llctions of 
the manufacturer. 
The peptide solu川1川則ti削 (0.5 μ L) and a組nequal volu山凶u山n】n
of 1叩o111叫11略1屯g/仰I町mL0ぱf2，5-d 均d命伽I叩ox勾yb恥〉珂e叩n山1四Z叩抑01肌1陀ca叩C口id(Br肋n叩uk同e剖l 
Da品lton山l叩cs民J Br問eme剖n凡1，Ge町r口印rm】na剖n町1可川y)in 0.1% trifluoroacetic 
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Table 1. Mass Iist 01' tryptic peptideti in the parti叫lypurified bovine colostrum 

Peak identification Measured m/z lntensity， arbitrary units Sequences or comments 

Unmatched 
2 777.4 
4 842.5 
7 1，197.6 
8 1，209.7 
9 1，225.7 
11 1，455.8 
13 1，512.8 
Matched 
1 745.4 
3 840.5 
5 966.5 
6 1，064.6 
10 1，27日7
12 1，502.8 

ve四町 ofDenmark (http://www.cbs.dtu.dk/services/ 
S明 alPj; Ni悶el
The七heoreticalisoelectr口1Cpo目m七value出l吋dmolecula叫I 

l mass of the f，釦ull-Iengths問equenceof bcOBP we町reca叫
culated to be 4.57 and 19，604.18， respectively. 1批twas 
diff日lcul比七 to e白stima叫七ethe yield of bcOBP， because at 
least 3 proteins were stil1 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 。dorant-bindingproteins are water-soluble proteins 
with molecular masses of approximately 19 kDa. They 
belong to the lipocalin superfamily， whose members 
show low sequence similarity bnt share a conserved 
3-dimensional structure (Flower et al.， 2000; Tegoni 
et al.， 2000). Among bo叩 leproteins belonging to 
the Iipoc81in superfamily，七hehighest 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)組 dits function is assumed to be as a pherか
mone transporter (Mantyjarvi et al.， 1996). However， 
姐 OBPderived from bovine nasal mucosa (七radition-
81ly abbreviated as OBPb) showed relatively low se 
quence similarity (52%) against bcOBP (Tirindelli et 
81.， 1989). Furthermo民 the問中ence叩 nilarityof an 
OBP found in pig colostrum and milk was 33% against 
bcOBP (Guiraudie-Capraz et al.， 2005) 
The OBPb was first discovered in bovine nas81 
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七henasal 
O凹rv，刊om】e凹ro佃na酪sa叫10町rg併ans】国s0ぱfma剖mln~国aぬ1
f仕romthe cow (Bignetti et al.， 1985; Pevsner et al.， 1985)， 
elephant (Lazar e七al.， 2002)， mouse (Pes et al.， 1992)， 
pig (Dal Monte et a1.， 1991町)，po叫rc叩up戸m問e(F.民'elic肥C口1旧凶O
l凶99幻矧3め)， 阻 d r山 b凶】M川l比t(Dal Monte et a1.， 1991; Garibotti et 
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3.158.3 Unknown 
11，371.0 Trypsin autolysa.te 
3，100.5 Unknown 
710.3 Unknown 
470.0 Unknown 
409.1 Unknown 
318.2 Unknown 

2，343.1 "'VVGEWR訓
]]，675.8 "'NEGGPLR" 
1，675.2 !~TIY AAADNK~2 

10，754.9 14367YGQT QLNNERIM 
4，786.8 t 3GGTSFTPEEFQK 1~ (j 

707.4 8UQEGGVYFIEFEGK 101 

al.， 1997)，剖nongothers. The funct旧nof OBP in the 
olfactory organ is controversial. The 1igand 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 w剖
initially assumed that the biological role of OBPb was 
in olfaction， such as delivering odorant molecules to 
receptor sites on olfactory c山a(Pevsner et 81.， 1990) 
More recently， other hypotheses have been proposed， 
蹴 luding拙 1)a pheromone transporter， 2)田lodorant
Bcavenger， 3) a regulator of the olfactory receptor，組d
4め)a t 
2000; Lazar et al.， 2002) 
Regarding colostrum and milk， the e凹xp戸r回S剖ionofOBP
ha出sbeen confirme町吋donl勿yin th児epig by mass spec 七rome叫t 
口C1川de叩n凶tificat
f釦unc叫七l旧onw副 belie肝ve吋dt回obe as a pheromone transpo凹rte町I，
based on the e肝Vl凶de叩nc田e七出ha抗t七he porcine colostrum-milk 
OBP could selectively bind to maternal pheromones 
(Guiraudie-Capraz et al.， 2005). Therefore， OBP in 
maternal fluids， such as amniotic日uid，colostruln， and 
milk， were assumed to be involved in recognition of 
the mother by her neonates (Gu山iraudi田e-Ca叩pra拙ze凶ta叫1.，
2005め).On凹ecan apply t出hi阻shypo 七山he田S制 t加obcOBP， but 
further studies are needed to elucidate its bi旧ological
role. 80 far， evidence for the existence of OBP in colos-
trum and milk has been obtained only in the cow and 
pig; therefore， the仁listributionof OBP in mammalian 
colostrum剖ldmilk is of additional in七erest
In conclusion， with a combination of conventional 
purificatioll procedures田lda 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 findillg suggests that OBP might oc-
cur ubiquitously in mammalian colostrum 
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nt aa 

1 ATGAAGATTCTGTTCCTGAGTCTTGTCCTTCTTGTGGTTTGTGCCGCCCAGGAAACTCCA 

M K 1 L F L S L V L L V V C A A Q E T P 20 

61 GCTGAGATAGACCCCTCAAAGGTTGTAGGAGAGTGGCGCACCATTTATGCAGCTGCAGAT 

A E 1 D P S K V V G E W R T 1 Y A A A D 40 

121 AACAAGGAGAAGATTGTGGAAGGGGGCCCACTGAGGTGTTATAATCGCCACATTGAATGT 

N K E K 1 V E G G P L R C Y N R H 1 E C 60 

181 ATTAAC~~CTGCGAACAGCTCTCCCTTTCATTTTATATCAAATTTGATGGCACATGCCAG 

1 N N C E Q L S L S F Y 1 K F D G T C Q 80 

241 TTTTTCTCAGGAGTGCTACAGAGACAGGAAGGAGGTGTTTACTTCATAGAATTCGAGGGG 

F F S G V L Q R Q E G G V Y F 1 E F E G 100 

301 AAAATTTATTTGCAAATCATTCATGTTACAGACAACATACTGGTATTTTATTATGAAAAT 

K 1 Y L Q 1 1 H V T D N 1 L V F Y Y E N 120 

361 GACGATGGAGAAAAGATCACAAAAGTAACTGAAGGTTCCGCCAAAGGAACCAGTTTCACT 

D D G E K 1 T K V T E G S A K G T S F T 140 

42L CCAGAAGAATTTCAGAAGTATCAGCAGCTGAACAATGAGAGGGGGATTCCAAATGAAAAT 

P E E F Q K Y Q Q L N N E R G 1 P N E N 160 

481 AT且GAAAACATCATCGAAAC且GACGACTGTCCTCCATAA

1 E N 1 1 E T D D C P P stop 172 

Figure 2. Complemcntary DNA and AA時 quencealignment of the hypothetical protcin LOC5l7854. Boldface indkales lhe pr匝lictedplト
も叫ivc:;igna.1 :-requence; nt = l1ucleotidci aa = amino acid. The numben; of nucleoLide:; 01' AA 間以dues剖 eindicated either in the left Or right 
column， 1酎pective¥y
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