Macedonian Journal of Animal Science, Vol. 2, No. 2, pp. 123-127 (2012)

089 In print ISSN 1857 — 6907
Received: June 12, 2009 On line ISSN 1857 — 7709
Accepted: November 30, 2009 UDC: 636.2.09:612.35.015.3

Original scientific paper

PROTEOMIC STUDY: LIVER METABOLISM THROUGH A COMPARISON
OF THE PROTEIN EXPRESSION PROFILES OF THE TWO BREEDS —
CHIANINA AND HOLSTEIN

Leonardo Murgianol, Anna Maria Timperioz, Lello Zollaz, Silvia Bongiornil, Alessio Valentinil,
Lorraine Pariset’

Dipartimento di Produzioni Animali, Universita della Tuscia, Viterbo, Italy
Dipartimento di Scienze Ambientali, Universita della Tuscia, Viterbo, Italy
Imurgiano@unitus.it

The Bos taurus breeds Holstein and Chianina are representatives of the extreme selection mainly for milk and
meat traits. In the present study, we wanted to assess if selection for different purposes had effect into liver metabo-
lism by comparing protein expression profiles of the two breeds. We applied two-dimensional polyacrylamide gel
electrophoresis (2DE) to identify proteins which are differentially expressed in the two breeds. A total of 560+57
spots were matched between the Chianina and the Holstein. Thirty nine differential expressed proteins were charac-
terized between the two breeds. Taken together, our study performed at the proteomic level clearly supports deep
changes in metabolism induced by human selection in the Holstein and the Chianina. Differential proteomic profiles
of two bovine livers were established and analyzed by means of immobilized pH gradient-based two-dimensional
polyacrylamide gel electrophoresis (2D IEF-SDS- PAGE) and electrospray/ionization time of flight mass spectrome-
try (QTOF-MS). For the analysis a sampling of 12 animals (six Chianina and six Holstein) was considered. For each
animal the 2D electrophoresis protein extraction step was performed separately. Three technical replicates were run
to reduce the technical variance for each average sample. Interestingly, most of the proteins found up-regulated as
well as newly expressed (on) in the Chianina with respect to Holstein resulted involved in the anabolic pathways. On
the contrary, newly expressed proteins in Holstein were related with hormone homeostasis and in thermoregulatory
ability. In Holstein we found an overexpressed protein belonging to sulfotransferase (SULT1C2) family that plays a
key role in biosynthesis and homeostasis of a number of hormones, including estrogens and iodothyronines.
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IMPOTEOMCKA CTYAWJA: METABOJIN3MOT HA HNPHUOT JAPOB IIPEKY CIIOPEJBA
HA MPOTEMHCKHUTE MMPO®PUJIN KAJ JIBE PACU - UYNJAHUHA U XOJIITAJH

I'oBenara o pacurte XONIITAjH M YMjaHUHA CE NPETCTABHUIM Ha KCTPEMHATA CEeJICKIHja, M TOa MPETEeXHO 3a
MIIEYHM M MECHHM CBOjcTBa. llenra Ha oBaa cTyiMja € Aa ce HPOLEHM JaJM CENEeKLHjaTa 3a Pa3IMyHU LEend UMa
BIIMjaHHE BP3 MeTabOJIM3MOT Ha LPHUOT Ap00, M TOA CHOPEAYBajKH I' MPOTEMHCKUTE MpOoduiIn Ha IBeTe pacH. 3a
uIeHTUUKAIMja Ha NPOTEMHUTE KOM C€ PA3iM4YHO W3Pa3eHHM Kaj ABETE pacH IPUMEHUBME J(BOAMMEH3HOHAJHA
nonuakpuiamuaHa ren-eixekrpopopesa (2DE), Bkynno Oea cnopemenn 560 £ 57 Touku momely dYMjaHUHA U
XoNmTajH M Oea OmpenesieHH TpHeceT M JACBET Pa3IMYHO HM3pa3eHu nporenHu. Hamara cryauja u3BeneHa Ha
HPOTEMHCKO HUBO JACHO T'Ml TIOTBPAH JUIA0OKHUTE IPOMEHH BO METabOJIM3MOT, NPEN3BUKAHH Ol XyMaHaTa CelIeKLHja
Kaj XONIUTajH M uHMjaHWHA. Pa3nnuHuTe NPOTEMHCKH NPOoGHIM Ha LPHUOT Ipob Kaj aBeTe pacu romeda Oea
YCTAaHOBEHM WU aHAIM3HUPAHU CO HMOOMIM3MpaHa [BOJMMEH3MOHAJHA IIOJHAKPWIAMHIHA Tell-elieKTpodopesa,
6aszupana na pH (2D IEF-SDS-PAGE) u enexrpocmnpejua/joHnsupauka rpymnHa cnekrpoporomerpuja (@ TOF-MS).
3a ananu3ara Oea 3emeHH npuMeporld of 12 KMBOTHH (LIECT YMjaHHHA W LIECT XOJIITajH). J[BOOMMEH3MOHAIHA
enekTpodope3Ha MPOTEMHCKA EKCTpakuuja Oelle M3BeJeHa OJJIETIHO 3a CeKOoe JKMBOTHO. bea HampaBeHHM Tpu
TEeXHHYKH KOIHMH 3a Jia ce pelylupa TEeXHHYKATa BapujalMja Ha CEKOj mpocedeH nmpumMepok. MHTepecHo e neka
HajrOJIEMHOT e Of HajACHUTE MPOTEHHH, M TOa PeryjJapHd U HOBOYTBPJCHHU, Kaj YMjaHHHA, BO cropenba co
XOJIITajH, Oea BKIydeHH BO aHaboIMTHYKKUTE natuiita. CIpOTHBHO, HOBOYTBPACHHUTE MPOTEHHHU Kaj XONIUTajH Oea
BO pelialdja co XOPMOHCKAara XOMeocTa3a M TepMoperyiaropHara crmocobHoct. Kaj XxommrajH HajaoBMe CHITHO
u3pa3eH NpPOTeMH Koj mpumara Ha Qamuidjara cyiadorpancdepasa (SULTIC2) u koj urpa kiydHa yjaora BO
OuocuHTe3aTa M XOMeocTa3aTa Ha OPOjHH XOPMOHH, BKIIy4YBajKH T €CTPOr€HUTE U jOJOTUPOHUHHUTE.

Kny4ynu 360poBu: MpoTenHN Ha IpH 1po0; nporeoMucky; pacu rosena; 2D-IEF-SDS-PAGE; MS/MS
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INTRODUCTION

In dairy animals in the past the primary focus
of selection has been to improve milk yield, a po-
lygenic trait for which a few potential candidate
genes have been recognized. Polymorphisms of
genes encoding proteins that act on metabolic
pathways involved in other economically interest-
ing traits can be of great help in defining compre-
hensive genetic improvement strategies. Bovine
milk has a high significance in human nutrition
and economy, nevertheless the characterization of
the proteins composing its minor fraction is not yet
complete [1]. Milk protein composition changes
during lactation phases [2]. Moreover, a whole
additional range of biologically active proteins and
peptides have been identified in milk, some of
which have antimicrobial properties [3]. Proteins
associated with inflammatory reaction have also
been detected in milk during infections [4].

Milk-fat globules originate as small droplets
of fat near the basal region of the secretory cell. As
the synthesis of triacylglycerol proceeds, they mi-
grate through the cytoplasm, gradually increasing
in size, until they reach the apical surface of the
cell. The globules are secreted from the cell sur-
rounded by a thin membrane called milk-fat-glob-
ule membrane (MFGM) [5]. The proteins consti-
tuting the MFMG are a unique and small (quanti-
tatively speaking) subcategory of milk proteins
(approximately 2-4% of the total protein in human
milk), the content of which is still largely unknown
[6, 7].

Given the nutraceutical and biological im-
portance of these proteins, studies on MFGM for-
mation are increasing [2, 8, 9].

The first hypothesis about MFGM formation
is that lipid droplets are gradually enveloped by
the apical plasma membrane in the budding proc-
ess, and therefore the MFGM is derived solely
from the apical plasma membrane [10, 11]. Alter-
natively, lipid secretion could result from the pro-
gressive fusion of secretory vesicles derived from
Golgi that surround the lipid droplets within the
cytoplasm [12, 13]. The third view is that secretory
vesicles associated with lipid droplets would fuse
each other and with the apical membrane yielding
a composite membrane derived from both the api-
cal plasma membrane and the vesicles [13, 14].

The vectorial transport of lipid droplets from
the basal region of the cell to the apical membrane
for secretion is another unique feature of lipid se-

cretion in mammary epithelial cells [10]. In mam-
mary these cells most microtubules are oriented
perpendicularly to the apical plasma membrane
and concentrated in the medial and apical portions
of the cell cytoplasm [15].

Bovine MFGM can be isolated by a simple
procedure in which the fat globules are separated
from the whole milk and washed several times
with physiological buffers to lay down caseins.
The membrane is then released from the surface of
the globules by physical or chemical means and
collected by centrifugation [16-20].

We focused our attention on the MFMG pro-
tein fraction because the MFG micelles contain
membrane proteins of the cells of the mammary
gland, and are more easily to collect than the
mammary gland tissue that can be obtained only
from a biopsy or sacrifying feeding cattle. The
MFGM analysis could therefore turn out as an
economically and ethically suitable method.

We used this strategy to investigate differ-
ences in the protein content in the milk of two cat-
tle breeds with a different attitude (Holstein and
Chianina) collected 7 days after delivery. Holstein
(also known as 'Holstein Friesian' or Friesian) is
today the world's highest production dairy breed.

The Chianina is one of the oldest cattle
breeds, originating in the Chiana Valley in Italy.
Dating back to the time of the Roman Empire, the
Chianina was originally developed as a dual pur-
pose breed for meat and draught purposes.

We present preliminary data showing differ-
ences in the protein contents between the two
breeds.

EXPERIMENTAL PROCEDURE

Sample collection

Examined individuals were raised in the same
farm under the same conditions. Two fresh milk
samples per breed were collected and transported
in ice to the laboratory.

500 ml of milk were centrifuged at 2000 g for
30 min at 4°C to remove cells to obtain cream. The
recovered cream layer was washed five times with
7.4 pH Phosphate Saline Buffer solution to remove
caseins. Washed globules (WGs) were stored at
—20 °C until use.
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MFGM extraction

To extract the MFGM proteins, washed
cream was mixed 1:3 with an SDS-containing so-
lution (7 M urea, 2 M thiourea, 4% CHAPS, 1%
Triton X-100, 20 mM Tris, 1% DTT and 0.5% IPG
buffer) as suggested by Quaranta et al. [21], incu-
bated in ice for 60 min periodically vortexing, and
centrifuged at 10,000 g for 1 hour. After removing
the floating cream layer, the supernatant was sub-
jected to precipitation with methanol and chloro-
form following Wessel et al. [22]. Before focusing,
the sample was incubated in a solution of 7 M
urea, 2 M thiourea, 4% CHAPS, 20 mM Tris, pH
3-10 carrier ampholyte, 40 mM Tris, 5 mM TBP,
0.1 mMEDTA (pH 8.5), 2% (v/v) protease inhibi-
tor cocktail (Sigma-Aldrich) for 3 h at room tem-
perature, under strong agitation. To prevent over-
alkylation, acrylamide was destroyed by adding an
equimolar amount of DTE buffer which was then
used as a sample solution to solubilise the pre-
cipitated proteins.

Semiquantitative |EF-SDS PAGE

IEF was performed using ready-to-use Immo-
biline Dry-Strips, linear pH gradient 3—10 length
18 cm (Biorad) and the in gel sample rehydration
method. IEF was run on a Protean IEF (Biorad) at
20 C constant temperature and 8000 V for 99 000
Vh. After IEF the IPG gel strips were incubated at
room temperature for 30 min in 6 M urea, 30%
w/v glycerol, 2% w/v SDS, 5 mM Tris-HCIl, pH
8.6. The strips were sealed at the top of the 1.0 mm
vertical second dimensional gels (Ettan DALT II
system, Amersham Biosciences) with 0.5% aga-
rose in 25 mM Tris, 192 mM glycine, 0.1% SDS,
pH 8.3. SDS-PAGE was carried out on homogene-
ous running gels of 12 % T 3% C. The running
buffer was 25 mM Tris, 192 mM glycine, 0.1%
SDS, pH 8.3 and running conditions were 40
mA/gel until the bromophenol blue reached the
bottom of the gels. The molecular weight markers
used were Wide Range.

Weight Electrophoresis Calibration Kit (Am-
ersham Biosciences). Gels were automatically
stained using the Processor Plus (Amersham Bio-
sciences) with Brilliant Blue G colloidal (Sigma,
St. Louis, MO, USA) following the manufacturer’s
instructions.

2-DE gels were digitized at 300 dpi (Image-
Scanner; Amersham Biosciences). The image
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analysis was performed using the software Ima-
geMaster 2D Elite V3.1 (Amersham Biosciences).

Mass spectrometry

Spots of interest were cut from the gel and
destained overnight with a solution of 50 mM am-
monium bicarbonate. The proteins were in-gel di-
gested with trypsin (Promega, Madison, WI, USA)
as described by Hellmann [23].

Peptide mixtures were separated using a nan-
oflow-HPLC system, and subsequently eluted di-
rectly into a High Capacity ion Trap (BRAND??).
Protein identification was performed by searching
in the National Center for Biotechnology Informa-
tion non-redundant database (NCBInr) using the
Mascot program.

RESULTS AND DISCUSSION

In 2D maps differences in protein contents
between the two breeds can be observed. Prelimi-
nary mass spectrometry results show the caseins
amount laying down and successful extraction of
MFGM proteins.

The semiquantitative analysis shows an in-
crease of glycoprotein antigen MGP57/53 and
ADRP in the Chianina in respect of Fresian milk
MFGM. MGP57/53 protein, an analogue of Milk
Fat Globules-EGFS, is associated with cell apop-
tosis and involved in mammary gland remodelling
during involution. EGF8 is in fact a critical protein
for the mammary gland remodelling during invo-
lution in EGF8 knockout mice. A deficiency in
EGF8 causes delayed clearance of apoptotic
mammary epithelial cells as well as impaired in-
volution and inflammation of the mammary gland
[24-29].

This leads to the conclusion that EGF8 could
have a role in the structure of the Chianina mam-
mary gland, smaller in size compared to the Hol-
stein, and not specialized for large-scale milk pro-
duction. Its differential expression could be a re-
sult of different selection in the two breeds.

ADRP, previously believed to be specific to
adipocytes, is a major constituent of the globule
surface and is present in a complex containing
stoichiometric amounts of xanthine oxidase and
butyrophilin. This protein might be involved in the
deposition of triacylglycerols into droplets in the
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cytosol, a phenomenon known to occur both in
adipocytes and in mammary epithelial cells. The
results suggest a different lipid composition in the
milk MFGM of the Chianina, breed whose milk is
probably richer in fat.

Polymeric immunoglobulin receptor (PIGR)
results overexpressed in the Holstein MFGM frac-
tion.

PIGR, a member of the immunoglobulin su-
perfamily, is expressed in several glandular epi-
thelia including those of liver and mammary gland.
It mediates transcellular transport of polymeric
immunoglobulin molecules. Recently, Ng et al.
[30] tested milk protein effectiveness against HIV-
1 proteins. It has been shown that PIGR inhibits
HIV-1 protease and HIV-1 integrase, with a power
similar to that of lactoferrin [30]. This suggests
that the Holstein MFGM contains a larger amount
of proteins with antiviral and antibacterial-activity.

CONCLUSION

MFG micelles contain membrane proteins of
the mammary gland cells, more easily collectable
than the lactating cows mammary gland tissue,
achievable only by a biopsy or by sacrifying feed-
ing cattle. We propose the MFGM analysis as an
economically and ethically suitable method for the
analysis of mammary gland proteins.

Using a proteomics approach, we have suc-
cessfully identified some of the major proteins in
MFGMs and mammary cytosolic lipid droplets.
We utilized a nonbiased method for the discovery
of specific molecules involved in a unique secre-
tory function.

We have analysed samples of two extreme
cattle breeds, and our preliminary results point out
that protein differences at the MGF level can be
observed. PIGR, having role in the immunoglobu-
lin function, is overexpressed in the Holstein,
which is a highly specialized dairy breed. EGF8, a
protein involved in the lactation process and show-
ing an antiviral activity, and ADRP, a protein in-
volved in lipid deposition, is overexpressed in the
Chianina beef breed.

These data provide us with a preliminary set
of tools suitable to increase our knowledge of the
complex mechanism involved in the secretion of
lipids in the mammary epithelial cell.

Our study shows that proteomics is a suitable
method for the investigation of the characteristics
of the milk proteins and suggests differences in the
MFGM protein expression between the Holstein
and the Chianina that deserve to be further investi-
gated.
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