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ABSTRACT
Before the electrophoretic separation, the samples must be dissolved in a lysis buffer (necessary to keep proteins dis-
solved and unbound during proteomic analyses during for a separation of proteins on polyacrylamide gels). The first
step in sample preparation for proteomic analyses is their precipitation using e.g. acetone. The aim of precipitation
is to obtain proteins from the sample and to remove the compounds which may interfere with 2-D electrophoresis.
Due to difficulties in dissolving some colostrum and mare’s milk samples in buffer lysis electrophoretic separation
of this biological material was performed without acetone precipitation of proteins. In order to assess the effective-
ness of the applied method following the two-dimensional separation of proteins (2-DE), the gels were stained and
archived. The preparation of mare’s colostrum and milk samples for proteomic analyses, consisting of defattening,
then precipitation of caseins and separation 2-DE, which was not preceded by precipitation of the samples with
acetone, resulted in the loss of many protein spots which made it impossible to identify them later using the mass
spectrometer.
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INTRODUCTION

The most important stage of proteomic analyses, based
on 2-D electrophoretic separation, is to prepare the bio-
logical material before proceeding with proper analyses.
There is no uniform procedure for preparation of biolo-
gical material for 2-DE due to different nature of samples:
tissues, body fluids and cells [Dratwa-Chałupnik et al.
2016a, Lepczyński et al. 2017, Wang et al. 2018]. Tissues
are a large source of proteins with a low number of com-
pounds interfering with 2-DE. For some tissues it is re-
commended to use protease inhibitors, e.g. liver [Kim
et al. 2002]. Body fluid such as plasma, blood serum,
needs the removal of high-abundant proteins, e.g. immun-
oglobulins [Lepczyński et al. 2017]. Urine samples need
concentrations, because contains low amount of proteins
and the high concentration of interfering compounds,
mainly salt [Dratwa-Chałupnik et al. 2016b]. Cellular

proteomic analyses use cell lines [Lawal and Ellis 2014].
Each biological material needs different preparation, so
prior to appropriate proteomic studies, it is necessary to
conduct preliminary analyses to develop an optimal pro-
cedure to be used later in destined proteomic studies.

Over the last several years, protein separation using
2-D electrophoresis and mass spectrometry (MS) has be-
come one of the more important proteomic tools used to
determine the protein composition of various biological
materials and to search potential biomarkers of patholo-
gical conditions of the examined organism [Łuczak et al.
2009, Rocanda et al. 2012]. The use of this type proteo-
mic research allows a better understanding of the ethio-
logy and pathogenesis of farm animal diseases.

In the last decade, the protein composition of human
milk [Zhu and Dingess 2019] and farm animals such as
cows [Zhang et al. 2011, Zhang et al. 2015, Maity et al.
2020], goat [Gerlando et al. 2019], sheep [Addis et al.
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2011] and pigs [Ogawa et al. 2014] was determined using
highly specialized proteomic tools. In addition to proteins
performing nutritional functions, mammary gland secre-
tions include antimicrobial, immunological, cytokines,
chemokines, hormones, and functional proteins. All pro-
teins contained in colostrum and milk support the body of
the newborn by promoting its proper growth and develop-
ment as well as protection against environmental patho-
gens. Also, proteins responsible for the process of invol-
ution and mammogenesis are present in mammary gland
secretion.

Proteomic analyses allow the determination of the
whole protein composition of a biological material.
Proteomic methods based on samples separation and
mass spectrometry is different from traditional biochem-
ical analysis, which allowed for identification of indi-
vidual proteins [Łuczak et al. 2009, Rocanda et al. 2012].
Comparison of protein profiles of healthy and sick indi-
viduals allows the selection of indicator proteins charac-
teristic for a given disease state [Łuczak et al. 2009].

Performing proteomic research is difficult due to pro-
teome instability. Apart from individual differences, the
protein profile of the studied biological material determ-
ined by many factors, e.g. animal age, physiological con-
dition, nutrition, various environmental factors, including
experimental ones [Ożgo et al. 2014]. 2-D electrophoresis
in combination with mass spectrometry (MS) is most
commonly used in proteomic studies. This method in-
cludes inconsecutively, isolation and purification of pro-
teins, their separation by 2-DE, and then identification of
separated proteins by mass spectrometry. The precision
of each of these stages determines the quality and reli-
ability of the results of proteomic research obtained. The
most important stage of proteomic analyses based on 2-D
electrophoretic separation is the preparation of biological
material before proceeding with appropriate analysis.

Preparation of biological material for use in proteom-
ics research requires the development of precise proced-
ures that should be characterized by high repeatability.
Due to the diversity of biological material, a procedure
should be developed describing how to prepare specific
biological material for proteomic testing. However, due
to individual differences, it is difficult to prepare the op-
timal procedure.

The procedure for preparing cells from in vitro cul-
ture for proteomic analyses is simplified because of the
homogeneity of the samples. To prepare this biological
material, it is sufficient to dissolve the sample in lysis
buffer, which contains urea, thiourea, CHAPS, ditiotreitol
and ampholite [Łuczak et al. 2009]. The use of the above
buffer does not cause denaturation, degradation, or modi-
fication of proteins. It also eliminates the need for pro-
tease inhibitors simultaneously minimizing interference
with the sample [Wang et al. 2018].

While samples derived from tissues or body fluid re-
quire the use of multi-stage measures. One of them is
the purification of samples from interfering compounds
that interfere with 2-D electrophoresis, including salts,
lipids, polysaccharides, and nucleic acids [Shaw and
Riederer 2003]. These compounds can be removed via
protein precipitation with cold acetone or trichloroacetic
acid (TCA), which takes place before dissolution of the
samples in lysis buffer [Fic et al. 2010, Golinelli et al.
2011, Jia et al. 2014, Hao et al. 2015, Dratwa-Chałupnik
et al. 2016b, Lepczyński et al. 2017].

The use of acetone for the precipitation of proteins
may cause their excessive denaturation, and consequently
the problem with dissolving the sample in lysis buffer
[Thongboonkerd et al. 2004]. Therefore, the purpose of
this study was to check whether the direct dissolution
of mare colostrum and milk samples in the lysis buffer
without acetone precipitation would allow for the cor-
rect image of the 2-DE gel and to identify stained protein
spots using a MALDI-TOF mass spectrometer.

MATERIAL AND METHODS

Animals

The study was carried out on colostrum and milk
of twenty-four Polish half-blood noble mares from
Nowielice Sp. z.o.o. A sample of colostrum was taken
shortly after foaling and the milk sample was taken on
the 7th day of lactation. Colostrum and milk were taken
manually, then cleaned of solid impurities and frozen in
50 ml tubes at –80°C until analysis.

All procedures on animals have been carried out in
accordance with applicable EU and Polish regulations.

Sample preparation

Thawed twenty-four samples were defatted by double
centrifugation at 4°C, 4500 g, first for 20 min, then again
for 10 min. The fat coat formed was removed each time.
In the next stage, casein was removed from the samples
using 30% acetic acid. After precipitation, the samples
were centrifuged at 4°C, 3380 g for 15 min, and the ob-
tained supernatant was transferred to fresh 50 ml tubes.
The obtained samples were dissolved in lysis buffer com-
position 7 M urea, 2 M thiourea, 4% w/v CHAPS, 0.2%
w/v 3 do 10 carrier ampholytes, 100 mM – 1,4-Dithio-
thretiol.

Before proceeding with proteomic analyses protein
concentration in the samples was measured using Protein-
Assay (Bio-Rad).

Two-dimensional electrophoresis

Isoelectric focusing on a linear, 7 cm pH 4–7 ReadyStrip
IPG strips (Bio-Rad) applied to 120 µg of protein was
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carried out in two stages in PROTEAN® i12 IEF Cell
(Bio-Rad). The first was passive rehydration (6h, 20°C),
followed by active rehydration (12 h, 20°C, 50 V). The
next stage was proper isoelectric focusing carried out ac-
cording to the following procedure: 50 V for 100 Vh, 250
V for 150 Vh, 500 V for 500 Vh, 1000 V for 1000 Vh,
2 h for linear voltage increase from 1000 V to 5000 V,
then 5000 V through 90000 Vh. After focusing, the strips
were equilibrated for 15 min in a base buffer consisting
of: 6 M urea, 0.5 M Tris/HCl o pH 6.8, 2% w/v SDS,
30% w/v glycerol with 1% DTT. After 15 min, the strips
were transferred to the same base buffer with the addi-
tion of 2.5% iodoacetamide for 20 min. Electrophoresis
was carried out at 40 V for 1 h and specific electro-

phoresis at 100 V for 90 min on small 12% polyacryl-
amide gels in Tris-glycine buffer (25 mM Tris-HCl, 192
mM glycine, 0.1% SDS) using Mini-PROTEAN® Tetra
Cell (Bio-Rad). After completion of two-dimensional
electrophoresis, gels were stained according to a modi-
fied Bradford method using Protein Assay Dye Reagent
Concentrate (Bio-Rad) mixed v/v 1:20 with super pure
water.

Image analysis

Stained gels were scanned using a GS-800TM Calibrated
Densitometer (Bio-Rad). Two-dimensional images (2-D
gel) were processed and subjected to quantitative and

Fig. 1. Two-dimensional electrophoresis gels, stained with modified Bradford method, of mare colostrum (A) and milk (B)
proteins without acetone precipitation and mare colostrum (C) and milk (D) with acetone precipitation; proteins (120
µg) were separated on 7 cm, 4–7 pH IPG strips; circles mark spots that have been cut out  for identification using
MALDI-TOF MS

Rys. 1. Żele po dwukierunkowym rozdziale, wybarwione zmodyfikowaną metodą Bradforda, próbek siary (A) i mleka (B)
klaczy, z pominięciem precypitacji acetonem i próby siary (C) i mleka (D) klaczy z precypitacją acetonem; białka
(120 µg) zostały rozdzielone na 7 cm, 4–7 pH paskach IPG; okręgami zaznaczono spoty, które zostały wycięte w celu
identyfikacji przy użyciu MALDI-TOF MS
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qualitative analysis using PDQuest Advanced Analysis
Software 8.0.1 advanced (Bio-Rad).

Mass Spectrometry

After cutting out the imaged protein spots, an attempt was
made to identify them using a MALDI-TOF mass spec-
trometer.

RESULTS

Before electrophoretic separation is performed, the
samples must be dissolved in a lysis buffer (necessary to
keep proteins dissolved and unbound during proteomic
analyses during for a separation of proteins on polyacryl-
amide gels). The first step in preparing samples for pro-
teomic analyses is their precipitation using e.g. acetone.
In the prepare of certain tissues, e.g. the brain, it is ne-
cessary to use acetone precipitation due to the low loss of
protein during sample preparation [Fic et al. 2010]. The
aim of precipitation is to obtain proteins from the sample
and to remove the compounds interfering with 2-D elec-
trophoresis. Due to the difficulty of dissolving in lysis
buffer samples of mare colostrum and milk precipitated
in acetone in the present study were checked whether this
step can be skipped when preparing samples for 2-DE
separation.

Images of 2-DE gels of mare colostrum (A) and milk
(B) which not have been precipitated and for compar-
ison images of 2-DE gels of colostrum (C) and milk (D)
that were subjected to acetone precipitation are shown in
Fig. 1.

Bioinformatic analysis using PDQuest Advanced
Analysis Software 8.0.1 advanced (Bio-Rad) showed on
the 2-DE gel 371 colostrum protein spots and 216 milk
protein spots. The stained protein spots on 2-DE images
were smudged and the obtained image resolution was
very low. The result was the loss of many protein spots.
Omission of the acetone precipitation of the samples also
prevented from the identification of the separated proteins
using a MALDI-TOF spectrometer. For comparison, as a
result of bioinformatic analysis of 2-DE mare colostrum
and milk gels after acetone precipitation shown that 528
spots were on colostrum 2-DE gel and 566 spots on milk
2-DE gel.

DISCUSSION

Proteomic analyses allow the determination of the en-
tire protein composition of a given biological material
(organs, tissues, body fluids). Various research tools are
used to determine the proteome of body fluids. For ex-
ample, 1-DE or 2-DE and LC-MS/MS, MALDI-TOF
MS, nanoLC LTQ Orbitrap MS or gel and liquid chroma-
tography/quadrupole [Bereman et al. 2009, Sandra et al.

2010, Kalra et al. 2013, Dratwa-Chałupnik et al. 2016a,
2016b, Lepczyński et al. 2017]. So far, the protein pro-
file of milk has been determined primarily for rumin-
ants using for this purpose 1-DE in combination with
LC-MS/MS [Ha et al. 2015], 2-DE in combination with
MALDI-TOF MS [Di Girolamo et al. 2014], 2DE/ELISA
[Hernández-Castellano et al. 2016] and affinity chroma-
tography and nLC-Chip-QTOF-MS [Le Parc et al. 2014].

Depending on the equipment used for proteomic ana-
lyses, the method of sample preparation varies. Our pre-
vious research developed a preliminary methodology for
preparing mare colostrum and milk samples for proteo-
mic analyses using 2-D electrophoresis in combination
with MALDI-TOF mass spectrometry (unpublished ma-
terials, research project for young scientists no. 8230).
According to the developed methodology, colostrum and
milk samples were first skimmed, then caseins were re-
moved from them, and in the next stage they were pre-
cipitated with acetone. The prepared samples were dis-
solved in lysis buffer. The process of dissolving acetone-
precipitated samples in lysis buffer was lengthy and dif-
ficult, especially for mare colostrum samples. Therefore,
the presented studies omitted the stages of acetone pre-
cipitation, which increased and accelerated the process
of dissolution of samples in the lysis buffer compared
to samples that have previously been precipitated with
acetone. Unfortunately, skipping the precipitation stage
with acetone resulted in blurry images of 2-DE gels. Most
likely, the reason for this was the presence of interfering
compounds in the 2-DE separation.

Apart from the precipitation of proteins, acetone’s
task is to reduce the amount of interfering compounds
mainly salts. In the case of blood plasma/serum, it is suffi-
cient to clean them of non-protein components by precip-
itation with acetone [Herosimczyk et al. 2013, Dratwa-
Chałupnik et al. 2016a, Lepczyński et al. 2017, Gondek
et al. 2019]. Preparation of cerebrospinal fluid samples
for proteomic analyses requires concentration and precip-
itation with acetone to remove non-protein components
[D’Aguanno et al. 2008]. When preparing urine samples
for proteomic analyses, purifying samples with acetone
is not enough. For proteomic analysis of urine of calves
using 2-DE and MS, the samples had to be desalted with
a Clean Up Kit [Dratwa-Chałupnik et al. 2016b]. In con-
trast, saliva samples are directly dissolved in lysis buffer
without precipitation of acetone [Baldini et al. 2011].

The composition of colostrum and milk varies in spe-
cies, so a sample preparation procedure dedicated to a
specific animal species should be developed. Golinelli et
al. [2011], developing a methodology for preparing co-
lostrum and cow milk samples for proteomic analyses
using 2-DE and MS, compared two research methods.
The first method used the Clean Up Kit, the second was
based on the precipitation of samples with 10% trichloro-
acetic acid (TCA). The authors show that samples subjec-
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ted to precipitation by TCA gave two-dimensional map
with better resolution and clearest background compared
with Clean Up Kit treatment.

In the presented work, omitting the precipitation of
acetone samples resulted in better solubility of mare milk
and colostrum in the lysis buffer, but adversely affected
the 2-D electrophoretic image. In addition, contamina-
tion of the sample with non-protein compounds preven-
ted the identification of protein spots using MALDI-TOF
MS. Perhaps to purify the sample from interfering com-
pounds, a more effective method than precipitation with
cold acetone would be precipitation with trichloroacetic
acid. To this end, further research is needed to optim-
ize the procedure for preparing colostrum and mare milk
samples for proteomic analyses using 2-DE and MS.

CONCLUSIONS

According to the available literature, these proteomic
studies of mare’s colostrum and milk based on 2-DE and
MALDI-TOF MS are the first undertaken to this topic.

Preparation of mare’s colostrum and milk sample
without samples precipitation of acetone did not bring
the assumed results. Substances, including salts, witch
interfering with electrophoretic separation, as a result
of which the 2-DE image stained protein spots were
smudged, and the obtained image resolution was very
low. At the same time, salt contamination of the samples
prevented from identification of the obtained protein
spots using a MALDI-TOF MS.

Therefore, the procedure for preparing mare co-
lostrum and milk samples by the stage of purifying
samples from non-protein substances simultaneously
maintaining solubility proteins in the lysis buffer should
be worked out. The methodology for preparing mare co-
lostrum/milk samples for proteomic analyses described
in this work can be helpful in developing the optimal
procedure for preparing these samples for proteomic ana-
lyses using 2-DE and MS.
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PRZYGOTOWANIE PRÓBEK SIARY I MLEKA KLACZY DO ROZDZIAŁU 2-DE, Z POMINIĘCIEM
PRECYPITACJI ACETONEM

STRESZCZENIE
W związku z trudnościami z rozpuszczeniem próbek mleka klaczy w buforze lizującym (niezbędnym do utrzymania
białek w stanie rozpuszczonym i niezwiązanym podczas analiz proteomicznych polegających na rozdziale białek na
żelach poliakrylamidowych) dokonano rozdziału elektroforetycznego tego materiału biologicznego z pominięciem
precypitacji białek acetonem. W celu oceny skuteczności zastosowanej metody, po dwukierunkowym rozdziel-
eniu białek (2-DE), uzyskane żele wybarwiono i zarchiwizowano. Przygotowanie próbek siary i mleka klaczy do
analiz proteomicznych, polegające na odtłuszczeniu, następnie strąceniu kazein i rozdziale 2-DE, który nie został
poprzedzony precypitacją próbek acetonem, spowodowało utratę wielu spotów białkowych uniemożliwiających ich
późniejszą identyfikację z wykorzystaniem spektrometru masowego.

Słowa kluczowe: analizy proteomiczne, odtłuszczenie, strącanie kazein
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