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Abstract

Proteomics including the studies of the structure, function and dependences between proteins is
more and more extensively applied in human medicine and veterinary medicine. The analysis of
protein profiles of tissues and body fluid from healthy and ill individuals allows to identify diagnostic,
prognostic and predictive markers in various pathological states in people and animals. This paper
presents preparation of urine samples for analysis in the mass spectrometer MALDI-TOF (Ultraflex-
treme, Bruker, Bremen, Germany) by means of two methods: liquid chromatography based on the
system Nano-LC (PROTEINER FC II, Bruker Daltonics, Bremen Germany). and two-direction
electrophoresis 2DE (GE Healthcare, United Kingdom). Both methods enable separation of the
mixture under consideration into individual fractions of high purity indispensable for obtaining read-
able mass spectra. The purpose of this paper is to determine applicability of these methods in analysis
of protein composition of urine samples.
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Introduction

Proteomics including the studies of structure,
function and dependences between proteins is more
and more extensively applied in human medicine and
veterinary medicine. The analysis of protein profiles
of tissues and body fluid from healthy and ill individ-
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uals allows to identify diagnostic, prognostic and pre-
dictive markers in various pathological states in
people and animals.

In Veterinary Medicine proteomic studies were
used for diagnosis of numerous, especially subclinical,
diseases. For example, in the last few years compara-
tive proteomics was used to evaluate milk proteome
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Table 1. Proteins pathognomic for some diseases.

Disease Identified

Liddle’s disease Beta and gamma epithelia sodium ducts

Kidney proximal duct hyperoxemia Carbonate anhydrase IV

Autosomal dominant and autosomal recessive nefrogene diabetes Aquaporine

Gitelman symptom Thiazide-sensitive NaCl cotransporter

Familial kidney hypomagnesemia Transport regulator

profiles during acute and chronic phases of bacterial
intramammary infection. The results of these re-
searches provide the important information for ther-
apy of these conditions (Addis et al. 2011, Kim et al.
2011, Barreiro et al. 2012, Chiaradia et al. 2013).

Urine is an excrement containing useless or
harmful metabolic products which can be a source of
useful biomarkers (Marimuthu et al. 2011). Its pro-
teins can be analyzed directly in the native sample
and also after prior separation of solid fraction by
means of centrifugation. Studies of urine proteome
give important insight into health status of the body.
The obtained results can be used in diagnostics and
treatment of various diseases, such as bladder can-
cer, ovarian cancer, progressive glomerular disease,
renal cell cancer or gastric cancer (D’Amico et al.
2003, Khan et al. 2005, Holt et al 2006, Shigaki et al.
2006, Salo et al. 2007, Yang et al. 2009, Saito et al.
2010, Welton et al. 2010, Jansen et al. 2011, Liu et al.
2012, Nabity and Lees 2012, Wu et al. 2012). High
sensitivity and resolution of available analytical
methods allows listing the proteins present in the
urine including those at low concentrations and mak-
ing a map for each pathological state (Anderson et
al. 1979). At present it is used in many fields of medi-
cine e.g. in nephrology, where the analysis allows for
early diagnosis of nephropathy before clinical symp-
toms occur. Single, pathognomonic proteins also oc-
cur in urine in specific pathological states (Table 1)
(Vlahou et al. 2001, Pang et al. 2002). Searching for
protein markers in urine in some diseases is challeng-
ing for modern clinical diagnostics (Khan and Packer
2006). The investigation require preparation of bio-
logical material sample, its analysis using advanced
research techniques (chromatography, 2D elec-
trophoresis) and then associating the obtained re-
sults with symptoms (Khan and Packer 2006). The
reliability of the obtained results depends on many
factors i.e. the way of material uptake, its storage,
analysis method, reagents purity, quality of analytical
apparatus etc.

Urine collection for proteomic studies

The reliable result of proteomic studies is the col-
lection of urine sample qualitatively consistent with
the composition of eventual urine in the urinary blad-
der. The simplest and non-invasive method is urine
collection from the mid-stream micturition into the
sterile containers (Nabity et al. 2011). The 5-20 ml
sample is centrifuged at 3000 g for 5 minutes. Then,
the inhibitors mixture is added to the obtained super-
natant to prevent the proteins decomposition. Their
concentration is determined by the Bradford method
and the whole content is stored at -80oC for further
analyses (Zhou et al. 2006). To avoid the risk of
sample contamination with outer environmental fac-
tor, in some cases cystocentisis, the direct puncture of
the urine bladder, is carried out with monitoring by
USG. The disadvantage of this method is invasive
propensity and necessity of performing it in the clinic
by the doctor. Catheterization of the patient is a less
invasive method. However, urine obtained in this way
can be contaminated in the process of a catheter be-
ing introduced to the bladder with e.g. bacteria from
outer sexual organs or laminated epithelia (Bubenik
et al. 2007). In every case, day and night fluctuations
affect the interpretation of results.

2D Gel Electrophoresis

The first step in preparation of the urine sample
for proteins separation by means of 2D electrophor-
esis is proper preparation of the material including:
filtration to purify the sample from interferents of the
mass <3kDa, concentration of the sample e.g. by pre-
cipitation with acetone and then (usually during the
night) centrifugation (Khan and Packer 2006, Kon-
valinka et al. 2012). TBT is added to the sample to
reduce proteins and medium alkalization takes place
after the addition of acrylamide. To remove salt, the
material must be filtered in the desalination column
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but with small volume of the sample, it is difficult to
choose proper separation time on the column. To
make this stage of investigations more efficient, the
column should be coupled with the spectrometer or
a small-mass marker, which will appear as the first in
the effluent should be used. It should eluate close to
the retention time of the first of the proteins to wash
out all interferents of the mass close to the lightest
protein with its simultaneous “rescue” (Vaezzadeh et
al. 2010, Court et al. 2011). An important factor af-
fecting the quality of the sample prepared for 2D elec-
trophoresis is its conductivity. It decides about the
separation effectiveness. The recommended conduc-
tivity is 300 μS/cm (Khan and Packer 2006), whereby
the urine samples e.g. in people had different conduc-
tivity depending on collection time. Even after
acetone washing aimed at the sample concentration
conductivity of urine, e.g. in people, decreased insig-
nificantly (Khan et al. 2005).

In order to standardize the analysis method, urine
should be taken up from mid-stream in the morning
(Khan et al. 2005, Khan and Packer 2006, Thon-
gboonkerd 2007, Benkali et al. 2008). This allows to
avoid taking up a large amount of already mentioned
interferents appearing in the first fraction of excreted
urine (Theodorescu and Mischak 2007, Thongboon-
kerd and Saetun 2007). However, this does not help
get rid of the problem. In fact, “pure” urine without
cellular elements can be obtained by urine bladder
catheterization. The disadvantage of this sample col-
lection method, besides invasive propensity, is the fact
that the stress can cause changes in the urine compo-
sition (Bubenik et al. 2007).

The advantage of 2D electrophoresis as a method
of preparation of proteins in the urine sample for
analysis by means of mass spectrometry MALDI-TOF
is accuracy of protein separation not only with respect
to the isoelectric point (first direction), but also as the
function of mass (second direction) (Weeks 2010).
A sample of urine is not a complicated mixture in
which most compounds have similar mass. If that was
a case, after the whole process a mixture of several
components of similar composition would be obtained
on one spectral line. Some standards are available
commercially which allegedly make quantitative de-
termination possible. If the range of isoelectric points
is known, zooming is possible thus making separation
of compounds mixture accurate (Mischak et al. 2007,
Thongboonkerd 2007, Thongboonkerd and Saetun
2007). Its disadvantage is a lack of possibility to use
such concentration during the standard measurement
in the range of pH 3-10. The disadvantage of elec-
trophoresis as a method of preparation of urine
sample for proteomic analysis is necessity of prepara-
tion of starting material characterized by minimal

threshold concentration depending on the quantity of
strips and gels applied by the user. The example of
such concentration can be results presented by Khan
and Packer (2006), where the authors assume the
necessity of a minimum concentration of 200 μg/20 ml
of the initial urine for analysis. In the case of the
samples taken from healthy animals, this criterion
cannot always be met due to individual characteristics
e.g. dog weight, specific metabolism. Another limita-
tion of electrophoresis as a method of sample prep-
aration is necessity of elimination of compounds
which appear in diseases e.g. oxalates or calcium
phosphates in nephrolithiasis. However, the most sig-
nificant disadvantage of gel 2D electrophoresis are
losses of biological material which is not retained in
the gel or is washed out from it during the whole
process of separation (Pieper et al. 2004, Weeks
2010). This is of significant importance in the analysis
of compounds, which, when occurring in small
amounts in the sample, can get lost. An important
factor affecting the quality of mixture components
separation by means of gel 2D electrophoresis is ap-
plication of standardized procedures which assures
the reproducibility of results (Zerefos and Vlahou
2008). A lack of convergence between the results ob-
tained within a few days of conducting the same pro-
cess in the reproducible conditions is quite frequent
(Sobhani 2010). Due to the character of biological
samples, it is essential that the gel temperature does
not exceed that of protein denaturation which may
occur with the local increase of substance density
composition which results in increase of electric cur-
rent resistance and which is directly connected with
temperature conditions affecting the sample (Sobhani
2010, Weeks 2010).

Liquid Chromatography

Liquid chromatography is an alternative for the
two-direction gel electrophoresis (Liu et al. 2012). Us-
ing this method it is possible to eliminate some disad-
vantages of 2D electrophoresis what can be shown on
examples based on Nano-LC chromatography.
Chromatography used as a method of separation of
urine protein mixtures for qualitative determination
by means of mass spectrometry MALDI-TOF
(Lapolla et al. 2006, Sun et al. 2006, Bryan et al.
2011). In these papers the required amount of pro-
teins for determination is 2 μg/5 ml of collected urine.
According to the requirements of the producer the
samples to be analyzed by the MALDI-TOF mass
spectrometry must be filtered to separate ionic com-
pounds, heavy metals, compounds of mass < 1 kDa
from the protein (Saito et al. 2010, Cobzac and Gocan
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2011). “Light” fraction can be qualitatively analyzed
thanks to a special procedure (Norden et al. 2004)
and modification of detection method which is im-
possible in the case of 2D electrophoresis. Owing to
the use of a precolumn of the SCX type in the
Nano-LC system it is possible to separate over 2.5
thousand compounds from mixture. (Machtejevras et
al. 2009, Balog et al. 2010). This procedure linked
with the use of analytical column with the C-18 phase
of the 25 cm length enables better separation than
the comparable gel 2D electrophoresis system. How-
ever, liquid chromatography used as a method of
preparation of a sample for analysis has also its own
limitations (Erni 1982, Adachi et al. 2006, De Jong et
al. 2010). One of the main assumptions in sample
preparation for analysis is adjustment of the number
of theoretical shelves to applied mobile phase. The
aim of such procedure is determination of time
needed for spreading the sample on the plate spot so
that there is a small amount of mixture components
as possible. The ideal situation would be such ratio of
the dosing time to the retention time of the studied
substance that there was only this one on a given
spot. When this is not possible the mobile and drop-
ping time should be chosen so that there is possibility
the smallest number of mixture components on
a given spot washed out from column and their spec-
trum was on one spot but not repeated in the dosage
series (Erni 1982). Applying a MALDI-TOF mass
spectrometer as an analyzer and procedures connec-
ted with its operations, it is possible to eliminate one
of the disadvantages of liquid chromatography which
is evolution of separated compounds from the mo-
bile phase. The system of linked Nano-LC and
MALDI-TOF mass spectrometer enables, besides
separation of mixture components, preparation of an
almost perfectly pure sample after evaporation of
solvent being components of mobile phase which can
be subjected for further analysis (Suzuki et al. 2007).
This is an obvious advantage over the gel elec-
trophoresis methods where after the separation of
mixture components it is necessary to use the pro-
cedure to transfer the sample from gel the solvent,
then to evaporate the solvent by means of mass spec-
trometry MALDI-TOF. However, one should bear in
mind that the disadvantage of liquid chromatography
compared to the electrophoretic methods is the ef-
fect of sample viscosity on the pressure which must
be applied so that a multi-component mixture could
be separated. If compounds of similar mass make
a large part of sample they will eluate from the col-
umn in similar period of time and the effect of this
there will be heterogeneity of composition and vis-
cosity of a sample. This may decrease quality of mix-
ture separation and a sample purity.

Conclusions

The above presentation of advantages and disad-
vantages of gel 2D electrophoresis and liquid
chromatography as the methods used for purification
and separation of urine proteins show that there is no
perfect method for preparation and separation of
components of biological material. Both techniques
are characterized by disadvantages which limit prep-
aration of perfectly pure material for analysis. To
evade them it is recommended to link them separating
the prepared mixture in 1D electrophoresis and then
extracting proteins from the cut strip fragments for
separation by means of liquid chromatography. The
purified material obtained in this way is a sample
ready for analysis by means of mass spectrometry.
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