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ABSTRACT

Despite saliva being one fluid with growing interest as a source of biomarkers, both in humans and animal models, few studies have been
reported that use proteomic approaches for canine saliva analyses. Two-dimensional electrophoresis (2-DE) is considerably used in biomarker
research and its use for dog saliva study may add relevant knowledge about pathology/physiology. The quality of the results obtained using 2-
DE greatly depends on sample preparation. Different protein precipitation methods are frequently used for removing interfering compounds
and concentrating samples, but their efficiency varies according to sample characteristics. For dog saliva samples no information was found
about the best precipitant and precipitation method for electrophoretic protein profiling.

In this study, six different protein precipitation methods were compared. Precipitation of dog salivary proteins with 20% (w/v) trichloroacetic
acid (TCA) resulted in lower protein recovery rate than other methods tested, but allowed protein profiles highly correlated with the ones from
original samples. Moreover, this protocol resulted in good protein separation in 2-DE, with the visualization of spots from salivary proteins not
observed when samples were treated using other methods. Based on this, we propose the use of TCA for dog saliva whenever precipitation is
needed for protein profile analysis.
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1. Introduction

Saliva is a clear fluid mainly composed of electrolytes,
immunoglobulins, proteins and enzymes [1]. Whole saliva is
mainly a mixture of the secretions from the major and minor
salivary glands, and oral mucosa, periodontium and oral
microflora, which also contribute to its final content.
Therefore, whole saliva represents a complex balance among
local and systemic sources. Mostly in humans, this has been
allowing for the application of saliva in the diagnosis not only
for salivary gland disorders but also for oral diseases and
systemic conditions such as, among others [2-7]:
periodontitis and dental caries; type-2-diabetes mellitus;

obesity; several infections; cancer in a number of tissues;
human immunodeficiency virus (HIV).

The interest in the characterization of biological fluids
protein composition has increased in the last few years for
both scientific and veterinary routine advancement [8]. The
non-invasive and simple nature of saliva collection allows for
repetition and multiple collection of biological material with
minimally trained personnel and in a stress-free, painless,
and economically viable manner [1,9]. However, saliva of
different animal species, including the dog, is still little
studied. Thus, protocol optimization for saliva analysis is
firstly required.

Two-dimensional gel electrophoresis (2-DE) is one of the
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most popular techniques for the global analysis and initial
profiling of salivary proteome for both humans and animals.
2-DE simultaneously separates proteins according to their
isoelectric points (pI) and molecular masses, enabling the
visualisation and identification of several thousand proteins
on a single gel. One of the greatest advantages of 2-DE in
salivary protein study relates to its capacity of separating
proteins with different post-translational modifications
(PTMs), allowing their separate quantification.

One of the constraints of using 2-DE in animal saliva
samples is the difficulty to obtain saliva volumes sufficient to
achieve the relatively high amount of proteins needed for
performance of this technique. In dogs, in order to obtain
high volumes of saliva may be not easy: thus different
authors reported methods for stimulating saliva production,
based on use of citric acid [10,11], soaking cotton rolls [12],
or use of beef-flavoured cotton ropes [13]. However, these
techniques could interfere with the salivary proteome and
result in erroneous results and conclusions.

In 2-DE, sample preparation is an essential step for
success. A high amount of charged molecules in solution will
affect isoelectric focusing (IEF). In certain animal species,
such as ruminants, this may be particularly relevant, since
these animals have a high content of bicarbonate and
phosphate ions in their saliva [14]. Moreover, charged
detergents, lipids, phenolics and nucleic acids also need to be
removed prior to IEF. Precipitation is frequently used to
concentrate proteins from diluted samples and also to
remove compounds that interfere with IEF [15,16]. Various
methods for protein precipitation are applied, which rely on
different chemical principles, and have different effectiveness
according to the characteristics of samples. For human
saliva, there are studies evaluating the efliciency and
reliability of different protein precipitation protocols [17].
However, for dog saliva, which is different in composition
from human saliva as based on biochemical studies [18-20],
no such information was reported by now.

The objective of the present study was to compare and
select the protein precipitant and precipitation method
which will allow protein profiles with the highest similarity
to original sample protein profile and, at the same time,
efficient and reliable 2-DE analysis. For this, six of the
protein precipitation methods already tested in human saliva
[17] were compared using canine saliva samples.

2. Materials and Methods
2.1. Saliva collection

Saliva from seven healthy intact adult dogs (age range 2-8
years) of different breeds was collected: Portuguese Podengo
(n=2), Border Collie (n=1), Bull Terrier (n=1), Boxer (n=1),
Australian Cattle Dog (n=1) and mixed breed (n=1).
Animals from different breeds and ages were used to
constitute a pool representative of “general” dog saliva,
instead of using saliva from only a particular breed and/or

age. Saliva samples were taken by the same examiners using
a cotton cylinder (Salivette®) [14]. The salivettes were
inserted into the oral cavity of the dogs, under the tongue
and for chew, until completely soaked with saliva [14]. Dogs
did not eat for at least 12 hours prior to the salivary
sampling but water were provided ad libitum. After
collection, the salivettes were immediately placed in test
tubes on ice, until laboratory arrival. The saliva was extracted
from the cotton roll by centrifugation at 4°C, at 2650 g, for 5
min. Samples were mixed in one pool, which was aliquoted
and stored at -20°C until further analysis, less than two
months in all cases.

2.2. Determination of total protein concentration

The total protein concentration of the dog saliva pool was
determined using Bradford method protein assay [17] with
BSA as the standard protein (Pierce Biotechnology,
Rockford, IL, USA). Standards and samples were run in
triplicate, in 96 wells microplates. Absorbance was read at
600 nm in a microplate reader (Glomax, Promega).

2.3. Protein precipitation

Five different precipitant solutions and six precipitation
methods were employed, which were already tested in
human saliva [17]: method A (trichloroacetic acid-TCA
only), method B (TCA/acetone), method C (TCA/acetone/
dithiothreitol-DTT), method D (acetone only), method E
(ethanol only) and method F (TCA/acetone fast method).
Each of the methods was performed in triplicate.

TCA precipitation (method A)

For precipitation with TCA saliva sample was mixed with
20% w/v TCA (1:1). The mixture was vortexed to mix
thoroughly and allowed to precipitate overnight at -20°C.
This was followed by centrifugation at 23876 g, at 4°C for 30
min. The supernatant was discarded and the pellet obtained
was washed twice with 200 pL of cold acetone. For each
wash, the pellet suspended was sonicated for 5 min or more
until the whole pellet was fully broken to form a suspension
(maximum 20 min). This suspension was then incubated at -
20°C for 20 min and subsequently centrifuged at 4°C for 5
min at 23876 g . This wash procedure was repeated twice. At
the end, the acetone-containing supernatant was decanted
and the pellet obtained was dried at air to remove any
residual acetone. The pellets prepared were stored at -20°C
until further use.

TCA/Acetone precipitation (method B)
The procedures were performed as described for method

A, except that the solution used for protein precipitation was
1 ml of TCA 20% (w/v) plus 9 mL of acetone (90% v/v).
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TCA/Acetone/DTT precipitation (method C)

The procedures were performed as described for method
A, except that the solution was constituted by TCA 20% (v/
v), acetone 90% (v/v) and 20 mM DTT (2.5 mL of
TCA+acetone and 0.0075 g of DTT); and that the first wash
was done using acetone 90% (v/v) and 20 mM DTT and the
second using acetone 80% (v/v) and 10 mM DTT.

Acetone precipitation (method D)

In this method, saliva was mixed with 90% (v/v) acetone at
a proportion 1:3. The mixture was incubated overnight at -
20°C followed by centrifugation at 4°C, for 30 min at 23876
g . The supernatant was discarded and the precipitated was
dried at air and frozen until further analysis.

Ethanol precipitation (method E)

The method was carried out similar to method D except
that precipitation was done with absolute ethanol.

TCA/Acetone precipitation (fast assay) (method F)

The method was carried out as described for method B,
but instead incubation being overnight, it was performed
during 1h at 4° C. The rest of procedures were similar.

2.4. Determination of the protein concentration after protein
precipitation methods

A volume of saliva corresponding to 25 pg of total protein
was precipitated following the methods described above. The
precipitates obtained were re-suspended in 25 uL 2-DE
rehydration buffer [7 M urea, 2 M thiourea, 4 % (w/v)
CHAPS, 60 mM DTT], since this is the buffer used in 2-DE.
In order to avoid that compounds interfere with Bradford,
the solution was diluted with 400 pL ultrapure water. Total
protein concentration was determined following Bradford
method as described in the section 2.2.

2.5. SDS PAGE and two-dimensional electrophoresis

Proteins were separated by SDS-PAGE electrophoresis in
14% acrylamide gels in a mini-protean apparatus (BioRad)
[21]. A volume corresponding to 12 pg of total protein was
precipitated by each of the methods described before. The
precipitates were re-suspended in sample buffer [Tris—-HCI
0.125 M pH 6.8, 2% (w/v) SDS, 5% (v/v) 2-mercaptoetanol,
20% (v/v) glycerol traces of bromophenol blue], heated at
95°C for 5 minutes and run at a constant voltage of 140V
until the dye front reach the end of the gel. A volume of
saliva correspondent to 12ug of total protein that was not
previously precipitated was run for control. Gels were fixed
in 40% methanol, 20% acetic acid, for one hour, stained with
Coomassie Brilliant Blue (CBB) G-250 (0.125% CBB G-250,

20% ethanol) for two hours and destained in several washes
with distilled water. The procedures were done in triplicate.
Analysis was performed with GelAnalyzer software (http://
www.gelanalyzer.com/).

For 2-DE, volumes of saliva correspondent to 150 ug of
total protein were precipitated by the methods evaluated in
this study, with exception of method F. The precipitates were
mixed with 125 pL rehydration buffer [7 M urea, 2 M
thiourea, 4% (w/v) CHAPS, 2% (v/v) IPG buffer, 60 mM
DTT and traces of bromophenol blue], sonicated until total
re-suspension and incubated during 1h at room
temperature, being subsequently centrifuged for 5 min at
9390 g. IPG strips (7 cm, pH 3-10 NL; GE, Healthcare) were
passively re-hydrated overnight with this solution. Focusing
was performed in a Multiphor II (GE, Healthcare) for
approximately 16kVh, at 20°C. Focused strips were
equilibrated in two steps of 15 min each with equilibration
buffer [50 mM Tris-HCl, pH 8.8; 6 M urea; 30% (v/v)
glycerol and 2 % (w/v) SDS], with the addition of 1% (w/v)
DTT and 65 mM iodoacetamide in the first and second
steps, respectively. After equilibration the strips were applied
in the top of a SDS-PAGE gel 14% acrylamide and run at
150V constant voltage in a mini-protean system (BioRad).
Staining with CBB-G250 and destaining were done through
the same protocol described for SDS-PAGE gels. Gel images
were acquired using a scanning Molecular Dynamics
densitometer with internal calibration and LabScan software
(GE, Healthcare), and images were analysed using
ImageMaster 2D Platinum v7 software. Spot editing was
performed manually and the match was done automatically
and corrected manually.

2.6. Protein identification

Spots of interest were manually excised from gels and
digested with trypsin following the protocol described before
[21]. MALDI TOF-TOF mass spectrometry was used for
protein identifications and this technique was performed by
an external laboratory (MS Lab, ITQB-UNL; Portugal).
Samples were diluted and concentrated using a reversal
phase column (R2 pores-Applied Biosystems) and eluted
with matrix a-cyano-4-hydroxycinnamic acid (CHCA;
Fluka) 5mg/mL in 50% (v/v) CAN and 5% (v/v) formic acid.
MS and MS/MS data were acquired in positive reflector
mode through MALDI TOF/TOF (4800 Plus AB SCIEX)
and through software 4000 Series Explorer, version 3.5.3.3
(Applied Biosystems). The mass of monoisotopic peptides
was determined using the algorithm SNAP 2 in the analysis
software (Bruker Daltonics) version 3.4. The external
calibration was executed using CalMix5 (Protea). The 30
precursor ions most intense of the MS spectra were selected
for analysis by MS/MS.

The monoisotopic masses of the peptides were used to
search for the protein identification through the use of
Protein Pilot v 4.5 (ABSciex) software with the Mascot
search engine (MOWSE algorithm). Swiss Prot database,
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Figure 1. Protein recovery rates obtained for each of the precipitation methods studied. Different letters represent statistically significant

differences among methods for p<0.05.

restricted to Canidae canidae (32092 sequences; 16404078
residues), was used for all the searches. A minimum mass
accuracy of 50 ppm and a mass tolerance of 0.3 Da, two
missed cleavages in peptide masses, carbamidomethylation
of Cys and oxidation of Met, as fixed and variable amino
acid modifications, respectively, were considered. Criteria
used to accept the identification were homology scores
higher than 58 and, at least, one fragmented peptide with
individual significant score (P<0.05), in Mascot.

2.7. Statistical analysis

Data for protein recovery rate, percentage volume of SDS-
PAGE bands and 2-DE spots were tested for normality and
homocedasticity using Kolmogorov-Smirnov and Levene
tests, respectively. One-way ANOVA was used for protein
recovery rate, with Tukey test used for comparison of the
different methods. The relationship between SDS-PAGE
profiles (% volume of bands) from each precipitation
method and the original sample was evaluated by calculating
Pearson coefficient. Statistical significance was considered
for p<0.05. All statistical analysis procedures were achieved
using the SPSS 21.0 software package (SPSS Inc., Chicago,
USA).

3. Results
3.1. Protein recovery rate

The different precipitation methods resulted in statistically

significant different rates of total protein recovery. The
methods with higher losses of protein were TCA (method A)
and TCA+acetone (methods B and F). On the other hand,
the precipitation with acetone (method D) was the one for
which higher protein recovery was achieved (Figure 1).

3.2. SDS-PAGE protein profiles

By relating the percentage of volume of the different
profiles, strong positive correlations were obtained between
original sample and methods A (r=0.717; p=0.003), B and F
(r= 0.751; p=0.001, for overnight and r=0.715; p=0.003 for
1h incubation) and C (r=0.711; p=0.002). On the other hand,
the precipitation methods with acetone (D) and with ethanol
(E) resulted in profiles not correlated with control (r=0.389;
p=0.151 and r=0.339; p=0.216, respectively) (Figures 2 and
3).

When comparing the different 16 protein bands
consistently present in SDS-PAGE gels, the profile obtained
without sample protein precipitation differs from profiles
using protein precipitation methods for 3 protein bands: B,
H and N. The differences are mainly in relation to the
profiles obtained through precipitation with acetone or
ethanol (Table 1).

3.3. Two-dimensional electrophoretic protein profiles
2-DE was run only for precipitated samples, since the

volume of original sample needed exceeded the maximum of
25 pL allowed for the dry-gel strips used. Figure 4 shows the

Table 1. Expression levels (% volume) of the protein bands mainly affected by protein precipitation protocols. A - TCA; B - TCA/acetone; C
- TCA/acetone/DTT; D - acetone; E - ethanol; F - TCA + acetone fast assay.

TCA+acet

Band TCA (method B) TCA+acet+DTT Acetone Ethanol TCA+acet fast Control P
(method A) (method C) (method D) (method E) assay (method F) value
B 4.54+1.17 6.54 £ 0.32 9.62 = 1.05 2.40 + 0.00* 3.57 £ 0.86* 6.79 £0.17 6.90 = 0.65 0.010
H 7.50 + 0.45* 5.62 +0.31* 1.97 £ 0.00 539 +0.61* 396 +1.13 531 +0.70* 1.97 £ 0.00 0.014
N 8.19 £0.82 8.50 £ 0.38 2.43 +0.00 12.04 + 3.25* 12.04 + 1.26* 9.49 + 2.09* 324+ 0.82 0.016

* Differences comparatively to control group (P<0.05)
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Figure 2. Representative SDS-PAGE profiles for each of the preci-
pitation methods tested. Numbers in each lane indicate the precipi-
tation method used (1 - TCA; 2 - TCA/acetone; 3- TCA/acetone/
DTT; 4 - acetone; 5 — ethanol; 6 - TCA + acetone fast assay); MW
- molecular mass marker. Precipitation methods 5 and 4 were the
ones presenting higher differences from control protein profiles.

representative 2-DE of dog saliva, after each of the
precipitation methods under study.

The highest number of resolved spots were obtained for
the precipitation with TCA (83 spots), decreasing for the
methods acetone (69 spots), ethanol (64 spots),
TCA+acetone+DTT (59 spots) and TCA+acetone (55 spots).

The profile in which protein spots were less well resolved
was the one obtained for precipitation with absolute ethanol
(method E). On the other hand, when precipitations were
performed with methods A and D, the profiles did appear
enriched in proteins from the alkaline range of the pH
gradient. Even in the other pH gradient regions, these two
profiles were the ones allowing better focusing of the
proteins, with well resolved protein spots. It is particularly
interesting the group of protein spots from the alkaline
region of the gel that were only observed in the gels obtained
following these two precipitation methods (methods A and
D - Figure 4).

The six spots observed only in the precipitation methods

Table 2. MS Identification of differentially expressed salivary proteins.

TCA (A) and acetone (D) were identified by mass
spectrometry (Table 2).

These spots correspond to proteins of keratin family or to
serine-type endopeptidase inhibitor family. Although some
of them are present in databases as uncharacterized proteins,
one has been already identified as a submandibular gland
secreted protein.

4. Discussion

The present study compared six different protein
precipitation methods for the gel-based proteomic analysis
of dog saliva. It characterizes the precipitation efficiency on
the amount of total protein that can be loosed at the end, as
well as on a protein-specific level. Although there are studies
in which different protocols for preparation of human saliva
samples for 2-DE were compared [17], the protein
composition of dog saliva is not well known. As such, there
are no guarantees that the most appropriate protocols for
preparing human saliva samples are also the ideal ones for
the preparation of dog saliva samples.

The proteome is a dynamic structure, so the sample itself
and the conditions of its storage for research directly affect
the result of proteomic analysis [22]. Moreover, the ideal
sample preparation procedure should reproducibly capture
the most comprehensive repertoire of proteins without any
artefactual modification, proteins loss, degradation or non-
proteinaceous contamination [14,15,20-26]. Besides the
need for removing sample components that may interfere
with isoelectric focusing, saliva analysis by electrophoresis
requires a concentration step, due to the dilute nature of
these samples, where protein precipitation methods can be
useful.

Precipitation methods based in acetone and/or TCA were
used by several authors in several animal tissues like ovaries,
pericardium, brain, muscle and animal fluids like saliva,
cerebrospinal fluid and blood [14,15,20-26]. One of the
limitations of precipitation protocols is the protein loss,
usually resulting from a poor re-suspension of the
precipitates [27]. Among the protein precipitation methods
tested in the present work, it was the acetone precipitation

Uniprot Estimated/ .
. 1D X Estimated/ . .
Spot Protein entry score Theoretical Theoretical bl Function/Family
reference MW (kDa) P
1 Keratin, type I cytoskeletal 10 Q6EIZ0 207 14.0/57.7 8.1/5.1 Structural molecular activity
2 Keratin, type II cytoskeletal 8 F1IPW98 111 16.0/55.0 8.1/5.7 Structural molecular activity/ Keratin family
Double-h inhibitor, 16.0/12. 7.9/8.
ouble-headed p rotease inhibitor P01002 96 6.0/12.8 9/8:3 Serine-type endopeptidase inhibitor
submandibular gland
4 Uncharacterized protein L7N097 168 15.5/51.9 6.0/6.0 Structural molecular activity/Keratin family
5 Uncharacterized protein F1PR78 121 14.0/12.7 5.0/8.4 serine-type endopeptidase inhibitor
6 Keratin, type I cytoskeletal 10 Q6EIZ0 192 14.0/57.7 7.915.0 Structural molecular activity
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Figure 3. Correlation between the SDS-PAGE profiles of each of the precipitation methods tested and control. Correlations are significant for

p<0.05.

the one that presented almost no losses, with protein
recovery rates near 99%. For human saliva and rat brain
samples, protein recovery rates of about 70% and 52.2% with
acetone precipitation were reported [17,27], respectively,
what suggests that the efficacy of this method depends on the
type of biological material. In addition to the reduced losses
in total protein, the other great advantage of this protocol is
its simple execution, although requiring a high volume of
organic solvent.

In our study, TCA-containing precipitation protocols
resulted in lower rates of protein recovery (56%), similar to
that already observed for human saliva by Jessie et al. (2008)
[17], where TCA was observed as one of the precipitating
agents leading to higher total protein losses (46.5%). The
recovery of the protein depends on the re-solubilisation of
the sample, being observed that after protein precipitation
with TCA the recovery rate is considerably higher if the
samples are sonicated (24% and 77%, without and with
sonication, respectively) [27]. In the present work, besides
the use of vortex, for resuspension of the precipitate,
sonication of the samples was also carried out but even so,
no high recovery rates were obtained. However, when
acetone and DTT was added to the mixture (method C)
higher recovery rates were observed, similarly to what has
been reported to human saliva samples [17].

Besides the interest in having a precipitation protocol that
allows a high protein recovery rate, it is important that it
imposes the minimum of modifications in the protein
content of samples, namely in the relative abundance of
these proteins. In order to control this aspect, the protein
profiles obtained after each precipitation method were

compared with the one from the original sample (without
precipitation). This was possible to be done only for SDS-
PAGE, since in 2-DE the volume of sample necessary to have
the amount of protein needed for spot visualization is too
high to be run without concentration. Moreover, the use of
Centricon devices for protein concentration did not work in
these dog saliva samples, with the filters clogged during
centrifugation step (data not shown), with the need of
further research to identify the dog saliva components
responsible for that. Despite the low protein recovery rate,
referred above, a high correlation between the protein
profiles from TCA precipitation method and the protein
profiles from original sample was observed.

Interestingly, 20% (w/v) TCA solution, representing a
concentration of 10% of this acid in sample, induces no
major changes in dog saliva. Some previous studies in rats
reported that salivary proline rich proteins present the
particular characteristic of being soluble in 10% TCA
solutions [28], suggesting that this precipitation method
would lead to a selective loss of these proteins. In the present
work, the high correlation found between the profiles
obtained from TCA protocols and the original sample
profile suggest that the protein losses resulting from the
precipitation occur in the same proportion for the different
proteins, with no evidence of some proteins being more
affected relatively to others. One hypothesis for explaining
these results is that dog saliva may not contain these types of
proteins. In fact, some authors report the absence of these
proteins in animal species’ saliva such as dogs and cats due
to their eating patterns [30].

The 90% (v/v) acetone and absolute ethanol protocols
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Figure 4. 2-DE protein profiles from dog saliva after various precipitation methods. (A) TCA; (B) TCA+acetone; (C) TCA+acetone+DTT;

(D) acetone; (E) ethanol. Gels were stained with CBB-G250 .

were those that gave profiles less correlated with the control
profiles. However, in these protocols protein recovery rates
were relatively higher. The low correlation between these
protocols and the control in SDS-PAGE profile may be due
to higher losses of some types of proteins relative to others.
Although not identified in the present study (since each
band can be constituted by several proteins), proteins with
molecular masses around 150 kDa are less intense in acetone
and ethanol precipitation methods, whereas proteins with
molecular masses around 50 kDa and 25 kDa are highly
expressed in acetone and ethanol methods, respectively. The
further identification of these proteins are of interest to
understand the main changes induced by these protocols.

In 2-DE profiles, precipitations of proteins with TCA or
acetone were the methods that allowed the observation of
the higher number of spots, with better resolution. It was
also only in the gels obtained using these two protocols that
spots in the alkaline region were observed. The enrichment
in alkaline proteins was already reported for precipitation
with TCA [27].

The protein spots observed in the gels obtained following
the two methods referred were identified as belonging to two
families of dog proteins: keratins and serine-type
endopeptidases inhibitors. In the case of keratin 1, which is a
constituents of the intermediate filament cytoskeleton in
epithelial cells, its presence in saliva from different
mammalian species, including dogs, has been reported [31].
It was previously reported, for humans, that the amounts of
keratins present in saliva may be a marker of gingival
damage [32]. Since, in this study, dog saliva has been
collected through cotton rolls, some level of gingival damage
may occur, resulting in the identification of this protein in
saliva.

Other protein spots, differently expressed among the

precipitation methods tested, were identified as protease
inhibitors and, interestingly, one of them was identified as a
protein secreted by submandibular glands. The exact role of
this protease inhibitor in saliva is not known and further
studies would be needed to explore and explain why this
protein behaves differentially with different precipitation
methods.

5. Concluding Remarks

2-DE is a popular technique for the global analysis and
initial profiling of saliva prior to further fractionation and
identification with other high throughput techniques such as
mass spectrometry. This technique needs a sample
preparation that, at the same time, allows cleaning of
interfering compounds and protein concentration. Among
the several precipitation methods studied in the present
work, precipitation using 20% (v/v) TCA (method A)
showed best results with dog saliva under studied
conditions. Although this method results in considerable
amount of total protein loss, the protein profiles are highly
correlated with the ones from the original samples, with the
advantage of allowing good resolution of spots in 2-DE and
the visualization of spots from proteins that may be of
interest.

6. Supplementary material

Ethical statement: The study did not involve the
manipulation of experimental animals. Saliva was collected
from healthy, normal weight, adult dogs of different breeds
belonging to staff members of the University of Evora and to
two kennels, who gave their informed consent for its
collection. The saliva collection and all animal procedures
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were carried out by a researcher accredited by the Federation
of European Animal Science Associations (FELASA), and
conformed to Portuguese law (Decreto-lei n° 113/2013, 7
August), which transposed the directive 2010/63/EU of the
European Parliament of the Council of 22 September 2010
on the protection of animals used for scientific purposes. The
protocols were also reviewed by the Evora University animal
welfare commission.
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