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ABSTRACT: Sardinian alcohol-preferring (sP) and Sardinian
alcohol-non preferring (sNP) rats have been selectively bred
for opposite alcohol preference and consumption. Aiming to
verify possible differences at the proteomics level between sP
and sNP rats, we investigated the salivary proteome by a a
liquid chromatography−mass spectrometry top-down−bot-
tom-up integrated approach. For this purpose, submandibular
saliva was collected from alcohol-naive sP and sNP rats under
isoprenaline stimulation. A total of 200 peptides and proteins
were detected and quantified in the two rat lines, 149 of which
were characterized in their naturally occurring structure. The
data are available via ProteomeXchange with identifier
PXD006997. Surprisingly, sP rats exhibited marked quantita-
tive and qualitative differences with respect to sNP rats, namely higher levels of proteoforms originating from submandibular
gland protein C, and from submandibular rat protein 2, as well as those of several unidentified peptides and proteins. sP rats
expressed some proteins not detectable in sNP rats such as the glutamine and glutamic acid-rich protein (GRP)-CB. The isoform
GRP-B, detectable in both rat lines, was more abundant in sNP rats. The submandibular saliva of sNP rats was also characterized
by very high levels of GRP-B proteolytic peptides and rat salivary protein 1. Whether these differences could contribute to the
opposite alcohol preference and consumption of sP and sNP rats is currently unknown and requires further investigation.

KEYWORDS: submandibular gland, rat saliva, Sardinian alcohol-preferring rats, Sardinian alcohol-non preferring rats,
top-down−bottom-up proteomics, HPLC−ESI−MS, GRPs, RSP1, SMGC, SMR2

■ INTRODUCTION

Sardinian alcohol-preferring (sP) rats constitute one of the rat
lines selectively bred worldwide for excessive alcohol preference
and consumption. When given a choice between 10% (v/v)
alcohol and water under the standard home cage two-bottle
regimen with unlimited access for 24 h/day, sP rats display a
clear preference for the alcohol solution and consume 6−7
grams of pure alcohol per kilogram of body weight daily.1

Voluntary alcohol intake in sP rats gives rise to relatively high
blood alcohol levels and produces measurable psychopharma-

cological effects, including the amelioration of genetically based
anxiety-related behaviors and locomotor stimulation.1 Notably,
sP rats meet all the fundamental requirements posed when
defining an animal model of alcoholism, including: (a) oral
ingestion of alcohol; (b) attainment of psychopharmacologi-
cally relevant blood alcohol levels; (c) willingness to “work” for
alcohol (e.g., lever-responding to access alcohol); (d) develop-
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ment of tolerance to a given effect of alcohol after voluntary
alcohol consumption; (e) development of physical or
“behavioral” dependence after voluntary alcohol consumption;
and (f) occurrence of relapse-like drinking after a period of
alcohol abstinence.1,2 Conversely, selectively bred Sardinian
alcohol-non preferring (sNP) rats avoid alcohol virtually
completely, even when exposed for relatively long periods to
mixtures containing alcohol and palatable tastants.1

Voluntary alcohol consumption in sP rats is apparently
promoted and controlled by psychopharmacological effects
rather than by taste perception of alcohol. Indeed, daily alcohol
intake in sP rats remained high and steady irrespective of
alcohol concentration,3 and the addition of saccharin to the
standard alcohol solution did not alter, even minimally, daily
alcohol intake in sP rats.4 Additionally, sP and sNP did not
display any difference in preference for and consumption of
sweet-tasting solutions.4 However, it cannot be completely
ruled out that differences in alcohol taste perception might
contribute, at least to some extent, to the opposite alcohol
preference and consumption of sP and sNP rats. To investigate
this issue, our laboratories have recently started a series of
experiments aimed at assessing, at both the proteomic and the
behavioral (i.e., taste-reactivity test)5 level, if and to what extent
alcohol taste perception might contribute to differences in
alcohol preference and consumption in sP and sNP rats. This
paper intends to be the opening basic study to address the
question of the proteomics assessment.
Indeed, taste perception is realized by a complex mechanism

involving several oral proteins,6 and in humans, the role played
by specific parotid salivary proteins in bitter-taste perception
has been demonstrated.7 Rat salivary proteins with similar
function are unknown, but it should be outlined that the rat
salivary proteome is largely uncharacterized. The few studies up
until now highlighted great differences between rat and human
salivary proteome.8−11

With the aim to highlight possible significant qualitative and
quantitative variations at the proteomics level between sP and
sNP rats, we investigated the protein composition of the
submandibular saliva, secreted in response to the intravenous
infusion of the β-adrenoceptor agonist isoprenaline, by applying
an integrated reverse-phase high-performance liquid chroma-
tography−electrospray ionization−mass spectrometry (RP-
HPLC−ESI−MS) top-down and bottom-up platform.

■ EXPERIMENTAL PROCEDURES

Chemicals

All chemicals and reagents were of analytical grade. They were
purchased from Sigma-Aldrich (Saint Louis, MI) and Merck
(Damstadt, Germany).
Animals and Sample Collection

The experimental procedures employed in the present study
fully complied with European Directive no. 2010/63/EU and
the subsequent Italian Legislative Decree no. 26 (March 4,
2014) on the so-called “Protection of Animals Used for
Scientific Purposes”. A total of 16 male sP and 14 male sNP rats
from the 85th generation were used. The choice of using male
rats was dictated by the fact that virtually all studies conducted
to date to characterize alcohol drinking behavior and
pharmacological consequences of alcohol drinking in sP rats
used male subjects.1−4 Rats were housed three per cage in
standard plastic cages with wood chip bedding. The animal
facility was under a 12 h:12 h light/dark cycle (lights on at 7:00

am), at a constant temperature of 22 ± 2 °C and relative
humidity of approximately 60%. Standard rat chow (Mucedola,
Settimo Milanese, Italy) was always available except for the 15
h preceding the experiment. Tap water was always available. At
the time of the experiments, sP and sNP rats were alcohol-
naive. sP and sNP rats weighed 435 ± 15 and 294 ± 6 g (mean
± SEM), respectively; this difference is in line with the
commonly monitored, higher body weight of age-matched sP
than sNP rats (Colombo et al., unpublished data). The rats
were anesthetized with an intraperitoneal dose (0.5 milliliters
per 100 grams of body weight) of Equitesin (a fresh mixture of
4.25% chloral hydrate, 2.1% magnesium sulfate, and 0.97%
pentobarbital sodium). Body temperature was measured with a
rectal probe and maintained at 38 °C by means of a
thermostatically controlled blanket. A polyethylene catheter
was inserted into the femoral vein to serve as a conduit for the
drug infusion, and a tracheal cannula was fitted. The
submandibular duct was approached externally and exposed
under the mylohyoid muscle. A fine polyethylene tube (filled
with distilled water) was inserted into the duct and secured
with two ligatures; there was no ongoing secretion of saliva
from the glands. In six sP rats and in seven sNP rats, the
submandibular duct on both sides were cannulated. In the other
rats, the nonduct cannulated gland was removed for
morphological purposes and the isolation of secretory granules
(findings not presented in this report). Bleeding, if any, was
stopped by Spongostan, and the wound was sutured.
Isoprenaline hydrochloride (Sigma Chemicals, St. Louis, MO)
was continuously infused at a rate of 20 micrograms per
kilogram of body weight per minute for 40 min. The first drop
of saliva falling from the tip of the cannula represented dead
space and was discarded. Saliva was directly collected in pre-
weighed, ice-chilled, Eppendorf tubes containing 250 μL of
0.1% 2,2,2-trifluoroacetic acid (TFA) aqueous solution; in the
case of both ducts being cannulated, the saliva was collected in
the same tube. Each tube was immediately weighed, and
appropriate volumes of 0.1% TFA were added to obtain the
same ratio between saliva and 0.1% TFA (30:70) in all of the
samples. Saliva and TFA were vigorously mixed and centrifuged
at 10000g for 7 min at 4 °C, and the acidic supernatants
separated from the precipitate and stored at −80 °C until RP-
HPLC−ESI−MS analysis. The total protein concentration was
determined by the bicinchoninic acid (BCA) assay kit (Sigma-
Aldrich) and used to normalize protein levels. Before the
HPLC−ESI−MS analysis, 120 μL of each sample were further
diluted in a ratio 1:10 with 0.1% TFA, and 100 μL were
analyzed by HPLC−ESI−low-resolution MS and 20 μL by
HPLC−ESI−high-resolution MS/MS. The submandibular
gland was removed, pressed gently between gauze pads, and
weighed. The saliva secreted was expressed in microliters,
assuming the density of saliva to be 1.0 g/mL, and expressed
per gland or per 100 milligrams of gland mass. In the case of
both glands of the same animal being duct-cannulated, means
were calculated and used for the statistical analysis.

HPLC−ESI−Low-Resolution MS Experiments

The searching and quantification of peptides and proteins were
made by RP-HPLC−ESI−low-resolution (1:6000) MS analysis
of the acid soluble fraction of SM saliva samples. The
measurements were carried out by a Surveyor HPLC system
connected to an LCQ Advantage mass spectrometer (Thermo-
Fisher Scientific San Jose, CA). The mass spectrometer was
equipped with an ESI source. The chromatographic column
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was a Vydac (Hesperia, CA) C8 column with 5 μm particle
diameter (150 mm × 2.1 mm). The following solutions were
used: (eluent A) 0.056% (v/v) aqueous TFA, and (eluent B)
0.05% (v/v) TFA in acetonitrile−water 80:20. The gradient
applied for the analysis of saliva was the following: from 0 to
23% of B in 10 min, from 23% to 70% of B in 45 min, and from
70% to 100% in 10 min, at a flow rate of 0.10 mL/min. During
the first 5 min of separation, the eluate was diverted to waste to
avoid instrument damage because of the high salt concen-
tration. Mass spectra were collected every 3 ms in the m/z
range 300−2000 in positive ion mode. The MS spray voltage
was 5.0 kV, and the capillary temperature was 260 °C.
Experimental mass values were obtained by deconvolution of
averaged ESI-MS spectra automatically performed using
MagTran 1.0 software12 and compared with those present in
the UniProtKB rat proteome DataBank (http://us.expasy.org/
tools).

Characterization of Salivary Peptides and Proteins

To characterize peptides and proteins present in SM saliva of
rats, we applied a top-down proteomic approach on the intact
proteins and peptides present in the acidic supernatant of SM
saliva. Enriched HPLC fractions of some proteins were
analyzed both by a top-down and a bottom-up approach for
their characterization. Enriched fractions were obtained by
preparative RP-HPLC (Dionex Ultimate 3000 instrument,
ThermoFisher Scientific, Sunnyvale, CA) of SM saliva. The
chromatographic column was a reverse-phase Vydac (Hesperia,
CA) C8 column with a 5 μm particle diameter (250 mm × 10
mm). The solutions used for preparative RP-HPLC were the
same utilized for analytical HPLC−ESI−MS experiments. The
gradient was linear from 0 to 60% B in 40 min and from 60 to
100% B in 5 min, with a flow rate of 2.8 mL/min. Fractions
corresponding to different peaks were collected separately and
lyophilized. Each fraction was solubilized in 100 μL of ultrapure
H2O, and 1/3 of the solution was acidified with 0.1% TFA (1:1
v/v ratio) to be checked by low-resolution HPLC−ESI−MS.
The protein concentration of each fraction was determined by
the BCA assay.

Proteolytic Digestion for the Bottom-Up Analysis

For proteolytic cleavage, 0.4 μg of proteins were mixed with 0.1
μg of trypsin or endoproteinase Glu-C. The tryptic digestion
was performed by using the kit “Trypsin Singles Proteomic
Grade” (Sigma-Aldrich) according to the manufacturer’s
instructions. The Glu-C digestion was performed in 100 mM
ammonium bicarbonate (pH 8.0) at 37 °C overnight.
Digestions was stopped by acidification with 0.1% formic acid
(FA) final concentration, and the solutions were stored at −80
°C until the analysis by HPLC−ESI−high-resolution MS/MS.

HPLC−ESI−High-Resolution MS/MS Experiments

The experiments were carried out by an Ultimate 3000 RSLC
Nano System HPLC apparatus (ThermoFisher Scientific,
Sunnyvale, CA) coupled to an LTQ Orbitrap Elite apparatus
(ThermoFisher Scientific). The columns were a Zorbax 300SB-
C8 column (3.5 μm particle diameter; 1.0 mm × 150 mm) for
the top-down analysis, and a Zorbax 300SB-C18 column (3.5
μm particle diameter; 1.0 mm × 150 mm) for the bottom-up.
Eluents were: (eluent A) 0.1% (v/v) aqueous FA, and (eluent
B) 0.1% (v/v) FA in acetonitrile/water, 80:20. For top-down
analyses, the gradient was: 0−2 min 5% B, 2−40 min from 5%
to 55% B (linear), and 41−43 min from 55% to 100% B, at a
flow rate of 50 μL/min. For bottom-up analyses was: 0−2 min

5% B, 2−40 min from 5% to 70% B (linear), and 41−45 min
from 70% to 99% B. MS and MS/MS spectra were collected in
positive mode with the resolution of 60000 and 30000,
respectively. The m/z range was from 600 to 2000 in the top-
down experiments, from 300 to 2000 in the bottom-up
experiments. Tuning parameters were as thus: capillary
temperature was 250 °C, and the source voltage 4.0 kV;
capillary voltage and tube lens voltage were 37 and 150 V in the
top-down and 48 and 150 V in the bottom-up experiments. In
data-dependent acquisition mode the three most abundant ions
were selected and fragmented by using collision-induced
dissociation (CID, 35% normalized collision energy for 30
ms, with an isolation width of 6−10 m/z, activation q of 0.25).
The inject volume was 20 μL. HPLC−ESI−MS and MS/MS
data were generated by Xcalibur 2.2 SP1.48 (Thermo Fisher
Scientific) using default parameters of the Xtract program for
the deconvolution. MS/MS data were analyzed by the
Proteome Discoverer 1.4 program, based on SEQUEST HT
cluster as a search engine (University of Washington, licensed
to Thermo Electron Corp., San Jose, CA) against the
UniProtKB rat proteome (February 2014 released; 33 591
entries). For peptide matching, high-confidence filter settings
were applied: the peptide score threshold was 2.3; the limits for
FDR setting were Xcorr scores greater than 1.2 for singly
charged ions and 2.0 and 2.5 for doubly and triply charged ions,
respectively. Furthermore, the cleavage specificity was set to
trypsin, or endoproteinase GluC, with two missed cleavages in
the bottom-up analysis. Precursor mass search tolerance was 10
ppm, and fragment mass tolerance was 0.8 Da. Fixed
modifications considered in the bottom-up analysis were
carbamidomethyl-Cys. The following variable modifications
were searched: phosphorylation, acetylation, pyro-glutamina-
tion, and oxidation of methionine residue. De novo sequencing
by manual inspection of MS/MS spectra was performed to
identify several peptides and proteins with the help of the
BLAST program available at https://blast.ncbi.nlm.nih.gov.
Peptide sequences and sites of covalent modifications were
validated by manual inspection of the experimental fragmenta-
tion spectra against the theoretical ones generated by MS-
Product software, available at the ProteinProspector Web site
(http://prospector.ucsf.edu/prospector/mshome.htm). The
mass spectrometry proteomics data have been deposited to
the ProteomeXchange Consortium via the PRIDE13 partner
repository with the data set identifier PXD006997.

Quantification

The area of the RP-HPLC−ESI−low-resolution MS extracted
ion current (XIC) peaks (signal-to-noise ratio of >5) was used
for quantification. The XIC search reveals the peak associated
with the protein of interest by extracting its specific multiply
charged ions along the total ion current chromatographic
profile. Area of the XIC peaks is proportional to the peptide
and protein concentration; therefore, under constant analytical
conditions, it can be used for a quantitative analysis and
comparative studies.14 The estimated percentage error of the
XIC procedure was <8%. A window of ±0.5 Da was used to
extract XIC peaks. The multiply charged ions used to selectively
extract and quantify the proteins and peptides was carefully
selected to exclude values in common with other co-eluting
proteins. The XIC peak areas were corrected for the dilution
factor and normalized to the total protein concentration.
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Statistical Analysis

GraphPad Prism (version 5.0) was used for statistical analysis.
Means and standard deviations were calculated for XIC peak
area of all the peptides and proteins. The following statistical
tests were used depending on data distribution (normal or
skewed), and variance (homogeneous or unequal): parametric t
test (variance homogeneous and normal distribution), t test
with Welch correction (normal distribution and variance
unequal), and the nonparametric Mann−Whitney test (skewed
distribution and variance unequal).

■ RESULTS
The glands of the sP rats were heavier, by 21% (p < 0.001),
than those of the sNP rats (295 ± 10 mg, n = 16, versus 243 ±
6 mg, n = 14). The total volume of submandibular saliva
secreted in response to the isoprenaline infusion was larger by
32% (p < 0.001), in the sP rats than in the sNP rats (126 ± 7
μL, n = 16, versus 95 ± 3 μL, n = 14). Expressed per 100
milligrams of gland weight, the mean volume of saliva secreted
was 44 ± 3 and 39 ± 1 μL in sP (n = 16) and sNP (n = 14)
rats, respectively, by the comparison based on gland mass, and
no statistical significant difference was attained.
Surprisingly, SM salivary proteins of sP and sNP rats showed

great qualitative and quantitative differences, as evidenced by
the comparison of the typical total ion current (TIC)
chromatograms shown in Figure 1 obtained by HPLC−ESI−
low-resolution MS analysis of the acidic soluble fraction of
submandibular saliva. The acidic treatment of saliva causes the
precipitation of several high-molecular-weight proteins15 that
were not analyzed in this study. Accordingly, we observed
components not heavier than 40 kDa. Among the 254
components detected, 54 were not considered for the
quantitative and structural analyses being present in less than
40% of the samples in the two groups. To characterize the 200
peptides and proteins included in the study, samples from 7 rats

(4 sP and 4 sNP) were separately analyzed by top-down
HPLC−ESI−high-resolution MS/MS. This approach allowed
the characterization of 149 proteins and peptides that have
been grouped into height protein families as shown in Tables 1
and 2, which report monoisotopic mass (M) values
(experimental and theoretical) and elution times determined
by HPLC−ESI−high-resolution MS; m/z values of the multiply
charged ions utilized for MS/MS fragmentation experiments
are also indicated. The average mass (Mav) values obtained by
HPLC−ESI−low-resolution MS, as well as the multiply
charged ions utilized for their quantification, are reported as
Table S-1. The mass values, Mav and Monois., of the 51
uncharacterized components, the elution times, and the
multiply charged ions utilized for their quantification, are listed
in Table S-2. For the characterization of some components, a
bottom-up strategy was applied, and the results obtained are
summarized in Table 3. Mass spectrometry proteomics data are
accessible, with the code PXD006997, at the ProteomeXchange
Consortium.16

Top-Down and Bottom-Up Characterization of Peptides
and Proteins

Submandibular Gland Protein C Species. Different
proteoforms resulting from alternate splicing of the Smgc gene
and ranging from 100 to 30 kDa are known for the
submandibular gland protein C (SMGC).17 A total of 29
peptides corresponding to naturally occurring proteolytic
fragments of SMGC were characterized by MS/MS experi-
ments (Table 1, from SMGC-1 to SMGC-29), but the intact
proteoform of SMGC was not detected in the samples. The
cleavage sites generating the SMGC peptides are indicated on
the protein sequence by arrows in Figure S-1 (panel A). The
Asn residues at position 164, 339, 626, and 638, included in the
29 SMGC peptides, were not glycosylated, and other SMGC
peptides containing further potential glycosites were not

Figure 1. Comparison of the typical HPLC−ESI−low-resolution MS total ion current (TIC) chromatograms of the acidic soluble fraction of SM
saliva from sP (black profile) and sNP (gray profile) rats.
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Table 1. Experimental and Theoretical Monoisotopic Mass Values (M, Da), Elution Times (ET), and Multiply-Charged Ions
(m/z and Charge) Selected for High-Resolution MS/MS Experiments of Proteins and Peptides Characterized in Rat SM Saliva
Exhibiting Significant Quantitative Variations between sP and sNP Rats

peptides and proteins (fragment ranges)
ET

(min)
experimental monoisotopic M

(theoretical) (Da)
ions fragmented in high-resolution MS/MS

experiments, m/z (charge)

SMGC species (Q6JHY3)
SMGC-1 (25−30) 14.68 580.29 ± 0.01 (580.286) 581.29 (+1)
SMGC-2 (25−32) 11.62 823.42 ± 0.02 (823.419) 824.42 (+1)
SMGC-3 (33−39) 31.18 717.45 ± 0.02 (717.4429) 718.45 (+1)
SMGC-4 (33−48) 24.40 1617.99 ± 0.03 (1617.982) 540.33 (+3)
SMGC-5 (40−71) 10.45 3191.58 ± 0.06 (3191.577) 639.32 (+5), 798.90 (+4)
SMGC-6 (44−71) 12.07 2791.33 ± 0.06 (2791.333) 698.84 (+4)
SMGC-7 (47−71) 9.87 2490.17 ± 0.05 (2490.169) 623.55 (+4)
SMGC-8 (49−71) 10.65 2291.04 ± 0.04 (2291.037) 764.68 (+3), 764.68 (+3)
SMGC-9 (59−71) 10.68 1317.63 ± 0.02 (1317.627) 659.82 (+2)
SMGC-10 (104−113) 23.21 1218.63 ± 0.02 (1218.624) 610.32 (+2)
SMGC-11 (104−117) 34.72 1671.94 ± 0.03 (1671.931) 836.97 (+2)
SMGC-12 (118−141) 14.91 2326.11 ± 0.04 (2326.104) 1164.06 (+1), 776.37 (+3)
SMGC-13 (142−174) 16.21 3217.46 ± 0.06 (3217.461) 1073.49 (+3)
SMGC-14 (143−151) 7.46 883.41 ± 0.02 (883.404) 884.41 (+1)
SMGC-15 (249−271) 32.93 2545.36 ± 0.05 (2545.350) 637.34 (+4)
SMGC-16 (291−312) 11.36 2087.98 ± 0.04 (2087.983) 697.0 (+3)
SMGC-17 (293−316) 13.60 2229.02 ± 0.04 (2229.014) 1115.51 (+2)
SMGC-18 (331−349) 13.55 1890.89 ± 0.03 (1890.892) 946.45 (+2)
SMGC-19 (476−494) 25.58 2108.08 ± 0.04 (2108.075) 703.70 (+3)
SMGC-20 (476−498) 35.82 2561.38 ± 0.05 (2561.381) 641.35 (+4)
SMGC-21 (476−515) 33.36 4108.12 ± 0.08 (4108.115) 685.69 (+6)
SMGC-22 (516−528) 15.49 1301.67 ± 0.02 (1301.662) 651.84 (+2)
SMGC-23 (518−528) 16.70 1088.54 ± 0.02 (1088.539) 545.27 (+2)
SMGC-24 (520−528) 17.64 875.42 ± 0.02 (875.417) 876.42 (+1)
SMGC-25 (529−555) 16.68 2717.27 ± 0.06 (2717.274) 906.76 (+3)
SMGC-26 (583−606) 17.44 2719.17 ± 0.06 (2719.171) 680.80 (+4), 907.40 (+3)
SMGC-27 (621−636) 6.78 1532.69 ± 0.03 (1532.681) 767.35 (+2)
SMGC-28 (637−649) 23.37 1244.57 ± 0.02 (1244.563) 1245.57 (+1)
SMGC-29 (637−659) 16.79 2173.98 ± 0.04 (2173.983) 1087.99 (+2)

SMR2 species (P18897)
SMR2−1 (17−94 pyro-Glu) 29.0 8595.8 ± 0.2 (8595.795) 1433.64 (+2), 1228.98 (+7)
SMR2−2 (17−116 pyro-Glu) 20.35 11370.4 ± 0.2 (11370.33) 1138.64 (+10), 1265.04 (+9), 1423.04 (+8)
SMR2−3 (44−94) 17.34 5684.6 ± 0.1 (5684.55) 1137.92 (+2), 948.43 (+6)
SMR2−4 (95−111) 6.53 2135.18 ± 0.04 (2135.182) 712.73 (+3)
SMR2−5 (95−137) 29.86 5313.82 ± 0.08 (5313.812) 886.64 (+6)
SMR2−6 (98−116) 15.02 2408.29 ± 0.04 (2408.294) 603.08 (+4)
SMR2−7 (108−113) 6.03 755.40 ± 0.02 (755.393) 756.40 (+1)
SMR2−8 (108−116 or 107−115) 16.14 1187.65 ± 0.02 (1187.641) 594.83 (+2), 1188.65 (+1)
SMR2−9 (109−116) 16.08 1058.60 ± 0.02 (1058.598) 530.30 (+2)
SMR2−10 (110−116) 15.41 944.56 ± 0.02 (944.556) 473.28 (+2)
SMR2−11 (111−116) 16.01 831.48 ± 0.02 (831.472) 416.74 (+2)
SMR2−12 (117−123) 22.60 863.47 ± 0.02 (863.465) 864.47 (+1)
SMR2−13 (117−123 pyro-Glu) 27.76 846.45 ± 0.02 (846.435) 847.45 (+1)
SMR-2−14 (117−130) 32.06 1590.83 ± 0.03 (1590.819) 796.42 (+2)
SMR2−15 (117−131) 32.95 1753.88 ± 0.03 (1753.883) 877.95 (+2)
SMR2−13(16 (117−132) 30.32 1909.99 ± 0.04 (1909.984) 955.99 (+2), 637.67 (+3)
SMR2−14(17 (117−132 pyro-Glu) 32.86 1892.96 ± 0.04 (1892.954) 947.49 (+2)
SMR2−15(18 (118−123) 22.88 735.41 ± 0.02 (735.407) 736.41 (+1)
SMR2−16(19 (118−132) 29.72 1781.93 ± 0.04 (1781.925) 891.97 (+2)
SMR2−17(20 (119−132) 28.02 1634.86 ± 0.03 (1634.857) 818.44 (+2)
SMR2−21 (120−132) 27.19 1577.84 ± 0.03 (1577.835) 789.92 (+2)
SMR2−22 (122−131) 29.80 1152.56 ± 0.02 (1152.549) 1153.56 (+1)
SMR2−23 (122−132) 36.55 1308.66 ± 0.02 (1308.650) 655.33 (+2)
SMR2−24 (123−132) 27.07 1211.60 ± 0.02 (1211.597) 1212.60 (+1)
SMR2−25 (124−131) 25.58 908.43 ± 0.02 (908.428) 909.43 (+1)
SMR2−26 (124−132) 21.08 1064.54 ± 0.02 (1064.529) 533.27 (+2)
SMR2−27 (132−137) 18.24 803.41 ± 0.02 (803.408) 804.41 (+1)
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identified. On the basis of the known SMGC sequences rich in
Thr and Ser residues (161 in total and 18% and 7% of the
amino acid composition, respectively), the NetOGlyc 4.0 server
predicted other possible O-glycoforms of SMGC with a score
higher than 0.7 that we were not able to detect. However, we
cannot exclude the presence of N- or O- glycoforms of SMGC
(and of other proteins). Indeed, glycosylation is a modification
typically characterized by high heterogeneity that generates
crowded and dispersed ESI spectra not resolvable by
deconvolution.
Submandibular Rat Protein 2 Species. According to

UniProtKB data bank, SMR2 (code P18897) undergoes
maturation by removal of an 18-residues signal peptide; thus,
the monoisotopic mass value expected for the mature protein is
13 666.52 Da. This mass value has never been detected in our
samples. A pair of SMR2 fragments, out of 27 naturally
occurring proteolytic fragments of SMR2, named SMR2−1
(17−94) and SMR2−2 (17−116), and carrying at the N-

terminus a Gln residue cyclized to pyro-glutamic acid (pyro-
Glu), clearly indicated that the maturation of SMR2 implies the
removal of a peptide 16 residues long, in disagreement with the
UniProtKB data bank. However, we searched the hypothetical
entire mature form of SMR2 (17−137 residues) with and
without pyro-Glu unsuccessfully. The mass values of the 27
SMR2 naturally occurring fragments are reported in Table 1.
The cleavage sites generating the SMR2 peptides are indicated
on the protein sequence by arrows in Figure S-1 (panel B).
SMR2−2, representing the longest SMR2 protein species
detectable, was characterized by HPLC−ESI−high-resolution
MS/MS of both the entire form and the tryptic peptides
obtained by digestion of purified SMR2−2 (Table 3). In
addition, we were able to characterize other fragments of SMR2
carrying N-terminal pyro-Glu, namely SMR2−13 (117−123)
and SMR2−17 (117−132) (Table 1).

Rat Salivary Protein 1. The peptide with a monoisotopic
M value 7103.1 ± 0.1 Da (Mav = 7106.0 ± 0.9 Da), eluting at

Table 1. continued

peptides and proteins (fragment ranges)
ET

(min)
experimental monoisotopic M

(theoretical) (Da)
ions fragmented in high-resolution MS/MS

experiments, m/z (charge)

RSP1 (Q63557)
20−90 pyro-Glu, C-terminal amidated (Asn82 → Lys, Val62 → Gly) 35.0 7103.1 ± 0.1 (7104.072) 1422.22 (+5), 1777.78 (+4)

CRP species (Q63134)
CRP-1 (192−224) 24.46 3730.92 ± 0.08 (3730.907) 747.19 (+5)
CRP-2 (192−234) 27.63 4906.6 ± 0.1 (4906.621) 701.95 (+7)
CRP-3 (219−224) 24.71 713.45 ± 0.02 (713.448) 714.45 (+1)
CRP-4 (219−234) 26.55 1889.17 ± 0.04 (1889.161) 630.73 (+3)
CRP-5 (223−232) 26.16 1168.67 ± 0.02 (1168.660) 585.33 (+2)
CRP-6 (223−234) 26.65 1437.85 ± 0.02 (1437.846) 480.29 (+3)
CRP-7 (224−234) 26.55 1340.80 ± 0.02 (1340.792) 671.40 (+2)
CRP-8 (225−232) 17.75 924.54 ± 0.02 (624.539) 925.54 (+1)
CRP-9 (225−234) 29.47 1193.73 ± 0.02 (1193.724) 398.91 (+3)
CRP-10 (225−239) 27.48 1775.13 ± 0.04 (1775.126) 5952.71 (+3)
CRP-11 (225−244) 29.54 2285.42 ± 0.04 (2285.418) 572.36 (+2)
CRP-12 (226−232) 18.69 811.46 ± 0.02 (811.455) 812.46 (+1)
CRP-13 (226−234) 28.67 1080.65 ± 0.02 (1080.640) 541.33 (+2)
CRP-14 (226−239) 28.01 1662.05 ± 0.03 (1662.042) 555.02 (+3)
CRP- 15(227−234) 18.60 1009.61 ± 0.02 (1009.603) 505.81 (+2)
CRP-16 (235−243) 17.52 953.60 ± 0.02 (953.602) 954.60 (+1)

GRP-B (Q9JLN8); GRP-CB (P08462)
GRP-B/CB-1 (215−224) 18.38 1185.70 ± 0.02 (1185.702) 593.86 (+2)
GRP-B/CB-2 (215−225) 27.51 1332.78 ± 0.02 (1332.771) 667.39 (+2)
GRP-B/CB-3 (215−227) 30.63 1608.92 ± 0.03 (1608.918) 805.46 (+2)
GRP-B-4 (215−246) 24.28 3923.28 ± 0.08 (3923.280) 654.88 (+6)
GRP-B/CB-5 (220−228) 29.46 1229.70 ± 0.02 (1229.696) 615.85 (+2)
GRP-B/CB-6 (221−227) 36.86 945.51 ± 0.02 (945.500) 946.51 (+1)
GRP-B/CB-7 (221−228) 32.64 1101.60 ± 0.02 (1101.601) 551.81 (+2)
GRP-B/CB-8 (222−228) 11.64 988.52 ± 0.02 (988.517) 495.27 (+2)
GRP-B/CB-9 (223−228) 32.52 841.46 ± 0.02 (841.449) 421.83 (+2)
GRP-B/CB-10 (229−234) 10.40 625.40 ± 0.01 (625.391) 626.40 (+1)
GRP-B/CB-11 (229−236) 15.30 928.56 ± 0.02 (928.561) 465.29 (+2)
GRP-B-12 (229−237) 18.34 1025.62 ± 0.02 (1025.613) 513.81 (+2)
GRP-B-13 (229−238 or 230−239) 14.22 1181.72 ± 0.02 (1181.715) 591.86 (+2)
GRP-B-14 (230−238) 14.23 1124.70 ± 0.02 (1124.693) 563.35 (+2)
GRP-B-15 (231−238) 14.68 968.60 ± 0.02 (968.592) 485.30 (+2)
GRP-B-16 (239−244) 11.09 785.42 ± 0.01 (785.429) 786.42 (+1)
GRP-B-17 (239−245 or 238−244) 12.12 856.47 ± 0.02 (856.467) 857.47 (+1)
GRP-B-18 (239−246 or 238−247) 11.15 1012.57 ± 0.02 (1012.568) 507.29 (+2)
sGRP-CB (28−224) 19.46 21307.0 ± 0.4 (21305.3) nda

sGRP-B (28−244) 19.00 23814.0 ± 0.4 (23810.7) nda

and: not determined.
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35.0 min, was identified as rat salivary protein 1 (RSP1) (Table
1), even if the sequence determined showed some discordance
with that one reported in UniProtKB data bank (code
Q63557). The peptide was de novo sequenced by manual
inspection of high-resolution MS/MS spectra obtained on the

entire form and on the proteolytic peptides derived from
trypsin and endoproteinase Glu-C digestion of an enriched
HPLC fraction (Table 3). The MS/MS analysis on the [M +
5H]5+ ion at 1422.22 m/z corresponding to the intact peptide
provided a partial sequence that showed 100% identity with the

Table 2. Experimental and Theoretical Monoisotopic Mass Values (M, Da), Elution Times (ET), and Multiply-Charged Ions
(m/z and charge) Selected for High-Resolution MS/MS Experiments of Proteins and Peptides Characterized in Rat SM Saliva
Not Exhibiting Quantitative Variations between sP and sNP Rats. Asterisks Indicate Gliadoralin A Species also Characterized in
a Previous Study9

peptides and proteins
(fragment ranges)

ET
(min)

experimental
monoisotopic
M (theoretical)

(Da)

ions fragmented in
high-resolution MS/
MS experiments, m/z

(charge)

gliadoralin A species (D3Z9M3)
A-1 (17−33, pyro-
Glu)

18.51 2028.97 ± 0.04
(2028.961)

677.33 (+3)

A-2 (fr: 17−52,
pyro-Glu)

18.91 4011.9 ± 0.1
(4011.902)

1003.98 (+4)

A-3 (17−83, pyro-
Glu)*

18.96 7705.8 ± 0.2
(7706.76)

1285.30 (+6), 1101.83
(+7)

A-4 (17−101,
pyro-Glu)*

18.61 9870.9 ± 0.2
(9870.94)

1097.77 (+9)

A-5 (17−106)* 18.75 10544.2 ± 0.2
(10544.25)

ref 9

A-6 (22−31) 11.62 1150.57 ± 0.02
(1150.56)

1151.57 (+1)

A-7 (22−33) 17.04 1435.71 ± 0.03
(1435.706)

718.86 (+2)

A-8 (22−52) 18.03 3418.65 ± 0.07
(3418.65)

1140.06 (+3)

A-9 (22−83)* 18.17 7112.5 ± 0.2
(7112.503)

1186.42 (+6), 1017.08
(+7)

A-10 (22−101)* 18.00 9277.6 ± 0.2
(9277.75)

ref 9

A-11 (22−106)* 18.30 9950.0 ± 0.2
(9949.98)

ref 9

A-12 (24−33) 16.86 1173.62 ± 0.02
(1173.610)

587.81 (+2)

A-13 (25−31) 17.56 789.40 ± 0.02
(789.398)

790.41 (+1)

A-14 (25−33) 17.18 1074.55 ± 0.02
(1074.542)

538.28 (+2)

A-15 (32−52) 12.78 2286.09 ± 0.04
(2286.095)

1144.05 (+2)

A-16 (32−83) 16.48 5980.0 ± 0.1
(5979.952)

1196.99 (+5), 997.66
(+6)

A-17 (32−101) 16.60 8145.1 ± 0.2
(8145.084)

1164.59 (+7)

A-18 (34−52) 13.30 2000.95 ± 0.04
(2000.951)

1001.48 (+2)

A-19 (34−83) 16.84 5694.8 ± 0.1
(5394.808)

1139.97 (+5), 950.14
(+6)

A-20 (53−83) 15.92 3711.86 ± 0.08
(3711.868)

1238.29 (+3), 928.97
(+4)

A-21 (53−101) 15.70 5877.0 ± 0.1
(5876.999)

980.51 (+6)

A-22 (68−83) 15.07 1900.07 ± 0.04
(1900.064)

951.04 (+2)

A-23 (84−101) 11.28 2183.14 ± 0.04
(2183.142)

728.72 (+3)

A-24 (86−101) 10.62 1998.06 ± 0.04
(1998.062)

667.03 (+3)

A-25 (87−101) 10.88 1901.01 ± 0.04
(1901.009)

634.67 (+3)

A-26 (88−101) 10.95 1787.93 ± 0.04
(1787.925)

894.97 (+2), 596.98
(+3)

A-27 (89−101) 10.97 1690.87 ± 0.04
(1690.872)

846.44 (+2)

peptides and proteins
(fragment ranges)

ET
(min)

experimental
monoisotopic
M (theoretical)

(Da)

ions fragmented in
high-resolution MS/
MS experiments, m/z

(charge)

SMGM species (Q63549, E9PTY1)
SMGM-1 (23−34) 8.58 1570.79 ± 0.03

(1570.791)
524.60 (+3)

SMGM-2 (35−40) 17.47 760.42 ± 0.02
(760.412)

761.42 (+1)

SMGM-3 (35−41) 14.04 897.48 ± 0.02
(897.471)

898.48 (+1)

SMGM-4 (35−42) 13.47 1053.58 ± 0.02
(1053.572)

527.79 (+2)

SMGM-5 (35−43) 11.65 1209.68 ± 0.02
(1209.673)

605.84 (+2)

SMGM-6 (37−42) 12.80 812.43 ± 0.02
(812.429)

813.43 (+1)

SMGM-7 (43−53) 12.10 1328.70 ± 0.02
(1328.695)

665.35 (+2), 443.90
(+3)

SMGM-8 (44−53) 13.71 1172.60 ± 0.02
(1172.594)

1173.60 (+1), 587.30
(+2)

SMGM-9 (45−53) 14.05 1035.54 ± 0.02
(1035.535)

1035.54 (+1)

SMGM-10 (48−53) 11.68 721.38 ± 0.02
(721.376)

722.38 (+1)

SMGM-11 (54−59) 10.22 782.38 ± 0.02
(782.371)

392.19 (+2)

SMGM-12 (60−66) 15.40 933.46 ± 0.02
(933.460)

934.46 (+1)

SMGM-13 (60−71) 14.10 1516.77 ± 0.03
(1516.767)

759.39 (+2)

SMGM-14 (60−82) 28.08 2818.49 ± 0.06
(2818.481)

940.50 (+3)

SMGM-15 (60−83) 26.27 2974.59 ± 0.06
(2974.584)

992.53 (+3), 744.65
(+4)

SMGM-16 (67−82) 26.37 1903.04 ± 0.04
(1903.032)

952.52 (+2)

SMGM-17 (67−83) 25.19 2059.14 ± 0.04
(2059.133)

1030.57 (+2), 687.30
(+3)

SMGM-18 (76−83) 24.89 1024.55 ± 0.02
(1024.545)

1025.55 (+1)

SMGM-19 (93−100) 12.80 1087.56 ± 0.02
(1087.557)

544.78 (+2)

SMGM-20 (94−100) 9.08 974.48 ± 0.02
(974.472)

488.24 (+2)

SMR1 species (P13432, G3V947)
SMR1−1 (28−70) 28.98 4818.6 ± 0.1

(4818.563)
964.72 (+5), 804.10
(+6)

SMR1−2 (29−70) 29.54 4663.5 ± 0.1
(4663.452)

933.50 (+5)

SMR1−3 (34−70) 30.22 4030.2 ± 0.1
(4030.139)

1008.54 (+4)

SMR1−4 (35−70) 30.85 3874.08 ± 0.08
(3874.038)

969.52 (+4)

SMR1−5 (63−70) 30.37 933.55 ± 0.02
(933.540)

934.55 (+1)

SMR1−6 (71−92) 33.39 2313.27 ± 0.05
(2313.262)

1157.64 (+2), 772.09
(+3)

SMR1−7 (71−95) 32.88 2732.45 ± 0.05
(2732.442)

911.82 (+3)
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Table 3. Results of the High-Resolution HPLC−ESI−MS/MS Analysis of the Proteolytic Peptides Obtained by Digestion with
Endo-Proteinase Glu-C and Trypsin of Enriched Fractions of SMR2-2, RSP1, sGRP-B, and sGRP-CBa

proteolytic peptide sequence and position (fragment ranges)

exp monoisotopic
(theoretical) [M + H]+

m/z values ET (min)
MS/MS analysis m/z and

charge

SMR2−2 (17−116 of SMR2), endoproteinase Glu-C peptides

ISDVKQQPD (28−36) 1029.53 ± 0.02
(1029.521) (11.03)

515.27 (+2)

ISDVKQQPDSD (28−38) 1231.58 ± 0.02
(1231.580) (13.11)

616.29 (+2)

VNPGNVQDHE (46−55) 1108.51 ± 0.02
(1108.502) (14.16)

554.76 (+2)

SAPAANEEPSVSPGNE (56−71) 1555.69 ± 0.03
(1555.687) (16.32)

778.35 (+2)

PSVSPGNEQEE (64−74) 1172.51 ± 0.02
(1172.507) (14.11)

586.76 (+2)

QQQQPLPVE (75−83) 1066.56 ± 0.02
(1066.553) (23.76)

533.78 (+2)

NQEPSDKE (84−91) 946.41 ± 0.02 (946.411)
(11.68)

473.71 (+2)

RHRKQKRPPPETLHHRE (92−108) 2202.23 ± 0.04
(2202.223) (17.64)

551.31 (+4)

TLHHRE (103−108) 792.41 ± 0.02 (792.396)
(12.61)

396.71 (+2)

SMR2−2 (17−116 of SMR2), tryptic peptides

KQKRPPPETLHHR (79−91) 1623.92 ± 0.03
(1623.919) (5.17)

406.74 (+4)

QKRPPPETLHHR (80−91) 1495.82 ± 0.03
(1495.824) (7.27)

374.71 (+4)

QKRPPPETLHHRENLRPQIYR (80−100) 2665.45 ± 0.05
(2665.455) (16.07)

445.08 (+6)

RPPPETLHHR (82−91) 1239.67 ± 0.02
(1239.671) (8.48)

413.89 (+3)

RPPPETLHHRENLRPQIYR (82−100) 2409.30 ± 0.04
(2409.301) (16.60)

482.67 (+5)

PETLHHR (85−91) 889.46 ± 0.02 (889.464)
(4.65)

445.24 (+2)

ENLRPQIYR (92−100) 1188.65 ± 0.02
(1188.648) (18.07)

594.83 (+2)

KQKRPPPETLHHRENLRPQIYR (95−116) 2793.55 ± 0.06
(2793.549) (15.75)

466.60 (+6)

RSP1 endoproteinase Glu-C peptides

<QDAGTDTADTSDTADGTTDSGTQADATDGQQDAEb (20−53) 3315.27 ± 0.07
(3315.265) (16.15)

1658.64 (+2), 1106.09 (+3)

SSDGTSDAGDGDAPADQDQEDSALLALVKTLKEc,d (54−86) 3319.53 ± 0.07
(3319.529) (29.41)

1107.18 (+3)

SALLALVKTLKEc (75−86) 1285.81 ± 0.02
(1285.809) (27.40)

643.41 (+2)

RSP1 tryptic peptides

<QDAGTDTADTSDTADGTTDSGTQADATDGQQDAESSDGTSDAGDGDAPADQDQEDSALLALVKc,d

(20−82)
6144.6 ± 0.1 (6144.507)
(26.47)

1230.31 (+5)

sGRP-B endoproteinase Glu-C peptides

TSDVPADSE (28−36) 920.39 ± 0.02 (920.384)
(13.08)

460.70 (+2)

TSDVPADSEQQPVDSGSDPPSADADAE (28−54) 2687.11 ± 0.05
(2687.108) (18.02)

1344.56 (+2)

TSDVPADSEQQPVDSGSDPP SADADAENVQE (28−58) 3157.32 ± 0.06
(3157.320) (18.55)

1053.45 (+3)

QQPVDSGSDPPSADADAE (37−54) 1785.75 ± 0.04
(1785.741) (16.22)

893.37 (+2)

QQPVDSGSDPPSADADAENVQE (37−58) 2255.96 ± 0.04
(2255.953) (17.96)

1128.82 (+2)

STQAENQEPPATSGSEEE (84−101; 107−124) 1890.79 ± 0.04
(1890.784) (14.89)

946.39 (+2)

NQEPPATSGSE (89−99; 112−122; 135−145) 1116.48 ± 0.02
(1116.480) (12.11)

558.74 (+2)

NQEPPATSGSEE (89−100; 112−123; 135−146) 1245.53 ± 0.02
(1245.523) (12.77)

623.27 (+2)

NQEPPATSGSEEEQQQQE (89−106; 135−152) 2015.84 ± 0.04
(2015.843) (14.73)

1008.42 (+2)

EQQQQEPTQAE (124−134) 1315.58 ± 0.02
(1315.576) (12.01)

658.29 (+2)
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portion 23−47 of RSP1 (http://blast.ncbi.nlm.nih.gov/). The
monoisotopic M value of RSP1 corresponds to 7206.1 Da, with
ΔM of 103.0 ± 0.1 Da with respect to the experimentalM value
determined by us. However, the analysis of MS/MS spectra of
two proteolytic peptides from endoproteinase Glu-C digestion,
with experimental [M + H]+ values of 1285.81 ± 0.02 and
3319.53 ± 0.04 m/z, and of the tryptic peptide with
experimental [M + H]+ values of 6144.55 ± 0.08 m/z (Table

3), evidenced the two substitutions of Asn82→ Lys (ΔM =

+14.1 Da) and Val62 → Gly (ΔM = −42.1 Da). Furthermore,

the cyclization of N-terminal Gln to pyro-Glu (ΔM = −17.0
Da), the deletion of Gly 91 (ΔM = −57.0 Da), and C-terminal

amidation (ΔM = −1.0 Da) allowed to obtain a complete

agreement of the experimental MS/MS spectrum with that one

expected for RSP1 carrying these modifications (Figure 2).

Table 3. continued

proteolytic peptide sequence and position (fragment ranges)

exp monoisotopic
(theoretical) [M + H]+

m/z values ET (min)
MS/MS analysis m/z and

charge

sGRP-B endoproteinase Glu-C peptides

QQQQEPTQAE (125−134) 1186.53 ± 0.02
(1186.533) (10.47)

593.77 (+2)

STQAENQEPPATSGSEE (107−123) 1761.74 ± 0.04
(1761.741) (14.68)

881.37 (+2)

EGNVESPPSTPE (175−186) 1242.55 ± 0.02
(1242.549) (16.53)

621.73 (+2)

NSQEQPQQTNPE (187−198) 1399.61 ± 0.03
(1399.608) (12.84)

700.31 (+2)

EKPPAPKTQEE (199−209) 1253.64 ± 0.02
(1253.637) (9.60)

627.32 (+2)

sGRP-B tryptic peptides

IFPFFIYR (221−228) 1102.61 ± 0.02
(1102.608) (31.81)

551.81 (+2)

GRPVVVFRPR (229−238) 1182.72 ± 0.02
(1182.722) (16.51)

394.91 (+3)

GRPVVVFR (229−236) 929.57 ± 0.02 (929.568)
(18.21)

465.29 (+2)

sGRP-CB endoproteinase Glu-C peptides

TSDVPADSE (28−36) 920.39 ± 0.02 (920.384)
(11.78)

460.70 (+2)

QQPVDSGSDPPSADADAE (37−54) 1785.75 ± 0.04
(1785.741) (14.99)

893.37 (+2)

GESAPPANEEPPATSGSEEE (59−78) 1984.83 ± 0.04
(1984.825) (16.50)

993.42 (+2)

EQQQQEPTQAE (78−88; 101−111; 124−134) 1315.58 ± 0.02
(1315.576) (8.98)

658.29 (+2)

QQQQEPTQAE (79−88; 102−111; 125−134) 1186.53 ± 0.02
(1186.533) (7.11)

593.77 (+2)

NQEPPATSGSEE (89−100; 112−123; 135−146) 1245.53 ± 0.02
(1245.523) (12.77)

623.27 (+2)

NQEPSDSAGEGQE (158−170) 1347.53 ± 0.02
(1347.529) (13.23)

674.27 (+2)

TQPEEGNVESPPSSPE (171−186) 1683.74 ± 0.04
(1683.734) (17.11)

842.37 (+2)

EGNVESPPSSPE (175−186) 1228.53 ± 0.02
(1228.533) (15.62)

614.77 (+2)

GNVESPPSSPE (176−186) 1099.49 ± 0.02
(1099.490) (15.47)

550.25 (+2)

NSQEQPQQTNPE (187−198) 1399.61 ± 0.03
(1399.608) (10.60)

700.31 (+2)

EKPPAPKTQEE (199−209) 1253.64 ± 0.02
(1253.637) (9.54)

627.32 (+2)

aExperimental and theoretical monoisotopic [M + H]+ m/z values, elution time, sequence, PTMs, and multiply-charged ions selected for MS/MS
analysis are reported. b<Q: N-terminal pyro-Glu. cK: substitution of asparagine for lysine. dG: substitution of valine for glycine.

Figure 2. Sequence of RSP1 present in UniProtKB data bank with the entry Q63557. Modifications characterized in this study are indicated by bold
characters and arrows: substitutions V62 > G, and N82 > K, N-terminal pyro-glutamination on Q20, C-terminal amidation of L90, and loss of G91.
The numbering of the amino acids refers to the polypeptide chain with the signal peptide.
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Glutamine and Glutamic Acid Rich Proteins. We

characterized 36 peptides belonging to glutamine and glutamic

acid rich proteins encoded by the gene 4q43. This locus is

named in three diverse ways in UniProtKB data bank: Grpca,

Grpcb, and Prh1. Grpca encodes for the glutamine and glutamic

acid rich protein A (246 residues, GRP-A, P08568). A pair of

proteins, GRP-B (248 residues, Q9JLN8) and GRP-CB (247

residues, P08462), are attributed to Grpcb. Prh1 encodes for the

Table 4. Results of the Statistical Analysis (p Value) Obtained by Comparing XIC Peak Area Values (mean ± SD) of SM
Salivary Peptides and Proteins Significantly Different in sP with Respect to sNP Ratsa

peptide and protein (fragment ranges)
sP XIC peak area × 108 mean ±

SD (frequency)
sNP XIC peak area × 108 mean

± SD (frequency) p value

most abundant in sP rats
SMGC-1 (25−30) 0.02 ± 0.02 (7/16) 0 NA
SMGC-2 (25−32) 0.3 ± 0.23 (14/16) 0.01 ± 0.05 (1/14) <0.0001
SMGC-6 (44−71) 41 ± 29 (16/16) 19 ± 16 (13/14) <0.01
SMGC-11 (104−117) 0.2 ± 0.3 (7/16) 0 NA
SMGC-13 (142−174) 1.1 ± 0.8 (15/16) 0.2 ± 0.4 (5/14) <0.0001
SMGC-15 (249−271) 109 ± 65 (16/16) 33 ± 28 (11/14) 0.0004
SMGC-16 (2191−312) 0.13 ± 0.08 (16/16) 0.004 ± 0.014 (1/14) <0.0001
SMGC-17 (293−316) 0.4 ± 0.2 (16/16) 0.04 ± 0.1 (5/14) <0.0001
SMGC-18 (331−349) 2.3 ± 1.3 (16/16) 0.1 ± 0.3 (6/14) <0.0001
SMGC-21 (476−515) 1.2 ± 2.1 (6/16) 0.02 ± 0.08 (1/14) 0.04
SMGC-22 (516−528) 0.3 ± 0.4 (7/16) 0.005 ± 0.016 (2/14) 0.02
SMGC-25 (529−555) 0.1 ± 0.2 (7/16) 0 NA
SMGC-27 (621−636) 0.8 ± 0.5 (16/16) 0.02 ± 0.08 (2/14) <0.0001
SMGC-28 (637−649) 0.2 ± 0.1 (16/16) 0.01 ± 0.04 (1/14) <0.0001
SMR2−2 (17−116 pyro-Glu) 795 ± 420 (15/16) 379 ± 272 (11/14) 0.003
SMR2−5 (95−137) 2.4 ± 2.9 (10/16) 0.6 ± 0.7 (8/14) 0.02
SMR2−7 (108−113) 0.3 ± 0.2 (16/16) 0.2 ± 0.1 (12/14) 0.04
SMR2−16 (117−132) 46 ± 20 (16/16) 32 ± 24 (14/14) 0.04
SMR2−27 (132−137) 1.9 ± 1.7 (15/16) 0.7 ± 1.2 (9/14) 0.04
sGRP-CB (28−224) 214 ± 134 (16/16) 0 NA
peptide no. 9 0.5 ± 0.5 (15/16) 0.03 ± 0.04 (7/14) <0.0001
peptide no. 12 0.3 ± 0.2 (15/16) 0.01 ± 0.03 (2/14) <0.0001
peptide no. 13 0.08 ± 0.04 (16/16) 0 NA
peptide no. 16 0.7 ± 0.4 (16/16) 0.08 ± 0.2 (6/14) <0.0001
peptide no. 17 ±0.8 (16/16) 0.1 ± 0.3 (6/14) <0.0001
peptide no. 18 0.3 ± 0.1 (15/16) 0 NA
peptide no. 20 2.2 ± 3.1 (7/16) 0.06 ± 0.21 (1/14) 0.02
protein no. 22 30 ± 25 (15/16) 13 ± 13 (11/14) 0.02
protein no. 23 ±1.1 (15/16) 0.3 ± 0.9 (3/14) 0.001
protein no. 25 44 ± 16 (16/16) 27 ± 12 (13/14) 0.01
protein no. 26 22 ± 11 (15/16) 0 NA
protein no. 30 (low-MW protein of pair no. 2) 56 ± 48 (16/16) 0 NA
protein no. 33 ((low-MW protein of pair no. 3) 4.8 ± 3.6 (16/16) 0 NA
protein no. 35 (low-MW protein of pair no. 4) 426 ± 224 (16/16) 0 NA
protein no. 41 53 ± 61 (13/16) 0 NA
protein no. 42 25 ± 18 (14/16) 12 ± 10 (12/14) 0.02
protein no. 44 2.6 ± 2.1 (14/16) 0.8 ± 1.3 (6/14) 0.008
protein no. 46 (low-MW protein of pair no. 5) 120 ± 171 (13/16) 0 NA

most abundant in sNP rats
SMR2−23 (122−132) 1.2 ± 0.8 (16/16) 2.1 ± 1.3 (14/14) 0.03
RSP1 20−90 pyro-Glu, C-terminal ammidated (Asn82 → Lys, Val62 → Gly) 31 ± 19 (16/16) 346 ± 171 (14/14) <0.0001
GRP-B-13 (229−238) 29 ± 19 (16/16) 59 ± 25 (14/14) 0.002
GRP-B-14 (230−238) 2.5 ± 2.4 (16/16) 6.0 ± 3.4 (14/14) 0.004
GRP-B-18 (239−246) 17 ± 11 (16/16) 34 ± 15 (14/14) 0.001
sGRP-B (28−244) 104 ± 164 (6/16) 720 ± 281 (14/14) <0.0001
protein no. 45 (high-MW protein of pair no. 2) 20 ± 35 (6/16) 135 ± 100 (14/14) 0.0004
protein no. 47 (high-MW protein of pair no. 3) 2.5 ± 3.6 (6/16) 15 ± 12 (12/14) 0.001
protein no. 48 (high-MW protein of pair no. 4) 256 ± 377 (6/16) 1182 ± 785 (13/14) <0.001
protein no. 49 0.05 ± 0.21 (1/16) 1.5 ± 1.0 (12/14) <0.0001
protein no. 50 35 ± 60 (5/16) 219 ± 192 (10/14) 0.006
protein no. 51 (high-MW protein of pair no. 5) 71 ± 138 (6/16) 394 ± 516 (14/14) 0.003

aThe frequency is also reported.
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contiguous repeat polypeptide (CRP, 246 residues, Q63134).
Another protein, called Prh1 (245 residues, D4A063) and
showing 90% of homology with CRP, is additionally attributed
to Prh1, even though its sequence is labeled as “unreviewed”
and is derived from an Ensembl automatic analysis pipeline. We
were able to identify 16 peptides originated from CRP, named
from CRP-1 to CRP-16 in Table 1. Except for CRP-11 and
CRP-16, the other 14 peptides are common to Prh1. No
proteotypic peptide of protein Prh1 was observed in our
samples, suggesting that CRP is the form selectively encoded by
Prh1. The CRP sequence exhibits 97.6% of identity also with
GRP-A, mainly in the 1−244 region, which includes five
tandem repeats of 23 amino acid residues rich in proline,
glutamine, and glutamic acid. A total of three fragments (CRP-
3, CRP-11, and CRP-16) are common between CRP and GRP-
A, but no proteotypic peptide of GRP-A was detected.
According to the cleavages sites, which are confined to the
C-terminal 192−244 region of the protein (Figure S-1C), the
naturally occurring peptides were possibly generated by a
trypsin-like activity. A XIC search of tryptic fragments deriving
from the 1−191 region did not give any results, as well as the
search of the entire forms of CRP, Prh1, and GRP-A. However,
the results suggest that only CRP, among the three proteins,
was expressed in the rats under study. A total of 18 peptides
deriving from GRP-B were characterized; among them, 8 are
unique peptides, while 10 are common to GRP-CB, but none of
the proteotypic peptide of GRP-CB was detected (Table 1).
GRP-B and GRP-CB show 97% identity, and they share 87%
identity with GRP-A and CRP, mainly at the level of the first
212 residues, presenting 5 tandem repeats of 23 residues.
Peptides belonging to GRP-B/CB detected in our samples did
not share sequences with CRP and GRP-A because they
originated from the C-terminal 215−246 region, probably by a
trypsin-like activity (Figure S-1D for GRP-B and S-2A for GRP-
CB). Possible naturally occurring fragments originated by
cleavages in the 1−214 region, as well as the entire forms of
GRP-B and GRP-CB, were unsuccessfully searched by XIC
procedure.
In the HPLC−ESI−low-resolution MS profile of SM saliva

from sNP rats we observed between 16.0 and 26.0 min several
proteins clustered in pairs with Mav values between 21316 ± 3
and 27731 ± 4 Da, each pair showing a mass difference of 2507
± 1 Da, suggesting they may be polymorphic isoforms (Tables
S-1 and S-2). Differently, in saliva from sP rats only the low-
molecular-weight protein of every pairs was observed. The pair
no. 1, including the two proteins with Mav values of 21316 ± 3
and 23824 ± 3 Da (Table S-1) (monoisotopic M values of
21307.5 ± 0.4 and 23814.0 ± 0.4 Da; Table 1), was chosen for
a deeper structural characterization and identification. The Mav
values for pairs nos. 2, 3, 4, and 5 are reported in Table S-2.
The two proteins of pair no. 1 were purified and then
submitted to proteolytic digestion with trypsin and endopro-
teinase Glu-C. The analysis of high-resolution MS/MS of the
digestion products allowed the identification of the 21316 ± 3
Da protein as the fragment 28−224 of GRP-CB and the 23824
± 3 Da protein as the fragment 28−244 of GRP-B, named by
us short GRP-CB (sGRP-CB), and short GRP-B (sGRP-B),
respectively (Table 3). The expected mass value for sGRP-CB
(Mav, 21318 Da; monoisotopic M, 21305.3 Da) matched well
with that observed. Furthermore, the analysis of peptides
originated by endoproteinase Glu-C digestion of the 21316 ± 3
Da protein allowed us to cover sequence-encompassing
residues 28−146 and the 158−209 of GRP-CB. Similarly, the

expected mass value for sGRP-B (Mav, 23825 Da; monoisotopic
M, 23810.7 Da) corresponded to the experimental one, and
proteolytic fragments from endoproteinase Glu-C covered the
sequence encompassing residues 28−58, 84−152, and 175−
209 of GRP-B, while tryptic fragments covered the C-terminal
sequence (residues 221−238). The ΔM value between the
proteins of pair no. 1 agrees with the following differences
present in sGRP-B with respect to sGRP-CB: (a) deletion of
residues 225−244 (2512 Da) and (b) substitutions S > T (184
position), Q > E (129), P > S (107), and P > S (84), (overall
−5 Da).

Gliadoralin A Species. A total of 27 peptides and proteins
have been identified as protein species related to gliadoralin A
and were named from A-1 to A-27 (Table 2); six of these were
already characterized by us in a previous study9 and are marked
with an asterisk. N-terminal pyro-glutamination was charac-
terized in four gliadoralin species: A-1, A-2, A-3, and A-4. The
cleavage sites originating gliadoralin A peptides are highlighted
in the Figure S-2B.

Submandibular Gland Mucin Species. We characterized
20 peptides deriving from the naturally occurring fragmentation
of submandibular gland mucin (SMGM), a protein of 309
amino acid residues encoded by Prol1 gene (Table 2 and Figure
S-2C). The two entry codes reported in Table 2 refer to
SMGM (code Q63549), and to Prol1, an isoform that differs
from SMGM for a single substitution into the signal peptide
(code E9PTY1). We were not able to detect the entire
proteoform, probably due to its elevated level of glycosylation
in analogy with the mouse apomucin.18

Submandibular Rat Protein 1 Species. The submandib-
ular rat protein 1 (SMR1) was undetectable as entire
proteoform (expected monoisotopic mass value of 13 489.94
Da), in accordance with Rougeot and colleagues,19 that
suggested a maturation process of SMR1 like that of peptide-
hormone precursors. A total of 7 naturally occurring peptides,
covering the region ranging from 28 to 95 positions, were
characterized by us (Table 2 and Figure S-2D). A pair of entry
codes are reported in Table 2, and the code G3V947 identifies
an unreviewed isoform of SMR1, called submaxillary gland
androgen-regulated protein 3B, differing from SMR1 for two
amino acidic substitutions at 5 and 14 positions in the signal
peptide.

Summary of the Quantitative Proteomic Differences
Observed between Submandibular Saliva from sP and snP
Rats

Quantitative label-free proteomic analysis was based on the
measurements of the area of extracted ion current peaks.
Multicharged ions selected for the XIC quantitation are listed in
Table S-2. Results of the statistical analysis, the mean area
values ± standard deviation, and the frequencies of peptides
and proteins with significantly diverse levels in sP and in sNP
rats are reported in Table 4.
The SM saliva of sP rats exhibited high levels of protein

species related to SMGC, SMR2, and sGRP-CB. Among the 29
SMGC peptides identified (Table 1), 15 were sporadically
observed in the samples and thus not considered for
quantitative comparison; the 14 SMGC peptides quantified
(SMGC-1, SMGC-2, SMGC-6, SMGC-11, SMGC-13, SMGC-
15, SMGC-16, SMGC-17, SMGC-18, SMGC-21, SMGC-22,
SMGC-25, SMGC-27, and SMGC-28) were significantly more
abundant in sP than in sNPs rats (Table 4). A total of 12 SMR2
peptides were considered for the XIC quantitation (Table S-2),
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but only SMR2−2, SMR2−5, SMR2−7, SMR2−16, and
SMR2−27 showed a significant higher level in sP rats (Table
4). Figure 3A shows the distributions in the two rat groups of
the sum of XIC peak areas of SMGC species quantified that
one of SMR2 species is shown in Figure 3B. Asterisks represent
the statistical p values (*, p < 0.05; **, p < 0.01; ***, p <
0.001).
No differences were found in the levels of the peptides that

may originate from both GRP-CB and GRP-B (Tables 2, and S-
2); instead sGRP-CB, was detectable only in sP rat saliva
(Figure 3C). Analogously, the low-molecular weight proteins of
the pairs differing for 2507 ± 1 Da were detected only in the
saliva of sP rats. Several other peptides and proteins that we
could not characterize showed higher levels in sP than in sNP
rats (Table 4).
The SM saliva of sNP rats showed higher levels of RSP1,

SMR2−23, GRP-B-13, GRP-B-14, and GRP-B-18 peptides,
sGRP-B, and six uncharacterized proteins, with respect to sP
rats (Table 4). Different from sGRP-CB, sGRP-B was
expressed in both sP and sNP rats, but its level in sNP rats

was 7-fold more abundant (Figure 3C). Analogously, the high-
molecular-weight proteins of the pairs differing for 2507 ± 1 Da
were detectable in both rat populations but more abundant in
sNP than in sP rats.

■ DISCUSSION
The key result of this proteomic investigation revealed marked
qualitative and quantitative differences in the protein profile of
the submandibular saliva between alcohol-naive Sardinian
alcohol-preferring rats and Sardinian alcohol-non preferring
rats. Saliva secreted at a low continuous rate was evoked from
the duct-cannulated submandibular glands in response to the
infusion of the β-adrenoceptor agonist isoprenaline, a saliva
known to be relatively rich in proteins.20 The total amount of
saliva secreted over the 40 min prolonged period of the
isoprenaline infusion, using a low dose of the drug,21 was larger
(by 32%) from the submandibular glands of the sP rats than
from those of sNP rats. A difference that seems attributed to
the higher gland weights of the sP rats compared those of the
sNP rats.

Figure 3. Distribution of the XIC peak areas in sP and sNP rats for the totality of SMGC fragments (A), the totality of SMR2 fragments (B), and the
totality of sGRP-CB and sGRP-B (C). Asterisks represent the statistical p values (*, p < 0.05; **, p < 0.01; ***, p < 0.001).
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The great part of the components characterized in the SM
secretion were naturally occurring fragments of known proteins,
such as gliadoralin, SMGC, SMGM, SMR1, SMR2, RSP1, and
glutamine and glutamic acid rich proteins CRP, GRP-B, and
GRP-CB. These fragments, being present in SM saliva directly
collected from the duct, were generated by proteases, either
during the secretory granule maturation or during the transit in
the glandular duct. Most fragments originated by trypsin-like
cleavages, as suggested by the presence of Lys or Arg residues at
the C-terminal position, others by cleavages at Gly, Thr, Ala,
Phe, or Val residues, probably by the action of metal-
loproteinases. SMR2 protein appeared to undergo a complete
presecretory proteolysis, and we were able to characterize a
family of novel SMR2 fragments covering the entire protein
sequence. The fragments of SMR2 protein originating from the
N-terminus demonstrated that the signal peptide is 16 and not
18 residues long as reported for UniprotKB data bank entry
P18897. Furthermore, these fragments carried an N-terminal
pyroglutamic acid moiety, a previously unknown modification
for this protein. The N-terminal pyroglutamination is a
common post-translational modification of secretory proteins
and peptides that is also found in human salivary proteins22 and
is probably involved in the protection of proteins and peptides
from exopeptidase action.23 N-terminal pyroglutamination may
be also a requisite for a peptide to assume a conformation
appropriate for the receptor interaction.24 No information is
available on SMR2 function except that the expression of Smr2
in the acini of SM glands is androgen-dependent and that
mRNA was found at a higher level (20−30-fold) in male
compared to female rat SM glands.25 An N-terminal
pyroglutamination was first characterized in this study also
for RSP1, which carried the substitutions Asn82 → Lys and
Val62 → Gly, lacked the last Gly residue and presented
amidation of the C-terminal Leu, with respect to the sequence
present in UniProtKB data bank. In this regard, it should be
outlined that PTMs of SM rat proteins have been scarcely
characterized until now, and sequences present in the data bank
were often deduced from cDNA or gene sequences. Differently
to the other proteins, we did not detect RSP1 fragments in the
SM salivary samples analyzed. The C-terminal amidation
appeared an interesting modification, being considered a
PTM observed in antimicrobial peptides and useful to cross
the plasma membrane.26

SMR1, similar to SMR2, was never detected as entire form,
probably for two reasons: the presence of glycosyl moieties and
the proteolytic processing. Indeed, mRNA sequence analysis
predicted that SMR1 would be glycosylated at Asn129 and
Asn136.27 SMR1 was defined as a pro-hormone protein
generating the bioactive peptides called undecapeptide (frag-
ment 23−33), hexapeptide (fragment 28−33,) and pentapep-
tide (fragment 29−33).28 The pentapeptide is also known as
sialorphin, a potent inhibitor of neprilysin with analgesic
activity.29 More recently, another bioactive SMR1 peptide, the
heptapeptide submandibular gland peptide-T (fragment 138−
144), was studied for its anti-inflammatory property.30,31

Although these bioactive peptides are released in response to
adrenaline administration in both the saliva and the blood-
streams of adult male rats,28 we did not detect them in any of
our samples. Whether this difference is attributed to the fact
that different strains of rats have been used or that adrenaline
not only acts on β-adrenoceptors, such as isoprenaline, but also
acts on α-adrenoceptors of the gland32 is currently unknown.

A family of novel SMCG naturally occurring fragments were
detected and characterized in this study, but, probably due to
the reported high-glycosylation status of SMGC, we were
unable to detect the entire proteoform in our samples.17,18 The
biological role of SMGC has not yet been deciphered. The
protein is specific marker for type I (terminal tube) cells of
neonatal rat SM gland17 that are fundamental for SM gland
development during the first three postnatal weeks. After the
loss of these cells, occurring around 20−30 days after birth,
SMGC is expressed by intercalated duct cells.17

The glutamine and glutamic acid rich proteins were very hard
to characterize due to their high polymorphisms and because
the sequences reported in UniprotKB data bank are obtained
by genomic and cDNA analysis.33,34 The signal peptide in silico
predicted for GRP-B and GRP-CB is 16 and 18 amino acid
residues long, respectively. The data from our study strongly
suggested that the signal peptides of both GRP-B and GRP-CB
is 27 residues long. Moreover, both of the fragments sGRP-CB
and sGRP-B presented at the C-terminus the sequence Pro−
Phe, suggesting a common proteolytic processing by the action
of the same protease during the secretory pathway. A similar
cleavage site was recognized in rat angiotensinogen by kallikrein
2 action, an enzyme expressed also in SM glands.35,36 The
numerous naturally occurring fragments of GRPs characterized
in this study confirmed the expression of CRP, GRP-B, and
GRP-CB.
The detection of other four pairs of proteins with the same

ΔM value (2507 ± 1 Da) of the pair sGRP-B and sGRP-CB
strongly suggested that other GRP isoforms exist. It was not
possible to collect structural information on the four protein
pairs, and their mass values did not correspond to fragments of
known GRPs. We hypothesized they could correspond to
correlated protein species, encoded by unknown allelic forms of
the 4q43 locus and carrying structural differences similar to
those existing between sGRP-CB and sGRP-B. This hypothesis
is reinforced by the fact that all the five protein pairs showed
the same quantitative variations in the two rat groups, being the
low-molecular-weight protein species of each pair detected only
in sP saliva samples and the high-molecular-weight protein
species of each pair detected in both rat groups but with a
significantly higher level in saliva from sNP than sP rats.
Other significant quantitative differences between saliva from

sNP and sP rats were found for some SMR2 fragments and
RSP1, the latter being more concentrated in saliva of sNP than
sP rats. Conversely, the novel SMCG naturally occurring
fragments characterized in this study showed a significant
higher abundance in sP than sNPs rats. SMR1, gliadoralin, and
SMGM protein species, such as several uncharacterized
components, showed similar levels in the two rat populations.
Importantly, the two groups of rats studied had not been

exposed to alcohol before the experiments; thus, their SM
protein profiles were genetically determined. Rats of the sP and
sNP lines have been selectively bred for opposite alcohol
preference and consumption for 85 generations. Based on the
high number of generations produced to date and limited
genetic combination (relatively few breeding families have
indeed been available), sP and sNP rat lines can presently be
considered as being practically inbred.1 Selective breeding of sP
and sNP rats has resulted in several traits differing between the
two rat lines; for example, sP rats display several anxiety-related
behaviors when exposed to an anxiogenic environment.1 It is
not clear, however, if these differential traits are associated with
alcohol preference and avoidance or are simply the result of a
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genetic drift. This picture likely applies also to the qualitative
and quantitative differences in the protein profile of SM saliva.
Accordingly, it would be of interest to investigate whether the
variations in salivary proteomics observed in sP and sNP rats
may generalize to other lines of rats selectively bred for
opposite alcohol preference and consumption. An extension of
the differences observed in sP and sNP rats to other rat lines,
e.g., Indiana P and NP rats, HAD and LAD rats, and Alko
Alcohol and Alko Non-Alcohol rats, would strengthen the
hypothesis of the existence of a correlation between salivary
proteomics and alcohol preference and consumption. Addi-
tionally, the results of the present study prompt us to
investigate if and how chronic, voluntary alcohol drinking in
sP rats may alter salivary proteome and alcohol-taste reactivity.
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