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Abstract: In recent years interest in the characterization of the human salivary proteome has increased in order to explore 

its diagnostic potential. Major constituents of human saliva are highly polymorphic proteins that may have biological roles 

in oral lubrication and protection, e.g. proline-rich proteins (PRPs), statherins, histatins and cystatins. Interestingly, many 

of theses proteins are rapidly degraded in the oral cavity by host- and bacteria- or viral-derived proteases. Thus, compre-

hensive analysis of peptides up to 15 kDa (peptidomics) of whole saliva may yield basic information on proteolytic pat-

terns. By employing a LC-ESI-MS/MS approach a total of 107 native peptides from 17 distinct protein precursors was 

identified from whole saliva. Subsequently the catalog of peptides was used to analyze inter-individual differences in sa-

liva samples from four donors by differential peptide display technology. Genetic polymorphisms were found in peptides 

from the PRB4M_HUMAN and PROL4_HUMAN precursors. Analysis of the proposed N- and C-termini of the peptides 

revealed frequent cleavage after Lys or Arg which is characteristic for salivary kallikrein enzymes. Furthermore, we high-

light the cleavage motif Gln/Gly in the PRP-C precursor, which suggests a new proteolytic pattern in saliva. 
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INTRODUCTION 

 Saliva is an important biological fluid for the mainte-
nance and the homeostasis of the oral cavity [1, 2]. Salivary 
glands produce an impressive amount of 1,000-2,000 mL/ 
day. Saliva lubricates and cleans the oral cavity, facilitates 
speech, aids taste, mastication and swallowing and starts 
digestion of starches. Saliva forms the first line of oral cavity 
defense against bacterial and viral attack. In addition to its 
physiological functions, saliva offers opportunities for the 
discovery of biomarkers for monitoring general health and 
early diagnosis of diseases. Recent investigations [3, 4] show 
the actual growing interest in saliva as a diagnostic fluid due 
to its relatively simple and minimal invasive collection. 
Since the concentration of some analytes in saliva and blood 
are positively correlated, saliva has the potential to serve as a 
diagnostic specimen [5]. Saliva is also easy to store and 
transport and in contrast to blood there are minimal collec-
tion-associated risks. The search of dynamic marker for 
rheumatic disease like Sjögren’s syndrome [6] found with 
the proteome of whole saliva an interesting field of action [7-
9]. The proteome of saliva has been investigated by numer-
ous researchers over the last decades and around 1400 dis-
tinct precursor proteins were identified [10]. A complete 
review was recently published on saliva proteome and its 
polymorphisms [11]. The most abundant identified proteins 
are proline-rich-proteins (PRPs; 60 %), -amylase and cys-
tatins (20 %). The last group consists mainly of histatins, 
mucins and statherins [12]. Salivary proteins are mainly se-
creted by the parotid, submandibular and sublingual glands,  
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but microorganisms, blood and mucosal tissue also contrib-
ute to its composition [13, 14]. However, the low-molecular 
weight proteome or peptidome of saliva is also attracting a 
rising interest [15, 16]. Peptides are formed in vivo as proc-
essing and degradation products of proteins. Since peptides 
appear at the end of metabolic pathways, they are likely to 
include genetic changes as well as changes in protein expres-
sion, protein half-life, biochemical and pathobiological 
pathways. The information value of peptides is considered to 
be equivalent or even higher than that of genes or proteins in 
terms of reflecting different health states, simply because 
peptides exhibit such an enormous diversity [17]. 

 In this study we aimed to characterize the peptidome of 
saliva by a LC-ESI-MS/MS overview approach. Then in 
order to reveal interindividual differences (e.g. genetic po-
lymorphisms), the saliva of four healthy individuals was 
analyzed by Differential Peptide Display

®
 (DPD) [18-21]. 

DPD is an offline-coupled combination of Reversed-Phase-
HPLC and MALDI-TOF mass spectrometry in combination 
with an in-house developed data display and analysis tools to 
reveal differences between individual peptidomes. The pep-
tides of interest were subsequently identified by directed 
approach using additional mass spectrometric methods (off-
line- or online-coupled LC-ESI-MS/MS as well as MALDI-
TOFTOF-MS/MS) [22, 23]. 

MATERIALS AND METHODOLOGY 

Sample Collection and Protein Depletion 

 Whole saliva was collected from four male healthy non-
smoking donors at four time points using a pre-chilled sy-
ringe and all subjects gave informed consent prior to sam-
pling. Proteins were depleted over night with 80 % chilled-
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ethanol (v/v) at –20°C [24]. Subsequently, the samples were 
centrifuged at 20.000 x g for 30 min at 4 °C and the residual 
protein concentration in the supernatant was determined us-
ing the Bradford assay (BCA Protein Assay Kit, Pierce, 
Rockford, IL). 

Differential Peptide Display 

 Peptide extracts, with a concentration of 40 g/mL and 
representing 145 L saliva equivalent, were processed via 
the Agilent 1100 chromatography system. After separation 
on a RP-HPLC column (Source RPC5, 4.6 x 150 mm; Amer-
sham Biosciences Europe GmbH, Freiburg, Germany) by 
employing an acetonitrile gradient (4% to 40% in 48 min) at 
a flow rate of 500 l/min and collection of 96 fractions (250 

L each), an equivalent of 5.8 L saliva dissolved in 0.6 L 
matrix was subjected to MALDI-TOF-MS. The MALDI 
matrix consisted of alpha-cyano-4-hydroxycinnamic acid 
(matrix) and 6-deoxy-l-galactose (co-matrix) in acetonitrile 
containing 0.1% TFA. Calibration of sample measurements 
was externally performed. For quality control purposes, each 
fraction was spiked with a standard peptide (Angiotensin 
synthetic peptide, m/z=1296; 150 fmol, Bachem INC, Ca, 
USA) within the matrix prior to resolubilization of lyophi-
lized fractions. Sample ionization was performed by applica-
tion of repeated single laser shots over a representative area 
of the sample spot. The accelerated ions were analyzed in a 
time-of-flight (TOF) mass spectrometer (4700 Proteomic 
Analyzer, Applied Biosystems, Framingham, MA, USA). 

Data Analysis  

 After MS-data acquisition, spectra were analyzed, includ-
ing peak recognition and visualization using the software 
package Spectromania

®
 [25]. Quantification of mass spec-

trometric signals was performed after baseline correction by 
integrating absolute signal intensities in 1 Da bins. Using the 
Spectromania

®
 software package, the mass spectrum of each 

fraction was transformed to a virtual lane. The molecular 
weight of each peptide is indicated by its position within the 
virtual lane, whereas the MALDI-TOF-MS signal intensity 
for each peptide is depicted by the color intensity of the cor-
responding bar. The converted mass spectra of all 96 frac-
tions were combined, resulting in a two-dimensional display 
of peptide masses termed peptide display. To reveal differ-
ences between individuals comparison of mean displays of 
all 4 points of each donor respectively correlation analyses 
were performed. 

LC-ESI-MS/MS 

 The peptide extract was resuspended in 3.4 mL water as 
stock solution. 50 l of the stock solution were diluted with 
100 L Water/Formic Acid (99.9/0.1 v/v) and transferred 
into an HPLC-vial (Waters). The samples (either 10 or 20 

L) were loaded on a precolumn (Waters Symmetry 300™) 
from a CAPLC XE pump Autosampler (Waters, Milford, 
MA), using a partial or full loop injection. Peptides were 
separated on a C18 capillary column (Waters Nanoease 
Symmetry 300™ C18 3.5 m 75 m i.d. x 150 mm column). 
A linear gradient from 5 % ACN with 0.1 % formic acid to 
41 % ACN was applied for 140 min, and then ramped to 95 
% ACN in 10 min. The resolved peptides were analyzed on a 
Q-TOF Ultima (Waters, Milford, MA) with the Nano-Spray 

option (stainless steel tube 0.07mm*0.03mm*57mm, Mecc 
Technica, co. Hyogo, Japan) and a Nano-ESI source. The 
capillary voltage and the source temperature were set at 3.2 
kV and 90 ˚C respectively. The m/z range was set from 300 
to 1500 Dalton. 

 The peptides were chosen using a data depending acqui-
sition (DDA) with a dynamic exclusion of 3 min, the maxi-
mal MS/MS scan time was set to 34 s. The collision energy 
was monitored by collision energy profiling. 

ESI-MS(MS) 

 Each lyophilized fraction of interest was resuspended in 
20 L methanol/water/formic acid (50/49.9/0.1 v/v/v). 3 L 
was transferred into a Nanoelectrospray capillary (PROXE-
ON, ES380) and analyzed on a Q-TOF Ultima (Waters, Mil-
ford, MA) with Nano-ESI source. The capillary voltage and 
the source temperature were set at 1.3-1.5 kV and 90 ˚C re-
spectively. The collision energy and the acquisition time 
were manually monitored. 

Data Processing and Analysis 

 MS-MS spectra deconvolutions were either automatically 
done by Mascot Distiller (MASCOT, Matrix Science, Lon-
don, UK) or manually with the MassLynx software (Waters, 
Milford, MA, USA). The datasets were compared with Mas-
cot Search Engine at least against UniProt (Version 54.3 or 
higher; GeneBio, Geneva, Switzerland) and MSDB (last 
release 20060831x; EBI, www.ebi.ac.uk) with common post-
translational modification and a peptide and MS-MS toler-
ance of 0.2 Da. 

RESULTS 

Overview Approach 

 The first objective was a survey characterization of the 
peptidome of human saliva by LC-MS-MS sequencing. To 
achieve a good overall coverage of peptides a long-time LC 
gradient was applied. A first LC-MS-MS run with a dynamic 
exclusion of 3 min was performed within 165 min. After-
wards two LC-MS-MS runs with an exclusion list containing 
already sequenced peptides were performed. The total ion 
count (TIC) chromatograms are as complex as expected. In 
Fig. (1), tags indicate regions, where peptides from major 
proteins are located according to the sequencing results. 
Main contributors are PRPs, statherin, poly immunoglobulin 
receptor and Histatine. 

Differential Peptide Display 

 DPD
®

 analysis was applied to detect inter-individual 
perpetual differences. Therefore samples from 4 individuals 
were collected and peptide displays were generated. In a 
mean peptide display from human saliva (Fig. 2), between 
3000 and 4500 mass spectrometric signals are shown, which 
corresponds to 1000-1500 individual peptides. This usually 
reflects redundancy (peptides that elute in more than one 
fraction), multiple-charge states, peptide species with and 
without oxidative states, and a small number of mass spec-
trometric derivatives, such as fragment ions. 

 The coefficient of variation (CV) of the MS signal inten-
sity of the synthetic peptide angiotensin was calculated for 
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Fig. (1). Annotated LC-MS chromatogram of whole saliva. 

The figure shows an HPLC-ESI-MS total ion count (TIC) profile of whole saliva. The elution range delimitated by LC/MS-MS identifications 

are annotated: PRP-Acidic (PRPC_HUMAN #1), PRP-Basic (PRP1_HUMAN #3, PRP5_HUMAN #4, PRPE_HUMAN #5, PRB2_HUMAN 

#6 and PRB4M_HUMAN #8), PRP-other (PROL3_HUMAN #11 and PROL4_HUMAN #12), Statherin (STAT_HUMAN #16), Poly-Ig 

Receptor (PIGR_HUMAN #17) and Histatine (HIS1_HUMAN #14 and HIS3_HUMAN #15). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Mean peptide display of human saliva. 

The figure shows a mean peptide display of human saliva. The y-axis represents the hydrophobicity and the x-axis the molecular mass. The 

intensity of MS-signals is depicted by the color saturation. Sequenced peptides are surrounded by a square and major components are anno-

tated (The numerals refer to the inserted table). The inserted table contains index number, the molecular mass, the precursor name and precur-
sor ID. 
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each fraction in all samples and its distribution is depicted in 

Fig. (3). The median CV of angiotensin was 40 %. The bi-

modal distribution is related to high mass spectrometric sig-

nals in the fraction range between fraction 32 and 38 (com-

pare to Fig. 2), which was identified as the Peptide P-C (pep-

tide 1.09 see Supplement table /PRPC_HUMAN_123-166, 

MH
+
 4369.35). This high abundant peptide influences the 

mass spectrometric measurement in terms of signal compres-

sion. 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Distribution of variance. 

The histogram depicts the distribution of the coefficient of variation 

(CV) of the spiked standard angiotensin. The line graph represents 

the cumulative counts. The bimodal distribution is related to signal 
suppression in a distinct region of the displays (see text for details). 

 The displays of all 4 points of each donor were compared 

by correlation analysis [26]. This analysis revealed several 

signals, which allow for discrimination between individuals 

(Fig. 4). 

Directed Approach 

 After identification or confirmation for each person, the 

signals with molecular masses of 6946.50 respectively 

6920.57 were identified as the Peptide P-D (peptide 8.04/ 

PRB4M_HUMAN_169_238) and a variant peptide (peptide 

9.01) with an amino acid exchange (Alanine to Proline) in 

position 200. Signals with molecular masses of 2874.54 and 

2846.48 are truncated or modified forms of the fragment of 

Proline-rich protein 4 (peptide 12.03/ PROL4_HUMAN_ 

113-125) and a variant peptide (peptide 13.03) with an 

amino acid exchange (Arginine to Glutamine) in position 

120. 

DISCUSSION 

Ions Precursor Description 

 For this study, approximately 1600 precursor ions were 

analyzed leading to 210 identifications, which correspond to 

107 non-redundant peptides (Supplement Table 1). For the 

107 precursor ions, generally the charge states were 2+, 3+ 

or 4+ (74 %), the m/z was uniformly distributed on a range 

between 500 and 1100 Da (90 %) and the mH+ comprised 

between 1000 and 3000 Da (58 %). 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4). Lane views of distinct regions of individual peptide 

displays. 

Each lane represents a distinct region (molecular mass and hydro-

phobicity) of individual (P1-P4) peptide displays. Differentiating 

signals are marked by arrows. (Upper panel) The peptides with 

masses of 2846.48 and 2874.54 were identified as fragments of 

Proline-rich protein 4 (PROL4_HUMAN respectively AAM94338) 

with an amino acid exchange (Arginine to Glutamine) in position 

120. (Lower panel) The masses of 6920.57 Da and 6946.75 Da 

were identified as peptides deriving from basic salivary proline-rich 

protein 4 (PRB4M_HUMAN respectively CAA30729) with an 

amino acid exchange in position 200 (Alanine to Proline). P1, P2, 
P4 are homozygous and P3 is heterozygous at this locus. 

Protein Precursor Composition 

 The composition is in accordance with previously pub- 
lished results [15]. For the best of our knowledge, around 70 
peptide sequences are novel. Nearly 70 % are represented by 
the Proline-rich protein family (PRPs) and spread onto 13 
different precursors (Fig. 5). 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5). Identified precursor proteins. 

The pie graph illustrates the precursor composition of all identi- 

fications (overview and directed approach). The main fraction con-

sists of Proline Rich Proteins, followed by Histatine, Statherin and 

Poly-Ig Receptor. This distribution is in accordance to previous 
publications. 

 11 % of sequences are either from Histatine 1 or 3. His- 
tatine 3 has been well described and sequenced [16, 27]. We 
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additionally sequenced 3 new peptides derived from Hista- 
tine 1 HIS1_HUMAN (_38-45, _33-57 and _31-57, MH

+
: 

1056.5, 3159.38 and 3523.53). The latter is Histatine 2 with 
a tyrosine sulfation, this post-translational modification was 
attributed according to the HPLC shift and confirmed recently 
[28]. 

 Furthermore peptides derived from Statherin, Thymosin-
beta-4 and Poly-IG-Receptor precursor were also identified, 
the latter two potentially derived from the mucosal tissue of 
the oral cavity. 

Pyrrolidone Carboxylic Acid 

 Within the 27 peptides with a post-translational modifica- 
tion, two third were cleavage products of PROL3_HUMAN 
[29], PROL4_HUMAN [30] or AAM94338 [31] and bearing 
at least the pyrrolidone carboxylic acid (Q) modification. 

Polymorphisms 

PROL4_HUMAN 

 3 couples of peptides were identified as fragments of 
Proline-rich protein 4 [30, 31] with an amino acid exchange 
(Arginine to Glutamine) in position 120. This amino acid 
exchange was detectable in following fragments: PROL4_ 
HUMAN (_113-125, _101-125, _101-125, MH

+
 : 1549.73, 

2874.54, 2891.55) and AAM94338 (_113-125, _101-125, 
_101-125, MH

+
 : 1521.69, 2846.48, 2863.49). P1, P2 are 

homozygous at the first locus and P3, P4 are also homo- 
zygous at the second locus. (Fig. 4 upper panel) 

PRB4M_HUMAN 

 The molecular masses of 6946.75 Da and 6920.57 Da 
were identified as peptides deriving from Basic Salivary 
Proline-Rich Protein 4 [32, 33]. The m/z shift of 26 Da is 
due to an amino acid exchange in position 200 (Alanine to 
Proline). P1, P2, P4 are homozygous and P3 is heterozygous 
at this locus. (Fig. 4 lower panel) 

Cleavage Site 

 The analysis of N- and C-terminal regions of sequenced 
peptides (Fig. 6) revealed that 37 peptides result from cleav-
age before or after Arginine, which is most likely related to 
the kallikrein family [34-36], which has a wide tissue distri-
bution including the salivary glands. 

 Interestingly 44 of 107 distinct peptides, all correspond- 
ing to PRPs, consist of Q-G cleavage sites. At least 2 plausi- 
ble peptidase families exist according to Merops database 
[37]. On the one hand the cleavage motif could correspond 
to bacterial proteases or on the other hand to cathepsins. 
Cathepsins are known to process Collagens, which possess a 
high structural homology to PRP’s. Nevertheless it is con- 
ceivable that an interplay between human exo- and endo- 
peptidases could mimic this cleavage specificity. 

 In Fig. (7), the identified peptides of PRPC_HUMAN 
[38] are aligned with the original sequence and the potential 
QG cleavage are underlined. 

Polymeric Immunoglobulin Receptor 

 The eight non-redundant peptide sequences from 
PIGR_HUMAN span an unstructured region that links the 

Ig-like domain V to the transmembrane region and a short 
part of the transmembrane region (Fig. 8). The mechanism 
by which pIgR is cleaved to secretory component and the 
precise cleavage site are currently unknown. Studies using 
free secretory component purified from colostrums showed 
that processing can occur on multiple cleavage sites and is 
likely to be cell-type specific [39]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (6) Frequency of N- and C-terminal cleavage motifs. 

The column graph shows the frequency of N- and C-terminal motifs 

in all peptides identified. The most frequent motifs are Q-G (44 
times) and the R-X (37 times). 

CONCLUSION 

 The characterization of the saliva peptidome confirmed 
previously published results, but also delivered new insights 
in the peptide composition of human saliva. 

 The differential analysis demonstrated that a mass spec- 
trometric comparison of human saliva allow for disting- 
uishing individuals. 

 Since native peptides encode the processing of the pre-
ceding molecule an analysis of terminal amino acid residues 
was performed. The majority of peptides could be assigned 
to presumptive proteases. Additionally a new cleavage motif 
in PRP’s was identified, which might be related to micro 
bacterial proteases. This could indicate a broader biological 
role of PRP’s. 

 Taken together the human saliva contains a plethora of 
native peptides, which may contain relevant information for 
stratification of individuals or disease groups. A comparison 
of mass spectrometric profiles from human saliva is in prin-
ciple possible. It may pave the way to develop diagnostic 
tests for indications like diseases of salivary glands (e.g. 
adenoid cystic or mucoepidermoid carcinomas). 

 Further studies will prove if differences in these profiles 
allow for discovery of diagnostic useful peptidic biomarkers. 
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Fig. (7). alignement scheme. 

The alignment pattern shows the correspondence between identified 

peptides and the theoretical sequence of PRPC_HUMAN. The po-

tential QG cleavage are underlined. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (8). alignement scheme. 

The alignment pattern shows the correspondence between identified 

peptides and the theoretical sequence of PIGR_HUMAN. The po-

tential kallikrein-like cleavage site are underlined. Protein parts are 

annotated (Domain V, stalk region cleavage sites and the trans-
membrane region). 
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