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Two proline-rich peptides from pig (Sus scrofa) salivary
glands generated by pre-secretory pathway underlying the action

of a proteinase cleaving ProAla bonds
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The primary structures of two salivary proline-rich peptides (PRP-SP-A, M 6156.0 amu and PRP-SP-B, M 1905.0 amu), fromSus
crofa) were determined. The PRP-SP-B peptide, 21 residues long, overlaps with a sequence repeated 43 times in three depo
oding for PRP proteins cloned from porcine parotid glands (Swiss-Prot codes:Q95JC9, Q95JD1, Q95JD0). PRP-SP-A peptide, 56 ami
cid residues long, overlaps with the N-terminus repeats ofQ95JC9andQ95JD1and it is phosphorylated at Ser 12 and 14. The two pep
ere found both in whole saliva and in granules from pig parotid glands. The biosynthesis of the two peptides implies the action of a

esponsible for Pro↓Ala cleavage in the pre-secretory process.
2005 Elsevier Inc. All rights reserved.
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. Introduction

Mammal saliva contains different specific classes of
eptides and proteins. Among them, the class of peptides
ith abnormal elevated presence of proline residues (salivary
roline-rich proteins; PRPs) usually represents more than
0% of the total whole salivary protein complex[7]. Primary
tructures of some human PRPs have been characterized
15,20], while those of other mammals are quite incomplete.
or this reason, a comparative study is developing in our labo-
atories addressed towards a more complete characterization
f the protein complex of mammal saliva, in the hope that

∗ Corresponding author. Tel.: +39 06 3053598; fax: +39 06 3053598.
E-mail address:massimo.castagnola@icrm.cnr.it (M. Castagnola).

structural similarities and differences observed with res
to human salivary PRPs could offer some novel informa
on the role of these proteins in the maintaining of oral he
This study describes the characterization of two sali
proline-rich peptides from pig (Sus scrofa). The principal in
formation on structures and genetic relationships of sal
proline-rich peptides derives from human saliva[4,6,12,24].
On the basis of the ionogenic properties, salivary PRP
be subdivided into acidic (A-PRPs), basic (B-PRPs)
basic glycosylated (G-PRPs) proline-rich proteins. Ac
PRPs seem contribute to maintain calcium homeos
in the oral cavity[8], glycosylated PRPs act as lubrica
[14], whereas the role of basic PRPs is not well underst
Probably one of their functions is to bind tannins, preven
their toxic effects at the gastro-intestinal tract[17]. Recently

196-9781/$ – see front matter © 2005 Elsevier Inc. All rights reserved.
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it has been hypothesized that a not identified basic PRP exerts
a protection against HIV infectivity in the oral cavity[5,22].
The number of human PRPs is not completely defined. More
than 11 human basic-PRPs and more than five acidic PRP
isoforms have been identified[15,20]. They derive from
different genes where homologous and unequal crossing-
over produce frequent length polymorphisms[7,16,18,19].
Multiple PRPs may originate from the same gene throughout
allelic variations and differential splicing. However, post-
translational cleavages from larger precursors have been
recognized as a widespread motif in their biosynthesis, as
well as for that one of other salivary peptides. Therefore, it
is important to establish either the cleavage occurs during
granule maturation or it is generated after salivary secretion
by exogenous proteinases present in the oral cavity. In this
aim, the peptides characterized in whole pig saliva were also
searched with success in granule preparations of pig parotid.

2. Materials and methods

2.1. Reagents

All general chemicals and reagents were of analytical
grade and were purchased from Farmitalia-Carlo Erba (Mi-
lan, Italy), Merck (Darmastad, Germany), or Sigma–Aldrich
(
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0.5 mM, HEPES buffer 10 mM, pH of 7.4. In order to remove
fibrous connective tissue and insoluble particles, homogenate
was filtered through four layers of clean cheesecloth in the
homogenizing medium and then centrifuged at 500×g for
30′. The soluble solution was submitted to further centrifu-
gation at 2500×g for 30′ and the pellet corresponding to the
crude fraction of secretory granules was suspended in 700�l
of 0.2% formic acid. Solution was centrifuged at 800×g for
30′ and CHCl3 was added to the solution (1:1 v/v). The sepa-
rated aqueous phase was newly centrifuged and the solution
was stored at−20◦C.

2.4. Apparatus

The HPLC apparatus was a System Gold HPLC, Beckman
Coulter (Fullerton, CA, USA) using a LIChrosorb RP-18
column (7�m, 4.6 mm× 250 mm). The HPLC-ESI-MS
apparatus was a ThermoFinnigan (San Jose, CA, USA) Sur-
veyor HPLC connected by a T splitter to a PDA diode-array
detector to Xcalibur LCQ deca-Xplus mass spectrometer.
The mass spectrometer was equipped with an electrospray
ion (ESI) source. The resolution of the mass spectrometer
was in the range of 0.4 FWHM. The chromatographic column
was a Vydac (Hesperia, CA, USA) C8 column, with 5�m
particle diameter (column dimension 150 mm× 2.1 mm).
Peptide sequence was performed with a Procise 610A Protein
S .
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St. Louis, MI, USA).

.2. Sample collection and treatment

Salivary samples were collected from four anesthet
igs (Landrace bred). Pigs were all females, about 90-
ld, mean weight about 30 kg. Pre-anesthesia was perfo
ithout atropine by intramuscular administration of ketam

15 mg/kg) and diazepam (0.1 mg/kg). Anesthesia induc
as performed by inhalation mask with a gaseous mixtu
2/isoflurane 98/2 (v/v%). Saliva secretion was stimula
y sublingual direct administration of pilocarpine and
achol (2 and 4 mg/kg, respectively; powder). Whole sa
as collected by means of plastic aspirators. It was imm
tely diluted (1:1 v/v) with H2O/TFA 0.2% in ice bath an
entrifuged at 10,000×g for 5 min. The precipitate was di
harged and the acidic solution was either used immedi
or chromatographic separations or stored at−80◦C. The
cidic treatment of salivary samples caused the precipit
f high molecular weight proteins and partly inhibited s
ary proteinases, preserving sample protein compositio
he following analysis. Experiments were carried out in
ordance with the EU (86/609/EEC) ethical guidelines.

.3. Salivary gland granules preparation

Granules were isolated according to the procedure of
nd colleagues[23] with some modifications. The glan
ere homogenized by Ultra-Turrax T25 as a 5% (w/v)
ension in the following medium: sucrose 340 mM, ED
equencer (Applied Biosystems, Foster City, CA, USA)

.5. Protein isolation and identification

Preparative separations were performed in a linear
ient HPLC system, using a LiChrosorb RP-18 (7�m,
.6 mm× 250 mm) column. Eluting peptides (eluant A: 0.
FA aqueous solution; eluant B: acetonitrile/solution A 80
/v) were monitored at 214 nm wavelength. The single
ected peaks were further analyzed by HPLC-ESI-IT m
pectrometry. The following solutions were utilized for
eversed-phase chromatography: (eluant A) 0.056% a
us TFA and (eluant B) 0.050% TFA in acetonitrile–wa
0/20 (v/v). The applied gradient was linear from 0 to 5

n 40 min, at a flow rate of 0.30 ml/min. A T splitter a
ressed a flow-rate of about 0.20 ml/min towards the d
rray detector and a flow-rate of about 0.10 ml/min tow

he ESI source. The diode array detector was usually s
he wavelength range of 214–276 nm. Mass spectra wer
ected every 3 ms in the positive ion mode. MS spray v
ge was 4.50 kV and the capillary temperature was 22◦C.
e-convolution of averaged mass spectra were automat
erformed by software provided with the instrument.

.6. Trypsin digestion and analysis of tryptic digest by
PLC-ESI MS-MS

The lyophilized peptide (1 mg) was dissolved in 1.9 m
istilled water and the pH was adjusted to 8.8 by add
f NaOH 0.1 M. Ammonium hydrogencarbonate (4.0 m
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and 50�l of trypsin dissolved in HCl 1 mM (2 mg/ml) were
added. Cleavage was performed for 6 h at 37◦C. The digest
was brought to pH 2.0 by HCl 1 M, lyophilized and stored
at −20◦ C. The HPLC-ESI MS-MS analysis of the tryptic
digest was performed according to the procedure described
in the previous section.

2.7. Data analysis

Mass values obtained by HPLC-ESI-MS analyses were
compared with averaged theoretical values available at
SWISS-PROT (http//www.expasy.ch) and EMBL (http//
www.embl-heidelberg.de) data bank. Tandem-MS data were
compared with the theoretical fragmentation patterns ob-
tainable by Protein Prospector (http//prospector.ucsf.edu/)
program.

3. Results

Salivary samples of pig were collected from anesthetized
animals treated with carbachol and pilocarpine as stimulants
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Automated sequencing of PRP-SP-A peptide (M
6156.0± 0.8 amu) allowed to obtain primary structure infor-
mation up to the 27th residue with two undetermined residues
at 12 and 14 positions:

• RSPFFDLEDA NXNXAEKFLR PPPGGGP. . ..

A similarity search carried out with BLAST algorithm
software at the Expasy-EMBL/GenBank database, revealed
that the sequence of PRP-SP-B and the partial sequence of
PRP-SP-A overlap several regions of three different cDNA
sequences (Q95JD1, Q95JD0, Q95JC9) corresponding to
bigger hypothetical basic PRP proteins. PRP-SP-B sequence
match with 43 contiguous and non-contiguous repeats of the
three cDNA sequences (11 onQ95JD1, 10 onQ95JD0, 22
onQ95JC9).

The molecular mass of PRP-SP-A peptide exactly cor-
responds to the N-terminal fragment 1–56 of the two
cDNA sequencesQ95JD1andQ95JD0, assuming that the
two undetermined residues at 12 and 14 positions (ser-
ines from the cDNA sequence) were phosphorylated (M av.
exp = 6156.0± 0.8 amu; M av. theor. 6156.4 amu). On this
basis, the complete sequence of PRP-SP-A is the following:

1 11 21 31 41 51
RSPFFDLEDA NSNSAEKFLR PPPGGGPPRP PPPEESQGEG HQKRPRPPGD GPEQGP
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n order to increase saliva secretion. A study on the e
f stimulants was not performed. Pig saliva was mixe
btained in a 1:1 (v/v) ratio with an aqueous solution of T
.2% (v/v) (see Section2). The precipitate was discharg
nd the acidic soluble solution was submitted to RP-H
nalysis at 214 nm and RP-HPLC-ESI-MS (Fig. 1a) showing
complex chromatographic profile. Even though the pro
btained analyzing whole salivary samples obtained
ifferent animals was roughly similar, minor differen
ere often observed, probably linked either to individ
ariations or to different gland contributions. One
he components of the salivary protein complex, ha

(average) 6156.0± 0.8 amu was named PRP-SP
Proline-Rich-Peptide-Salivary-Pig-A) and another
aving M (average) 1904.0± 0.4 amu was named PRP-SP
Fig. 1b). The mass values were obtained by de-convolu
f different ESI spectra recorded in the central part of
hromatographic peaks. PRP-SP-A and PRP-SP-B
ollected by preparative HPLC separation and subm
ithout further purification, to automated Edman de
ation. The sequence of PRP-SP-B was the follow

11 21
PPGARPPPG PPPPGPPPPG

The sequence determined exactly matches the ex
ental mass determined by ESI-MS experiments (M
904.0± 0.4 amu; M theor. 1904.2 amu). The sequenc
RP-SP-B peptide was confirmed by MS-MS experim

Fig. 2).
hereSsymbol corresponds to phosphorylated serines.
equence was confirmed after tryptic digestion of pur
RP-SP-A peptide and MS-MS experiments (Fig. 3). The

hree fragments were: 1–17 which mass value correspon
he diphosphorylated peptide ([M+ H]+= 2088.0± 0.5 amu)
8–43 ([M+ H]+= 2747.0± 0.6 amu) and 44–5
[M+ H]+= 1360.5± 0.4 amu).

In order to verify that PRP-SP-A and PRP-SP-B p
ides were not originated by post-secretion proteolysis in
aliva, granule preparations from pig parotid glands, w
nalyzed. The HPLC-ESI-MS profile of the protein con
f parotid granules showed the presence of the two pep

n a quantity comparable to that observed in whole sa
Fig. 4). The peptide sequences will appear in the Swiss
nd TrEMBL knowledgebase under the accession num
85405 and P84506 for PRP-SP-A and PRP-SP-B, re

ively.

. Discussion

The results of this study suggest that PRP-SP-A and
P-B peptides are generated from higher molecular w
recursors before or during the maturation of granule
arotid glands. The three cDNA sequences of the prec
rotein, deposited in Swiss-Prot data bank, accoun
roteins of 550 (Q95JD1), 495 (Q95JD0) and 660 (Q95JC9)
mino acid residues, respectively. Interestingly, in the t
DNA sequences multiple repeats could be responsib

mailto:http//www.expasy.ch
mailto:http//www.embl-heidelberg.de
mailto:http//www.embl-heidelberg.de
mailto:http//prospector.ucsf.edu/
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Fig. 1. Panel a: ionic current and UV (214 and 276 nm) chromatograms of pig saliva preparation. Panel b: ESI-IT mass signals of PRP-SP-A and PRP-SP-B
peptides. Their de-convolution and relative molecular mass is reported in Panel c.
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Fig. 2. MS/MS experiment of PRP-SP-B peptide performed on the doubled charged ion with am/z value of 953.0. The analysis of the fragmentation pattern
allowed recognize the y and b (mono- and di-charged) fragmentation series.

the generation of the smaller peptides: the two N-terminal
1–56 sequences of theQ95JD1andQ95JD0for PRP-SP-A
peptide and 43 contiguous and non-contiguous repeats
for PRP-SP-B peptide.Table 1 reports the overlapping
of PRP-SP-A and PRP-SP-B with theQ95JD0cDNA, in
example.

Moreover, MS experiments showed that the PRP-SP-A
peptide is diphosphorylated at Ser 12 and Ser 14. It is worth-
while to outline that NetPhos 2 program provided high scores
(0.95) for Ser 2 and 36 residues as potential sites of phospho-
rylation, whereas the two effectively phosphorylated residues
(Ser 12 and Ser 14) obtained a lower score (about 0.45). Simi-
lar result was observed in human PRPs, which are phosphory-
lated by uncommon kinases that do not recognize the consen-
sus sequences used in the algorithm of NetPhos 2. Recently,
Brunati and colleagues[9] reported that in human salivary
PRP-1 the phosphorylation is probably under the action of a
Golgi-CK-like kinase able to recognize either SXE/S(phos)
or SXQXX(D/E)3 consensus sequences. A similar pig ki-
nase could be responsible for the phosphorylation both at
Ser 12 and 14. Ser 14 should be the first serine phosphory-
lated according to the flanking SXE sequence and Ser 12 the
second one, according to the SXS(phos) flanking consensus
sequence generated by the first phosphorylation.

The process of PRP-SP-A and PRP-SP-B production
in some way resembles the pathway observed for human
P thway
i ucts
b l
l DNA
(
l

those reported for human basic IB-6 PRP (P04280) and for
human basic glycosylated PO peptide (P10163). Similarly
to the cleavage of human acidic PRP-1 (150 residues), which
generates an acidic peptide named PRP-3 (106 residues)
and a basic PC peptide (43 residues), the PRP-SP-A peptide
is greater and acidic (pI th. 4.6 non-phosphorylated; 4.0
diphosphorylated) and PRP-SP-B peptide is smaller and
basic (pI th. 9.1). The acidic residues of PRP-SP-A are
more confined towards the N-terminus of the sequence and
the basic ones towards the C-terminus, even though they
are more dispersed in the sequence with respect to human
PRP-3. SP-A peptide shares part of its sequence with acidic
proline-rich proteins, in particular from human and rat
(Table 2), and the similarity pertains to the portion between
acidic and basic portion of the proteins.

PRP-SP-B peptide shares its sequence withCapreolus
capreolus and Mus musculusparotid salivary proline-
rich proteins, having a common sequence GPPP and its
palindromic analogues, as shown inTable 3. It should be
noticed the similarity betweenCapreolus capreolusand
pig sequences. On the contrary, the pig sequence has a
low similarity with other known mammals PRPs. The most
relevant difference with respect to the known sequence
of human is the complete lacking of glutamine residues
between the polyproline repeats. Because glutamine residues
could play a relevant role in polyphenol binding activities,
a l
d pep-
t ider
t -rich
p nti-
m e
RPs. These proteins are generated by a complex pa
nvolving the cleavage of the primary transcription prod
y a proteolytic process[19]. Interestingly, the identica

eader sequence of 16 amino residues of the three c
MLPILLSVAL LALSSA) is quite coincident with the
eader sequence of human acidic PRPs (P02810) and with
s demonstrated for human and rats PRPs[17], the structura
ifference of PRP-SP-B suggests a different role of this

ide in pig oral cavity. Its structural features suggest cons
his compound as a possible member of the “proline
eptide” family, whose components show interesting a
icrobial activity[1]. This defensive role would justify th
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Fig. 3. (a) TIC and (b) selected ion monitoring (SIM) profiles of a MS-ion trap experiment performed for the search of tryptic fragments of PRP-SP-A. SIM
profiles show the sum of ionic current relative to: (c) di- and tri-charged ions of 2088.0 (1–17 fragment); (d) di- and tri-charged ions of 2747.1 (18-43fragment);
(e) mono- and di-charged ions of 1360.5 (44–56 fragment), respectively.

presence of multiple repeats in the cDNA sequences and the
high production of this peptide in the pig oral cavity.

However, the cleavages observed for the generation
of many human salivary peptides/proteins suggested
the widespread action of a proprotein convertase of the

kexin-subtilisin family which recognize a RXXR↓ consensus
sequence[11]. The cleavage is often followed by the remov-
ing of the C-terminal Arg, by the action of a carboxypeptidase
probably pertaining to CPZ family[21]. The cleavage pro-
cess recognized in the secretion of human salivary peptides is
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Fig. 4. (a) TIC and selected ion monitoring (SIM) profiles of MS experiments performed for the search of PRP-SP-A and PRP-SP-B peptides in granules of
pig parotid glands. SIM profiles show the sum of ionic current relative to: (b) mono- and di-charged ions of 1904.0 (PRP-SP-B); (c) quadri- and penta-charged
ions of 6156.0 (PRP-SP-A).
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Table 1
Transcript ofQ95JD0cDNA deposited parotid pig sequences and identification of the portions coding PRP-SP-A and PRP-SP-B peptides
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Table 2
Comparison of PRP-SP-A sequence with salivary PRPs from human and rat

N(t) Sequence C(t) Species

20 RPPPGGGPPRPP—PPEESQGEGHQKRPRPPGDGPEQGP 56 Sus scrofaPRP-SP-A
110 GPPQQGGHPRPPRGRPQGPPQQGGHQQGPPPPPPGKPQGPP 150 Human salivary acidic proline-rich protein (P02810)

6 DLEDANSNSAEKFLRPPPGGGPPRPPPPEESQGEGHQKRPRPPGDGPEQGP 56 Sus scrofaPRP-SP-A
34 DVEDSSQRPDQGPQRPPPEGLLPRPPGDSGNQDDGPQQRPPKPGGHHRHPP 83 Human proline-rich protein 4 prec (Q16378)
20 RPPPGGGPPRPPPPEESQGEGHQKRP—RPPGDGPEQGP 56 Sus scrofaPRP-SP-A

115 GPPPQGGPQGPPQPGNPQGPPPQGGPQQRPPQPGKPQGPP 154 Rat acidic proline-rich protein (P04474)

Table 3
Comparison of PRP-SP-B sequence with salivary PRPs from parotid glands
of twoCapreolus c. sequences andMus musculussequence

N(t)2 Sequence C(t) Species

6 -PPPGPPPPGPPPPGP- 20 Sus scrofaPRP-SP-B
2 -PPPGPPPSGPSPPGP- 16 Capreolus capreolus(Q8HXT1)

24 -PPPGPPPSGPPPP- 36 Capreolus capreolus(Q8HXS4)
145 -RPPQGPPPPGGPQP- 158 Mus musculus(Q622103)

very similar to that observed in many human endocrine and
exocrine secretion pathways.

The detection of PRP-SP-A and PRP-SP-B peptides as
the proteolytic products of bigger proteins for the pig sali-
vary glands suggests also the action of a proteinase exerting
its action before or during granule maturation. However, this
proteinase is responsible for the cleavage of ProAla bonds,
an unusual consensus sequence for convertases and for pro-
line specific peptidases[13]. Interestingly, one of the few pro-
teinases able to cleave ProAla bonds is enamelysin (matrix
metalloproteinase 20, MMP-20[3]), which is secreted into
the enamel matrix during enamel development and it is iden-
tified as a predominant amelogenin-processing enzyme[2].
Indeed, enamelysin-deficient mice displayed anamelogene-
sis imperfectaphenotype[10]. It could be interesting in the
future to investigate if either enamelysin or other enamelysin-
like proteinases are responsible for the cleavage of pig parotid
PRP. Moreover, because this cleavage seems to be a principa
motif in the production of mature PRP peptides in pig, the
search of similar proline peptidases in the salivary secretion
pathways of other mammals could be relevant.

Many other peptide and protein masses were identified
in the chromatographic profile of whole pig saliva showed in
Fig. 1, which can partly correspond to other salivary PRP. The
characterization of some of them is a future aim of our study.
However, differently from PRP-SP-A and PRP-SP-B peptide,
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p

A

s of
t the
M sto
a ent
a

References

[1] Agerbert B, Lee J-Y, Bergman T, Carlquist M, Boman HG, Mutt V,
et al. Amino acid sequence of PR-39. Eur J Biochem 1991;202:849–
54.

[2] Barlett JD, Simmer JP. Proteinases in developing dental enamel. Crit
Rev Oral Biol Med 1999;10:425–41.

[3] Barlett JD, Simmer JP, Xue J, Margolis HC, Moreno EC. Molecular
cloning and mRNA tissue distribution of a novel matrix metallopro-
teinase isolated from porcine enamel organ. Gene 1996;183:123–8.

[4] Bedi GS, Bedi SK. Purification and characterization of rat parotid
glycosylated, basic and acidic proline-rich proteins. Prep Biochem
1995;25:119–32.

[5] Beeley JA. Basic proline-rich proteins: multifunctional defence
molecules? Oral Dis 2001;7:60–1.

[6] Belford HS, Triffleman EG, Offner GD, Troxler RF, Oppenheim FG.
Biosynthesis of salivary proteins in the parotid gland of the sub-
human primateMacaca fascicularis. J Biol Chem 1984;259:3977–
84.

[7] Bennick A. Structural genetic aspects of proline rich proteins. J Dent
Res 1987;66:457–61.

[8] Bennick A, McLaughlin AC, Grey AA, Madapallimattam G. The lo-
cation and nature of calcium binding sites in salivary acidic proline-
rich phosphoproteins. J Biol Chem 1981;256:4741–6.

[9] Brunati AM, Marin O, Bisinella A, Salviati A, Pinna LA. Novel con-
sensus sequence for the Golgi apparatus casein kinase, revealed using
proline-rich protein-1 (PRP1)-derived peptide substrates. Biochem J
2000;351:765–8.

[10] Caterina JJ, Skobes Z, Shi J, Ding Y, Simmer JP, Birkedal-
Hansen H, et al. Enamelysin (matrix metalloproteinase 20)-deficient

m

[ pro-
hem

[ ary
Biol

[ chim

[ ri-
of a
17–

[ , et
man
.

[ he
tein

[ ne-

[ od-
pro-
heir characterization requires further and time-consum
urification steps.

cknowledgements

We would like to acknowledge the financial support
he local Universities, by the MIUR, by CNR and by
inistry of Health. Moreover, we thank Drs. Maria E. Cari
nd Igino Marchionne for the help in the animal managem
ccording to the UE guidelines.
l
mice display anamelogenesis imperfectaphenotype. J Biol Che
2002;227:49598–604.

11] Chan M, Bennick A. Proteolytic processing of a human salivary
line rich protein precursor by proprotein convertases. Eur J Bioc
2001;268:3423–31.

12] Chung Wong RS, Hofmann T, Bennick A. The complete prim
structure of a proline-rich phosphoprotein from human saliva. J
Chem 1979;254:4800–8.

13] Cunningham DF, O’Connor B. Proline specific peptidases. Bio
Biophys Acta 1997;1343:160–86.

14] Hatton MN, Loomis RE, Levine MJ, Tabak LA. Masticatory lub
cation. The role of carbohydrate in the lubricating property
salivary glycoprotein-albumin complex. Biochem J 1985;230:8
20.

15] Inzitari R, Cabras T, Onnis G, Olmi C, Mastinu A, Sanna MT
al. Different isoforms and post-translational modifications of hu
salivary acidic proline-rich proteins. Proteomics 2005;3:805–15

16] Kim SH, Lyons KM, Saitoh E, Azen EA, Smithies O, Maeda N. T
structure and evolution of the human salivary proline-rich pro
gene family. Mamm Genome 1993;4:3–14.

17] Lu Y, Bennick A. Interaction of tannin with human salivary proli
rich proteins. Arch Oral Biol 1998;43:717–28.

18] Lyons KM, Azen EA, Goodman PA, Smithies O. Many protein pr
ucts from a few loci: assignment of human salivary proline-rich
teins to specific loci. Genetics 1988;120:255–65.



M. Patamia et al. / Peptides 26 (2005) 1550–1559 1559

[19] Maeda N, Kim HS, Azen A, Smithies O. Differential RNA splicing
and post-translational cleavages in the human salivary proline-rich
protein gene system. J Biol Chem 1985;260:11123–30.

[20] Messana I, Cabras T, Inzitari R, Lupi A, Zuppi C, Olmi C, et al.
Characterization of the human salivary basic proline-rich protein
complex by a proteomic approach. J Proteome Res 2004;3:792–800.

[21] Novikova EG, Reznik SE, Varlamov O, Fricker LD. Carboxypepti-
dase Z is present in the regulated secretory pathway and extracel-
lular matrix in cultured cells and in human tissues. J Biol Chem
2000;275:4865–70.

[22] Robinovitch MR, Ashle RL, Ieversen JM, Vigoren EM, Oppenheim
FG, Lamkin M. Parotid salivary basic proline-rich proteins inhibit
HIV-I infectivity. Oral Dis 2001;7:86–93.

[23] Silva GA, Alves JB, Alves MS. Cystatin S in secretory granules
fractions isolated from submandibular gland of infected rats byTry-
panosoma cruzi. Tissue Cell 1995;27:167–72.

[24] Stubbs M, Chan J, Kwan A, So J, Barchynsky U, Rassouli-Rahsti
M, et al. Encoding of human basic and glycosylated proline-rich
proteins by the PRB gene complex and proteolytic processing of
their precursor proteins. Arch Oral Biol 1998;43:753–70.


	Two proline-rich peptides from pig (Sus scrofa) salivary glands generated by pre-secretory pathway underlying the action of a proteinase cleaving ProAla bonds
	Introduction
	Materials and methods
	Reagents
	Sample collection and treatment
	Salivary gland granules preparation
	Apparatus
	Protein isolation and identification
	Trypsin digestion and analysis of tryptic digest by HPLC-ESI MS-MS
	Data analysis

	Results
	Discussion
	Acknowledgements
	References


