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Nine proline-rich peptides ending with a proline-glutamine C terminus in a salivary peptidome were sequenced
by matrix-assisted laser desorption ionization time of flight time of flight tandem mass spectrometry. A GPPPQG
GRPQ peptide binds gram-positive Propionibacterium acnes and considerably inhibits bacterial growth. The peptide
exhibiting innate immunity may be applied for treatment of various P. acnes-associated human diseases.

Saliva has been evaluated as a diagnostic and prognostic
fluid. In this study, a human saliva peptidome was character-
ized by matrix-assisted laser desorption ionization time of
flight time of flight (MALDI-TOF-TOF). Nine proline-rich
peptides ending with a proline-glutamine sequence (PQ C ter-
minus) were sequenced (Table 1). Previous studies have shown
the release of a pentapeptide, RGRPQ, from salivary proline-
rich proteins upon proteolysis by oral bacteria (6). The pen-
tapeptide behaved as an innate-immunity-like peptide, since
synthetic RGRPQ was found to desorb bound bacteria (6). In
addition, a synthetic GGRPQ peptide showed activity equal to
that of RGRPQ, which exhibited an excellent ability to inhibit
the adhesion of oral bacteria to salivary proline-rich proteins
with which hydroxyapatite beads were coated (6). By searching
the nine peptides with PQ C termini found in the saliva pep-
tidome (Table 1), we found that one peptide (GPPPQGGRPQ
[m/z 990.60]) contained the GGRPQ C-terminal residues (un-
derlined). Thus, this peptide was selected for investigation of
its bacterial binding and antimicrobial activities.

Whole saliva from two males and one female between the
ages of 20 and 40 was collected according to protocols de-
scribed previously (9). After centrifugation (14,000 X g), the
clear whole-saliva supernatants (0.4 pg/ul) collected from the
three volunteers were pooled, digested immediately with tryp-
sin (20 ng/pl) overnight (20), and then mixed 1:2 with alpha-
cyano-4-hydroxycinnimic acid (7 mg/ml) for analysis by liquid
chromatography-MALDI-TOF-TOF mass spectrometry (MS)
(4800 TOF-TOF Analyzer; Applied Biosystems, Foster City,
CA) (2, 21). Sixty-three saliva peptides corresponding to 22
proteins were identified from tryptic digests (data not shown).
Nine saliva peptides ending with a PQ C terminus (Table 1)
were derived from basic salivary proline-rich protein 2, salivary
acidic proline-rich phosphoprotein (1/2), and basic proline-rich
peptide P-E (IB-9).
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The GPPPQGGRPQ peptide was synthesized and labeled
with fluorescein (GenScript Corp., Piscataway, NJ). The fluo-
rescein-labeled peptide was obtained by coupling 5(6)-carboxy-
fluorescein to the amino terminus of GPPPQGGRPQ (10).
Two gram-positive oral bacteria, Porphyromonas gingivalis
(ATCC 33277) and Porphyromonas acnes (ATCC 6919) (11,
16), were chosen for interaction with GPPPQGGRPQ. Both
bacteria (108 CFU) were incubated with fluorescein-labeled or
unlabeled GPPPQGGRPQ (1 and 10 pM) for 1 h. The green
fluorescence derived from the binding of peptides to the bac-
teria was detectable only when fluorescein-labeled peptide was
incubated with P. acnes (Fig. 1), but not P. gingivalis (Fig. 1F),
indicating that GPPPQGGRPQ selectively adhered to P.
acnes. The green fluorescence was visible when P. acnes was
incubated with 1 uM (Fig. 1C) or 10 pM (Fig. 1D) of fluores-
cein-labeled GPPPQGGRPQ, but not unlabeled GPPPQG
GRPQ (Fig. 1A) and a fluorescein-labeled CGKRK (10 wM)
(Fig. 1B) (a gift from Zhang Lianglin, Moores Cancer Center
at the University of California, San Diego). Notably, the green
fluorescence generated by 1 uM of fluorescein-labeled peptide
was entirely quenched (Fig. 1E) when 1 mM of the unlabeled
GPPPQGGRPQ was present in the reaction mixture of fluo-
rescein-labeled peptide with P. acnes, indicating that the bind-
ing of GPPPQGGRPQ to P. acnes is peptide specific.

We next examined if the GPPPQGGRPQ peptide influences
the growth of P. acnes. P. acnes (10° CFU) was preincubated with
phosphate-buffered saline (PBS) (Fig. 2A) or GPPPQGGRPQ at
concentrations of 1 uM (Fig. 2C), 10 uM (Fig. 2D), and 100 pM
(Fig. 2E) for 3 h. Preincubation of P. acnes with an antibiotic
mixture (500 units/ml of penicillin G and 0.5 mg/ml of strepto-
mycin sulfate) for 3 h significantly inhibited the 2-day growth of P.
acnes (2.1 X 10 = 6.3 X 10*> CFU) in comparison with that after
incubation of P. acnes with PBS (20.5 X 10° = 2.5 X 10° CFU)
(Fig. 2B and F). Treatment of P. acnes with 1, 10, and 100 pM of
GPPPQGGRPQ considerably attenuated the colonization (Fig.
2C to E) and the growth (26.5 X 10* = 6.3 X 104, 18 X 10°> =
2.6 X 10°, and 9.5 X 10* = 2.1 X 10*> CFU, respectively) of P.
acnes. These results demonstrated that the GPPPQGGRPQ pep-
tide exerts a bactericidal activity against P. acnes.

Although we failed to identify low-abundance proteins, such
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TABLE 1. Peptide PQ C termini detected in MALDI-TOF-TOF

m/z Sequence Protein®

Matched sequence

Accession No. Mass (kDa)

positions
971.53 GPPPPPGKPQ Basic salivary proline-rich protein 2 P02812 37.3 221-230
990.60 GPPPQGGRPQ Salivary acidic proline-rich P02810 17.0 148-157
phosphoprotein 1/2
1,068.66 GPPPPPPGKPQ Salivary acidic proline-rich P02810 17.0 137-147
phosphoprotein 1/2
1,104.19 GPPPQGGNRPQ Basic proline-rich peptide P-E (IB-9) P02811 6.0 29-39
1,333.77 GRPQGPPQGQSPQ Salivary acidic proline-rich P02810 17.0 154-166
phosphoprotein 1/2
1,390.68" GGRPQGPPQGQSPQ Salivary acidic proline-rich P02810 17.0 153-166
phosphoprotein 1/2
1,731.89 GPPQQGGHPPPPQGRPQ Salivary acidic proline-rich P02810 17.0 93-109
phosphoprotein 1/2
1,957.14 PQGPPQQGGHPPPPQ Salivary acidic proline-rich P02810 17.0 91-109
GRPQ phosphoprotein 1/2
2,029.28 GPPPPPGKPQGPPPQGG Basic proline-rich peptide P-E (IB-9) P02811 6.0 18-39
NKPQ

¢ Proteins identified by searching Mascot, a searching algorithm available at the Matrix Science home page. A human database obtained from ftp://ftp.ncbi.nih.gov
/genomes/ containing 40,877 sequences was used. Ion scores greater than 70 were considered significant (P = 0.05) (23) for protein identification.
® A peptide is absent or has a low intensity in the MS spectra of MALDI-TOF-TOF.

as cytokines and defensins, that normally are considerably el-
evated during oral inflammation (15), an advanced electros-
pray ionization tandem MS with higher sensitivity may make it
possible to identify lower-abundance saliva proteins (7). Since
the intensity of each peptide signal in an MS spectrum does not
necessarily correlate with its biological abundance, quantita-

tive MS using isotopic-tag labeling (19) will provide a means to
determine the differential abundances of peptides under dif-
ferent biological conditions. Although it is unclear if the GPP
PQGGRPQ peptide is derived from fragmentation of bacteri-
um-bound proline-rich proteins, it has been documented that
proline-rich proteins can be cleaved by proteases from oral

FIG. 1. Fluorescence microscopic images of P. acnes upon incubation with a fluorescein-labeled GPPPQGGRPQ peptide. P. acnes was
suspended in a phosphate buffer containing 1.1 mM NaH,PO,, 1 mM NaH,PO,, and 100 mM NaCl, pH 6.5, and incubated with GPPPQGGRPQ
(10 pM) (A), fluorescein-labeled CGKRK (10 wM) (B), or fluorescein-labeled GPPPQGGRPQ (1 uM [C] and 10 uM [D and E]) for 1 h at 37°C
under anaerobic conditions. Incubation of fluorescein-labeled CGKRK was performed to exclude nonspecific binding. (F) P. gingivalis incubated
with fluorescein-labeled GPPPQGGRPQ (10 uM). The green fluorescence (arrows) indicated that fluorescein-labeled peptide bound to P. acnes.
(E) The green fluorescence was entirely quenched when a high concentration (1 mM) of unlabeled GPPPQGGRPQ was added to the incubation

of fluorescein-labeled peptide (1 wM) with bacteria. Bar, 1 pum.
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