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Abstract
Objective—The aim of this study was to investigate the type and the nature of peptides present in
the in vivo formed human acquired enamel pellicle.

Design—Pellicle material was collected from 10 volunteers and subjected to sample preparations
consisting of centrifugal filtration using a 10kD molecular weight cut-off membrane and high-
resolution gel filtration chromatography. The fractions containing peptides < 10kD obtained by both
methods were analyzed by LC-ESI-MS/MS.

Results—78 natural pellicle peptides with molecular weights ranging from 766.9 to 3981.4 Da were
identified originating from 29 different proteins.

Conclusion—The number of peptides present in acquired enamel pellicle appears to be large and
this is likely to enhance the functional spectrum of this protein film. The presence of small peptides
in pellicle may be functionally important since structure/function studies of many salivary proteins
have shown that specific domains within these native proteins retain or even exhibit enhanced
biological activities. The data present the basis for determining the precise function of these pellicle
peptides and for gaining insights into the role pellicle plays in the oral cavity.

Introduction
The acquired enamel pellicle is well known to be a biologically important tooth integument
since it forms the interface between the enamel surface and the first layer of oral biofilm. At a
functional level it is recognized that it plays a role in the mineral homeostasis of the tooth
enamel (1–3). There is ample evidence that this structure is formed by the selective adsorption
of proteins, peptides and other molecules present in oral fluid (4,5). Despite the eminent
importance of the acquired enamel pellicle (AEP) in oral physiology and pathological processes
such as dental caries and periodontal disease insights into the molecular structure of this protein
film have been difficult to obtain. The major obstacles were related to the fact that only minute
quantities of in vivo formed pellicle can be harvested from tooth surfaces and this prevented
the characterization of this protein film with classical biochemical technologies (6). Two recent
developments have made it feasible to overcome these challenges. The first development is
related to improvement of methods to harvest AEP from the tooth surface in vivo and the second
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development is related to the virtual explosion of new mass spectrometric techniques which
allow characterization of peptides down to the femtomole level (2,5–9).

In our first phase of investigating the in vivo human AEP proteome, we used in-gel
trypsinization followed by liquid chromatography electrospray ionization tandem mass
spectrometry (LC-ESI-MS/MS). With this approach we identified 130 different proteins in the
acquired enamel pellicle based on the presence of at least 2 different peptides belonging to the
same protein (5). The enzymatic fragmentation approach prior to mass spectrometric (MS)
analysis is essential given the size limitation of proteins/peptides amenable to full
characterization. This is a disadvantage since it limits the precise information regarding their
actual size and does therefore not allow to determine the amino- and carboxyl-terminal ends
of the polypeptides present in the in vivo AEP. Based on previous 2-D PAGE results with in
vivo pellicle material (7) and in situ formed pellicles (10) we hypothesize that small molecular
weight peptides may constitute an important fraction of the in vivo formed AEP. In the current
study of pellicle characterization, we omitted any fragmentation method prior to proteomic
analyses in order to gain insight into the structure of protein/peptides present in the acquired
enamel pellicle.

Materials & Methods
Human subjects

AEP was obtained from ten healthy male and female volunteers (4 male and 6 female), ranging
in age from 24 to 40 years. The subjects exhibited neither gingivitis, periodontal disease, active
dental caries, nor any other oral condition that could affect oral fluid composition. AEP
collection protocols were approved by the Institutional Review Board of Boston University
Medical Center, and informed consent was obtained from each subject participating in the
study.

AEP collection
The procedure used for in vivo AEP collection was carried out as described previously (5).
Briefly, each donor was subjected to a dental prophylaxis treatment employing coarse pumice
containing no additives (Preppies, Whip Mix, Louisville, KY). AEP was then allowed to form
on the enamel surfaces over a 2 h period. During this time span, the participants were asked to
refrain from any consumption of food or beverages, other than water. After 2 h, teeth from
each quadrant were isolated with cotton rolls, washed with water using the dental unit’s built-
in spray gun, and dried by air.

For the actual removal of AEP material from the enamel surface collection strips of 0.5 × 1.0
cm (electrode wick filter paper, Bio-Rad, Hercules, CA) was folded so that one half could be
held using a dental forceps (Hu-Friedy, Chicago, IL) and the other half could be brought in
contact with the tooth surface. To avoid any contamination emanating from the gingival
margin, only the coronal two thirds of the labial/buccal surfaces were swabbed using one
collection strip per quadrant starting with the buccal area of the central incisor and ending with
the buccal surface of the first molar. A total of four collection strips from each participant
obtained per collection were placed into a polypropylene microcentrifuge tube and kept frozen
at −20°C until used. A second collection was carried out on a separate day using the same ten
subjects. For the second collection, the harvesting procedure was slightly modified by using
collection strips pre-soaked in 3 % citric acid. This second procedure was carried out to promote
a potentially more robust removal of pellicle from tooth surfaces.
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AEP Sample Preparation
To recover pellicle proteins from collection strips, 0.5 ml of distilled water was added to each
tube and extraction of pellicle was carried out by vortexing the sample for 30 s followed by
sonication (Branson Cleaning Equipment Co., Shelton, CT) for 5 min in an ice bath at 4 °C
(7). This procedure was repeated five times for the sample collected from each subject and the
five extraction aliquots obtained from each subject were pooled to yield a total volume of
approximately of 25 ml. Following concentration by speed vac to a volume of 0.5 ml, the total
protein concentration was measured by the bicinchoninic acid (BCA) assay (Pierce Chemical,
Co., Rockford, IL, USA) using bovine serum albumin as a protein standard.

The 0.5 ml of AEP pooled material was divided in two halves. The first half was subjected to
sample preparations consisting of centrifugal filtration using a 10kD molecular weight cut-off
(MWCO) membrane (Millipore, Billerica, MA) and the second half was subjected to high-
resolution gel filtration chromatography (Smart System, GE Healthcare, Piscataway, NJ). The
fractions containing peptides < 10 kD obtained by either method were analyzed by LC-ESI-
MS/MS. For the centrifugal filtration method the sample was centrifuged for 30 min at 15,000
× g using a refrigerated Eppendorf table top centrifuge (Eppendorf, Waltham, MA) and the
filtrate containing the proteins/peptides with molecular weights below 10 kD was collected.
Identical procedures were employed for AEP sample preparation of pellicle collected using 3
% citric acid. Both collection techniques yielded very similar results (data not shown). The
two pools resulting from centrifugal filtration were dried and subjected to MS analysis. The
second half of the 0.5 ml of AEP pooled material (0.25ml) was dried by speed vac, dissolved
in 100 μL of 0.05 M phosphate, 0.15 M NaCl, pH 7.0 and subjected to fractionation by high-
resolution gel filtration chromatography. For this purpose, the sample was applied to a 3.2 mm
× 30 mm Sephadex column (Superdex 75 PC 3.2/30, Smart System, GE Healthcare,
Piscataway, NJ) which had been equilibrated with 0.05 M phosphate, 0.15 M NaCl, pH 7.0 at
a flow rate of 50 μL/min. Proteins and peptides were separated over a time period of 85 min
and the eluant was monitored by absorbance at 219 nm. Seventeen consecutive 5 min fractions
(250 μL) were collected and the fraction containing proteins and peptides with molecular
weights below 10 kD were dried and subjected to MS analysis. Identical procedures were used
for the AEP proteins and peptides collected using 3% citric acid and again no differences
between the collection methods could be ascertained.

Tandem Mass Spectrometry
Mass spectrometric analyses were carried out with a LTQ-linear-ion-trap (Thermo-Finnigan,
San Jose, CA) which allows in-line liquid chromatography with a capillary C18 column linked
to the mass spectrometer using electrospray ionization allowing survey scans in the range of
400–2000 m/z values and concomitant tandem MS/MS analyses.

All samples whether obtained by centrifugation or gel filtration chromatography were dried
by speed vac and resuspended in 100 μL of 0.1 % trifluoroacetic acid and desalted using a Spin
Columnc18 (The Nest Group, Inc. Southborough, MA, USA). Adsorbed proteins/peptides were
eluted with a buffer containing 80% acetronitrile/19.9% water and 0.1% TFA, dried, and
resuspended in 25 μL of 97.5 % H2O/2.4% acetonitrile/0.1% formic acid and then subjected
to reversed-phase LC-ESI- MS/MS. The nano-flow reversed-phase HPLC capillary column,
50 μm × 10 cm (Pico Tip™ EMITTER, New Objective, Woburn, MA) was packed in-house
using Magic C18 resin of 5 μm diameter and 200 Å pore size (Michrom BioResources, Auburn,
CA). The column was developed with a linear 40 min gradient ranging from 5% to 50% of
solvent B (97.5% acetonitrile, 0.1% formic acid) at a flow rate of 110 nL/min. Electrospray
voltage and the temperature of the ion transfer capillary were 1.8 kV and 230 °C respectively.

Siqueira and Oppenheim Page 3

Arch Oral Biol. Author manuscript; available in PMC 2010 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Data analysis
The obtained MS/MS spectra were searched against human protein databases (Swiss Prot and
TrEMBL, Swiss Institute of Bioinformatics, Geneva, Switzerland, http://expasy.org/sprot)
using SEQUEST (Bioworks Browser 3.3.1, Thermo-Finnigan, San Jose, CA). Searches were
performed by selecting the following SEQUEST parameters: 1) No specific fragmentation, 2)
Delta CN ≥ 0.1, 3) Peptide probability ≤ 0.5, and 4) XCorr score ≥ 2.0 and 2.6 for Z = 2 and
3, respectively. An additional inclusion criterion for positive identification and characterization
of proteins/peptides was that the same AEP constituent had to be found in at least two of the
four mass spectrometry analyses.

Results
Our first goal was to characterize naturally occurring pellicle proteins/peptides without any
fragmentation prior to analysis by LC-ESI-MS/MS. Since mass spectrometry instrumentation
limits the characterization of proteins/peptides to those being higher than 5000 Da, proteins/
peptides exhibiting molecular sizes smaller than 10 kD were separated from the protein fraction
with molecular sizes larger than 10 kD. This molecular cut-off was selected to assure that no
components smaller than 5 kD were omitted from analyses.

The two separation methods used were centrifugal filtration and high-resolution gel filtration
chromatography and the principal steps involved for each procedure are depicted in scheme 1.
The results obtained by gel filtration chromatography are shown in Figure 1. The eluant
monitored at 219 nm indicates three major peaks representing 150 kD, 50 kD, and 10 kD
molecular size pellicle constituents. The fractions containing proteins/peptides below 10 kD
were pooled and subjected to mass spectrometric analysis. It can be seen readily that this
fraction represents approximately 50% of the total AEP material. The second method to obtain
small molecular weight AEP proteins/peptides was centrifugal filtration with a low protein
binding membrane with a MWCO of 10 kD. The total filtrate was subjected to mass
spectrometric analysis.

The LC-ESI-MS/MS analysis of AEP proteins/peptides obtained by both separation techniques
resulted in the identification of 78 peptides, which originated from 29 different proteins ranging
in molecular weight between 767 Da to 3981 Da (Table 1). An example of how the tandem
MS results were obtained is shown with one of the AEP peptides in Figure 1B. This peptide
has a sequence of nine amino acid residues that represents the N-terminal moiety of statherin.
All peptides reported in Table 1 were characterized in this fashion. Table 1 is a comprehensive
list of the AEP constituents found in this study. They are listed according to the number of
peptides identified per protein. Column 1 lists the accession number for each protein identified,
column 2 the name of the protein of origin, column 3 the structure of the natural peptide
characterized, column 4 the molecular weight (MW), column 5 the isoeletric point (pI), column
6 the peptide region and column 7 the number of times that each peptide was identified by
mass spectrometry. Of the 78 identified peptides, 17 were identified twice among the 4 mass
spectrometric analysis, 39 were identified three times, and 22 in all four analyses.

To see whether the pellicle peptides showed a preferential location within the full primary
structure of the parent molecules its polypeptide structure was arbitrarily divided into 3 equal
parts. Each of the pellicle peptides was matched against the primary structure of the parent
protein and the results of this are shown in Figure 2A. The most frequently encountered domain
of origin was the C-terminal region (48%) followed by N-terminal region (19.2%) and the least
frequent origin was the middle region (9%). Peptides derived from overlap regions comprising
N-terminal and middle domains accounted for 14% and those overlapping the middle and C-
terminal region accounted for 7.6% (Figure 2A).
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The pellicle peptides identified were also grouped according to their isoeletric points (Figure
2B). Clearly 50% of all these peptides had isoeletric points bellow 5.9 and therefore exhibit a
negative charge at a pH range between 6.8 to 7.2, the pH conditions which prevail in the oral
cavity (11). Only one-third of the small molecular weight components exhibit basic
characteristics ranging in pI between 9.8 to 12.4.

The frequency of occurrence of the AEP peptides according to their number of amino acid
residues is shown in Figure 3A. Overall, peptides containing 8 to 33 amino acid residues were
identified with a predominant occurrence of peptides comprising 10 to 16 amino acid residues
and a calculated molecular size range of 1137 to 1814 Da. With respect to hydrophilicity, the
majority of the AEP peptides characterized contained 20 to 50% of hydrophilic residues
indicating that the bulk of the peptides identified contained a higher proportion of hydrophobic
to hydrophilic residues (Figure 3B). In general, the pellicle peptidome as determined in this
study provided no evidence for the presence of intact salivary proteins in the molecular size
range investigated. The data obtained with respect to statherin fragments are shown in Figure
4. These peptides represent almost a full coverage of statherin since only arginine (residue 10)
and phenylalanine (residue 43) were not accounted for.

Discussion
Among the 78 peptides characterized as pellicle constituents 61 were identified in at least 3 of
the 4 analyses. This is an amazingly consistent result considering that these data were derived
from 4 separate clinical collections and in addition it is well known that multiple repeat
experiments of the same sample with tandem MS show a relatively high variability (12–14).
The data obtained instill therefore considerable confidence that the components identified are
true pellicle constituents with defined primary structures.

Since the size limitations for a direct characterization by MS/MS is an obstacle not easily
overcome, the restriction to the analysis of the less than 5000 Da molecules provided a more
realistic insight into the composition of at least small pellicle components than endeavors into
the full spectrum of pellicle proteins dependent on tryptic fragmentation prior to MS analysis.
Despite the limitations in size of the pellicle protein/peptides studied these small pellicle
constituents did represent a very significant portion of the pellicle proteome.

The characterization of the pellicle fraction studied here revealed some new insights into their
salient properties. E.g. most pellicle precursor proteins have previously been shown to carry a
net negative charge and show functional domains to be localized in the N-terminus. These
characteristics have been recognized widely but were based mostly on in vitro pellicle studies
(15–17). The novel and different findings with in vivo formed pellicle reported here are in part
contradicting the classical concepts. The first discrepancy relates to the fact that 48% of the
peptides identified originated from the C-terminal domains of pellicle precursor proteins.
Nevertheless 50% of these peptides carry a net negative charge at neutral pH. This fraction
may exhibit higher affinity to hydroxyapatite based on charge interactions than the more neutral
or even basic components derived from C-terminal protein moieties. The second surprise
relates to the large fraction of hydrophobic peptides which were encountered indicating that
ionic interactions with hydroxyapatite are not the only driving force for pellicle formation.
Support for hydrophobic forces being possibly critical for the adsorption process derives from
thermodynamic work with single proteins and mineral interactions (18). In such cases the
exclusion of ordered water concomitant with an increase in entropy represent possible driving
forces for hydroxyapatite adsorption of protein and peptides. It is well recognized that the AEP
peptides characterized here constitute a mixture of components directly adsorbing to
hydroxyapatite and components interacting with other pellicle constitutuents. The
characteristics of hydrophobicity and net charge are equally important for peptide-peptide

Siqueira and Oppenheim Page 5

Arch Oral Biol. Author manuscript; available in PMC 2010 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



interactions leading to poly-disperse structures typical for the protein film formed on the tooth
surface.

In our previous pellicle study (5) we identified 130 proteins based on at 2 different peptides
derived from the same protein using tryptic fragmentation prior to MS analysis. Of these 130
proteins, 21 proteins were also identified in the present study where we focused only on the
unmodified small molecular weight fraction. This supports the notion that at least 21 of the
previously identified pellicle components are unlikely to represent intact primary structures of
precursor proteins. Proteolytic fragmentation before or after the adsorption process is vital for
truncation whether from the N-terminal, C-terminal or both polypeptide ends. Such oral fluid
related proteolysis has been shown to be extensive and important in the fragmentation of
salivary proteins (19,20). The selectivity of the well defined protein fragments in pellicle
characterized by direct LC-ESI-MS/MS shows that pellicle formation underlies strongly
controlled biological processes. Earlier studies on in situ formed pellicles have indicated
similar selectivities among the peptides incorporated into the protein film formed on the enamel
surfaces. (10,21). The present study represents the first detailed characterization of small
molecular components present in the in vivo formed human acquired enamel pellicle. These
data provide a basis for expanding into more detailed investigations into the structure-function
relationships of pellicle peptides. Encouragement for such studies derives from the fact that
many salivary proteins exhibit specific functional domains which not only retain but in some
cases augment the activities of the native protein (20,22,23).
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Figure 1.
(A) High resolution gel filtration chromatogram of AEP proteins and peptides. The shaded
peak area of the chromatogram indicates the zone of elution of proteins/peptides with molecular
weights below 10 kD. These fractions were pooled and analyzed by LC-ESI-MS/MS. (B) MS/
MS spectrum and sequence analysis of a typical AEP peptide. The amino acid sequence of this
peptide was -.DSSEEKLR.R which led to the identification of statherin as the parent protein
(P02808). Matching b- and y- ion series are indicated in the upper right.
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Figure 2.
(A) Localization of each AEP peptide in the primary structure of the parent protein. (B)
Distribution of the AEP peptides according to their isoeletric points (pI).
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Figure 3.
(A) Size distribution of AEP peptides according to their number of amino acid residues per
peptide. (B) Grouping of pellicle peptides according to their percentage of hydrophilic amino
acid residues.
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Figure 4.
Amino acid sequence of statherin (P02808). The peptide fragments identified by LC-ESI-MS/
MS are aligned below the protein sequence. Note the almost full coverage of statherin obtained
with the exception of Arg10 and Phe43 (boxed).
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Scheme 1.
Summary of the AEP sample preparation for mass spectrometric analysis.

Siqueira and Oppenheim Page 12

Arch Oral Biol. Author manuscript; available in PMC 2010 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Siqueira and Oppenheim Page 13
Ta

bl
e 

1
Li

st
 o

f t
he

 7
8 

pe
pt

id
es

 id
en

tif
ie

d 
in

 th
e 

in
 v

iv
o 

fo
rm

ed
 H

um
an

 A
cq

ui
re

d 
En

am
el

 P
el

lic
le

.

A
cc

es
si

on
nu

m
be

r1
Pr

ot
ei

n 
na

m
e

Pe
pt

id
e 

id
en

tif
ie

d 
(s

eq
ue

nc
e 

do
m

ai
n 

w
ith

in
 p

ar
en

t p
ro

te
in

)
M

W
(D

a)
pI

Pr
ot

ei
n 

re
gi

on
T

im
es

id
en

tif
ie

d

P0
28

10
Sa

liv
ar

y 
ac

id
ic

 p
ro

lin
e-

ric
h 

ph
os

ph
op

ro
te

in
 1

/2
F.

ID
EE

R
Q

G
PP

LG
.G

 (4
2–

52
)a,

b
12

11
.3

3.
8

N
-te

rm
in

al
/M

id
dl

e
2

F.
ID

EE
R

Q
G

PP
LG

G
Q

Q
.S

 ▪  
(4

2–
55

)a,
b

15
24

.6
3.

8
N

-te
rm

in
al

/M
id

dl
e

3

F.
ID

EE
R

Q
G

PP
LG

G
Q

Q
SQ

PS
.A

 (4
2–

56
)b

19
24

.0
3.

8
N

-te
rm

in
al

/M
id

dl
e

2

G
.G

Q
Q

Q
Q

G
PP

PP
Q

G
K

PQ
.G

 (7
8–

92
)a,

b
15

72
.7

10
.1

M
id

dl
e

3

G
.P

Q
Q

G
PP

Q
Q

G
G

Q
Q

Q
Q

G
PP

PP
Q

G
.K

 (5
3–

73
)a,

b
21

37
.3

6.
0

M
id

dl
e

3

K
.P

Q
G

PP
PQ

G
G

R
PQ

G
PP

Q
.G

 (1
30

–1
45

)a,
b

15
95

.7
11

.0
C

-te
rm

in
al

3

N
.Q

D
D

G
PQ

Q
G

PP
Q

Q
G

G
Q

Q
Q

Q
G

PP
PP

Q
G

K
P.

Q
(4

9–
75

)a,
b

27
77

.9
3.

9
N

-te
rm

in
al

/M
id

dl
e

4

P.
PP

G
K

PQ
G

PP
PQ

G
G

R
.P

(1
26

–1
39

)a,
b

13
70

.5
11

.5
C

-te
rm

in
al

4

Q
.D

D
G

PQ
Q

G
PP

Q
Q

G
G

Q
Q

Q
Q

G
PP

PP
Q

G
K

PQ
.G

(5
0–

76
)a,

b
27

77
.9

3.
9

N
-te

rm
in

al
/M

id
dl

e
3

Q
.G

G
R

PQ
G

PP
Q

G
Q

SP
Q

.-(
13

7–
15

0)
a,

b
13

91
.5

11
.0

C
-te

rm
in

al
4

Q
.G

PP
PP

PP
G

K
PQ

G
PP

PQ
.G

(1
21

–1
35

)a,
b

15
45

.8
10

.1
C

-te
rm

in
al

3

Q
.G

PP
PP

PP
G

K
PQ

G
PP

PQ
G

G
R

PQ
G

PP
Q

G
Q

SP
Q

.-(
12

1–
15

0)
b

29
18

.2
11

.5
C

-te
rm

in
al

2

Q
.G

PP
Q

Q
G

G
H

Q
Q

G
PP

PP
PP

G
K

PQ
.G

 (1
11

–1
31

)▪
•a

,b
20

84
.3

10
.5

C
-te

rm
in

al
4

P0
28

12
B

as
ic

 sa
liv

ar
y 

pr
ol

in
e-

ric
h 

pr
ot

ei
n 

2
K

. P
Q

G
PP

PQ
G

G
N

K
PQ

G
PP

PP
G

K
.P

(2
3–

43
)a,

b
28

10
.1

10
.6

N
-te

rm
in

al
3

G
.G

N
Q

PQ
G

PP
PP

PG
K

PQ
.G

(2
78

–2
92

)a,
b

14
96

.7
10

.1
C

-te
rm

in
al

3

K
.P

Q
G

PP
PQ

G
G

N
K

PQ
G

PP
PP

G
K

.P
(1

67
–1

86
)a,

b
19

33
.2

10
.6

C
-te

rm
in

al
3

K
.P

Q
G

PP
PQ

G
G

N
K

PQ
G

PP
PP

G
K

PQ
G

PP
PQ

G
D

K
.S

(1
67

–1
96

)a
29

35
.2

10
.3

N
-te

rm
in

al
2

K
.P

Q
G

PP
PQ

G
G

N
Q

PQ
G

PP
PP

PG
K

PQ
.G

(8
4–

10
6)

a,
b

22
55

.5
10

.1
N

-te
rm

in
al

3

P.
G

K
PQ

G
PP

PQ
G

G
N

Q
PQ

G
PP

PP
PG

K
PQ

G
.P

*(
22

7–
25

1)
b

24
97

.8
10

.6
C

-te
rm

in
al

2

Q
.G

PP
PQ

G
G

N
K

PQ
G

PP
PP

G
K

PQ
.G

(1
07

–1
26

)a,
b

19
22

.2
10

.6
N

-te
rm

in
al

3

Q
.G

PP
PQ

G
G

N
Q

PQ
G

PP
PP

PG
K

PQ
.G

(1
47

–1
68

)a,
b

20
30

.2
10

.1
C

-te
rm

in
al

4

Q
.G

PP
PQ

G
G

N
Q

PQ
G

PP
PP

PG
K

PQ
G

PP
PQ

G
G

N
K

PQ
.G

(1
47

–1
79

)a,
b

30
88

.4
10

.6
C

-te
rm

in
al

3

P0
28

08
St

at
he

rin
F.

G
Y

G
Y

G
PY

Q
PV

PE
.Q

 ▪  
(1

5–
26

)a,
b

13
26

.4
3.

3
M

id
dl

e
3

-.D
SS

EE
K

FL
R

.R
 (1

–9
)a,

b
11

10
.2

4.
4

N
-te

rm
in

al
2

R
.IG

R
FG

Y
G

Y
G

PY
Q

PV
PE

Q
P.

L 
(1

1–
28

)a,
b

20
25

.2
6.

8
N

-te
rm

in
al

/M
id

dl
e

3

R
.R

IG
R

FG
Y

G
Y

G
PY

Q
PV

PE
Q

PL
Y

PQ
PY

Q
PQ

Y
Q

Q
Y

T.
F(

11
–4

2)
a,

b
39

81
.4

9.
1

N
-te

rm
in

al
/M

id
dl

e/
C

-te
rm

in
al

3

Y
.G

PY
Q

PV
PE

Q
PL

Y
PQ

PY
Q

PQ
.Y
▪  (

19
–3

7)
a,

b
22

26
.4

3.
3

M
id

dl
e/

C
-te

rm
in

al
4

Arch Oral Biol. Author manuscript; available in PMC 2010 May 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Siqueira and Oppenheim Page 14

A
cc

es
si

on
nu

m
be

r1
Pr

ot
ei

n 
na

m
e

Pe
pt

id
e 

id
en

tif
ie

d 
(s

eq
ue

nc
e 

do
m

ai
n 

w
ith

in
 p

ar
en

t p
ro

te
in

)
M

W
(D

a)
pI

Pr
ot

ei
n 

re
gi

on
T

im
es

id
en

tif
ie

d

P0
47

45
al

ph
a-

am
yl

as
e 

A
1(

sa
liv

ar
y)

R
.S

G
N

ED
EF

R
.N

 (8
8–

95
)a,

b
95

3.
9

3.
8

N
-te

rm
in

al
4

R
.A

LV
FV

D
N

H
D

N
Q

R
.G

 (3
07

–3
18

)b
14

28
.5

5.
1

M
id

dl
e

2

F.
IY

Q
EV

ID
LG

G
EP

IK
.S

 (2
45

–2
58

)a,
b

15
74

.8
3.

8
M

id
dl

e
3

K
.A

H
FS

IS
N

SA
ED

PF
IA

I.H
(4

90
–5

05
)a,

b
17

19
.9

4.
1

C
-te

rm
in

al
4

K
.T

G
SG

D
IE

N
Y

N
D

A
TQ

V
R

.D
(1

58
–1

73
)a,

b
17

40
.8

3.
7

N
-te

rm
in

al
3

Q
9h

cy
8

S1
00

 c
al

ci
um

 b
in

di
ng

 p
ro

te
in

 a
14

K
.N

FH
Q

Y
SV

EG
G

.K
(2

8–
37

)a,
b

11
37

.1
5.

1
N

-te
rm

in
al

3

S.
FW

EL
IG

EA
A

K
.S

 (8
4–

93
)a,

b
11

63
.3

4.
3

C
-te

rm
in

al
3

F.
R

SF
W

EL
IG

EA
A

K
SV

K
LE

.R
(8

2–
98

)a,
b

19
63

.2
7.

2
C

-te
rm

in
al

2

A
.Q

EF
SD

V
ER

A
IE

TL
I.K

(1
3–

26
)a,

b
16

49
.8

3.
7

N
-te

rm
in

al
4

K
.IA

N
LG

SC
N

D
SK

L.
E(

68
–7

8)
a,

b
12

34
.3

6.
1

M
id

dl
e/

C
-te

rm
in

al
3

P0
40

83
A

nn
ex

in
 A

1
F.

IE
N

EE
Q

EY
V

Q
TV

K
.S

 (1
4–

26
)a,

b
16

08
.7

3.
8

N
-te

rm
in

al
4

K
.T

PA
Q

FD
A

D
EL

R
.A

(1
14

–1
24

)a,
b

12
62

.3
3.

7
M

id
dl

e
3

W
.F

IE
N

EE
Q

EY
V

Q
TV

K
.S

 (1
3–

26
)a,

b
17

55
.9

3.
8

N
-te

rm
in

al
3

Q
9U

B
G

3
C

or
un

lin
R

.T
EG

N
C

TA
LT

R
G

E.
L 

(2
1–

32
)a,

b
12

51
.3

4.
3

N
-te

rm
in

al
4

E.
G

N
C

TA
LT

R
G

EL
K

R
.L

(2
3–

35
)a,

b
14

18
.6

10
.1

N
-te

rm
in

al
3

R
.E

Q
G

Q
TQ

TQ
PG

S.
G

(3
73

–3
83

)a,
b

11
60

.1
12

.4
C

-te
rm

in
al

4

P0
10

40
C

ys
ta

tin
 a

E.
K

TN
ET

Y
G

K
LE

.A
 (3

0–
39

)a,
b

11
82

.3
7.

0
M

id
dl

e
4

E.
TY

G
K

LE
A

V
Q

Y
.K

 (3
4–

43
)a,

b
11

71
.3

6.
8

N
-te

rm
in

al
/M

id
dl

e
2

K
.S

LP
G

Q
N

ED
LV

LT
G

.Y
 (7

2–
84

)a,
b

13
42

.4
3.

0
C

-te
rm

in
al

3

P0
42

80
B

as
ic

 sa
liv

ar
y 

pr
ol

in
e-

ric
h 

pr
ot

ei
n 

1
A

.G
N

PQ
G

PS
PQ

G
G

N
K

PQ
.G

(1
8–

32
)▪

a,
b

14
62

.5
10

.1
N

-te
rm

in
al

3

Q
.G

PP
Q

Q
G

G
N

R
PQ

G
PP

PP
G

K
PQ

.G
(2

26
–2

45
)▪

b
19

91
.2

11
.5

M
id

dl
e/

C
-te

rm
in

al
3

A
.G

N
PQ

G
PS

PQ
G

G
N

K
PQ

G
PP

PP
PG

K
PQ

.G
(1

8–
48

)▪
b

24
15

.6
10

.6
N

-te
rm

in
al

4

P0
87

79
C

yt
ok

er
at

in
-1

6
R

.E
V

FT
SS

SS
SS

SR
Q

.T
 (4

42
–4

54
)a,

b
13

88
.4

7.
0

C
-te

rm
in

al
3

P1
55

15
H

is
ta

tin
-1

F.
Y

G
D

Y
G

SN
Y

LY
D

N
.-▪

(2
7–

38
)a,

b
14

43
.4

2.
9

M
id

dl
e/

C
-te

rm
in

al
3

Y
.G

D
Y

G
SN

Y
LY

D
N

.-▪
•  (2

8–
38

)a,
b

12
80

.2
2.

9
C

-te
rm

in
al

4

Q
96

Q
V

6
H

is
to

ne
 H

2A
 ty

pe
1-

A
I.A

Q
G

G
V

LP
N

IQ
A

V
.L

 (1
04

–1
15

)b
11

66
.3

6.
0

C
-te

rm
in

al
2

V
.T

IA
Q

G
G

V
LP

N
IQ

A
V

.L
 (1

02
–1

15
)a,

b
13

80
.6

6.
0

C
-te

rm
in

al
4

Q
9H

C
84

M
uc

in
-5

B
L.

SS
PS

PA
PG

C
D

N
A

IP
.L

 (4
94

0–
49

53
)a,

b
13

12
.4

3.
1

C
-te

rm
in

al
2

Arch Oral Biol. Author manuscript; available in PMC 2010 May 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Siqueira and Oppenheim Page 15

A
cc

es
si

on
nu

m
be

r1
Pr

ot
ei

n 
na

m
e

Pe
pt

id
e 

id
en

tif
ie

d 
(s

eq
ue

nc
e 

do
m

ai
n 

w
ith

in
 p

ar
en

t p
ro

te
in

)
M

W
(D

a)
pI

Pr
ot

ei
n 

re
gi

on
T

im
es

id
en

tif
ie

d

R
.A

Q
A

Q
PG

V
P.

L 
(2

36
2–

23
69

)a
76

6.
9

6.
0

C
-te

rm
in

al
2

P6
27

36
A

ct
in

, a
or

tic
 sm

oo
th

 m
us

cl
e

Y
.V

G
D

EA
Q

SK
R

G
IL

TL
.K

 (5
6–

69
)a,

b
14

87
.7

7.
0

N
-te

rm
in

al
3

T.
A

A
SS

SS
LE

K
SY

EL
PD

G
Q

V
I.T

 (2
32

–2
50

)a
19

82
.1

3.
8

N
-te

rm
in

al
2

P0
67

33
A

lp
ha

-e
no

la
se

A
.N

G
W

G
V

M
V

SH
.R

 (3
63

–3
71

)a,
b

98
6.

1
7.

8
C

-te
rm

in
al

4

R
.S

ER
LA

K
Y

N
Q

LL
R

IE
EE

.L
(4

01
–4

16
)a,

b
19

91
.2

4.
7

C
-te

rm
in

al
3

P0
67

02
Pr

ot
ei

n 
S1

00
-A

9
Y

.S
V

K
LG

H
PD

TL
N

Q
G

EF
K

EL
.V

 (2
3–

40
)a,

b
20

13
.2

5.
3

N
-te

rm
in

al
/M

id
dl

e
3

V
.K

LG
H

PD
TL

N
Q

G
EF

.K
 (2

5–
37

)a,
b

14
56

.6
5.

2
N

-te
rm

in
al

/M
id

dl
e

3

Q
01

54
6

C
yt

ok
er

at
in

-2
P

R
.G

V
FG

G
V

SG
SG

SG
G

Y
K

.G
 (5

24
–5

38
)a,

b
13

16
.4

9.
7

C
-te

rm
in

al
4

K
.S

G
G

G
G

ST
SI

R
FS

Q
TT

SS
SQ

H
SS

TK
.- 

(6
15

–6
38

)a,
b

23
73

.4
11

.5
C

-te
rm

in
al

4

P0
27

68
Se

ru
m

 a
lb

um
in

K
.P

LV
EE

PQ
N

LI
K

.Q
 (4

03
–4

13
)a,

b
12

79
.5

4.
3

M
id

dl
e/

C
-te

rm
in

al
3

K
.A

V
M

D
D

FA
A

FV
EK

.C
 (5

70
–5

81
)b

13
42

.5
3.

7
C

-te
rm

in
al

2

P0
44

06
G

ly
ce

ra
ld

eh
yd

e-
3-

ph
os

ph
at

e 
de

hy
dr

og
en

as
e

A
.S

EG
PL

K
G

IL
G

Y
.T

 (2
66

–2
76

)a,
b

11
33

.3
6.

9
C

-te
rm

in
al

4

V
.S

SD
FN

SD
TH

SS
TF

.D
(2

83
–2

95
)a,

b
14

31
.3

3.
9

C
-te

rm
in

al
3

P0
26

47
A

po
lip

op
ro

te
in

 A
-I

L.
R

EQ
LG

PV
TQ

EF
.W

 (8
5–

95
)a,

b
13

04
.4

4.
3

N
-te

rm
in

al
/M

id
dl

e
3

P0
27

88
La

ct
ot

ra
ns

fe
rr

in
R

.E
ST

V
FE

D
LS

D
EA

ER
.D

 (2
30

–2
43

)a,
b

16
26

.6
3.

4
N

-te
rm

in
al

3

P2
06

71
H

is
to

ne
 H

2A
 ty

pe
 1

-D
I.R

N
D

EE
LN

K
LL

G
K

V
TI

A
.Q

(8
9–

10
4)

b
18

14
.1

7.
1

M
id

dl
e/

C
-te

rm
in

al
2

P0
18

33
Po

ly
m

er
ic

- i
m

m
un

og
lo

bu
lin

 re
ce

pt
or

R
.A

SV
D

SG
SS

EE
Q

G
G

SS
R

A
L.

V
(6

23
–6

40
)a,

b
17

24
.7

3.
8

C
-te

rm
in

al
4

P3
11

51
S1

00
 c

al
ci

um
- b

in
di

ng
 p

ro
te

in
 A

7
Y

.H
K

Q
SH

G
A

A
PC

SG
G

S.
Q

 (8
7–

10
0)

a,
b

13
23

.4
9.

0
C

-te
rm

in
al

3

P4
79

29
ga

le
ct

in
-7

V
.G

G
D

V
Q

LD
SV

R
IF

.- 
(1

25
–1

36
)b

13
05

.5
3.

9
C

-te
rm

in
al

2

P3
00

44
pe

ro
xi

re
do

xi
n-

5
M

.A
PI

K
V

G
D

A
IP

A
V

EV
.F

 (5
4–

67
)a

13
78

.6
4.

1
N

-te
rm

in
al

/M
id

dl
e

2

P0
40

80
cy

st
at

in
 B

Y
. Q

TN
K

A
K

H
D

EL
TY

F.
- (

86
–9

8)
a,

b
15

94
.7

7.
7

C
-te

rm
in

al
3

P0
10

36
C

ys
ta

tin
-S

Y
.E

V
PW

ED
R

M
SL

V
N

.S
 (1

24
–1

35
)a,

b
14

74
.7

3.
8

C
-te

rm
in

al
3

P0
51

64
M

ye
lo

pe
ro

xi
da

se
R

.D
FV

N
C

ST
LP

A
LN

LA
SW

.R
 (7

26
–7

41
)a,

b
17

51
.1

3.
1

C
-te

rm
in

al
4

1 A
cc

es
si

on
 n

um
be

rs
 in

 b
ol

d 
re

pr
es

en
t A

EP
 p

ro
te

in
s i

de
nt

ifi
ed

 e
ar

lie
r b

y 
ou

r g
ro

up
 u

si
ng

 in
-g

el
 tr

yp
si

ni
za

tio
n 

fo
llo

w
ed

 b
y 

LC
-E

SI
-M

S/
M

S 
(S

iq
ue

ira
 e

t a
l.,

 2
00

7)
.

• Pe
pt

id
es

 id
en

tif
ie

d 
by

 V
ito

rin
o 

et
 a

l.,
 2

00
8 

in
 in

 si
tu

 fo
rm

ed
 A

EP
.

▪ Pe
pt

id
es

 id
en

tif
ie

d 
by

 H
el

m
er

ho
rs

t e
t a

l.,
 2

00
8 

in
 h

um
an

 w
ho

le
 sa

liv
a.

a Pe
pt

id
es

 in
 sa

m
pl

es
 c

ol
le

ct
ed

 w
ith

 d
ry

 c
ol

le
ct

io
n 

st
rip

s.

Arch Oral Biol. Author manuscript; available in PMC 2010 May 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Siqueira and Oppenheim Page 16
b Pe

pt
id

es
 w

hi
ch

 in
 sa

m
pl

es
 c

ol
le

ct
ed

 w
ith

 3
%

 c
itr

ic
 a

ci
d-

so
ak

ed
 c

ol
le

ct
io

n 
st

rip
s.

Arch Oral Biol. Author manuscript; available in PMC 2010 May 1.


