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Protein profile of pepsin-digested carious and sound human dentine
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Abstract
The purpose of this study was to describe the protein profile of pepsin-digested carious and sound dentine using sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). Carious and sound dentine powder was decalcified using
10% EDTA at pH 7.4 for 48 h. The decalcified pellet was digested using pepsin at pH 2 under sequenced conditions: at 4�C
for 24 h, a further 24 h at 23�C, and finally for 24 h at 37�C. After every step, the soluble fraction was separated by
centrifugation and analyzed in 15% SDS-PAGE. Two bands at 56 and 62 kDa could be observed in carious dentine digests
and were considered specific carious bands. Similar bands could be observed in sound dentine samples, but only after pepsin
digestion at higher temperatures (23�C and 37�C). Pepsin digests non-helical collagen and the triple helix structure of collagen
is lost when the temperature rises. The bands at 56 and 62 kDa in sound dentine specimens thus represent pepsin-cleaved
collagen. There is a possibility that the specific carious bands in carious dentine represent collagen decomposed in a manner
similar to the way pepsin digests native dentine collagen at 23�C and 37�C.
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Introduction

Ever since early reports by Armstrong [1,2], the

process of dentine caries progression is considered

to include decalcification of the mineral phase by

bacterial acids, thus exposing the collagen matrix that

is subsequently degraded by enzymes. However, the

process of degradation or denaturation is still unclear

and several models and theories have been put forward.

Recently, it was suggested that the host enzyme took

part in denaturation of the matrix. Dung et al. [3]

examined breakdown of the organic matrix of

decalcified sound dentine using trypsin and matrix

metalloproteinase-1, while Tjäderhane et al. [4]

demonstrated a pH-dependent activation mechanism

using host matrix metalloproteinase-2, 8, and 9. The

addition of metabolites and glycoxidation products to

matrix collagen has also been suspected to occur in

the caries process [1,2,5,6]. The Maillard reaction

between sugar and protein has been reported to be the

cause of discoloration in carious dentine [1,2]. Kleter

et al. [5,6] showed that amino acids in dentine collagen

are modified by the Maillard reaction during the

carious process and also that the reaction increases

resistance to proteolysis, which supposedly induces

arrestment of caries. Several models of dental caries

progression have therefore been reported, but the

consistency of the models with protein profiles of

native carious dentine has not been confirmed.

The hypothesis of this study was that if enzymes are

responsible for matrix denaturation, molecules of

uniform size should be detected in carious dentine,

because enzyme cleaves matrix collagen at unique

locations. Dentine matrix collagen can be extracted by

limited pepsin digestion and analyzed using sodium

dodecyl sulfatepolyacrylamide gel electrophoresis

(SDS-PAGE) [7,8].

Our aim was to investigate the protein profile in

carious dentine compared with sound dentine after

continuous pepsin digestion.

Material and methods

Dentine powder

Twenty permanent human teeth extracted for odonto-

logical reasons with moderately active caries lesions

(neither very soft nor very hard) were selected. The
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teeth were donated to the Department of Cariology,

Faculty of Odontology, Malmö University and stored

in phosphate buffer solution at 4�C until use. After

drying in room temperature, carious dentine and

sound dentine were carefully removed from the teeth

using round steel burs (nos. 1, 2, and 3) on a low-speed

handpiece. The powdered carious dentine and sound

dentine were pooled separately and stored at room

temperature until use.

Chemicals

Acetic acid, Coomassie brilliant blue (CBB), brom-

phenol blue, di-sodium ethylenediamine tetraacetate

(EDTA), glycine, 2-mercaptoethanol, methanol, poly-

ethylene glycol of molecular weight 6000, sodium

chloride and tris (hydroxymethyl) aminomethane

were obtained from Merck (Darmstadt, Germany).

Glycerol and sodium dodecyl sulfate were purchased

from the Eastman Kodak Co. (Rochester, N.Y., USA).

Ammonium persulfate, N,N,N,N0-tetra-methylethy-

lenediamine, 30% acrylamide/bis solution and SDS-

PAGE broad range molecular weight standards were

obtained from Bio-Rad Laboratories (Richmond,

Calif., USA). Pepsin (3443F, 10,900 unit/mg) was

from ICN Biomedicals (Aurora, Ohio, USA). All

reagents and solutions used in this study were analyti-

cal grade.

Experimental procedures (Figure 1)

Dry carious and sound dentine powders in 10 mg

aliquots were demineralized in 3.0 ml of 10% EDTA

pH 7.4 for 48 h (Figure 1). The soluble fraction of

carious and sound dentine, respectively, was separated

by centrifuge at 10,000g for 10 min and dialyzed

in distilled water for 16 h using dialysis membrane

(Biotech Membranes MWCO: 8,000, Spectrum

Laboratories Inc., Dominguez, Calif., USA) and

concentrated at 4�C by polyethylene glycol. The final

concentrate volume was 100 ml. To 20 ml of each

concentrate, 80 ml sample buffer was added and

analyzed using SDS-PAGE (hereafter CDSF for

carious dentine and SDSF for sound dentine). The

demineralized dentine samples were washed three

times in 1.5 ml distilled water and digested with pepsin

in 0.25 ml of 0.5 M acetic acid at 4�C, using 1090 U

pepsin per mg of wet demineralized dentine [7,8].

After 24 h, the digestion was stopped with the addition

of 0.2 M tris-HCl buffer, pH 8.6. The soluble fraction

was separated from the insoluble fraction by centri-

fugation at 3,000g for 5 min. To precipitate protein

in the soluble fraction, sodium chloride was added

to a final concentration of 0.9 M. The precipitate was

harvested by centrifugation at 10,000g for 30 min,

dissolved in 20 ml sample buffer and applied to SDS-

PAGE (hereafter CD04 for carious dentine and SD04

for sound dentine). The insoluble fraction from the

digestion at 4�C was used for the next pepsin digestion

at 23�C for 24 h and separated into a soluble fraction

and an insoluble fraction as described above. The

precipitate obtained from this second digestion was

dissolved and applied to SDS-PAGE (hereafter CD23

for carious dentine and SD23 for sound dentine). The

insoluble fraction remaining from the digestion at

23�C was used for the third digestion at 37�C for 24 h

and treated as above, and the precipitate was dissolved

and applied to SDS-PAGE (hereafter CD37 for

carious dentine and SD37 for sound dentine). Pepsin

(10 mg/ml in sample buffer) was used as reference

in the SDS-PAGE. Gel for SDS-PAGE (15%) was

prepared according to Laemmli [9]. Samples of 20 ml

were run for 50 min at 200V. The gels were then

stained with 0.125% Coomassie brilliant blue in

50 : 40 : 10% water : methanol : acetic acid. The com-

plete experimental procedure was repeated twice.

Results

The result of SDS-PAGE is shown in Figure 2. Bands

corresponding to collagen a chains were observed at

around 100 kDa in all pepsin digests of sound dentine

and CD23 (arrow a). For carious dentine digests, two

bands were observed at molecular weights of 56 and

62 kDa (arrow b). These bands were also observed in

sound dentine after pepsin digestion at higher

temperatures (SD23 and SD37). Bands indicating

pepsin were seen at around 40 kDa and lower (arrow c).

After pepsin digestion for 72 h, the sound dentine

sample was completely dissolved; the carious dentine

Figure 1. Experimental procedure.
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digest, however, left a pellet of insoluble tissue. The

results were the same in repeated experiments.

Discussion

The protein profiles examined in this study would

represent the total protein profile of 20 caries lesions.

Even though the lesions were similar in consistency,

areas of arrested and more active caries are likely to

be included in the samples. Limited pepsin digestion

is a well-known method for solubilizing collagen for

analysis [7,8]. Pepsin acts only at the non-helical end of

the collagen molecule, which contains inter- and intra-

molecule cross-links formation. Collagen polymers

were therefore split into monomers. The monomers of

collagen could be detectable as a, b and g chains with

SDS-PAGE [7,8,10]. With this procedure, Takagi

et al. [11] examined the deciduous dentine from a

patient of dentine dysplasia and reported alteration of

the protein profile in dentine matrix. Pepsin digestion

followed by SDS-PAGE is thus a suitable method for

investigating alteration of the dentine matrix protein

profile. In the present study, two bands were observed

at around 100 kDa for CD23, SD04, SD23, and

SD37. Ninety percent of the protein in dentine matrix

consists of type I collagen [12]; therefore, these bands

were considered to be collagen a1(I) and a2(I) chains.

In addition, two other bands could be observed at

molecular weights of 56 and 62 kDa for CDSF, CD04,

CD23, CD37, SD23, and SD37. These two bands

were considered caries specific, because they appeared

in the supernatant of demineralized carious dentine

and through the sequence of pepsin digestion of

carious dentine. The bands could not be observed in

the supernatant of demineralized sound dentine

(absent in SDSF, SD04). Two possible origins for

these bands may be suggested; one is denatured

dentine collagen matrix and the other the organic

material outside the tissue, e.g. bacteria products from

oral cavity. We believe that the former is more likely

because the same two bands could be observed in

sound dentine samples only after more extensive

pepsin digestion at 23�C and 37�C. This indicates that

the bands from sound dentine were pepsin-cleaved

collagen and not of bacterial origin, as they appeared in

sound dentine and only after a long time and repeated

pepsin digestion at 23�C and 37�C. Though the helical

region of collagen molecules is resistant to enzymatic

proteolysis [7], the triple helix is lost when temperature

rises [8]. For native calfskin collagen, which is the same

type as dentine collagen, the temperature of the

midpoint of this transition was 36�C [13]. Structural

changes of collagen molecules at higher temperature

decrease its resistance to proteolysis, resulting in the

decomposition of collagen into smaller units, e.g. 56

and 62 kDa.

No band could be found at around 79 kDa for

carious dentine in this study. However, Dung et al. [3]

observed this band in their SDS-PAGE analysis using

decalcified dentine powder digested by trypsin and

matrix metalloproteinase-1. In the present study, the

carious dentine sample was prepared from natural

dentine caries lesion and the enzyme was pepsin rather

than trypsin, which is possibly the reason for the

discrepancy in the results.

Sound dentine collagen was completely dissolved

after pepsin digestion at 37�C, while an insoluble

fraction remained in carious dentine collagen after

pepsin digestion at 37�C, that is, pepsin digestion

solubilizes demineralized carious dentine partly but

not completely. The dentine caries sample used in the

present study included inactive or arrested carious

dentine. Kleter et al. [5] reported that artificial caries

where the Maillard reaction had occurred was resistant

to pepsin digestion and claimed that this may partly

explain why caries can be arrested. Meng et al. [14],

too, indicated a positive relation between the advanced

glycosylation end products of the Maillard reaction and

pepsin-insoluble collagen of aorta of diabetic rats.

Consequently, such Maillard reaction products in-

cluded in carious dentine might explain the solubility

difference between carious dentine and sound dentine

after 72 h of pepsin digestion.

The findings might imply a relation between the

structural changes of exposed carious dentine collagen

in oral cavity and its sensitivity to attack from enzymes,

that is, decalcified dentine collagen is degraded by

enzymes when the triple-helix structure has disap-

peared. The Maillard reaction may protect such

exposed collagen, increasing the resistance to enzy-

matic digestion. However, further investigation is

necessary to clarify the mechanism of how the caries

process modifies dentine.

Recently, the importance of minimal invasion to

sound tissue during caries removal is emphasized

Figure 2. Protein profile of carious and sound dentine examined

with SDS-PAGE. Lane 1: molecular weight marker, 2: CDSF, 3:

SDSF, 4: CD04, 5: SD04, 6: CD23, 7: SD23, 8: CD37, 9: SD37, 10:

pepsin. (a) Collagen a1(I) and a2(I) bands could be observed in

sound dentine samples and CD23. (b) The bands corresponding to

56 and 62 kDa were observed in the carious dentine of every

condition and in SD23 and SD37. (c) Pepsin band around 40 and

lower kDa appeared in every digesting condition.
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in restorative treatment based on understanding of

pulp-dentine complex [15]. From the perspective of

minimally invasive dentistry, chemomechanical caries

removal might be an alternative approach [15]. Most

studies have focused on determining characteristics of

the tissue remaining (in the tooth) after caries removal

[16–18], and although such experiments were appro-

priate for evaluating the efficacy of the caries removal,

they were not appropriate for clarifying the mechanism

of action, as the removed material was not examined.

Only few studies have addressed the effect of chlor-

amines on carious dentine [19]. It is still not clear how

carious dentine is affected. It is hoped that the specific

caries bands detected in this study will contribute to

studies on the effect of chemical agents on the mol-

ecular of caries dentine collagen in future.
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