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Collagen and non-collagenous proteins are required for
proper biomineralization of dentin. Collagen is the pre-
dominant protein in dentin and constitutes about 90% of
the organic matrix (1). The major non-collagenous pro-
teins of dentin are dentin sialoprotein (DSP) and dentin
phosphoprotein (DPP) (2–5), which are encoded by the
dentin sialophosphoprotein (DSPP) gene (6, 7). Non-
collagenous proteins are believed to associate at specific
sites on the collagen molecule to promote the nucleation
and growth of hydroxyapatite crystals (8). This hypo-
thesis is consistent with recent studies of inherited mal-
formations of dentin. Defects in the human DSPP gene
(9, 10) and a Gly559Cys mutation in the human
COL1A1 gene (11) were associated with dentinogenesis
imperfecta (DGI), while characterization of dentin affec-
ted by DGI showed a significant reduction of intra-
fibrillar (within the gap in collagen fibrils) dentin
mineralization (12). These studies clearly show the
importance of dentin sialophosphoprotein in both nor-
mal and diseased dentin formation.

Much of what we know about DSPP comes from the
studies performed on rats. Rat dentin sialoprotein
(DSP), the N-terminal portion of DSPP, comprises about
5–8% (by weight) of the dentin non-collagenous proteins
and has a molecular mass of 95 kDa on sodium dodecyl-
sulfate–polyacrylamide gel electrophoresis (SDS-PAGE)
(13). The N-terminal sequence of rat DSP was determined

by Edman degradation (IPVPQLV), and its molecular
mass was determined by sedimentation equilibrium
analysis to be 52.57 kDa, which included 29.6% carbo-
hydrate (14). The DSP in rat dentin is derived from the
N-terminus of DSPP, with the major component ter-
minating with Tyr421 and a minor component ending
with His406 (15), which appear to be generated by pro-
teolytic cleavage of DSPP. The calculated molecular
mass (excluding post-translational modifications) of the
421 amino acid rat DSP is 43.12 kDa, leaving only
9.45 kDa (or 18% of its mass) to be contributed by
post-translational modifications; this suggests that the
molecular mass of rat DSP may be higher, or its percent-
age carbohydrate may be lower than published values.

Dentin phosphoprotein (DPP), the C-terminal portion
of DSPP, is the most abundant non-collagenous protein
in rat dentin (16), and is remarkable for its extremely
acidic isoelectric point (pH 1.1) (17). Rat DPP seems to
be composed of a group of related, stains-all posit-
ive proteins with different levels of phosphorylation,
apparent molecular weights around 95 kDa, and an
N-terminal sequence of DDPN (5, 18). The DDPN
sequence is part of the deduced rat DSPP amino acid
sequence, indicating that DPP is generated by proteolytic
cleavage of DSPP after Gly430. Bovine DPP has the
N-terminal sequence DSPNSSDESNGDSPNSSDESN-
GDSDNDSSS DSDSSDSSDSSDSDSDS (with every
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serine in this sequence being phosphorylated) and
migrates as a single band on SDS-PAGE at 156 kDa (19).

Better characterization of the DSPP protein and its
proteolytic cleavage products is needed to understand
the functions of DSPP, DSP, and DPP in normal and
diseased dentin formation. It is possible that an addi-
tional layer of complexity at the protein level results
from the expression of multiple mRNA transcripts from
the DSPP gene. The rat DSPP gene (20) and a growing
number of rat cDNAs derived from the rat DSPP gene
have been cloned and characterized (6, 20–26). In this
study we report the isolation and characterization of
three novel pig DSPP-derived cDNAs from a pig pulp-
derived k cDNA library, and the use of Northern
and reverse transcriptase polymerase chain reaction
(RT-PCR) analyses to investigate the expression of DSP
and DSPP in developing pig teeth.

Material and methods
All experimental procedures involving the use of animals
were reviewed and approved by the Institutional Animal
Care and Use Program at the University of Texas Health
Science Center at San Antonio.

RNA isolation from pig tissues

Developing teeth were dissected from 6-month-old com-
mercial pigs. Enamel organ epithelia and pulp tissue were
removed and the hollow pulp chamber, lined with residual
odontoblasts, was extracted with RNAwiz RNA Isolation
Reagent (Ambion, Austin, TX, USA), extracted with chlo-
roform, precipitated with isopropanol, treated with DNase I
(Invitrogen, Carlsbad, CA, USA), and then quantified by
UV spectroscopy at 260 nm.

Isolation of pig DSP and DSPP cDNA from a k cDNA
library

A unidirectional cDNA library was constructed from RNA
extracted from the pulp organ of developing pig teeth
(Stratagene, La Jolla, CA, USA), and screened using a
DSP-specific cDNA probe. To obtain the cDNA probe,
degenerate primers were synthesized to regions of protein
conservation in an alignment of mouse, rat, and human
DSP amino acid sequences. The 5¢ primer (5¢-GCATGGG
CCATTCCRGTYCCTCA-3¢) was made to the amino acid
sequence AWAIPVPQ and the 3¢ primer (5¢-TGTAYYC-
CATCATGACCYTATGTTTC-3¢) was made to the amino
acid sequence ETYGHDGIH. These primers amplified, by
RT-PCR, a 332-bp segment of the pig DSP coding region,
which was cloned into the TA cloning vector (Invitrogen),
and designated as clone 138. A pig DSP-specific cDNA
probe was generated by random priming of a gel-purified
EcoRI restriction fragment from clone 138 and used to
screen the cDNA library. This screening resulted in the
isolation of clone #29, encoding only the DSP portion of
DSPP. A second screening was performed using a DSP-
specific cDNA probe generated by random priming of a gel-
purified 600 bp EcoRI restriction fragment from 5¢ end of
clone #29, which resulted in the isolation of a single DSPP
cDNA (clone #17). A third screening was performed using a
probe made by random priming a gel-purified 1.2 kb PCR

product that had been amplified using a DPP-specific pri-
mer pair (5¢-CATTCCAGTTCCTCAAATCAAG-3¢, and
5¢-GCTTCATAAACTAACCTTATCTT-3¢) and clone #17
as template. This resulted in the isolation of DSPP clones #4
and #12.

Northern blot analysis

A radiolabeled cDNA probe was synthesized by random
priming a gel-purified 1.45 kb KpnI/SacI restriction frag-
ment containing the entire DSP cDNA insert of clone #29.
DNA-free total RNA (15 lg) was fractionated by agarose–
formaldehyde gel electrophoresis, transferred to a nylon
membrane by upper capillary transfer and hybridized to the
radiolabeled probe using the ultrahyb, ultrasensitive
hybridization kit and protocol (Ambion). The hybridized
membrane was autoradiographed overnight using Kodak
(Rochester, NY, USA) BioMax MR-1 film (Sigma,
St Louis, MO, USA).

Reverse transcription-polymerase chain reaction

Reverse transcription was performed using SuperScript
First-Strand Synthesis System (Invitrogen) followed by
PCR using Taq DNA Polymerase (Invitrogen) and assorted
pig DSPP-specific primer pairs. A negative control for each
primer pair included an amplification of the RNA sample
(without reverse transcription), which checked for template
contamination of the primers as well as DNA contamin-
ation of the RNA preparation. Selected primer pairs were
used to amplify clone #29 (pDSPP3F, 5¢-TTCTGCACTC
CCATGTTAG-3¢, and pDSP4F, 5¢-CCGTAGCCAAAG
GATAGAGG-3¢, paired with pDSP29R, 5¢-GGGAAGG
AAGGGGAGAATTT-3¢), clone 12 (pDSPP4F, 5¢-AG
TGATGGCAATGGTGACAA-3¢, paired with pDSPP12R,
5¢-AAGGGAGCCTCAGAATTTCC-3¢), and clones #4
and #17 (pDSPP4F paired with pDSPP17R, 5¢-TTGCAA
TATTGGTCTCTTGCAT-3¢).

Sequence analyses

Database searches were performed at the National Center
for Biotechnology Information website (http://www.ncbi.
nlm.nih.gov/blast/blast.cgi?Jform=1) using blast (27). The
pig DSP (AF332578) nucleotide and derived amino acid
sequences were aligned with those of human DSP
(AF163151), mouse DSP (U67916), and rat DSP (NM_
012790) using clustalw 1.8 (28), available at the Baylor
College of Medicine website (http://dot.imgen.bcm.tmc.
edu:9331/multialign/multialign.html). The molecular
weights and isoelectric points were predicted using the
Compute pI/Mw tool (http://c.expasy.org/tools/pi_tool.
html) on the Expasy molecular biology server (http://
expasy.cbr.nrc.ca/tools/scnpsit1.html) at the Swiss Institute
of Bioinformatics. Searches for potential phosphorylation,
and O-linked and N-linked glycosylation sites were per-
formed at the Center for Biological Sequence Analysis at the
Technical University of Denmark Website (http://
www.cbs.dtu.dk/) using the NetNGlyc 1.0, NetOGlyc 2.0
(29), and NetPhos 2.0 (30) prediction servers.

Results

A consistent shorthand for designating the various
transcripts and proteins expressed from the DSPP gene is
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currently lacking. In this report, we merge two systems
that are in use. The first letter, in lower case, indicates the
organism (r, rat; m, mouse, p, pig; h, human). Adding
DSP indicates only the DSP domain is present; DSPP
and DSP-PP indicate that both the DSP and DPP
domains are present. The number of amino acids, in
subscript, follows these designations. Thus, the designa-
tion rDSPP970/rDSP-PP523 refers to the rat DSPP pro-
tein having 970 amino acids, inclusive of a DPP domain
of 523 amino acids, extending from the DDPN sequence
to the C-terminus of the protein.

Using a radiolabeled probe to identify transcripts
generated from the DSPP gene, four cDNA clones were
isolated from a porcine pulp k cDNA library (#29, #12,
#17 and #4). The four cDNA clones shared identical
DSP coding sequences, indicating that they were all
derived from a single gene. Although the porcine DSPP
gene has not been cloned and characterized, we assume
that it shares the same intron/exon structure that is
common to the human (Acc No. AF163151), mouse
(Acc. No. AF135799, AJ002141), and rat (Acc. No.
RNO278306) DSPP genes (20, 24, 31, 32). The shortest
porcine cDNA clone (Acc. No. AF332578) was 1344
nucleotides long (excluding the polyA tail), and encoded
only the DSP domain (pDSP386) (Fig. 1A). The pig DSP
cDNA extended 83 nucleotides into exon 1, which is
non-coding. The coding region starts in exon 2 at the
most 5¢-ATG in the cDNA, which imitates an open
reading frame of 386 codons. There is no possibility that
a longer cDNA clone could extend the reading frame to a
more 5¢-ATG codon, as there is an in-frame TGA
translation stop codon starting 21 bases (7 codons) prior
to the assigned translation initiation site.

The first 15 amino acids at the start of the deduced pig
DSP amino acid sequence (MKIIIYFCIWAIAWA)
contain a positively charged �n-region� followed by a
hydrophobic �h-region�, which constitute a signal peptide
(33). The next five amino acids (IPVPQ) are identical to
the Edman sequence of rat DSP (14) and represent the
N-terminus of pig DSPP. The DSP protein secreted
has 371 amino acids, a predicted molecular mass of
38.74 kDa, and an isoelectric point of 4.35. The protein
is expected to be larger because of two post-translational
modifications. There are seven Asn residues in pig DSP
(amino acids 67, 97, 107, 166, 185, 191, 206, and 345)
that are in an appropriate context (NX (S/T), where X is
any amino acid except proline) for N-linked glycosyla-
tion, but only two (Asn97 and Asn166) are �very likely� to
be glycosylated by computer prediction, while Asn97 is in
the only glycosylation context that is conserved among
all of the known (rat, mouse, human, and pig) DSP
sequences (Fig. 1B). There are two potential O-linked
glycosylation sites at Thr214 and Thr215. A potential
integrin-binding site (RGD) is found in the pig DSP
sequence, but is not conserved in the rodent and human
sequences.

The structure of the 3¢ end of the pig DSP cDNA
reveals how this short transcript was generated by the
DSPP gene. Nucleotide alignment of the pig DSP cDNA
with the mouse and human DSPP genes reveals that
the 3¢ end of the pig DSP cDNA is homologous to the

beginning of intron 4 in the human DSPP gene (Fig. 2).
Translation terminates at the fourth codon following the
end of exon 4. The 3¢ untranslated region (UTR) is short,
but contains a distinctive polyadenylation/cleavage sig-
nal (AATAAA) that ends 15 nucleotides prior to the
poly (A+) tail (Fig. 1A). Therefore, the pig DSP386

mRNA transcript is generated by transcription termin-
ation in intron 4, followed by the splicing out of introns
1, 2 and 3. The pig and human DSPP genes both contain
an in-frame stop codon followed by a transcription ter-
mination signal in intron 4, while the mouse and rat
DSPP genes do not. As a consequence, the mechanism
that yields the DSP-only cDNA in pig could theoretically
also yield a DSP only transcript in humans, but not in
rodents.

To test the hypothesis that the pDSP386 transcript is
not a cloning artifact, but in fact corresponds to an
mRNA naturally present in odontogenic tissues, we
isolated RNA from cells still lining the pulp chamber of
developing pig teeth following removal of the dental
pulp. Previous studies have shown that odontoblasts
typically stay attached to dentin when the pulp is
removed (34). RNA isolated from the tissue clinging to
the sides of the pulp chamber was used for Northern blot
and RT-PCR analyses. The Northern blot analysis
showed bands at 4.8, 4.4, 2.6, and 1.4 kb when hybrid-
ized to the radiolabeled pDSP386 cDNA probe
(Fig. 3A). The smallest band, at 1.4 kb, corresponds in
size to the pDSP386 cDNA. This band is prominent,
which suggests that the pDSP386 transcript may be an
important source of DSP protein in vivo. A RT-PCR
using a primer pair that anneals to exon 3 and the 3¢ non-
coding region in what amounts to intron 4 in larger
DSPP transcripts sequences found on the pDSP386 clone
showed three bands (Fig. 3B). The upper and lower
bands were cloned and characterized by DNA sequen-
cing. The larger band, at 925 bp was identical to the
sequence from pDSP386. The smallest band was 500 bp
and was identical to the pDSP386 clone with a single
deletion of 425 bp. The borders of the deleted segment
do not obey the GU…AG rule for splice junctions,
suggesting that the band is an artifact generated during
the RT-PCR procedure. Experimental controls rule out
the possibility that the PCR amplification products were
amplified from contaminating cDNA or genomic DNA,
as no amplification product was observed when reverse
transcriptase was omitted from the RT step, and the
primer annealing sites spanned intron 3 so that genomic
template would have generated a larger amplification
product.

The second round of library screening yielded a com-
paratively short DSPP clone (#17, Acc. No AY161863).
The cDNA insert is 2533 bp, excluding the polyA tail.
The clone contains a polyadenylation signal (AATAAA)
22 nucleotides upstream of the polyA tail. The deduced
amino acid sequence is 600 amino acids (pDSPP600/
pDSP-PP128). The putative porcine DPP domain begins
with Asp473, at the start of the conserved DDPN
sequence. The equivalent starts of the rat and human
DPP domains are Asp448 in rat (rDSPP970/rDSP-PP523),
and Asp463 in human (hDSPP1253/hDSP-PP791).
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The third round of library screening yielded a clone
(#4) with an identical coding region to pDSPP600 iso-
lated in the previous round of screening, and a second
novel pig DSPP cDNA (#12, Acc. No. AY161862),
1962 bp long (excluding the polyA tail), with a
polyadenylation signal (AATAAA) 20 nucleotides
upstream of the polyA tail. The deduced amino acid
sequence is 593 amino acids (pDSPP593/pDSP-PP121).
The two pig DSPP deduced amino acid sequences

(pDSPP600 and pDSPP593) are identical for their first
567 amino acids and then diverge. The two clones have
different 3¢-non-coding regions and have different
polyadenylation signals, suggesting that they are
derived from pDSPP transcripts that terminated using
different polyadenylation/cleavage sites, and were then
differentially spliced at their 3¢ ends. The two pig
DSPP clones appear to represent low abundance
transcripts that make up part of a relatively minor

Fig. 1. Porcine dentin sialoprotein (DSP) cDNA and derived protein sequence and alignment to known homologs. The number of
the last nucleotide or amino acid in each row is provided on the right. Part A shows the pDSP386 nucleotide and deduced amino acid
sequences. A slash marks the end of the signal sequence. The translation initiation and termination codons are in bold type. The
polyadenylation signal is double underlined. The primer annealing sites for pDSP3F (in exon 3) and pDSP29R (in intron 4) are
underlined. Part B shows the pDSP386 amino acid sequence aligned to its human (31), mouse (7) and rat (21) homologs. The eight
potential N-linked glycosylation sites in pDSP386 are underlined.
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band at 2.5 kb on the Northern blot (Fig. 3A). The
RT-PCR reactions using oligonucleotides annealing to
the DSP coding region paired with oligonucleotides
annealing to the unique 3¢-non-coding regions of
cDNAs encoding pDSPP600 and pDSPP593 gave
products identical in size and sequence to the pDSPP
cDNA clones (Fig. 3C). The major pig DSPP tran-
scripts, that measure 4.4 kb and 4.8 kb on the Nor-
thern blot have not yet been cloned.

Discussion

The pig has long been an important animal model for the
characterization of enamel proteins (35–39), but less has
been done to characterize proteins in pig dentin. As
dentin and enamel formation are intimately related,
characterization of both dentin and enamel matrix pro-
teins should lead to a better understanding of tooth
formation in general and the dentino-enamel junction in
particular, where both dentin and enamel proteins are
most closely associated. In this study we have isolated
three novel cDNA clones derived from the pig DSPP
gene. The pDSP386 was generated through the use of a
polyadenylation signal in intron 4. Its length matches
that of a prominent DSP band on Northern blots and
has been successfully amplified by RT-PCR from pig
odontogenic tissues. These findings provide strong evi-
dence that the pDSP386 transcript is present in vivo. Two
novel DSPP cDNA clones (pDSPP600 and pDSPP593)
were also characterized that are smaller than the major
DSPP RNA messages observed by Northern blot ana-
lyses. These clones were apparently generated by alter-
native splicing, but this cannot be confirmed at this time
because of the absence of pig DSPP genomic sequences.
These clones are not likely to be cloning artifacts as they
were regenerated in RT-PCR analyses, and two inde-
pendently isolated pDSPP600 clones were characterized.

The pig DSPP-derived cDNA clones show significant
differences from DSPP-derived clones characterized from
other organisms. In mouse, large (4.4 kb) and small
(1.4 kb) DSPP transcripts are observed on Northern
blots, but only the 4.4 kb transcript has been cloned; this
encodes a protein with 932 amino acids (mDSPP932, Acc.
Nos. NM_010080 and AF135799) (7). In humans, the
deduced DSPP sequence has 1253 amino acids
(hDSPP1253/hDSP-PP791, Acc# NM_014208) (40). In
rat, multiple DSPP-derived cDNA clones have been
cloned and characterized (20,22–26,41). The structures of
cDNAs derived from the rat DSPP gene are shown in
Fig. 4.

The largest rat DSPP cDNA characterized (4457 bp)
encodes a DSPP protein with 970 amino acids, 523 of
which are in the DPP portion of the protein (rDSPP970/
rDSP-PP523, Acc. No. AJ403971 20). The C-terminal
portion of rDSPP970 corresponds to the deduced DSPP
amino acid sequence originally thought to be a product
of a second gene, and designated dentin matrix protein-2
(DMP2 23). The rat DSPP genomic sequence (Acc. No.

Fig. 2. Alignment of the 3¢ end of the pDSP386 cDNA with the human and mouse dentin sialophosphoprotein (DSPP) genomic
sequences. The 3¢ ends of the exon 4 segments are indicated by a double slash. In-frame translation stop codons are underlined, as are
the polyadenylation signals. Note that the rodent sequences do not contain the necessary polyadenylation signal to generate a short
dentin sialoprotein (DSP) transcript by this mechanism.

Fig. 3. Northern blot and reverse transcriptase polymerase
chain reaction (RT-PCR) analyses of mRNA isolated from
odontoblasts lining the pulp chamber of developing teeth after
removal of the pulp tissue. Lane 1: autoradiograph of a Nor-
thern blot hybridized to a radiolabeled dentin sialoprotein
(DSP) probe; the sizes of the four bands identified (in kb) are
shown on the left. Lanes 2–4: PCR products using oligonucle-
otides pDSP3F and pDSP29R using pDSP386 cDNA as tem-
plate (lane 2), using odontoblast mRNA and reverse
transcriptase in the RT reaction (lane 3), and using odontoblast
mRNA with no reverse transcriptase in the RT reaction (lane
4). The 925 bp product was identical to the pDSP386 cDNA
sequence, while the 500 bp sequence in lane 3 showed a deletion
of 425 bp that was not bracketed by appropriate splice junc-
tions and was presumably generated during reverse transcrip-
tion. Lanes 5– 7: PCR products using oligonucleotides pDSP4F
and pDSP17R using pDSP600 cDNA as template (lane 5), using
odontoblast mRNA and reverse transcriptase in the RT reac-
tion (lane 6), and using odontoblast mRNA with no reverse
transcriptase in the RT reaction (lane 7). The 784 bp product
was identical to that of the pDSP600 cDNA sequence. Lanes 8–
10: PCR products using oligonucleotides pDSP4F and
pDSP12R using pDSP593 cDNA as template (lane 8), using
odontoblast mRNA and reverse transcriptase in the RT reac-
tion (lane 9), and using odontoblast mRNA with no reverse
transcriptase in the RT reaction (lane 10). The 1038 bp product
was identical to that of the pDSP593 cDNA sequence.
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AF251219) (20), shows that the mRNA encoding
rDSPP970 forms by splicing together five exons, four of
which are coding. All of the DPP sequence is encoded in
the last exon (exon 5). The rDSPP970 is analogous to the
mDSPP932, and hDSPP1253.

Three shorter rat DSPP sequences exhibit unique
deletions of DPP coding region from the middle of exon
5. Merging the original rat DSP (Acc. No. RNU02074)
(21), and DPP (Acc. No. RNU63111) (6), cDNA
sequences (using the rat DSPP genomic sequence to
provide the linking-region sequence) produces a cDNA
encoding a protein of 687 amino acids with a DPP region
of 240 amino acids (rDSPP687/rDSP-PP240). The second
rat DSPP sequence that displayed a deletion in the DPP
region was designated dentin matrix protein-3 (DMP3)
(24). This DSPP sequence has 663 amino acids, with a
DPP region of 216 amino acids (rDSPP663/rDSP-PP216).
The third rat DSPP sequence with a deletion in exon 5
encoded a DSPP protein with 618 amino acids
(rDSPP618/rDSP-PP171 25).

A rat cDNA with no DPP sequence at all, designated
DSP-II, was reported (26). This cDNA (rDSP324) shows
a deletion that starts in exon 3, includes all of exons 4
and 5, and ends with a sequence sometimes found at the
end of the 3¢ non-coding region of DSPP cDNA. Several
factors tend to weaken the significance of this finding.
The deleted segment does not have appropriate splice
junctions at its ends, suggesting that it may be a cloning
artifact. In contrast, RNase protection assay appeared
to confirm the presence of the rDSP324 transcript (26).
Even if the rDSP324 is real, it is likely to account for
only a minor fraction of the DSP protein in rat dentin.
Northern blots hybridized with a radiolabeled DSP
probe did not detect the 1050 nucleotide rDSP324 tran-
script (21). The exon 6-encoded sequence, which repre-
sents a distinctive 21 amino acid polypeptide on the
DSP C-terminus, was not detected in a study that

characterized C-terminal sequences of DSP isolated
from rat teeth (15).

With the exception of the rDSPP970, all of the rat DSPP
cDNAs are assumed to be generated by alternative
RNA splicing. Contrary to this assumption, alignment of
the cDNA sequences to the rat DSPP gene shows that
none of the deleted segments have appropriate splice
junctions on the ends of their proposed introns
(GU…AG). The GU…AG rule is considered to be
inviolate (42,43), and it is especially rare when both ends
of the putative intron have non-canonical sequences (44).
When the alignment of cDNA and genomic sequences
identifies a putative intron sequence that lacks appro-
priate splice junctions, the clone is considered to be the
result of imperfect cDNA construction, usually a reverse
transcription artifact (45). We have characterized several
different PCR amplification products that show dele-
tions in the pig DSPP coding region, which are almost
certainly artifacts. With the exception of rDSPP970, we
suggest that the four shorter cDNAs derived from the rat
DSPP gene (rDSPP687/rDSP-PP240, rDSPP663/rDSP-
PP216, rDSPP618/rDSP-PP171, and rDSP324) could be
cloning artifacts, as no known RNA splicing mechanism
could theoretically have generated them from what is
reported to be the rat DSPP gene sequence. Another
possibility is that they represent low-abundance tran-
scripts generated by rare splicing events that do not obey
the GU…AG rule.

Dentin sialophosphoprotein is now known to be
critical for healthy tooth (and possibly bone) forma-
tion. Dentin sialoprotein, in pig and probably in
human, can be expressed alone, or joined to dentin
phosphoprotein. It can be separated from the DSPP
protein by proteolytic cleavage. At present, no mRNA
transcripts have been cloned that carry only the DPP
coding region, and the higher abundance of DPP
relative to DSP in rat dentin remains unexplained.

Fig. 4. Splicing diagram of the rat DSPP-derived cDNA clones. The dentin sialophosphoprotein (DSPP) designations for each
cDNA clone, showing the number of amino acids in each derived protein sequence are shown on the left of each diagram. Other
aliases for the clones are provided below these designations in smaller type size. Exons are indicated as rectangles, with the number of
each exon shown above, and range of codons in the exon shown below each rectangle. Complete exons are indicated by shaded
rectangles, interrupted exons are indicated by open rectangles.
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Multiple cDNA clones have now been characterized
that show deletions of various lengths from the DPP
coding region. The validity and significance of these
cDNAs remains to be demonstrated, as the mechanism
by which they could have been generated from the
DSPP gene is unclear.
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