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Dentin sialoprotein (DSP) and dentin phosphoprotein (DPP; phosphophoryn)
are two principal dentin-specific non-collagenous proteins. DPP is extremely
acidic and is rich in aspartic acid and serine. By virtue of this structure, DPP
may bind large amounts of calcium and may facilitate initial mineralization of
dentin matrix collagen as well as regulate the size and shape of the crystals.
The function of DSP is not known. DSP and DPP are encoded by a single
gene in both rat and mouse, and are uniquely expressed in odontoblasts and
transiently in pre-ameloblasts. Because DSP and DPP are isolated from
dentin as distinct proteins and appear to be present in different amounts, the
nascent dentin sialophosphoprotein (DSPP) is likely cleaved to yield DSP and
DPP. However, when, where and how the DSPP is cleaved into DSP and
DPP is not clear. To further elucidate the structure and function of human
DSP and DPP, we have cloned DPP and DSP cDNA by reverse
transcriptase-polymerase chain reaction (RT-PCR) strategies, and then cloned
and initiated characterization of a human dentin sialophosphoprotein gene.
The genomic organization of human DSPP is very similar to that of mouse,
containing five exons and four introns, suggesting it is a homologue of mouse
dentin sialophosphoprotein (DSPP). Exons 1-4 encode for DSP, while exon 5
encodes for the C-terminus of DSP and the whole DPP. A 4.6-kb RNA
transcript was detected on Northern blot analyses of total RNA extracted
from immature (open root apices) human teeth using either a human DPP or
DSP probe.
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Dentin sialoprotein (DSP) and dentin phospho-
protein (DPP), comprising about 5% and 50%,
respectively, are the principal noncollagenous
proteins found exclusively in the extracts of
dentin extracellular matrix (1-3). DPP is synthe-
sized and secreted by odontoblast (4) and tran-
siently expressed by pre-ameloblasts (5). It is
extremely acidic and rich in aspartic acid (D) and
serine (S), which are present principally as repeat-
ing sequences of DSS and DS of varying lengths
located in distinct regions of the polypeptide chain.
These repeated domains of aspartic acid and serine
residues may be phosphorylated through the
combinatorial action of casein kinase I and II (6,
7). Hence DPP, which by virtue of its extensive
phosphorylation, may bind large amounts of

calcium, and thus play a direct role in the
nucleation of hydroxyapatite onto dentin matrix
collagen. It may also help regulate the crystal size
and shape the hydroxyapatite (1, 6, 7). The
function of dentin sialoprotein is unknown.
Another enigma is that whilst a single gene,
dentin sialophosphoprotein (DSPP), encodes
for both DSP and DPP in both rat and mouse (3,
8-10), the mature dentin matrices contain DSP
and DPP as distinct proteins in approximately 10:1
(DPP:DSP) molar ratios (3).

Less information is currently available regarding
the molecular and cellular biology of human DSP
and DPP. Recently, a 140-kDa phosphoprotein was
isolated from human immature, but not mature
permanent tooth apices (11, 12). The amino acid
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composition of the 140-kDa protein was consistent
with that described for other mammalian dentin
phosphoproteins. The N-terminal sequence was
determined to be aspartic acid-aspartic acid-
proline (P) (11), but further sequencing was
ambiguous due to the instability of the phosphory-
lated peptide chain. However, this protein was
believed to be a human dentin phosphoprotein.
Interestingly, the DPP gene has been localized to
human chromosome 4qg21 within the locus of
dentinogenesis imperfecta type I1I (DGI-II) (10),
an autosomal dominant genetic disorder. The DPP
levels are reduced in individuals with DGI-IT (13,
14). These data implicate DPP in the pathogenesis
of DGI-II.

The nucleotide and deduced amino acid
sequence of a human DPP cDNA has been
determined using cloning strategies based on the
reverse transcriptase polymerase chain reaction
(RT-PCR) (15). This clone demonstrated the
expected arrays of DSS and DS repeats, a high
percentage of aspartic acid and serine residues, a
deduced N-terminal sequence comprising D-D-P,
and a C-terminal 19 amino acid sequence identical
to mouse (10) and rat (9, 16). These data strongly
support the conclusion that the cDNA (GenBank
AF 094508) cloned by RT-PCR methods from
human immature root total RNA codes for the
human DPP. In addition, we have cloned a partial
cDNA sequence directly upstream of, and con-
tiguous to, the human DPP cDNA sequence. This
partial sequence is very similar to the mouse DSP
and DSP-DPP linker sequence (10), suggesting that
DSP and DPP are coded by a single transcript, and
there is a human DSPP gene analogous to mouse
and rat DSPP. Finally, a whole DSP cDNA
sequence was obtained by RT-PCR and 5RACE
(rapid amplification of cDNA ends).

As a step in understanding the role of DSP and
DPP in human dentinogenesis, dentin repair and

remineralization, as well as human genetic diseases
affecting dentin formation, such as dentinogenesis
imperfecta type II, we endeavored to clone and
characterize the human DSPP gene. Using human
DPP cDNA to screen a human genomic P1 library,
we obtained a human DSPP P1 genomic clone.
Here, we report the molecular cloning of a human
dentin sialophosphoprotein (DSPP) gene.

Material and methods
Isolation of total RNA

Root tips were removed from freshly extracted
human immature teeth and crushed into small
shards. Approximately 50 mg of dentin shards
were mixed with 1 ml of RNA STAT-60 (TEL-
TEST B, Friendswood, TX, USA) and mechani-
cally homogenized. The homogenate was mixed
with 0.2 volume of chloroform and the phases
separated. The RNA from the aqueous phase was
precipitated with an equal volume of isopropanol
at room temperature, centrifuged at 11,000 x g at
4°C for 15 min, washed by 75% ethanol, and finally
dissolved in diethyl pyrocarbonate-(DEPC) trea-
ted water and quantitated by ultraviolet (UV)
spectrometry.

Primer design, RT-PCR, 5RACE and sequencing

The primers used to obtain a human DSP cDNA
sequence were based on the rat DSP sequence (17)
and on the human DPP sequence (15). The primers
for the 5RACE were designed using Oligo (Primer
Analysis Software, v.4; Wojciech Rychlik, Cincin-
nati, OH, USA).

cDNA was synthesized from total RNA of
human root tips using RNA PCR Core Kit with
random hexamers as primers for reverse transcrip-
tion according to the manufacturer’s protocol
(Perkin Elmer Cetus, Foster City, CA, USA).
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Fig. 1. Genomic organization of human dentin sialophosphoprotein gene. The opened box is for untranslated region. The closed
box is for DSP including a signal peptide. The dotted box is for DPP. B: BamHI, H: HindIII, P: Pstl. The sizes of the exons and the
introns, positions of the primers used to obtain human DSP cDNA, and the locations of the probes used in Southern and Northern
hybridizations as well as the cutting sites of restriction enzymes are depicted.
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ATGCAAAAGTCCAGGACAGTGGGCCACTTTCAGTCTTCAAAGAGAAAGATAAGAAATTCTGGATTTTCAAAATCCTTTTGAAGCCTTTTAAG ¢CCATTGATTATTATTATTCCTAAAGAAA 120

ATGAAGATAATTACATATTTTTGCATTTGGGCAGTAGCATGGGCCATTCCA#GTTCCTCAAAGCAAACCACTGGAGAGACATGTCGAAAAATCCATGAATTTGCATCTCCTAGCAAGATCA 240
M K T I T Y F C I W A V A W A I P V PQ S K PILERUHUVEZ KSMNIULHTILL A R S 40

AATGTGTCAGTACAG GATGAGTTAAATGCCAGTGGAACCATCAAATGAAAGTGGTGTCCTGGTGCATGAAGGTGATAGAGGAAGGCAAGAGAATACCCAAGATGGTCACAAGGGAGAAGGG 360
NV sVQ DEZLNAZASGTTII KTES S GV L VHESGDUZ RTG RU QENTOQQDGHTZ KGE G 80

AATGGCTCTAAGTGGGCAGAAGTAGGAGGGAAGAGTTTTTCTACATATTCCACATTAGCAAACGAAGAGGGGAATATTGAGGGCTGGAATGGGGACACAGGAAAAGCAGAAACATATGGT 480
N G S KWAZEUV GG K S F s TY s TULANETESGNTIEG GWNDNSGDTSGIZ XA AETY G 120

CATGATGGAATACATGGGAAAGAAGAAAACATCACAGCAAATGGCATCCAGGGACAAGTAAGCATCATTGACAATGCTGGAGCCACAAACAGAAGCAACACTAATGGAAATACTGATAAG 600
H DG I H G K E EN I TANUGTIOQGIOQV S I IDNAGA ATNURSNTNGNT D K 160

AATACCCAAAATGGGGATGTTGGCGATGCAGGTCACAATGAGGATGTCGCTGTTGTCCAAGAAGATGGACCTCAAGTAGCTGGAAGCAATAACAGTACAGACAATGAGGATGAAATAATT 720
N T Q NG DV GDAGUHNEUDVAVYVVQEDGU®POQVAGSNNSTDNDNTETDE I I 200

GAGAATTCCTGTAGAAACGAGGGTAATACAAGTGAAATAACACCTCAGATCAACAGCAAGAGAAATGGGACTAAGGAAGCTGAGGTAACACCAGGCACTGGAGAAGATGCTGGCCTGGAT 840
ENSCRNUEGNTS EI TPQINSKRNGTI KEA- AEUVTU®PGTGEDAG L D 240

AATTCCGATGGGAGTCCTAGTGGGAATGGAGCAGATGAGGATGAAGACGAGGGTTCTGGTGATGATGAAGATGAAGAAGCAGGGAATGGAAAAGACAGTAGTAATAACAGCAAGGGCCAG 960
N s DG S P S GNGADETDEDETGSGDUDETDETEAGNTGI KDS S NN S K G Q 280

GAGGGCCAGGACCATGGGAAAGAAGATGATCATGATAGTAGCATAGGTCAAAATTCGGATAGTAAAGAATATTATGACCCTGAAGGCAAAGAAGATCCCCATAATGAAGTTGATGGAGAC 1080
E G Q DH G K EDDHD S S I G QN S DS KEY Y DPEGIZ KEUDUZPUHNEV D G D 320

AAGACCTCCAAGAGTGAGGAGAATTCTGCTGGTATTCCAGAAGACAATGGCAGCCAAAGAATAGAGGACACCCAGAAGCTCAACCATAGAGAAAGCAAACGCGTAGAAAATAGAATCACC 1200
K T S K S EEN S A G I P EDNGSQRTIEDTT QI KTLNHTRTESI KT RUYVENT RTIT 360

AAAGAATCAGAGACACATGCTGTTGGGAAGAGCCAAGATAAG ¢ GGAATAGAAATCAAGGGTCCCAGCAGTGGCAACAGARATATTACCARAGAAGTTGGGAAAGGCAACGAAGGTAAAGAG 132
K E S ETHAUV G K S QDI K GG I EI XK GUP S S G NI RNITI KEVGE KGNE G K E 40

GATAAAGGACAACATGGAATGATCTTGGGCAAAGGCAATGTCAAGACACAAGGAGAGGTTGTCAACATAGAAGGACCTGGCCAAAAATCAGAACCAGGAAATARAAGTTGGACACAGCAAT 1440
D K GQHGMTIULGI XK GNVEKTOQGEUVVDNTIETGZ?PG GO QI KSEUZPGNI KV G H S N 440

ACAGGTAGTGACAGCAATAGTGATGGATATGACAGTTATGATTTTGATGATAAGTCCATGCAAGGAGATGATCCCAATAGCAGTGATGAATCTAATGGCAATGATGATGCTAATTCAGAA 1560
T 6 S b SN SDGYD S Y DFDDI K S M QG DDPN S S DESNGNUDTDA AN S E 480
AGTGACAATAACAGCAGTAGCCGAGGAGATGCTTCTTATAACTCTGATGAATCAAAAGATAATGGCAATGGCAGTGACTCAAAAGGAGCAGAAGATGATGACAGTGATAGCACATCAGAC 1680
S DN N S 8 S R DA S YN SDESKDNGNGSD S K GAEUDUDU DSD S T S D 520

ACTAATAATAGTGACAGTAATGGCAATGGTAACAATGGGAATGATGACAATGACAAATCAGACAGTGGCAAAGGTAAATCAGATAGCAGTGACAGTGATAGTAGTGATAGCAGCAATAGC 1800
T NN S D S NGNGNNGNDDNDI K S DS G K GZK S DS S DS DS S D S S N s 560

AGTGATAGTAGTGACAGCAGTGACAGTGACAGCAGTGATAGCAACAGTAGCAGTGATAGTGACAGCAGTGACAGTGACAGCAGTGATAGCAGTGACAGTGATAGTAGTGATAGCAGCAAT 1920
s bDs $Ds s$DSDS SDSNS S SDsDS S DSSDS sSDS S D SD S S D S SN 600

AGCAGTGACAGTAGTGACAGCAGTGATAGCAGTGACAGTAGTGATAGTAGTGACAGCAGTGACAGCAAGTCAGACAGCAGCAAATCAGAGAGCGACAGCAGTGATAGTGACAGTAAGTCA 2040
s s b S s D s S DS SD S SDS S DS S DS K S DS S K S E S DS S D S D S K s 640

GACAGCAGTGACAGCAACAGCAGTGACAGTAGTGACAACAGTGATAGCAGCGACAGCAGCAATAGCAGTAACAGCAGTGATAGTAGTGACAGCAGTGATAGCAGTGACAGCAGCAGTAGC 2160
D s s D SN S SD S S DNJSDS s DSsS S NS SN S SD S S DS s DS s D s S s s 680

AGTGACAGCAGCAGTAGCAGTGACAGCAGCAACAGCAGTGATAGTAGTGACAGTAGTGACAGCAGCAATAGCAGTGAGAGCAGTGATAGTAGTGACAGCAGTGATAGTGACAGCAGTGAT 2280
s bDs s S S s DS SN S SsS DS s DS S DS S NS S E S S DS s DS S D s D S s D 720

AGTAGTGACAGCAGTAATAGTAACAGCAGCGATAGTGACAGCAGCAACAGCAGCGATAGCAGTGACAGCAGTGATAGCAGTGACAGCAGCAACAGCAGTGACAGTAGCGATAGCAGTGAC 2400
S $ D S S NSNS S D SD S SNS S DS S DS S DS S D S SN S S D S S D S S D 760

AGCAGCAACAGCAGTGACAGCAGTGATAGCAGTGACAGCAGTGATAGTAGTGACAGCAGCAACAGCAGTGATAGCAACGACAGCAGCAATAGCAGTGACAGCAGTGATAGCAGCAACAGC 2520
S s N S s DS s DsSs SDsS SDsSs SDS S NS S DSNDS S NS S D S s D S s N S 800

AGTGATAGCAGCAACAGCAGTGATAGCAGTGATAGCAGTGACAGCAGTGATAGCGACAGCAGCAATAGCAGTGACAGCAGTAATAGTAGTGACAGCAGCGATAGCAGCAACAGCAGTGAT 2640
S DS NS SDSSDSSDSSDSDS SNSSDS S NS SDS S DS S N S S D 840

AGCAGCGACAGCAGCGATAGCAGTGACAGCAGTGATAGCGACAGCAGCAATAGAAGTGACAGTAGTAATAGTAGTGACAGCAGCGATAGCAGTGACAGCAGCAACAGCAGTGACAGCAGT 2760
s s b S s DS s DS SDsSsSDS S NZ RSDSSNS S DS SsS DS S DS S N S S D S s 880

GATAGTAGTGACAGCAGTGACAGCAACGAAAGCAGCAATAGCAGTGACAGCAGTGATAGCAGCAACAGCAGTGATAGTGACAGCAGTGATAGCAGCAACAGCAGTGACAGCAGTGATAGC 2880
D s s DS S DSNZES SNS S DS SDS S NS S DSDS S DS S NS S D S s D S 920

AGCAACAGCAGTGATAGCAGTGAAAGCAGTAATAGTAGTGACAACAGCAATAGCAGTGACAGCAGCAACAGCAGTGACAGCAGTGATAGCAGTGACAGCAGTAATAGTAGTGACAGCAGC 3000
S N s s Dbs S E S SN S S DDNSDNS S DS SNSSDS S DS S DS SN S S D S S 960

AATAGCGGTGACAGCAGCAACAGCAGTGACAGCAGTGATAGCAATAGCAGCGACAGCAGTGACAGCAGCAACAGCAGCGATAGCAGTGACAGCAGTGATAGCAGTGACAGCAGTGACAGC 3120
N s G DS SNSSDSSDSNSSDS S DS SNSSDS S DS s D S s D S S D S 1000

AGTGATAGCAGCAACAGCAGTGATAGCAGTGACAGCAGTGACAGCAGTGATAGCAGTAATAGTAGTGACAGCAGCAACAGCAGTGACAGCAGCGATAGCAGTGACAGCAGCGATAGCAGT 3240
s D s SN S SDSsDS s Ds SDsS S NS SDS S NS s DS s DS S D S S D S s 1040

GACAGCAGTGACAGCAGCAATAGCAGTGACAGCAGTGACAGCAGCGACAGCAGTGATAGCAGTGACAGCAGTGGCAGCAGCGACAGCAGTGATAGCAGTGACAGCAGTGATAGCAGCGAT 3360
DS sSDSSNS SDS S DS SDS SDS S DS S G S s D S s DS S D S S D S s D 1080

AGCAGTGACAGCAGCGACAGCAGTGACAGCAGTGACAGCAGTGAAAGCAGCGACAGCAGCGATAGCAGCGACAGCAGTGACAGCAGCGACAGCAGTGACAGCAGCGATAGCAGCGACAGC 3480
s s b S sDSsSsSDSSDSSESSDSSDSSDS SDSsS S DS S D S S D S s D S 1120

AGCGACAGCAGCGATAGCAGTGACAGCAGCAATAGCAGTGATAGCAGCGACAGCAGTGATAGCAGTGACAGCAGCGACAGCAGCGATAGCAGCGACAGCAGTGATAGTAGTGATAGCAGT 3600
s pDpsS s$S DS S DS S NS SDSSDSsSDS SDS S DS S DS S DS S D S S D S s 1160

GACAGCAGTGACAGCAGCGACAGCAGTGACAGCAGCGACAGCAGTGACAGCAGCGACAGCAGTGACAGCAATGAAAGCAGCGACAGCAGTGACAGCAGCGATAGCAGTGACAGCAGCAAC 3720
D S sSsDSSDSSDSSDSSDSSDSSDSNZESSDS S DS S D S S D S S N 1200

AGCAGTGACAGCAGCGACAGCAGTGATAGCAGTGACAGCACATCTGACAGCAATGATGAGAGTGACAGCCAGAGCAAGTCTGGTAACGGTAACAACAATGGAAGTGACAGTGACAGTGAC 3840
s s b s sDbDSSDS s DsS TS D SNUDESDS QS K S GNGNNNG S D s D s D 1240

AGTGAAGGCAGTGACAGTAACCACTCAACCAGTGATGATTAGAACAAAAGAAAAACCCATAAGATTCCTTTTGTGAAAAGTTTGGTAATGGGATAGH AAAGATTTCCAAGAAAGTA 3960
S EG S D S N H S T S D D * 1253
AAGAAAGGGGAGAAATAAACATAAGACGTATGTAAACAAAAACAACTGGGGGAATCAAATCAAACAGTTGGATTCAGAACCAAGACCTAACTCCTGCAGAGACAGACTCTGAATGCATGA 4080
CCTTTGGTACATGCCTGTTAATATTCATGTTCTGAAAATATTTTGTTAAAAGTGTAAATCTAAACATAAAAGAACARAATY TATTCTTTAATACTTCACACAGAA 4187

Fig. 2. The open reading frame (ORF) from the human DSPP gene and the deduced amino acid sequence. The putative signal
peptide sequence is underlined by a single line. The putative N-terminal start of DSP is marked by a vertical arrow. The first three N-
terminal amino acids of DPP is shown in bold and underlined by a broken line. The RGD sequence is underlined with a dotted line.
The polyadenylation signals are underlined with a double line. The positions of the four introns are marked by the symbol of a
diamond and the stop codon is indicated by an asterisk.
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Table 1

Comparison of the deduced amino acid sequence from the
hydrophobic signal peptide and the first 11 N-terminal sequences
among human, rat and mouse DSP. The unmatched residues are

underlined
Signal peptide N-terminus
Human Seq.:. MKIITYFCIWAVAWA IPVPQSKPLER
Mouse DSP: MKMKIITYICIWATAWA IPVPQLVPLER
Rat DSP: MKTKHIYICIWATAWA IPVPQLVPLER

Human DSP cDNA sequence was obtained by
several overlapping PCRs. The RNA PCR Core
Kit (Perkin Elmer Cetus) was used. The concen-
trations of all reagents including the primers are
per the manufacturer’s protocol. First, PCR was
performed using forward primer-1 (5-GTA TTA
CCA AAG AAT CTG GGA-3) and reverse
primer-2 (5-GCT ATC ACT GCT GTC ACT
GTC-3") with the following program: 94°C for 30 s,
54°C for 30 s and 72°C for 2 min for 35 cycles. The
above pair of primers produced a PCR fragment of
approximately 700-bp. Next, a 850-bp PCR frag-
ment was amplified with forward primer-3 (5'-
GAG GAG AGA ACA GCA CAG CAA A-3)
and reverse primer-4 (5-CCC AAG ATC ATT
CCA TGT TGT-3') following the program of 94°C
for 30 s, 55°C for 30 s and 72°C for 2 min for 35
cycles. Lastly, a SRACE was performed using an
abridged universal amplification primer (AUAP)
or forward primer-5 (5-GGC CAC GCG TCG
ACT AGT AC-3) and reverse primer-6 (5-TGA
TGC TTA CTT GTC CCT G-3'), which amplified
a 550- to 600-bp fragment, with the following
program: 94°C for 30 s, 51°C for 30 s and 72°C for
2 min for 35 cycles. All the above PCR programs
were finally followed by one cycle of 72°C for
10 min. An aliquot of the RT-PCR was resolved by
gel electrophoresis (1% agarose) and the appro-
priately sized fragments cut from the gel. The DNA
was purified (Geneclean Kit; Bio 101, La Jolla, CA,
USA), subcloned into the vector pCR™ PO (TA
Cloning kit; Invitrogen, San Di]\e/lgo, CA, USA) and
transformed into One Shot'™ competent cells.
The plasmids were isolated by Qiagen mini-
prep (Chatsworth, CA, USA) and sequenced
by a fluorescence-labeling technique (PRISM™
Ready Reaction, DyeDeoxy™ Terminator Cycle
Sequencing Kit; Perkin Elmer-Applied Biosystems
Division, Foster City, CA, USA).

Genomic clone, Southern hybridization and Northern
hybridization

Genomic clone. A human genomic P1 library
(Genome Systems, St. Louis, MO, USA) was
screened using a 2.2-kb human DPP cDNA

Table 2

Comparison of the amino acid composition of the deduced
putative human DSP with a sialoprotein extracted from
immature human root tips. Values are a percent of total

Amino acid natural protein cDNA
Asp 19 19.5
Ser 14 10
His 2 31
Thr 6.5 53
Pro 6.5 3
Val 4.7 5
Cys 0 0.2
Lys 3.7 2.2
Leu 44 7.4
Glu 12 114
Gly 14 14.3
Arg 2.5 2.7
Ala 6 3.8
Tyr 0.7 0.6
Met 0.25 0.6
Ile 25 4.7
Phe 1.5 0.4
Try 0 0.4

probe (Fig. 1). A positive P1 genomic clone was
obtained and digested with different restriction
enzymes including BamHI, HindIll and Xbal.
Several positive subclones (pZErO™-2 plasmid;
Invitrogen) were then identified and sequenced.

Southern hybridization. Briefly, up to 30 ug of
human genomic DNA was digested separately by
BamHI, EcoRI, HindIII, NotI and PstI, resolved by
0.8% agarose gel, and transferred onto a nitrocellu-
lose membrane. The membrane was probed by a2.2-
kb human DPP cDNA and re-probed with a 380-bp
DSP ¢cDNA from exon 4 (Fig. 1). After overnight
hybridization at 42°C in 50% formamide with the
probe concentration of 10°cpm/ml hybridization
solution and probe specific activity of 0.5-1 x 10°
cpm/ug (*°P), the membrane was successively
washed with 2 x SSC, 0.5% SDS at room tempera-
ture for 15 min, 0.1 x SSC, 0.5% SDS at 37°C for
10 min to 30 min, and with 0.1 x SSC, 0.5% SDS at
68°Cfor 10 min to 30 min and exposed to X-ray film
for 24-48 h.

Northern hybridization. RNAzol™ B (TEL-
TEST B) was used to isolate total RNA from
human third molar teeth with open root apices.
Twenty ug of total RNA was applied to the RNA
gel and analyzed by Northern blotting probed
separately by human DPP cDNA and DSP cDNA
according to published procedure (18). The condi-
tion of Northern hybridization is following: pre-
hybridization for 2 h, and hybridization at 42°C
overnight. The hybridization buffer contained
5xSSC, 2xDenhardt’s, 0.1% SDS and 40%
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Fig. 3. Northern hybridization of human DSPP transcript
expression in immature human third molar teeth. Twenty ug
of human total RNA isolated from immature third molar teeth
was anal;zed. Panel A: **P-labeled human DPP as a probe.
Panel B: **P-labeled human DSP as a probe. A single transcript
of approximately 4.6 kb was recognized by both probes.
Smearing was also evident below the major band in both
hybridizations.

formamide, and the **P-labeled probes with a
specific activity of 1 x 10® cpm/ug. The membrane
was washed with 2 x SSC, 0.1% SDS for 30 min at
room temperature followed by 1 x SSC, 0.1% SDS
for 20 min at 65°C.

Nested deletion of DPP subclone to facilitate sequencing
in repetitive region

Erase-a-base system (Promega, Madison, WI,
USA) was used to produce several new subclones
with different lengths of DPP sequence to facilitate
sequencing in the DSS repetitive region. The DPP-
containing plasmids (pZErO™-2; Invitrogen)
were digested by Kpnl and Spel, then subjected
to digestion with Exonuclease I1I at 37°C from 30s
to 6 min at 30 s intervals. Finally, the plasmids
were treated by S1 nuclease and re-ligated for
transformation, isolation and subsequent sequen-
cing.

Results

By using RT-PCR and 5RACE cloning strategies,
we successfully obtained a 1506-bp cDNA
sequence, which was a 5 extension of human
DPP cDNA (15). The primers were based on the
rat DSP (17) and human DPP sequences (15) (Fig.
1) as well as a newly cloned partial human DSP
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sequence. This newly cloned 1506-bp cDNA
sequence contained a 1386-bp open reading
frame (ORF), which preceded and was contiguous
to the human DPP ¢cDNA sequence (Fig. 2). The
first 26 deduced amino acids of the N-terminus
from this human cDNA sequence are nearly
identical to the corresponding sequences from
mouse and rat DSP (Table 1). These sequences
contain a typical hydrophobic signal peptide and
the first 11 amino acids of the N-terminus. In
addition, the deduced amino acid composition of
this cDNA is similar to that of a sialoprotein
extracted from human root dentin (Table 2)
(CHANG et al. report at the 1999 IADR meeting).

To confirm that a single gene encodes human
DSP and DPP at the genomic level, a positive
human genomic P1 clone (hDSPP-631P1) was
identified by screening a human genomic P1 library
with a 2.2-kb human DPP cDNA probe. This
genomic clone carrying a 80- to 100-kb insert, was
subsequently subcloned and sequenced. More than
10-kb DNA sequences were sequenced at the
genomic level, which completely covered the whole
region of human DSPP cDNA sequence deter-
mined by 3’'RACE and 5RACE methods. Four
canonical splice-sites, defined by the bases 5'-GT
and 3-AG (19), were identified in the human
DSPP gene, revealing the genomic organization of
human DSP and DPP: a single gene containing 5
exons and 4 introns with the translational start
codon ATG located in the second exon (Fig. 1).
This newly cloned human gene contains a 3759-bp
open reading frame coding for a protein with 1253
deduced amino acids (Fig. 2). The 5’ portion of this
open reading frame matched the human DSP
cDNA sequence obtained by RT-PCR method,
and the 3’ portion contained the human DPP
cDNA sequence (15).

Northern blot analyses performed with succes-
sive hybridizations by DPP and DSP probes, each
revealed a prominent mRNA species of 4.6-kb
(Fig. 3).

Human genomic DNA samples were digested
with several restriction enzymes separately and
analyzed by Southern blotting using low strin-
gency and successive hybridization with the DPP
and DSP probes (Fig. 4). The DPP probe detected
a 15- to 20-kb BamHI fragment (Fig. 4A, lane 1),
a HindIII fragment around 10 kb (Fig. 4A, lane
2), and an approximately 7-kb Pstl fragment (Fig.
4A, lane 3) when 5-10 ug DNA was loaded into
each lane. The DSP probe (Fig. 4B) detected a 5-
kb BamHI fragment (lane 1), an approximately
10-kb HindIII fragment (lane 2), and an approxi-
mately 7-kb Pstl fragment (lane 3). In contrast,
when 20-30 pg of the BamHI digested DNA
sample was loaded and hybridized with a DPP
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— 15-20 kb

—5-6kb
— 3 kb

DPP probe

— 15 kb

e — S5 kb
— 3kb
—2kb

DSP probe

Fig. 4. Southern hybridization of human genomic DNA. DNA digests were probed by DPP (panel A) and DSP (panel B). Five —
ten ug of the genomic DNA sample was digested separately by BamHI, HindIII, PstI and Notl, and loaded in lane 1 to 4,
respectively. Twenty — thirty pg of the genomic DNA was digested by BamHI and loaded in lane 5.

probe (Fig. 4A, lane 5), two fragments of 5- to
6-kb and 3-kb in addition to the 15- to 20-kb
major fragment were evident. Three additional
fragments of approximate 15-kb, 3-kb and 2-kb
were detected by the DSP probe (Fig. 4B, lane 5).

Discussion

The full coding sequence of human DPP was
obtained using an RT-PCR cloning strategy (15).
In order to determine the presence of a human
dentin sialophosphoprotein (DSPP) gene, analo-
gous to mouse and rat DSPP (3, 8-10), we have
continued to analyze human immature root RN A by
RT-PCR and 5’RACE methods. The primers were
based on the rat DSP sequence (17), human DPP
sequence (15), and a newly cloned partial human
DSP sequence (Fig. 1). By overlapping 3 PCR
cDNA sequences, we obtained a 1506-bp cDNA
sequence with a 1386-bp ORF encoding for a protein
rich in aspartic acid (19.5%), serine (10%), glutamic
acid (11.4%) and glycine (14.3%). The extent of
sequence similarity between this newly obtained
human sequence and the mouse DSP sequence (10)
is 69% at the DNA level (human, base pair #25-
#1506 of Fig. 2 vs. mouse, base pair #1-#1438 of
U67916) and only 52% at the amino acid level
(human, amino acid residues #16—#462 of Fig. 2 vs.
mouse, amino acid residues #18-#451 of U67916).
All sequence comparisons were made using the
Wisconsin Package Version 10.0, Genetic Computer
Group (GCG) (Madison, WI, USA). However, the
hydrophobic signal peptide and N-terminal 11
amino acids are nearly identical among human,
mouse and rat (Table 1). Also, the deduced amino
acid composition is similar to that of a sialoprotein
extracted from human root dentin (Table 2).
Although minor discrepancies exist in the amino

acid profile between the deduced amino acids and
those from the dentin extracts, it could result from
the difficulties in purifying the DSP in the dentin
extract. Furthermore, this 1506-bp cDNA sequence
is upstream of, and contiguous to, the human DPP
cDNA. Therefore, we believe this newly cloned
cDNA encodes for a human DSP, suggesting that,
like rat and mouse, human DSP and DPP are
translated from a single transcript.

DPP appears to be more conserved in terms of
sequence similarity among human, mouse and rat.
Particularly, the regions in the repetitive sequences
among human, mouse and rat are highly conserved,
mainly consisting of varying lengths of repeat
sequence of DSS. In addition, the C-terminal last
19 amino acids are identical. The percent similarity
between the C-terminal amino acid sequence of the
human DPP (residues #992-#1253, Fig. 2) and the
245 published amino acid sequence of rat DMP2
(one form of rat dentin phosphoproteins) (16) is
93%. The percent similarity of the human and
mouse (10) DPP coding region is 84 % at the DNA
level (human, base pair #2589-#3882 of Fig. 2, vs.
mouse, base pair #1627-#2890 of U67916), and
81% at the amino acid level (residues #767—#1253
of Fig. 2, vs. mouse, residues #456-934 of U67916).

To confirm that a single gene encodes for human
DSP and DPP at the genomic level, a putative
human DSPP genomic clone was identified by
screening a human genomic P1 library with a
human DPP cDNA probe. This genomic clone
(hDSPP-631P1) was subsequently subcloned and
sequenced. The boundaries between the exons and
introns were identified. As expected, like mouse
and rat, human dentin sialoprotein and phospho-
phoryn are encoded by a single gene with five
exons and four introns spanning at least 8.2-kb
in the human genome when the poly A signal



ATTAAA is used (Fig. 1). In addition, the 3’
portion of exon 2 together with exon 3, the 4 and 5’
portion of exon 5 encodes for DSP and DSP-DPP
linker region while the remainder of exon 5
encodes for DPP (Fig. 1). Furthermore, the lengths
of the exons and the introns of human DSPP are
similar to those of mouse (20). For the whole
genomic sequence of human DSPP, please refer to
GenBank, accession number: AF163151.

This newly cloned human DSPP gene contains a
3759-bp open reading frame and 1253 deduced
amino acids (Fig. 2). As determined by 3’RACE
(15), the relatively rare poly A signal ATTAAA is
most frequently used in human DSPP gene, rather
than the typical AATAAA sequence, which is
found 177-bp upstream. In addition, the 4.6-kb
mRNA transcript on the Northern blot analyses
(Fig. 3) supports the use of this poly A signal. This
4.6-kb DSPP transcript was detected on the
Northern blot analyses of total RNA extracted
from immature (open root apices) human teeth
using either a human DPP or DSP probe (Fig. 3).
However, these Northern analyses failed to detect
a 1.5-kb to 2.5-kb mRNA species reported in
mouse (5, 10) and rat (17), although smearing
below 4.6 kb was evident (Fig. 3). This difference
between human and mouse or rat could be
explained by the lack of alternative splicing
during processing of the human DSPP transcript
or the sensitivity of detection. Also, since the RNA
analyzed was prepared from teeth from a single
individual, it is possible that splice variants or
genetic polymorphisms may be shown to exist if
RNA from several individuals had been analyzed.

The nascent human DSPP is rich in aspartic acid
(20%) and serine (41%) with an isoelectric point
of 3.4. The deduced molecular weight of the
DSPP core protein is 124.6-kDa. The DSP cDNA
sequence, obtained by RT-PCR and 5RACE
methods, matches perfectly the DSPP gene; how-
ever, the published human DPP cDNA sequence
(15) does not exactly match the DPP portion of the
DSPP open reading frame. The deduced amino acid
composition profile from the published human DPP
cDNA sequence contains one extra cysteine, one
more arginine and one more glutamic acid as well as
six less serine residues when compared to the human
DSPP open reading frame coding for DPP. There-
fore, the DPP portion of this DSPP gene contains 791
deduced amino acids, 3 amino acids more than the
previously reported cDNA sequence (15). Also,
several amino acid mismatches exist. The discre-
pancies are dispersed exclusively within the highly
repetitive region and could result from erroneous
PCR amplification. Another possible explanation
for these discrepancies is individual variation or
genetic polymorphisms.
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DPP and DSP isoforms have been reported in rat
(21) (Rrrcuaie and WANG, report at the 1999 TADR
meeting). Genomic Southern blot analysis could
yield information regarding the multiple genes of
DSPP. Therefore, low stringent Southern blot
analyses of human genomic DNA using human
DPP and DSP cDNA probes were performed
successively. As can been seen (Fig. 4), when 5-
10 ug DNA was loaded on each lane, a single band
was detected by either probe in each of these three
(BamHI, HindIIT and PstI) digests. These results
are consistent with the other Southern blot
analyses from the human genomic P1 clone
(hDSPP-631P1) that carries the whole of the
human DSPP gene and its flanking regions,
digested by EcoRI, BamHI, HindIII, etc. (nine
restriction enzymes) probed by the same DSP and
DPP probes (data not shown). However, when the
20-30 ug genomic DNA sample was digested with
BamHI and analyzed, the DPP probe revealed two
extra fragments (Fig. 4A, lane 5). Also, three
fragments in addition to a 5-kb major fragment
were detected by the DSP ¢cDNA probe (Fig. 4B,
lane 5). NotI digestion produced a very faint band,
as detected by both probes (Fig. 4A, B, lane 4)
which was probably due to the insufficient transfer
of the large fragments produced by NotI digestion.
The above data suggest that only one DSPP gene
encodes for human DSP and DPP. The extra
fragments from the BamHI digestion could be non-
specific sequences detected when large amounts of
DNA are analyzed by genomic Southern hybridi-
zation. It is also possible the human genome
contains DSPP homologous sequences that could
be members of a DSPP superfamily.

In summary, like mouse (10, 20) and rat (3), the
human dentin non-collagenous proteins DSP and
DPP are encoded by a single gene, DSPP. This
human DSPP gene comprising 5 exons and 4
introns contains an open reading frame of 3759-bp
encoding for a polypeptide with 1253 deduced
amino acid residues. The genomic organization is
quite similar to that described in mouse (20),
indicating that the gene structure of DSPP is highly
conserved during evolution. Current experiments
are focused on elucidation of the function of
human DSP and DPP.
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