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Kratak sadr`aj

Dentin, kao specifi~no tvrdo zubno tkivo, bogato je organskim mate-
rijama koje ~ine oko 20 % njegove te`ine i 33% zapremine. Bazi~na
organska komponenta dentina je kolagen. Me|utim, nekolageni orga-
nski sastav dentina nedovoljno je prou~en. Dentin i njegova slo`ena
ultrastruktura, molekularni satav i biohemijski procesi koji se u ovom
tkivu odigravaju jo{ uvek su nedovoljno razja{njeni, pa samim tim
predstavljaju i izazov za istra`iva~e.
Autori su postavili cilj da, primenom savremene elektroforeti~ke analize
frakcija dentina, analiziraju sastav ekstracelularnog matriksa dentina i
dobijene rezultate dovedu u korelaciju sa podacima iz literature.
Izdvajanje proteina u dentinu izvedeno je tehnikom natrijum dodecil
sulfatne poliakrilamidne gel elektroforeze (SDS PAGE elektroforeze)
kojom se vr{i separacija polipeptida na osnovu razlike u njihovim
molekularnim masama. Elektroforeti~na analiza proteina je veoma
zna~ajna u bazi~nim istra`ivanjima grupa (familija) proteina koji ~ine
organsku osnovu dentinskog tkiva.
Rezultati SDS poliakrilamidne gel elektroforeze frakcija dentina po-
kazuju veliku koncentraciju proteina i proteinskih familija. Sa obzirom
na veliku koncentraciju proteina kao i rasprostranjenost u ve}em broju
frakcija dentina na mestima razli~itih molekularnih masa, izvodi se
zaklju~ak da se radi o porodici fosfoproteina ~ija se masa kre}e u
intervalu od 35 do 158 kDa. SDS PAGE analiza tri uzorka sa visokim
koncentracijama frakcije broj 20 dentina potvr|uje prisustvo pro-
teoglikana u nekolagenom sastavu dentina. Njihova masa je oko 75
kDa. Tako|e je dokazano i prisustvo gama karboksiglutamat proteina
(Gla proteini), ~ija karboksilna grupa omogu}ava njihov afinitet prema
jonima kalcijuma.

Klju~ne re~i: SDS PAGE elektroforeza, fosfoproteini, proteoglikani,
Gla proteini, mineralizacija dentina

Abstract

Being a specific hard dental tissue, dentin is rich in organic matter
which comprises about 20% of its weight and 33% of its volume. Basic
organic component of dentin is collagen. However, non-collagen or-
ganic structure of dentin has not been sufficiently studied. Dentin and its
compound ultra-structure, molecular structure and biochemical pro-
cesses within this tissue have not been sufficiently cleared out yet and as
such they represent a challenge for reaserchers.
The authors set themselves a goal to analyse the structure of dentin extra cel-
lular matrix by applying contemporary electrophoretic analysis of dentin
fraction, and to bring those results into correlation with literary data.
Extracting proteins within dentin was performed by using a technique of
natrium dodecyl sulphate poly acryl amide elecrophoresis gel (SDS
PAGE electrophoresis) which separates polypeptides according to the
difference in their molecular masses. Electrophoretic analysis of pro-
teins is crucial in basic researches of the groups (families) of proteins
which compose organic base of dentin tissue.
The results of SDS poly acryl amide electrophoresis gel fractions of
dentin indicate a great concentration of proteins and protein families.
Due to big concentration of proteins as well as due to their being widely
spread in greater number of dentin fractions in places of different molecu-
lar masses, it can be concluded that we are dealing with phosphoprotein
family whose mass moves in intervals of 35 to 158 kDa. SDS PAGE
anlysis of three samples with high fraction concentrations of dentin num-
ber 20 confirms the presence of proteoglycan in non-collagen dentin
structure. Their mass is about 75 kDa. The presence of ga-
mma-carboxy-glutamate proteins (Gla proteins) has also been proven
and their carboxyl group enables their affinity towards calcium ions.

Key words: SDS PAGE electrophoresis, phosphoproteins, proteogly-
cans, Gla proteins, dentin mineralisation
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Uvod

Najve}i deo organskog matriksa dentina ~ini
kolagen (oko 90%), dok ostatak ~ine nekolageni
proteini i proteoglikani sa dominantnim anjon-
skim karakterom, kao i izvesne lipidne kompo-
nente.1

Pored kolagena, nekolageni makromolekuli
predstavljaju vrlo va`an konstituent organskog
matriksa dentina. Ovi makromolekuli ~ine
ekstracelularnu masu mineralizovanog tkiva i
mogu se klasifikovati u sedam kategorija ‡ fos-
foproteini, proteoglikani, gama-karboksiglu-
tamat (Gla) proteini, kiseli glikoproteini, faktori
rasta, lipidi i serumski proteini. Grupa fosfo-
proteina je najbrojnija. Osnovni makromolekul
ove grupe je fosfoforin, visoko fosforilisani fo-
sfoprotein jedinstven za dentin, koji ~ini oko
50% nekolagenog proteinskog sastava dentina.
Molekularna masa porodice fosfoproteina se
nalazi u intervalu 35 do 158 kDa kod ~oveka (30
do 100 kDa za fosfoproteine locirane u dentinu
eksperimentalnih mi{eva).2 Fosfoforin se nalazi
samo u mineralnom matriksu i nije prona|en u
predentinu3 a produkt je visoko diferentovanih
odontoblasta, on se transportuje kroz odonto-
blastni produ`etak i deponuje se na minerali-
zacionom frontu.4

Mali proteoglikani, glikozaminoglikani koji
sadr`e dermatin, hondroitin i keratin sulfat, ta-
ko|e su otkriveni u dentinu. U dentinu se jo{
mogu na}i i dekorin, mali proteoglikan, ~esto
udru`en sa kolagenim vlaknima, kao i biglikan,
proteoglikan sa dva glikozaminoglikanska la-
nca. Proteoglikani locirani u predentinu su ve}i
od onih u dentinu. Njihova molekularna masa je
oko 75 kDa.5

Gla proteini (gama karboksiglutamat pro-
teini) nose ovaj naziv jer sadr`e u svom sastavu
jedinstvenu amino-kiselinu, gama-karboksil glu-
taminsku kiselinu. Reakcija karboksilacije
zavisi od prisustva vitamina K.6 Karboksilne
grupe potvr|uju sposobnost Gla proteina da ve-
zuju kalcijum.7 Postoje dve grupe Gla proteina u
kostima i dentinu. To su Gla proteini tipa oste-
okalcina i matriksni Gla protein (MGP).8

Matriksni Gla protein ima molekularnu ma-
su od 10,6 kDa, i predstavlja jednu od organskih
komponenti matriksa kosti i dentina. Nivo Gla
proteina u dentinu je skoro isti kao i nivo ovih
proteina u ko{tanom tkivu. Literaturni podaci
ukazuju da postoji veza izme|u 1,25-dihi-

Introduction

The greater part of dentin organic matrix is
comprised of collagen (about 90%), whereas the
rest of it is comprised of non-collagen proteins
and proteoglycans with dominant anion charac-
ter as well as of certain lipid components.1

Beside collagen, non-collagen macromo-
leculs represent a very important constituent of
dentin organic matrix. These macromoleculs co-
mprise extra cellular mass of mineralized tissue
and they can be classified in seven categories ‡
phosphoproteins, proteoglycans, gamma-ca-
rboxy-glutamate (Gla) proteins, acid glyco-pro-
teins, growth factors, lipids and serum proteins.
Phosphoprotein group is the most numerous.
The basic macromolecul of this group is pho-
sphorin, highly phosphoralized phosphoprotein
unique for dentin, which comprises about 50%
of non-collagen protein structure of dentin. Mo-
lecular mass of phosphoprotein family is within
the interval of 35 to 158 kDa in a human (30 to
100 kDa for phosphoproteins located in dentin
of experimental mice).2 Phosphorine is situated
only in mineral matrix and it is not found in
predentin3 and it is the product of highly differ-
entiated odontoblasts. It is transported through
odontoblastic extension and sent to mineraliza-
tion front.4

Small proteoglycans, glycosaminoglycans
which contain dermatine, chondroitin and kera-
tin sulphate are also found in dentin. Within
dentin we can also find decorin, small prote-
oglycan, often coupled with collagen fibres, as
well as biglycan, proteoglycan with two glyco-
saminoglycan chains. Proteoglycans found in
predentin are larger than those in dentin. Their
molecular mass is about 75 kDa.5

Gla proteins (gamma-carboxy-glutamate
proteins) are called thus because they contain
unique amino-acid, gamma-carboxyl glutamate
acid. Carboxylation reaction depends on the
presence of vitamin K.6 Carboxyl groups con-
firm ability of Gla proteins to bind Calcium.7

There are two groups of Gla proteins in dentin
and bone tissue. Those are Gla proteins of oste-
ocalcine type and matrix Gla protein (MGP).8

Matrix Gla protein has molecular mass of
10,6 kDa, and it represents one of the organic
components of bone and dentin matrix. The
level of Gla proteins in dentin is almost the
same as the level of these proteins in bone tis-
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doksi-vitamina D3 i Gla proteina. (1,25-di-
hidroksi vitamin D3 stimuli{e sintezu Gla
proteina).9 Osim u dentinu i kosti, osteokalcin se
nalazi i u serumu.9,10

Cilj istra`ivanja

Cilj ovog istra`ivanja je da se izvo|enjem
savremene elektroforeti~ke analize frakcija de-
ntina analizira sastav ekstracelularnog matriksa
dentina i dobijeni rezultati dovedu u korelaciju
sa podacima iz literature.

Materijal i metode istra`ivanja

Priprema uzoraka

Zubi u masi od 100 grama su zamrznuti u
te~nom azotu i razbijeni na veoma male delove
hidrauli~nom presom do konzistencije praha.
Zamrzavanju zuba prethodilo je precizno odva-
janje gle|i i cementa mehani~kim uklanjanjem
slojeva tkiva do dentina. Smrznuta masa zuba u
prahu je tretirana sa gvanidin hidrohloridom u
50 mM natrijum acetatu, pH vrednosti 5.8. Cilj
ovog postupka je uklanjanje }elijskih ostataka i
makromolekula koji ne poti~u iz dentina.11,12

SDS PAGE elektroforeza se izvodi u polia-
krilamidnim gelovima koji sadr`e natrijum
dodecil sulfat. Gelovi za ovu elektroforezu se
pripremaju u laboratoriji neposredno pred po~e-
tak eksperimenta. Poliakrilamidni gelovi su
polimerizovani rastvori akrilamida i bis-akrila-
mida. Sam akrilamid formira linearne polimere.
Bis-akrilamid, sa svoje strane, omogu}ava una-
krsno povezivanje izme|u poliakrilamidnih
lanaca. Tako se polimerizuje gel koji ima ulogu
sita, pri ~emu su ve}e pore pri vrhu gela, dok se
veli~ina pora postepeno smanjuje kako se
pribli`ava donja ivica gela.13,14,15

Tokom SDS PAGE elektroforeze, svi pro-
teini u uzorcima koji se na po~etku procesa
nalaze u inertnom gelu za postavljanje uzoraka
(stacking gel), na vrhu separacionog, poliakri-
lamidnog gela (running gel), migriraju prema
anodi (negativnoj elektrodi) na dnu gela.16

U toku PAGE, nivo migracije SDS-tre-
tiranih proteina je determinisan molekularnom

sue. Literary data show that there is a connection
between 1,25‡dihydroxy-vitamins D3 and Gla
proteins (1,25 ‡ dihydroxy-vitamins D3 stimu-
lates Gla protein synthesis).9 Except in dentin and
bones, osteocalcine is found in serum as well.9,10

The research objective

The objective of this reasearch is to analyse
the structure of dentin extra cellular matrix by
performing contemporary electrophoretic anal-
ysis of dentin fractions and to bring these results
into correlation with literary data.

The research material and its methods

Sample preparation

Teeth of 100 grams in volume are frozen in
the liquid azoth and smashed into very small
pieces with hydraulic press into consistent pow-
der. Prior to teeth freezing, a precise separation
of glaze and cement is done by mechanically re-
moving tissue layers from dentin. Frozen pow-
dered teeth mass is treated with guanidine hy-
drochloride in 50 mM natrium acetate, with the
pH value of 5.8. The objective of this procedure
is to remove the cell remains and macromole-
cules which do not originate from dentin.11,12

SDS PAGE electrophoresis is done in poly
acryl amide gels which contain natrium dodecyl
sulphate. Gels needed for this electrophoresis
are prepared in laboratories immediately before
the begining of the experiment. Poly acryl am-
ide gels are polymeric solutions of acryl amides
and bis-acryl amides. Acryl amide itself forms
linear polymers. Bis-acryl amide, on the other
hand, enables cross-connection among poly ac-
ryl amide chains. This is the way to polymerize
a gel acting as a sieve with larger pores at the top
which become smaller as lower edge of the gel
is being approached.13,14,15

During electrophoresis SDS PAGE, all the
proteins in the samples which are, at the begin-
ning of the process, situated inside the sam-
ple-setting inert gel (stacking gel), on the top of
the separational, poly acryl amide gel (running
gel), they migrate towards the anode (negative
electrode) at the bottom of the gel.16

During PAGE, the level of SDS-treated pro-
teins migration is determined by molecular pro-



338

Acta Stomatologica Naissi, decembar/December 2004, vol. 20, broj/number 48

masom proteina. Proteini prolaze kroz "re{eto"
gela pri ~emu proteini sa ve}om masom ostaju
zarobljeni u vi{im delovima gela, a manji pro-
diru nani`e, gde je i dijametar pora sve manji.

Vizuelizacija uzoraka

Protokol za bojenje (Coomassie Blue Sta-
ining Protocol) pri vizuelizaciji proteina u SDS
PAGE-u podrazumeva uranjanje gela u rastvor
sa 50% etanola i 10% sir}etne kiseline na vre-
menski period od najmanje jednog sata.17,18

Nakon toga sledi ispiranje gela u vodi i nje-
govo razvijanje u 0.04%-nom formalinu (35%
formaldehida u vodi) i 2%-nom natrijum karbo-
natu pri intenzivnom me{anju gela. Tretirani
gelovi, sada obojeni Silver Staining tehnikom,
~uvaju se na temperaturi od 4°C u 1%-nom
rastvoru sir}etne kiseline, sve do trenutka kada
se vr{i analiza rezultata.19

Po zavr{etku vizuelizacije dobijenih rezultata
elektroforeze biraju se ta~ke na gelu (proteini se
nakon bojenja uo~avaju kao tamne mrlje) koje se
isecaju iz gela i upu}uju na masspektrome-
trijsku analizu.

Dobijeni rezultati masspektrometrijskih
analiza u vidu determinisanih sekvenci ami-
no-kiselina se zatim upore|uju sa dostupnim
bazama podataka u kojima se nalaze sekvence
do sada otkrivenih i opisanih proteina. Analiza
sli~nosti sekvenci amino-kiselina omogu}ena je
kori{}enjem specijalnih baza podataka i kojima
se nalaze svi do sada otkriveni lanci amino-ki-
selina koji ulaze u sastav polipeptida.

Rezultati istra`ivanja

Rezultati SDS poliakrilamidne gel elektrofo-
reze frakcija dentina (DE 52, 11-26) pokazuju
veliku koncentraciju proteina i proteinskih fami-
lija, posebno u frakcijama (slika 1).11, 12, 13, 14,15,16 Sa

tein mass. While going through the gel “sieve”,
proteins with larger mass stay trapped in the
higher parts of the gel whereas the ones with
smaller mass continue to penetrate lower in the
gel where pore diameter becomes smaller.

Sample Visualisation

Colouring protocol (Coomassie Blue Sta-
ining Protocol) during protein visualisation in
SDS PAGE entails plunging the gel into a solu-
tion of 50% ethanol and 10% octane acid within
the time framework of at least one hour.17,18

After that, the gel is plunged into water and
then developed on a 0,04% formalin (35% for-
maldehyde in water) and 2% natrium carbonate
during intensive gel mixing. Treated gels, col-
oured by Silver Staining technique, are being
preserved at 4°C temperature in a 1% solution
of octane acid up to the moment when results
analysis is being done.19

As soon as the visualisation of the achieved
electrophoresis results is finished, the points on
the gel are chosen (after colouring, proteins can
be seen as dark marks) which are then cut from
the gel and sent to masspectrometric analysis.

Achieved masspectrometric analysis results
in the shape of determinate sequences of ami-
no-acids are then compared to the available data
base in which the sequences of the discovered
and described proteins are found. The analysis
of the amino acid similarities is enabled by the
use of special data base within which there are
all the discovered amino acid chains which co-
mprise polypeptides.

The research results

The results of the SDS poly acryl amide gel elec-
trophoresis of dentin fractions (DE 52, 11-26) show a
big concentration of proteins and protein families,
especially in fractions (Figure 1) 11,12,13,14,15,16. Due

Slika 1. SDS PAGE elektroforeza frakcija dentina 11-26, DE 52

Figure 1. SDS PAGE electrophoresis of dentin fraction 11-26, DE 52
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obzirom na veliku koncentraciju proteina kao i
rasprostranjenost u ve}em broju frakcija dentina
na mestima razli~itih molekularnih masa, izvodi
se zaklju~ak da se radi o porodici fosfoproteina
~ija se masa kre}e u intervalu od 35 do 158 kDa.
Tako|e se mo`e pretpostaviti zna~ajnije prisustvo
kiselih glikoproteina procenjene molekularne
mase izme|u 60 i 95 kDa. Neke od ovih frakcija
su posebno tretirane elektroforetskim metodama u
cilju dobijanja egzaktnih rezultata.

Gruba analiza ve}eg broja frakcija dentina
(21-38) otkriva postojanje visoko fosforilisanih,
kiselih fosfoproteina i kiselih glikoproteina u
vi{im frakcijama dentina (slika 2).

to a big concentration of proteins as well as due
to their being widely spread in larger number of
dentin fractions in places of different molecular
masses, it can be concluded that we are dealing
with phosphoprotein family whose mass moves in
intervals of 35 to 158 kDa. A more meaningful
presence of acid glyco-proteins of estimated molecu-
lar mass between 60 and 95 kDa can also be as-
sumed. Some of these fractions have been separately
treated with the aim of achieving exact results.

Rough analysis of a larger number of dentin
fractions (21-38) reveals the existence of highly
phosphorized, acid phosphoproteins and acid gly-
col-proteins in higher dentin fractions (Figure 2).

Slika 2. SDS PAGE elektroforeza frakcija dentina
21-38, DE 52

Figure 2. SDS PAGE electrophoresis of dentin fraction
21-38, DE 52

SDS PAGE analiza tri uzorka sa visokim
koncentracijama frakcije 20 dentina potvr|uje
prisustvo proteoglikana u nekolagenom sastavu
dentina. Njihova masa je oko 75 kDa. Podatak
da su za identifikaciju proteoglikana u uzorku
bili potrebni uzorci ve}ih koncentracija dentina,
ukazuje da je njihova koli~ina u organskom
matriksu mala (slika 3).

SDS PAGE analysis of three samples with
high fraction concentrations in dentin number 20
confirms the presence of proteoglycan in non-co-
llagen dentin structure. Their mass is about 75
kDa. The fact that samples with higher dentin
concentration are needed in order to identify
proteoglycan in a sample, points out that their
quantity in organic matrix is small (Figure 3).

Slika 3. Frakcija dentina 20. (Strelica pokazuje proteoglikane.)

Figure 3. Dentin fraction 20. (Arrows show proteoglycans.)
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Analiza rezultata jednodimenzionalne gel
elektroforeze dentinskih frakcija 15 i 21 poka-
zuje prisustvo dentin fosfofoproteina (DPP), i
Gla proteina izuzetno malih molekularnih masa
(slika 4).

Analysis of the results of one-dimensional
gel electrophoresis of dentin fractions 15 and 21
shows the presence of dentin phosphoproteins
(DPP) and Gla proteins of remarkably small
molecular masses (Figure 4).

Slika 4. Frakcije 15 i 21. (Strelice pokazuju visoku
koncentraciju dentin fosfoproteina i GLA proteina u malim
koncentracijama i sa malim molekularnim masama.)

Figure 4. Fractions 15 and 21. (Arrows show high concentra-
tion of dentin phosphoproteins and Gla proteins in noticeably
small concentrations and with small molecular masses.)

Diskusija

Rezultati istra`ivanja pokazuju visoku
koncentraciju fosfoproteina u ekstracelularnom
matriksu dentina. Interval molekularnih masa u
kojem se ovi proteini mogu na}i je od 60 do 120
kDa (slike 1,2,4). Dobijeni podaci su u skladu
sa podacima iz literature.20,21,22 Poznato je da je
porodica fosfoproteina najzastupljenija ekstra-
celularna komponenta organskog matriksa.
Prema nekim autorima, DPP ~ini vi{e od 50%
svih nekolagenih proteina ekstracelularnog ma-
triksa dentina.21 Ovaj podatak je potvr|en i rezul-
tatima istra`ivanja u radu.

Fosfoproteini predstavljaju grupu fosfori-
lisanih dentin proteina. U literaturi su poznati i
kao DPP (dentin fosfoprotein, najistaknutije
ime za protein, tj. za porodicu kiselih proteina
jedinstvenu za dentin), PP-H i fosfoforini. DPP
je najkiseliji poznati protein sa pI vredno{}u od
1.1, zahvaljuju}i visokom sadr`aju fosfata i kar-
boksilnih grupa.23 Korenski dentin ima upola
manju koli~inu fosfoproteina u pore|enju sa
kruni~nim dentinom. Funkcionalni zna~aj ove
razlike nije poznat.21

Najzastupljeniji protein ove grupe je dentin
fosfoprotein (DPP), visoko fosforilisani fosfo-
protein, po nekim autorima poznat i kao fosfo-
forin. DPP je izolovan jedino u dentinskom
tkivu pa predstavlja va`an faktor diferencijacije

Discussion

The research results show high concentra-
tion of phosphoproteins in extra cellular dentin
matrix. The interval of molecular masses in
which these proteins have been obtained is from
60 to 120 kDa (Figures 1, 2, 4). Obtained data
are in accordance with literary data.20,21,22 It is
known that phosphoprotein family is the most
present extra cellular component of organic ma-
trix. According to some authors, DPP comprises
more than 50% of all non-collagen proteins of
extra cellular dentin matrix.21 This was also con-
firmed by the research results during the work.

Dentin phosphoprotein (DPP) is the sourest
known protein with pI value of 1.1, thanks to the
high concentration of phosphate and carboxylic
groups.23 Root dentin has half as much phospho-
proteins as crown dentin does. Functional im-
portance of this difference is not known.21

This protein is isolated only within dentin
tissue and it represents an important factor in
differentiating bone and dentin tissue.2 It is
known that DPP has big affinity towards cal-
cium ions.21 This obvious ability to bind with
calcium points out that this protein has a certain
role in dentin mineralization.2

Phosphoproteins are characterized by high
concentration of phosphoserine (45-50%) and
aspartamic acid (35-38%). Their molecular
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ko{tanog od dentinskog tkiva.2 Poznato je da
DPP ima veliki afinitet prema jonima kalci-
juma.21 Ova izrazita sposobnost vezivanja za
kalcijum sugeri{e da ovaj protein ima izvesnu
ulogu u mineralizaciji dentina.2

Fosfoproteini se karakteri{u visokim sadr`a-
jem (45-50%) fosfoserina i aspartanske kiseline
(35-38%). Njihova molekularna masa je ra-
zli~ita kod razli~itih vrsta.24 Kod teladi ona
iznosi 155kDa, mi{eva 72 kDa, pacova 90-95
kDa (MacDougall i sar., 1994). Humani dentin
sadr`i fosfoproteine molekularne mase od 80 do
123 kDa.25,26 Uprkos razlikama u veli~ini, izu-
zetna sli~nost u sastavu ovih proteina kod sisara
sugeri{e njihov zna~aj u formiranju dentina.27

Razlike u strukturi DPP-a kod pojedinih vrsta
neki nau~nici obja{njavaju nedostacima tehnika
purifikacije proteina.28 Dentin fosfoprotein
(DPP) vezuje velike koli~ine kalcijuma sa re-
lativno visokim afinitetom.29 Ovaj protein
formira nerastvorljive komplekse u prisustvu
magnezijuma i kalcijuma.30,31 Neobi~ni i
specifi~ni afinitet prema kalcijumu je u relaciji
sa njegovom biolo{kom ulogom u procesu mi-
neralizacije tkiva. Posmatraju}i tecijarnu stru-
kturu proteina DPP uo~ava se beta formacija u
prisustvu jona kalcijuma. Ova struktura ima ten-
denciju stvaranja negativnog naelektrisanja na
povr{ini molekula, pa je mogu}e o~ekivati da ta
povr{ina stupi u interakciju sa kalcijumom u
toku rasta kristala apatita.32,33

Rezultati nekih istra`ivanja ukazuju da se
fosfoproteini sinteti{u od strane odontoblasta.
Ovi proteini veoma brzo sti`u do fronta mine-
ralizacije, verovatno zbog njihove sekrecije
kroz odontoblastni produ`etak. Autoradiogra-
fskim istra`ivanjima se do{lo do podatka da se
fosforilisani dentin proteini mogu detektovati
na dentinskoj strani mineralizacionog fronta u
periodu od 1 do 4 sata. Alternativna mogu}nost
za obja{njenje brzog prisustva fosfoproteina u
mineralizacionom frontu jeste da se sintetisani
proteini u odontoblastima sekretuju na }elijskoj
granici, a zatim rapidno difunduju kroz pre-
dentin sve do fronta mineralizacije.20 Jedin-
stveno prisustvo fosfoproteina u dentinu je
dokaz kvalitativne razlike organskog matriksa
dentina i predentina, kao i uloge odontoblastni
produ`etaka u odr`avanju ove razlike.34 Fos-
foproteini imaju visok afinitet za vezivanje jona
kalcijuma i mogu imati induktivnu ulogu u pro-
cesu mineralizacije.35

Prisustvo malih gamakarboksiglutamat pro-
teina (Gla proteina) tipa osteokalcina je po-

mass is different in various species.24 In calves,
it is 155 kDa, in mice 72 kDa, in rats 90-95 kDa
(Mac Dougall and ass., 1994).25,26 In spite of the
differences in size, remarkable similarity in
structure of these proteins in mammals shows
their importance in dentin formation.27 Some
scientists explain that the differences in DPP
structure with certain species appears due to the
lack of protein purification technique.28 Dentin
phosphoprotein (DPP) binds big quantities of
calcium with relatively high affinity.29 This pro-
tein forms insoluble complexes in the presence
of magnesium and calcium.30,31 Unusual and
specific affinity towards calcium has to do with
its biological role in tissue mineralization pro-
cess. Observing a threefold structure of DPP
protein, beta formation is seen in the presence of
calcium ions. This structure has a tendency to
create negative electricity on the molecule sur-
face and, thus, it is possible to expect the surface
to start interacting with calcium during the
growth of crystal apatite.32,33

The results of some researches point to the
fact that phosphoproteins are synthesized by
odontoblast. These proteins come to the miner-
alization front very quickly, probably due to
their secretion through odontoblastic extension.
Through auto-radiographic researches we came
to the data that phosphoralized dentin proteins
can be detected on the dentin side of mineraliza-
tion front in the period of 1 to 4 hours. Alterna-
tive possibility to explain fast presence of
phosphoprotein in mineralization front is for
synthesized proteins in odontoblast to secret on
the cell border and then to rapidly defund
through predentin all the way to the mineraliza-
tion front.20 Simple presence of phosphoprotein
in dentin is a proof of qualitative difference be-
tween organic dentin matrix and predentin as
well as of the odontoblast extension role in
maintaining the difference.34 Phosphoproteins
have high affinity towards binding calcium ions
and can have inductive role in the mineraliza-
tion process.35

The presence of small gamma-carbo-
xy-glutamate proteins (Gla proteins) of oste-
ocalcine type is confirmed in this research. The
data about their molecular mass obtained by
SDS PAGE electrophoresis are in correlation
with the known contemporary literary data. Gla
protein contains about 50 amino acids. Molecu-
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tvr|eno u radu. Podaci o njihovoj molekularnoj
masi dobijeni SDS PAGE elektroforezom su u
korelaciji sa poznatim podacima iz savremene
literature. Gla protein sadr`i oko 50 amino-kise-
lina. Molekularna masa Gla proteina se kre}e u
intervalu od 6 do 12kDa.36 U svom sastavu ovaj
protein sadr`i gama karbokisil glutaminsku
kiselinu i jednu disulfidnu vezu.37

Osteokalcin je jedan od najprisutnijih pro-
teina u ko{tanom matriksu. Ovaj protein lociran
je i u ekstracelularnom matriksu dentina.38 Oste-
okalcin je sintetisan i sekretovan od strane odo-
ntoblasta in vivo39,40 i u in vitro uslovima.41,42

Funkcionalni zna~aj osteokalcina je u
skladu sa karakteristikama svih Gla proteina.
Osteokalcin ~vrsto vezuje hidroksiapatit i inhi-
bitor je formiranja hidroksiapatita in vitro.20 Ovi
podaci upu}uju na mogu}u ulogu osteokalcina
kao negativnog regulatora sinteze ko{tanog
tkiva i dentina.43 Funkcija ovog proteina jo{
uvek nije jasna. MPG je inhibitor mineralizacije
jer se sinteti{e u visokim koncentracijama u
neskeletnim tkivima.44,45

Ovi proteini imaju anjonski karakter i spo-
sobnost vezivanja jona kalcijuma, zbog ~ega se
pretpostavlja da i ova proteinska grupa ima zna-
~ajnu ulogu u mineralizaciji. 46

Rezultati istra`ivanja sprovedenih u ekspe-
rimentalnom delu rada nedvosmisleno ukazuju
na prisustvo proteoglikana u dentinu. Dobijeni
rezultati molekularne mase proteoglikana kre}u
se oko 75kDa (slika 3), {to odgovara podacima
iz literature.47 Dva najzna~ajnija mala proteo-
glikana locirana u dentinu su dekorin i bigli-
kan.48 Podaci iz literature ukazuju da se proteo-
glikani sekretuju u predentin i na neki na~in
spre~avaju proces njegove mineralizacije.20

Istra`ivanja pokazuju da se 25 ‡ 50% nascentnih
proteoglikana gubi u procesu sinteze dentina.49

Steinfort i saradnici50 su dokazali rapidnu
inkorporaciju proteoglikana u dentinu, dok se
istovremeno sa procesom dentinogeneze
koli~ina proteina u predentinu smanjuje. Studija
Hoshia i saradnika51 pokazuje da se neposredno
pre mineralizacije vlakna kolagena spajaju i po-
staju ve}a u svom dijametru. Detekcijom putem
imunolokalizacije utvr|eno je da se istovre-
meno sa fuzijom vlakna kolagena smanjuje
koncentracija dekorina. Podaci iz ove studije
ukazuju da je jedan od va`nih momenata u pro-
cesu dentinogeneze upravo smanjenje nivoa
proteoglikana dekorina, sa ciljem pobolj{anja
fuzije kolagena i indukcije mineralizacije.

lar mass of Gla proteins moves in the intervals
of 6 to 12 kDa.36 In its structure, this protein
contains gamma-carboxy-glutamine acid and
one disulphid connection.37

Osteocalcine is one of the most present pro-
teins in bone matrix. This protein is located in
extra cellular dentin matrix.38 Osteocalcine is
synthesized and secreted by odontoblast in
vivo39,40 and in vitro conditions.41,42

Functional importance of osteocalcine is in
accordance with the characteristics of all the
Gla proteins. Oesteocalcine binds tightly
hydroxy apatite and inhibits the formation of
hydroxy apatite in vitro.20 These data point to
the possible role of osteocalcine as a negative
regulator of bone tissue and dentin synthesis.43

The function of this protein is still unclear. Be-
ing synthesized in high concentrations in
non-skeleton tissues, MPG is a mineralization
inhibitor.44,45

These proteins have anion character and are
capable of binding calcium ions and thus it can
be assumed that this protein group also has a
very important role in mineralization.46

The research results done in experimental
part of this work undoubtedly point to the pres-
ence of proteoglycan in dentin. Achieved re-
sults of proteoglycan molecular mass move
about 75 kDa (Figure 3), which matches literary
data.47 Two most important small proteoglycans
located in dentin are decorin and biglycan.48

Literary data point to the fact that proteoglycans
make secretion in predentin and in a way pre-
vent the process of its mineralization.20 Re-
search shows that 25-50% of nascentic
proteoglycans is lost in the process of dentin
sythesis.49 Steinfort and associates50 have
proven rapid incorporation of proteoglycans in
dentin while, at the same time, the quantity of
proteins in predentin becomes less during
dentinogenesis. The study by Hoshia and asso-
ciates51 shows that immediately before the min-
eralization, collagen fibres combine and be-
come bigger in their diameter. By using detec-
tion through imunolocalization it has been
found that together with collagen fibre fusion
decorin concentration becomes less. The data of
this study show that one of the important mo-
ments in the process of dentinogenesis is lower-
ing the level of decorin proteoglycan with the
aim of improving collagen fusion and mineral-
ization induction.
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Sposobnost nekih proteoglikana da se
udru`uju sa kolagenom sugeri{e njihov mugu}i
doprinos u maturaciji kolagenih fibrila.5 Prote-
oglikani kao {to je hondroitin sulfat mogu
inhibirati proces mineralizacije. Drugi proteo-
glikani mogu naspecifi~no vezati jone kal-
cijuma i indukovati formiranje hidroksiapatita
in vitro. U organskom matriksu dentina podaci
iz literature ukazuju da je identifikovano neko-
liko glikozoaminoglikana ‡ hondroitin-4-sulfat,
hondroitin-6-sulfat, dermatin sulfat, heparin
sulfat, keratin sulfat. Distribucija ovih pro-
teoglikana u predentinu i dentinu je tako|e bila
analizirana. Otkriveno je da se u predentinu
mogu locirati homogene, relativno velike i
stabilne koli~ine hondroitin-4-sulfata, dermatin
sulfata i keratin sulfata. Koncentracija ho-
ndoitin-6-sulfata u predentinu je veoma mala.
Distribucija proteoglikana u dentinu je he-
terogena. Jedino se hondroitin-4-sulfat mo`e
otkriti u mineralizovanom dentinu.2

Poznato je da postoji interakcija izme|u pro-
teoglikana i kolagena zbog ~ega se smatra da je
jedna od mogu}ih uloga proteoglikana u de-
ntinogenezi da uti~u na, ili ~ak kontroli{u orga-
nizaciju kolagene mre`e formirane u pre-
dentinu.49

Kao i fosfoproteini, i proteoglikani imaju
jaku izrazitu sposobnost vezivanja za jone kal-
cijuma. Sa tim u vezi dokazana je njihova
induktivna uloga u sintezi hidroksiapatita in vi-
tro pri fiziolo{koj pH vrednosti i jonskoj kon-
centraciji (pH 7.0).50

Zaklju~ak

Rezultati dobijeni u ovom istra`ivanju po-
tvr|uju da osnovnu nespecifi~nu grupu ne-
kolagenih proteina koji su produkt sekretorne
aktivnosti odontoblasta ~ine kiseli fosfopro-
teini. Na|eni fosfoproteini imaju molekularnu
masu od 35 do 158 kDa. Njihov veliki afinitet
prema jonima kalcijuma implicira ulogu fosfo-
proteina u transportu jona ka mineralizacionom
frontu.

Elektroforeti~ka analiza frakcija dentina po-
tvrdila je i prisustvo Gla proteina malih mo-
lekularnih masa i proteoglikana mase oko 75
kDa u dentinu.

Ability of some proteoglycans to combine
with collagen suggests their possible contribu-
tion in maturation of collagen fibrilla.5

Proteoglycans such as chondroitin sulphate can
inhibit the mineralization process. Other
proteoglycans can non-specificly bind calcium
ions and induce hydroxy apatite formation in vi-
tro. In organic dentin matrix, literary data points
out that several glycosaminoglycans are identi-
fied ‡ chondroitin-4-sulphate, chodroitin-6-sul-
phate, dermatine sulphate, heparin sulphate, ke-
ratin sulphate. The distribution of these pro-
teoglycans in predentin and dentin has also been
analyzed. It has been descovered that homoge-
nous, relatively big and stable quantities of cho-
ndroitin-4-sulphate, dermatine sulphate and
keratin sulphate can be located in predentin.
The concentration of chondroitin-6-sulphate in
predentin is very small. The distribution of
proteoglycan in dentin is heterogenous. Only
chondroitin-4-sulphate can be discovered in
mineralized dentin.2

It is known that there is an interaction be-
tween proteo-glycon and collagen due to which
it is considered that one of the possible roles of
proteo-glycon in dentinogenesis is to influence
or even control the organization of collagen net-
work formed in predentin.49

As phosphoproteins, proteoglycans also
have remarcable ability to bind with calcium
ions. With that in view, their inductive role has
been proven in the hydroxy apatite synthesis in
vitro under physical pH value and ion concen-
tration (pH7.0).50

Conclusion

The results obtained in this research confirm
that basic non-specific group of non-collagen
proteins which are products of odontoblast secre-
tory activity are in fact acid phosphoproteins.
Found phosphoproteins have molecular mass
from 35 to 158 kDa. Their big affinity towards
calcium ions implies the role of phosphoproteins
in ion transport towards mineralized front.

Electrophoretic analysis of dentin fractions
confirms also the presence of Gla proteins of
small molecular masses. The research has con-
firmed the presence of proteoglycan mass about
75 kDa in dentin.
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Funkcionalni zna~aj Gla ptoteina se ogleda
u tome {to oni ~vrsto vezuju hidroksiapatit i
inhibitori su formiranja hidroksiapatita in vitro.
Ovi podaci upu}uju na mogu}u ulogu Gla pro-
teina kao negativnog regulatora sinteze dentina.

Proteoglikani su nespecifi~ni nekolageni
proteini dentina. Njihova uloga u dentinogenezi
je va`na i nezamenljiva. Oni se sekretuju u
predentin i na izvestan na~in spre~avaju proces
njegove mineralizacije.

Analiziraju}i prethodno iznete podatke
mo`e se zaklju~iti da je me|usobna interakcija
svih pomenutih ~inilaca neophodan preduslov
pravilnog procesa dentinogeneze.

Functional importance of Gla proteins is
seen in the fact that they bind tightly hydro-
xyl-apatite and that they inhibit the formation of
hydroxyl-apatite in vitro. These data point to the
possible role of Gla protein as a negative regula-
tor of dentin synthesis.

Proteoglycans are non-specific, non-collagen
dentin proteins. Their role in dentin-genesis is
very important and irreplaceable. They make se-
cretion in predentin and in a way prevent its min-
eralization process.

By analyzing previously outlined data it can
be concluded that mutual interaction of all the
mentioned factors is a necessary prerequisite for
dentinogenesis process.
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