Proteoliticka aktivnost oralnoga
protozoona Trichomonas tenax i1z
zubnoga plaka 1 sadrzaja
korijenskih kanala

Sazetak

Ispitivala se je proteoliticka aktivnost oralnoga protozoona Tricho-
monas tenax kultiviranog izravno iz zubnoga plaka i sadrzaja korijen-
skih kanala zuba s upalno promijenjenom ili gangrenoznom pulpom,
ili periapeksnim procesom. Nakon pripreme lizata, utvrdivala se je pro-
teoliticka aktivnost oralnoga trihomonasa elektroforezom na poliakri-
lamidnom gelu i elektroforezom na poliakrilamidnom gelu s dodatkom
Zelatine.

Najbria i najizrazitija aktivnost obiju vrsta izolata oralnoga triho-
monasa opazena je pri inkubiranju gela u pH 4,6, zatim u pH 5,6. Ak-
tivnost je bila jos ocita kod pH 2,8, a kod pH 7,2 izrazito slaba. Pro-
teoliticka aktivnost bila je najizraZenija u podrucju proteina molekul-
ske tezZine 36 kDa. Rezultati ovisni o pH inkubirajucih medija pokazu-
Jju pstojanje razlicitih endopeptidaza u lizatima stanica protozoona Tric-
homonas tenax iz zubnoga plaka i korijenskih kanala.

Kljuéne rijeci: Trichomonas tenax, proteoliticka aktivnost, dentobak-
terijski plak, korijenski kanal
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Uvod

Trichomonas tenax je parazit, bi¢a$ koji obitava
u usnoj Supljini ljudi. Njegova prevalencija je 4-53%
(1, 2). Osim ¢ovjeka, njegovi su prirodni domacini
1 psi, majmuni i maciéi (3).

Cestoca oralnoga protozoona Trichomonas tenax
veca u ispitanika starije dobi te u onih koji pate od

parodontnih bolesti i imaju nizak stupanj oralne hi-
gijene (3, 4). Nalazi ga se tri puta ¢esce u prljavim
ustima nego u ¢istim (5).

Trichomonas tenax je opisan kao komenzalni or-
ganizam u ljudskoj usnoj Supljini (1). Premda nije
patogen, sposoban je invadirati usnu Supljinu kada
uvjeti postanu povoljni za njegov rast i razmnoza-
vanje. U fizioloskim uvjetima u usnoj Supljini mje-
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sto njegova Zivljenja je zubni plak, a u patoloskim
uvjetima ga nalazimo i u parodontnim dZepovima
(6, 7, 8) i u endodontskom prostoru zuba s gangre-
noznom pulpom (1, 10).

Svrha rada bila je istraZiti proteoliticku aktivno-
st oralnoga protozoona Trichomonas tenax uzgoje-
nog iz materijala uzetog izravno od pacijenata sa
zubnih struktura (zubni plak i sadrzaj korijenskih ka-
nala zuba s gangrenoznom pulpom ili periapeksnim
procesom).

Materijal i postupak rada

Kulture oralnoga protozoona Trichomonas tenax
uzgojene su iz uzoraka zubnoga plaka i sadrzaja ko-
rijenskih kanala zuba s upalno promijenjenom ili
gangrenoznom pulpom, ili periapeksnim procesom.

Uzorci su skupljeni (9, 10) i nasadeni na modi-
ficiranu hranjivu tekucu podlogu po Diamondu (9,
10, 11, 12), te su nalazi o¢itavani mikroskopijom sv-
jezeg preparata nakon 24, 48, 72, 96 i 120 sati (9,
10).

Uzorci s oralnim trihomonasom su nakon odita-
vanja zamrznuti na - 20 °C. Po redoslijedu postup-
ka, zamrznute kulture oralnoga trihomonasa otop-
ljene su uranjanjem epruveta u vodu temperature 20
°C.

Priprema lizata

Oralni trihomonasi za utvrdivanje proteoliticke
aktivnosti u kasnoj logaritmickoj fazi rasta (gusto-
¢a stanica 3 x 10%/ ml) skupljeni su centrifugiranjem
(800 g / 5 min) na sobnoj temperaturi. Lizati ispra-
nih stanica pripremljeni su dodavanjem 0,25% (v/
v) TRITON X - 100 suspenziji parazita u 0,25 M
sukrozi (13, 14). Lizati su odmah upotrijebljeni ili
pohranjivani na -20 °C; pohranjivanje nije imalo
vidljiva u¢inka na aktivnost enzima (13, 14).

Utvrdivanje proteoliticke aktivnosti na poliakri-
lamidnom gelu

Proteoliti¢ka aktivnost je vizualizirana elektrofo-
rezom na poliakrilamidnom gelu (15, 16).

U radu su upotrijebljene elektroforeza na polia-
krilamidnom gelu i elektroforeza na poliakrilamid-
nom gelu s dodatkom Zelatine, za dokazivanje pro-
teoliticke aktivnosti.

Elektroforeza na poliakrilamidnom gelu

Proteini su razdvajani metodom opisanom u ra-
du Lockwooda i sur. (14). Uporabljena je aparatu-
ra za okomitu elektroforezu (Midget LKB, Svedska).

Gel je bojen preko nodi u otopini za bojenje
(0,25% Commassie Brilliant Blue R-250 u otopini
za odbojavanje koja se sastoji od 46% metanola i
4% octene kiseline) ili je bojen srebrnim nitratom
(16).

Molekulska teZina proteina odredena je upora-
bom standardne krivulje. Kao standard uporabljeni
su markeri poznatih molekulskih masa: 205; 116;
97.,4; 66; 45 i 29 kDa.

Elektroforeza na poliakrilamidnom gelu s dodat-
kom Zelatine

Za vizualizaciju proteolitickog djelovanja upo-
rabljen je gel istoga sastava (samo 7,5%-tni) deblji-
ne 1,5 mm uz dodatak 0,2%-tne Zelatine. Elektro-
foreza je provedena u denaturirajuéim uvjetima s do-
datkom natrijeva dodecil sulfata (SDS). Gel je za-
tim ispran dva puta po 30 minuta u 2,5%-tnom TRI-
TON X-100 kako bi se odstranio SDS. Nakon ispi-
ranja gel je inkubiran u stabilnim puferima (limun-
ska kiselina Na,HPO, pH 2,8; 4,6; 5,6 i fosfatna pu-
ferska otopina PBS 7,2) na sobnoj temperaturi tije-
kom 12 - 20 sati. Zatim je obojen Commassie Bril-
liant Blue R-250 preko noci i sutradan odbojavan.

Materijal rabljen u ovome radu nabavljen je od
Sigma Chemic GmbH (Diesenhofen).

Rezultati

Elektroforeza na poliakrilamidnom gelu

Bojenje sa Commassie Brilliant Blue R-250.Na-
kon bojenja ovom bojom vidljive su samo dvije, do-
bro izraZene, proteinske trake (Slika 1). Uzorci ozna-
¢eni brojevima 1 1 2 su lizati stanica oralnoga tri-
homonasa iz sadrzaja korijenskoga kanala, a 3 i 4
iz zubnoga plaka.

Bojenje srebrnim nitratom. Osim veé opisanih
dviju traka koje su vidljive i bojenjem Commassie
Brilliant Blue R-250, vide se jo$ i manje intenzivne
proteinske trake na gornjem rubu poliakrilamidno-
ga gela (Slika 2). Na slici su brojevima od 1 do 4
oznaceni uzorci korijenskih kanala, a od 5 do 8 uzor-
ci zubnoga plaka.
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Bojenje s Commassie Brilliant Blue R-250 Lizati stanica protozoona Trichomonas tenax iz zub-

Slika 1. Slika 4.
Figure 1. Commassie Brilliant Blue R-250 stain noga plaka - elektroforeza s dodatkom Zelatine na pH
4,6
Figure 4. Cell lysates of Trichomonas tenax from dentobacte-

rial plaque - electrophoretic method involving gela-
tin - containing polyacrylamide gels at pH 4.6

Elektroforeza na poliakrilamidnom gelu s dodat-
kom Zelatine za odredivanje proteoliticke aktiv-
nosti

Nakon inkubiranja gelova u sva je Cetiri pufera
opaZena proteoliticka aktivnost, ¢ija je veli¢ina ovi-
sna o pH pufera, a nesto slabija za lizate trihomo-
nasa iz zubnoga plaka (Slike 3, 4, 5 i 6). Najbrza i
najizrazitija aktivnost kod obiju vrsta lizata oralno-
ga trihomonasa dobivena je kod inkubiranja gela u
pH 4,6 (Slike 3 i 4), zatim u pH 5,6 (Slike 5 i 6).

Slika 2. Bojenje srebrnim nitratom
Figure 2. Silver stain

7

Slika 3. Lizati stanica protozoona Trichomonas tenax iz sa- Slika 5. Lizati stanica protozoona Trichomonas tenax iz sa-
drzaja korijenskih kanala - elektroforeza s dodatkom drZaja korijenskih kanala - elektroforeza s dodatkom
Zelatine na pH 4,6 Zelatine na pH 5.6

Figure 3. Cell lysates of Trichomonas tenax from root canal Figure 5. Cell lysates of Trichomonas tenax from root canal

contents - electrophoretic method involving gelatin -
containing polyacrylamide gels at pH 4.6

contents - electrophoretic method involving gelatin -
containing polyacrylamide gels at pH 5.6
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Slika 6. Lizati stanica protozoona Trichomonas tenax iz zub-
noga plaka - elektroforeza s dodatkom Zelatine na pH
56

Figure 6. Cell lysates of Trichomonas tenax from dentobacte-
rial plaque - electrophoretic method involving gela-
tin - containing gels at pH 5.6

Na pH 2,8 proteoliticka je aktivnost jo§ dobro vid-
ljiva, a kod pH 7,2 izrazito je slaba. Iako je proteo-
liticka aktivnost najviSe izraZzena u podrucju prote-
ina molekulske tezine 36 kDa, zbog veli¢ine obe-
zbojenoga polja mozemo zakljuciti da su u razgrad-
nji Zelatine sudjelovali i proteini u podrucju prote-
ina molekulskih tezina 45 i 56 kDa.

Rasprava

Proteaze kataliziraju Sirok spektar vaznih biolo-
§kih reakcija, ukljucujuci stvaranje hormona, zgru-
Savanje krvi i fibrinolizu, metabolizam proteina,
imunoloske reakcije i druge (17). Zbog toga ne izne-
naduje ¢injenica da proteaze imaju veliku uloguiu
patogenezi parazitskih bolesti.

Kolagen je sastavni dio ekstracelularnog matriksa
koji je podloZan razgradnji tijekom parodontne bo-
lesti. Tip I je glavni tip kolagena u humanoj gingi-
vi, dok su u ostalim parodontnim tkivima nazocni i
ostali tipovi kolagena (18).

Kolagen je i sastavni dio zubne pulpe, ¢ini 34%
ukupne suhe tezZine proteinskoga sadrzaja pulpe. Od
toga je 25 - 45% kolagen tipa III, a ostatak je kola-
gen tipa I (18).

Temeljem navedenog, tkivo zubne pulpe je sup-
strat na kojem Trichomonas tenax moZze naci dobro
staniSte za rast i razmnoZavanje.

Ribaux i sur. su 1980. i 1981. objavili svoja is-
trazivanja o kolagenoliti¢koj aktivnosti protozoona
Trichomonas tenax (19, 20). Bozner i Demes su
1991. dokazali nazo¢nost multiplih proteinaza oral-
noga trihomonsa ispitujuci ucinak njegovih ekstra-
celularnih proteinaza na razgradnju kolagena tipa I,
III, IV i V (21). Iako je proteoliticki uc¢inak doka-
zan na svim tipovima kolagena, na bazalnoj mem-
brani (tip IV) je bio najdjelotvorniji. U prikazanim
istrazivanjima nije vidljivo da su rabljeni sojevi pro-
tozoona Trichomonas tenax uzeti izravno od paci-
jenata, pa se pretpostavlja da su duZe vremena
odrzavani u laboratoriju.

U ovome radu nastojalo se je ispitati proteolitic-
ku aktivnost oralnih protozoona Trichomonas tenax
uzgojenih iz uzoraka pacijenata - nositelja oralnog
trihomonasa na zubnim strukturama.

Utvrdena je aktivnost proteina molekulske teZi-
ne 36 kDa, ali zbog veli¢ine obezbojenoga polja zak-
ljucujemo da u razgradnji Zelatine sudjeluju i pro-
teini molekulskih teZina 45 i 56 kDa. Nedostatak
proteolize u podrucju proteina molekulske tezine 76
kDa te nerazdvajanje proteoliti¢kle aktivnosti poje-
dinih enzima moZemo pripisati izmijenjenim uvje-
tima inkubacije i metodologije elektroforetske ras-
¢lambe.

Rezultati pokazuju nazo¢nost razlic¢itih endopep-
tidaza u lizatima stanica protozoona Trichomonas te-
nax iz zubnoga plaka i korijenskih kanala, s obzi-
rom na to da je njihova aktivnost znakovito razlic¢i-
ta u razli¢itim pH inkubacijskih medija.
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Proteolytic Activity of
Trichomonas tenax from
Dentobacterial Plaque and
Root Canal Contens

Summary

The purpose of this study was to examine proteolytic activity of Tric-
homonas tenax collected directly from dentobacterial plaque and root
canal contents of gangrenous teeth or teeth with periapical processes.
Both electrophoretic method involving polyacrylamide gels and elec-
trophoretic method involving gelatin - containing polyacrylamide gels,
have been used to analyse Trichomonas tenax proteolytic activity. The
most obvious and fastest activities were obtained when gels were in-
cubated in pH 4.6, followed by the results of incubating in pH 5.6, while
in pH 2.8 activity was less but still obvious. Proteolytic activities were
the most effective in the area of protein MW 36 kDa. The different ac-
tivity of enzymes depending on the pH of incubated media indicate the
presence of different endopeptidases in cell lysates of protozoon Tric-
homonas tenax from dentobacterial plaque and root canal contents.

Key words: Trichomonas tenax, proteolytic activity, dentobacterial
plaque, root canal
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Introduction

Trichomonas tenax is a parasitic flagellate pro-
tozoon in the human mouth with a prevalence ran-
ging from 4 to 53% (1, 2). Hosts can be humans,
dogs, monkeys and cats (3).

It is frequently found in the mouths of elderly pe-

ople, persons with advanced periodontal disease, and
those with poor oral hygiene (3, 4). It is found that

individuals with clean, healthy oral cavities have an
infection rate only one third as great as those who
have unclean mouth (5).

Trichomonas tenax is considered to be a com-
mensal. We can find it in the mouth when the con-
ditions in the oral cavity are favourable for its grow-
th and survival. Trichomonas tenax lives in dento-
bacterial plaque in physiological oral conditions; in
periodontal pockets (6, 7, 8) and the endodontic spa-
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ce of gangrenous teeth in pathological oral states (1,
10).

The purpose of this study was to examine prote-
olytic activity of Trichomonas tenax collected direc-
tly from patients from dental structures (dentobac-
terial plaque and root canal contents of gangrenous
teeth or teeth with periapical processes).

Material and methods

Trichomonas tenax cultures were cultured from
dentobacterial plaque specimens and root canal con-
tent specimens of gangrenous teeth or teeth with pe-
riapical processes.

Specimens were collected (9, 10) and placed in
modified liquid Diamond’s axenic broth medium (9,
10, 11, 12). The native smears taken from the test
tubes were examined by light microscopy after 24,
48, 72, 96 and 120 hours (9, 10).

Positive specimens were then frozen at -20 °C.
When needed, frozen specimens were warmed in
water at 20 °C.

Preparations of lysates

Flagellates in late logarithmic phase of growth
(cell density about 3 x 10° / ml) were harvested by
centrifugation (800 g / 5 min) at room temperature.
Lysates of washed parasites were obtained by the
addition of 0.25% (v / v) TRITON - X 100 to su-
spensions of the parasites in 0.25 M sucrose (13, 14).
The lysates were used immediately or stored at -20
°C. Storage had no apparent effect on enzyme acti-
vity.

Proteolytic activity determination involving pol-
yacrylamide gels

Proteinases were separated and visualised by
electrophoresis on polyacrilamide gels (15, 16).
Both, electrophoretic method involving polyacrila-
mide gels and electrophoretic method involving ge-
latin - containing polyacrylamide gels, were used to
analyse Trichomonas tenax proteolytic activity.

Electrophoretic method involving polyacrilami-
de gels

Proteins were separated by Lockwood’s method
(14). A machine for vertical electrophoresis was
used (Midget LKB, Sweeden).

Gel was stained through the night in stained so-
lution (0.25% Commassie Brilliant Blue R - 250 in
destained solution composed of 46% methanol and
4% acetic acid) or it was silver stained.

Molecular weight of proteins was determined by
standard curve. Markers with familiar molecular we-
ights were used as standards: 205; 116; 97.4; 66; 45
and 29 kDa.

Electrophoretic method involving gelatin - con-
taining polyacrylamide gels

For proteolytic activity visualisation the same gel
(7.5%; thick 1.5 mm; with the addition of 0.2% ge-
latin) was used. Electrophoresis was performed in
denaturated conditions with the addition of sodium
dodecyl sulphate (SDS). Gel was then washed twi-
ce for 30 minutes in 2.5% TRITON - X 100 to re-
move SDS. After that, the gel was incubated in sta-
ble buffer (citric acid Na,HPO, pH 2.8; 4.6; 5.6 and
phosphate buffer solution 7.2) at room temperature
for 12 - 20 hours. The gel was stained with Com-
massie Brilliant Blue R - 250 though the night and
destained the following day.

All used materials were obtained from Sigma
Chemie GmbH (Diesenhofen).

Results

Electrophoretic method involving polyacrylami-
de gels

Commassie Brilliant Blue R - 250 stain. Two di-
stinct protein bands were obtained (Figure 1). Sam-
ples numbers 1 and 2 were cell lysates of oral tri-
homonas from root canal contents, and 3 and 4 from
dentobacterial plaque.

Silver stain. Behind the two mentioned protein
bands we were able to obtained less intensive pro-
tein bands in the upper margin of polyacrylamide
gel (Figure 2). Samples 1 - 4 are samples of cell
lysates of oral trichomonas from root canal conten-
ts, and 5 - 8 from dentobacterial plaque.

Electrophoretic method involving gelatin - con-
taining polyacrylamide gels for proteolytic acti-
vity determination

Gels were incubated in four buffers and proteol-

ytic activity were obtained. Proteolytic activity was
pH dependent and less intensive in lysates of den-
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