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1 STRODUCTION 

The presence of the dental plaque has been shown to consti- 
tute a priinary etiologic factor in caries (Stephan, 1938, 1940; 
Strdlfors, 1948, 1950) as well as in periodontal disease (Ribby,  
1953; Schei et al., 1959; Bjorn, 1960; Ramfjord, 1961; Greene, 
1963; Brandtzcieg, 1964; Koch & Lindhe, 1965).  

Many different properties of the dental plaque has been stud- 
ied in the past such as acid production (Stephan, 1944), urease 
activity (Frostell ,  196O), toxic products (Roseburg ,  1952), nl- 
lergic reactions (Mergenhagen, 196O), and enzymatic reactions 
(Schultz-Haudt et al., 1954, 1955). 

The proteolytic activity in the dental plaque material may 
have some relationship to the pathogenesis of periodontal dis- 
ease which is a niorbid condition including inflaiiiiiiatory pro- 



7 86 P . - 0 .  SBDER, G. LUNDRLAD, L. LINDQVIST AND G. FROSTELL 

cesses in the tooth supporting structures. Proteolysis also inay 
play a role in dental caries especially in dentin caries. 

In six previous articles (Soder & Frostell, 1966; Soder, in 
press; Soder, Lundblad & Lindqvist, 1966) the proteolytic ac- 
tivity of dental plaque material after high and low speed cen- 
trifugation was studied and the relative activity in the pellet and 
supernatant was compared to  the total proteolytic activity. The 
effect of pH, inhibitors and activators was studied (Soder,  Lnnd- 
blad & Lindqvist, 1966; Soder, in press) on proteinases puri- 
fied through Sephadex G-100, G-200 columns and zone-electro- 
phoresis in Sephadex G-25, according to methods given by Pornth 
& Flodin (1959), Flodin (19621, Gelotte (1964). 

One of the enzyme fractions obtained was suspected of coii- 
taining more than one enzyme and the first proteinase was ob- 
viously not pure. The present communication deals with the fur- 
ther separation of dental plaque proteins and proteinases with 
the aid of inore advanced methods employing Sephadex and the 
material agarose which separates (Lundblad & Schilling, 1966) 
proteins by different properties than Sephadex. Some of the pro- 
perties of the enzymes were studied. 

,MATEnIAL AND METHODS 

Dental plaque inaterial was collected froin persons with clini- 
cally norinal or diseased gingiva and was treated as described in 
earlier articles (Soder & Frostell, 1966; Soder, in press). The dry 
weight of the inaterial was determined, as earlier described. To 
the plaque material was added 3.0 in1 0.1 M Tris(hydroxymethy1) 
aininomethane (TR1S)-HC1 buffer pH 8.1 or 9.1. The crude plaque 
suspension was ground in a Virchow glass mortar in order to 
break up the bacterial aggregations without destroying the bacte- 
rial cells. The suspensions were centrifuged at  2500 X g for 15 ini- 
nutes (Original Wifug, Type XI, 4 x 100) and the supernatant 
was divided in two parts. One part was put in a Visking tube and 
concentrated against dextrose. This concentrate was used for gel 
filtration. The other part of the supernatant was used to deter- 
mine the initial activity. All the experiments were carried out at 
rooin temperature. 
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Some of the experiments were performed with pooled plaque 
material from several persons and other experiments with m:i- 
terial froin only one person. 

All the experiments were performed a s  soon :is possible after 
the dental plaque material was collected froin the patient. 

Gel filtration 

Sephadex G-100, G-200 and G-200 superfine (Pharmacia, Upp- 
sala, Sweden) and agarose 2 and 4 per cent" were used to frac- 
tionate the dental plaque material. The Sephadex gels were sus- 
pended in 0.2 per cent NaCl and 2 per cent butanol and were 
allowed to swell 4 or 5 days at  rooin temperature. Incomplete 
swelling before app1ic:rtion in the columns gave a very slow flow 
rate. Agarose 2 and 4 per cent were received in suspensions and 
since further swelling was unnecessary it was used directly. 

The gels were carefully added to the columns and the niediuni 
was continuously flushed with 0.1 M TRIS-HC1 buffer, pH 8.1 or 
9.1, in 0.5 M NaCI containing 1.0 per cent hutanol as hactericid:il 
agent. This procedure was continued for 2 or 3 days i n  order lo 
wash the gels. 

A thin layer of Sephadex (3-25 was added on top of the gel to 
prevent :my disturbance when the samples were added. The col- 
umn was completely equilibrated as judged by the elution volume 
over a certain time interwl. 

The dental plaque imiterial was adjusted to a volume of 2.0 1111 

with the corresponding buffer and was applied with :I special 
syringe to the top of the gel. The elution was performed at rooni 
temperature in the buffer inentioned above and fractions of a 
desired volume were collected in a fraction collector equiped with 
a device for maintaining constant volunie.;k;k The elution of the 
proteins was followed continuously by measuring the L J V  :ibsorp- 
tion :it 254 nip with n L K H  Uvicord Monitor and a recording 
meter. The protein contents of the fractions were estiiiiated also 

- 
:j: Agarosc 2 and 1 per cent were obtained from Doccnt 13. Gelot tc  and 111.. hI 

.Joustra, A B  Pharmacia, I'ppsala. Sweden, to w h o m  tlic authors w i s h  i o  
express their gratitudc. 

::.;i Constructed I)y Hng. L.-G. Fnlksveden. Chemistry tlep:i~.tinent, N n t l .  13act. 
I A b , .  Stocltllollll, S\rctlell. 
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from absorption measurements at 220, 260 and 280 mp in a Beck- 
man DU spectrophotometer with 1 cm quartz cuvettes. Effluent 
volumes in the figures are given in ml. 

The protein and nucleic acid content in the fractions were de- 
termined using nomograms as discribed by Warburg & Christian 
(1942). 

The sizes and other data of the Sephadex and agarose columns 
are given in the figure legends. 

Assay of the proteolytic activity 

The proteolytic activity of the various fractions were tested 
on two natural substrates, gelatin (U.S.P. gran., Fischer, Sc. Co., 
N.J., U.S.A.) and hemoglobin (Difco lab., Michigan, U.S.A.) and 
one synthetic substrate, a-N-benzoyl-L-arginine ethyl ester-HC1 
(BAEE) (Sigma Chemical Co., St. Louis, Missouri, U.S.A.) 
(Brown, 1960; Forde et al., 1962). 

Gelatin splitting activity was measured by changes in the vis- 
cosity of gelatin according to the method of Hultin (1946, 1948), 
Lundblad (1962) and Lundblad d? Hultin (1966) employed in a 
previous paper (Soder, in press). 

One ml of the dental plaque extract was mixed with 3.0 ml of 
a 4 per cent gelatin solution in 0.1 M TRIS-HC1 buffer, pH 7.5 
or 8.5, containing merthiolate as bactericidal agent. The outflow 
times of the mixtures in Ostwald viscosimeters were measured 
and the proteolytic activity was calculated according to Hultin’s 
formula. The value so obtained was multiplied by 109 and called 
Hultin units (H.U.) (Lundblad, 1962). 

Hemoglobin splitting activity was measured by the method of 
Anson (1938), using urea denatured bovine hemoglobin. The re- 
action mixture consisted of 1.0 ml of the dental plaque extract, 
2.0 ml 0.2 M TRIS-HCI buffer, pH 7.5 or 8.5, and 1.0 ml of a 
4 per cent hemoglobin solution. The mixture was incubated at 
37O C for various periods of time. 

The enzymatic reaction was stopped with 5.0 ml 0.3 M tri- 
chloroacetic acid (TCA) and the mixture filtered. The amount 
of amino acid residues released was determined spectrophoto- 
metrically at 280 m,u and expressed as equivalent amounts of 
tyrosine. 

Experiments were run also with BAEE as substrate and its hy- 
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drolysis was 1iie:isured by titration of the liberated hydrogen 
ions with NaOH with the aid of a n  automatic titrator K:idionie- 
ter TTT ( Copenhagen, I>eniiiarl<) which innint:iinetl the pH con- 
stant iSrzilith & Prrrkar, 1958). 

The reaction mixture consisted of 1.0 1111 0.02 31 BAEE arid 5.0 
in1 3 . 10--:3 M boric acid~-bor:ix buffer and 4.0 in1 0.01 M CnC1, 
(pH 8.0) :.ind 1.0 1111 of the dental plaque estract  or 1 .O iiil distill- 
ed water a s  control. The aiiiount o f  BAEE reiuaiiiing a t  the end of  
the experimental period was determined : is  described earlier (Si i -  
d ~ r ,  Part  IV, in press) by :iddition of 0.5 1111 0.01 per cent trypsin 
( 3  tiiiies cryst.) solution :ind titrated as  described above. The lit- 
ration value W:IS coiiipared to n standard titration of HAEE with 
0.01 per cent trypsin under defined condilions. Froin the differ- 
ence between the initial amount of BAEE and the aiiiount re- 
iii  :I i n i n g i t wi s po s sib1 e to c:i lc ul a t e the e nzy in a t i c activity . 

EX PER I \1 I<S rS AS11 IIES UL'I S 

When pooled saiiiples were run on different gel columns con- 
taining either Sephades G-100, G-100 superfine, G-200 or G-200 
superfine (Fig. 1),  coiiipirahle curves were obtained when the op- 
tical density w:is determined :it 260 iiip and 280 m u .  The curves in 
figure 1 are  representati\ e of more than 100 separations o f  dental 
plaque iiiaterial on different Sephndex gels. A s  can be seen there 
were always two uiain protein peaks. At 220 111ct another peak m :I\ 

obsened between the two iiiain ones (Fig. 1 1) and c )  which n : i s  
not apparent in the other wavelengths used. Sephadex G-200 
superfine (Fig. 1 c )  g:r\e the best separation of the three peaks. 

When saiiiples obtained from oiily one patient \\:is analyzed 
with G-100 the saiiie protein pealis were found (Fig. a), but the 
iiiiddle pe:ili visible at  220 i i iu \\:IS close to the high inoleculnr pro- 
tein peak and could not he separated from it. The figure is  rep- 
resentatiw of more than 20 experiiiieiits of this kind. From the  
figure it is  apparent also that  the protein concentration in  the 
first peak was greater than i n  the second and  i n  both :I coinp:ira- 
tively siii:ill ainouiit o f  nucleic acids were present. 

The dislributioii of proteolytic activity within the w r i o u s  frac- 
tions of pooled dental plaque extracts after separation on Sephn- 
dex G-100 or G-200 is \how11 i n  Fig. 3 .  Only two enzyine peak\ 
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Fig. 1. Gel filtration chromatogram of pooled dental plaque supernatant 
after centrifugation at  2500 X g. The absorption curves represent extinction 
(E) readings a t :  m-¤ = 220 mp, A -A = 260 mp, 0-0 = 280 mp. 
a )  3.0 ml dental plaque extract (4.2 mg protein) was applied onto a 1.5X 
170 cm Sephadex G-100 column and eluted with 0.1 M TRIS-HC1 buffer 
(pH 8.1) 0.5 M NaCl and 1 per cent butanol. Flow rate 7.0 ml/hour at room 

temperature. 

b) 2.0 ml dental plaque extract (3.2 mg protein) was applied onto a 1.5x 
165 cm Sephadex G-200 column and eluted with the same buffer as a )  a t  

pH 8.2. Flow rate 6.0 ml/hour a t  room temperature. 

c) 2.0 ml dental plaque extract (3.4 mg protein) was applied onto a 1.SX 
165 cm Sephadex 6-200 superfine column aud eluted with the same buffer 

as a )  a t  pH 9.0. Flow rate 0.8 ml/hour a t  room temperature. 

were found (called Protease I and 11) when either gelatin or he- 
iiioglobin was used as substrate. Similar results were obtained 
when extracts from single persons were analyzed (Fig. 4) .  

Experiments  wi th  4 per  cent  agarose 

A series of experiments with 4 per cent agarose were carried 
out on pooled dental plaque material or material froin one pa- 
tient (Fig. 5 a, b, c, d ) .  The two main protein peaks were still 
apparent. The gelatinolytic activity was determined ininiediately 
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Fig. 2. Dental plaque extract  concentrate obtained f rom one person was  
filtered throu%h a 0 . 6 0 ~  160 cni Sephadex G-100 column. 2.0 ml  extract 
(5.1 111% protcin) was  applied and eluted wi th  0.1 31 THIS-HCI, pH 
8.1. Flow 1':1 te 3.75 nililiour a t  room temperature.  Fractioris collected i n  
2.5 nil volumes. Extinction coefficients read a t :  .---a = El?,,. A -A 
= E2,;", 0-- -0 = E?8(,, - - - - - - mg protein/rnl, - . - ~ .  = mg 

nucleic acid/ml. 
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Fig. :j. The distribution of proteolgtic activity i n  gel f i l tration fractions o f  
concentrated pooled dental  plaque extract. 

a )  2.0 ml o f  the extract (3.1 mg protein) was applied to a 0.60X170 cm 
column of Scphadex G-100 and eluted wi th  0.1 J I  'TlIIS-HCI buffer (pH 8.1), 
0.5 a1 NaCI and 1 per cent hutanol.  Flow ra te  4.0 ml /hour  a t  room tempera- 
ture.  .--. = E P ~ , ~ ,  o / / / o  = gelatinolgtic activity expressed in H.U./ml. 

1)) 2.0 ml dental  plaque extract (3.8 mg protein) applied to  a 0.60~18680 em 
Sephades G-200 column and eluted wi th  the  same buffer, pH 8.1. Flow ra te  
3.5 ml/houi-. .--. = EM, o / / / o  = gelatinolytic activity in H.U. /mI .  
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Fig. 4. Dental plaque extract obtained from one patient (4.1 mg protein) 
was filtered through a 0.64X160 cm Sephndex G-100 superfine column and 
eluted with 0.1 M TRIS-HC1 buffer (pH S . l ) ,  0.5 M NaCl and 1 per cent 

butanol. Flow rate 3.5 rnl/hour at room ternperaturc. 
0-0 = E~Ro,  o / / / o  = H.V./ml.  

after fractionation and after one day storage at 5 O  C;  no signifi- 
cant loss of activity was observed (Fig. 5 a ) .  

When hemoglobin was used as substrate (Fig. 5 b)  a greater en- 
zyme activity and sensitivity was obtained at pH 7.5 than a t  8.5. 

In some experiments an additional enzyme fraction (Protease 
111) was clearly visible following the second protein peak when 
either hemoglobin or gelatin was used as substrate (Fig. 5 c and 
d ) .  This peak appeared when either material obtained froin one 
or several patients were used. 

Parallel experiments with 2 and 4 per cent agarose and Sephadex 
6-100 and 6-200 

Parallel separations through columns containing either 2 or 4 
per cent agarose or Sephadex G-200 gave the same protein peaks 
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Fig. 5. Gel f i l tration c1iromatogr;im of  dental  plaque low speed centrifug;ition 
supernatant passed through a 0.60 x 160 cm 4 per cent ;igarose column and  
eluted wi th  0.1 JI TRIS-IIC1 1,uffe.r pH 9.0, 0.5 JI NaCI and 1 per wi l t  hutanol 

a t  room temperature. 

:I) 1.1 ml poi)led placpc, cxtr:irt (10.5 mg protein) \vas fr:lctionated at ii flow 
rate of 1.0 rnl/hour. T h e  gelatinolytic activity w a s  determined immediately 
and af te r  stc)rage a t  5 C for a one day interval and espressed in H.CT./ml. 

A / / / A  = first  day, o / / i o  = second day, 0-0 = EIIHO. 

1)) 2.0 nil p(io1etl plaque extract (8.1 mg protein) was  fractionnted a t  :I flow 
ra te  of  0.9 ml/liour. 'The I ie i~~oglobi~io ly t ic  activity espi-cssed a s  tyrosine 
equii.alcnts xvas determined at pH 7.5. = 0 \\\ 0 :ind pH 8.5 = A N A for 

c )  1.25 nil pooled p1:ique extract (8.2 mg protein) fr:rctionated at :I f l o w  rate 
of 0.8 nil/liour. The gelntinolytic and the henioglobinolytic activity wcrc deter- 
mined and cxpresscd :IS H.V./ml ( o / / / o )  and pg lml  tyrosine ( ), re- 

spectively, after 20 hours incubation a t  37 C. .--. = Is2Ho. 

d )  1.5 nil plaque estract  from one person (7.6 rng protein) was  fractionatctl 
a t  a flow rate ot' 0.9 ml/hour.  The gelatinolytic activity and hemoglobinolytic 
activity \\.ere measured a s  H.r . /mI  ( o / / / o )  and rsglrnl tyrosine ( A  \\A), 

respec t i~e ly .  0-0 = Elso. 

20 hou1.s a t  37 C. .--0 = E.:H". 
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Fig. 6. Parallel gel filtration chromatograms of pooled dental plaque extracts 
passed through a 0.60X170 cm column of 2 or 4 per cent agarose o r  Sephadex 
G-200. 0-0 = E280, o///o = gelatinolytic activity expressed as H.U./ml. 
The eluent was 0.1 M TRIS-HCL buffer (pH S . l ) ,  0.5 M NaCl and 1 pec cent 
butanol. Fractions were collected in 2.5 ml volumes. In contrast to previous 
experiments the gelatinolytic activity was determined by mixing 2.0 ml of 
each fraction with 2.0 ml of a 6 per cent gelatin stock solution in 0.5 

M TRIS-HC1 buffer (pH 8.1). 
a) 1.5 ml plaque extract (2 7 mg protein) was fractionated on 2 per cent 

agarose. Flow rate 2.3 ml/hour. 
b) 1.5 ml plaque extract was fractionated on 4 per cent agarose with a flow 

rate of 1.85 ml/hour. 

c) 1.5 ml plaque extract was fractionated on Sephadex G-200 with a flow 
rate of 1.85 ml/hour. 

as before (Fig. 6). The proteins in the first peak from 2 per cent 
agarose separation had a molecular weight over 106 (Ge lo t f e ,  
1966) and the first enzyme activity observed still coincided with 
this peak. The total enzymatic activity (Protease 1 and 11), how- 
ever, was higher when the dental plaque extract was separated 
through Sephadex G-200 than through agarose (compare figure 
6 a and c). 

Aliquots from the same pooled plaque material were separated 
through 2 and 4 per cent agarose and Sephadex G-100. Here, the 
third enzyme peak (Protease 111) was visible when 2 per cent 
agarose was used (fraction 55-60 ml in figure 7 a)  and more 




























