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IR' TRODIrCTION 

It is a cci~niiiionly accepted idea that the priniary etiological fac- 
tor of periodontal disease is an irritation caused by microorgnn- 
isms in the gingival crel ice. The microorganisins inay produce 
their effect upon the periodontal ineinbrane through their en- 
zymes. Such oral enzyme activities have been studied intensively 
(Deiocrr, 1958; L u c m  & Thoncird, 1954; Omatci h' H n m p p .  1961; 
Scherp h' Schnltz-Haudt,  1955 and 1964; Schul t z -Hai id t  e t  al., 
1954 and V953), and in particular Bacteroides inelaninogeiiicus 
is thought to play :in important role in the ethiology of the pe- 
riodontal diseases (IIZacdonaltl & Gibbons, 1962; Sawyer et  d., 
1962). 

If enzymes actually are involved in the development of the 
above-meniioned disease, it would be sensible to believe that sev- 
eral enzymes exist which are responsible for the breakdown of 
the collagenous material. It is perhaps easier to understand a 
situation in which siiinll changes in pH and in temperature 
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around the tissue iiiolecules - as already suggested for example 
by Schulfz-Haudf (1964) - denature the collagen molecules, and 
when the proteolytic enzymes present in the oral cavity are then 
able to disintegrate them. There are certainly other factors also 
leading to a partial denaturation of collagen, of which various 
small mechanically-produced injuries - caused by a dentist for 
example - are no less important. So far nobody has convincing- 
ly shown that oral enzymes actually hydrolyze peptide or other 
chemical bonds present in the periodontal membrane. This paper 
describes some preliminary results obtained when studying the 
effect of oral enzymes on connective tissues. 

mm1cu.s AND METHODS 

1. Reagents 

The reagents used in this study were the same as in the pre- 
vious papers of this series except for a few additions. The plaque 
was collected and its enzymes extracted in the same way as ear- 
lier (Makinen, 1966 b) .  The collagen used as substrate was ob- 
tained as follows. 

The material was collected froin extracted teeth. The teeth 
were stored at - 20° C before their preparation. They were first 
washed for three hours with 0.5 M EDTA solution, the pH of 
which was adjusted to 7 with KOH, in order to help the later 
detaching of the periodontal membrane. The nienibrane was re- 
moved carefully from the central part of the root and avoiding 
mixing with the periodontal membrane of the material froin the 
apical and coronary area. The detached bulk was homogenized 
for 60 seconds in 4 ml cold 0.5 M acetic acid using the Ultra- 
Turrax top drive homogenizer at a speed of 20000 r.p.m. (Janke 
el Kunkel KG, Stauffen i. Br., Germany). The resulting mixture 
was then agitated for 15 hours at 4 O  C. It was then centrifuged 
(15 minutes, 23500 X g at 4 O  C) and the soluble collagen, at this 
stage still together with some other contaminating proteins, was 
precipitated with NaCl (15 96 precipitation). The mixture was 
allowed to stand in the cold overnight. The precipitate was then 
dissolved in cold 0.5 M acetic acid and a 10 % NaCl precipita- 
tion was performed. The same precipitation was carried out two 
more times, centrifuging and dissolving the sediment every time 
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:IS tlescrit)eci above, and allowing the mixtures to st:ind overnight. 
The resulting precipitate w a s  divided into three portions ant1 

wished three times with 0.0.5 111 ~,/~-dinietl iylglutnric acid buf- 
fer, pH G 8 . 0 ,  7 . 0  :rnd 8.0, and finally suspended the fourth tiine in 
the saiiie buffers at  :I concentration of about 1 iiig/inl. This sus- 
pension (of soluble collagen was used :IS :in enzyiiie substrate in 
soiiie experiinents. The purity of  this collagen was tested by es- 
tiiiiating the nitrogen and hydroxyproline content of  the  p r e p -  
ration arid by electrophoresis. The ratio between the nitrogen and 
hydroxyproline contents w a s  1.55 as an average of four determi- 
nations. In the electrophero~r~i i i i  typical fractions foriiied by :I 

iiiild denaturation of soluble collagen were to be seen. 
The iiiaterial obt:iined after dissolving the soluble coll:~ge~i 

froiii the previous step in 0.-5 M acetic acid w a s  used :IS ;in en- 
zyme substrate when studying the hydrolysis of insoluble col- 
lagen. l'he hydroxyproline test showed that  this iiiaterial was :il- 
iiiost pure collagen. In addition, there were evidently some car- 
hohvdr~iie-I)roteiii coiiiplexes ( to  maintain the structure of col- 
lagen) .  I f  there is elastin in the periodontal iiieiiibr:Ine, i t  is  to 
ue found in this mass, which is insoluble in 0.5 RI acetic acid. 

2. Estimation of hydrolysis of collagen 
The hydrolysis of the sub\trate was estiiiinted by :in niiihydrin 

procedui e and based on the ineasureiiient of the amino groups 
liberated in  the hydrolysis of peptide bonds as suggested by 
Yemiri cS7 Cocking ( 1 9 3 3 ) .  In  detail, the whole procedure w 1 5  a s  
fOllO\\ 4 : 

The erizyiiie reactions were carried out in a micro iiiixture con- 
taining ihe folloning substances: ( a )  100 u1 0.M M /i,/i-dinie- 
ihglglutairic acid buffer, (b)  20 iiig (wet weight) unsoluble col- 
lagen (or 25 ul soluble collagen suspension), ( c )  23 ul plaque 
extract, ( d )  2.5 ul water or affector solution, *5 u l  of toluene w:i\ 
added in the very first euperilnents, but  because the results were 
the saiiit' in the presence or in  the absence of it, i t  w a s  not used 
later. The iiiixtures were then incubated, usually for 24 hours  at  
3 7 "  C under continuou4 agitation. The mixtures T.\ ere then cen- 
trifused and from each tube two saiiiples of 25 u1 were taken for  
the detei iiiiiiatioii of the hydrolysis of collagen. The liberation of 
groups measurable with ninhydrin was finally deteriiiined colori- 
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metrically in the tubes stained with ninhydrin at 570 mu with a 
Beckman B spectrophotometer. 

The following control tubes were prepared every time and 
handled in the same way as the ordinary samples: 

(a )  Mixtures containing only substrate and buffer (water in- 
stead of enzyme). 

(b) Mixtures containing only enzyme and buffer (water in- 
stead of substrate). 

(c) Mixtures containing only enzyme, buffer and affector (wa- 
ter instead of substrate). 

(d)  Mixtures containing only substrate, affector and buffer 
(water instead of enzyme). 

With these mixtures it was possible to control all "background" 
reactions. Thus, any increase in absorbance in the ninhydrin re- 
action was considered as being most likely due to the liberation 
of amino acids or peptides during the hydrolysis, after taking 
into account the color reactions caused by the control mixtures. 
Because it is known that the colorimetric reaction is not entirely 
specific for amino acids, since color with ninhydrin is produced 
by ammonia and many amino compounds (including peptides 
and proteins), the hydrolysis of collagen was determined also by 
thin layer chromatography. Here the solvent phase was freshly 
prepared n-butanol: acetic acid: water (200 : 50 : 50). For color 
development 300 mg ninhydrin was dissolved in 97 ml n-butanol 
after which 3 ml acetic acid was added. Free amino acids were 
used as a reference. The spots containing glycine and alanine (in 
this system glycine and alanine appeared in the same spot to- 
gether with some peptides) were detached from the plates and 
the color complex extracted in 3 in1 of metanol. The color inten- 
sity of the resulting solutions, obtained after spinning down the 
silica gel, was measured colorimetrically at 570 mp. For thin lay- 
er chromatography the samples were obtained from the same re- 
action mixtures as for the test tube determinations, and 50 or 
75 pl was applied from each tube on a 0.35 mm thick silica gel 
plate (silica gel G according to Stahl). 

3. Determination of phosphorus 

The amount of phosphorus in the reaction mixtures was deter- 
mined by an ultramicro adaptation of the method of Fiske and 
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Subbarow, using the Beckinan Model 150 Ultramicro Analytical 
System. t!O p l  of the clear supernatant from each sample mas used 
in the test. 

IIESULTS 

Table I[ shows the results obtained in a typical experiment. It 
shows th,at a marked increase occurs in the number of chemical 
g o u p s  nieasurable with ninhydrin, particularly a t  pH 7 and 8 
when the insoluble collagen was incubated with plaque enzymes. 
The presr'nce of SH-groups (in cysteine and dithiothreitol) great- 
ly accelei*ates the reaction. This indicates the necessity of SH- 
groups for  the activity of the enzymes involved. EDTA seeiiied 
to inhihit the reaction, indicating that soiiie metalloenzyiiies in:iy 

Table I 

Lzhercetiorz of y r o a p s  meitsi~rccble with ninhydrzn zn the hydrolys i s  of 117- 
soluble  colltcyen from the periodonlnl  meinbrane b y  pltcque enzyme rrtrtret. 
l h e  f i g u r e 5  nietrn cibsorbttncies obtuined i n  fhe determ~ntctzon of t h e  color  
produced bq  ninhydrin f l e s t  tribe retiction) trfler s i ib~tr tcct ing a l l  bttckgrotind 

rectctions i t t  errch p H .  

A f f e c t  or pH (i pH 7 pH 8 

H r O  0.080 0.043 0.090 

1.1 x 10 - 3  X I  E1)'I.A 0 0 0.050 

1.1 x 1 0  3 11 cysteiiic 0 0.190 0 a00 

1.1 x 10 - 3 11 dithiothreitol J 0 0.285 0.180 

~ _ _  ~~ ~~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

~ -~ -~ .~ 

-- ~~ ~~ - ~ ~ ~ 

) ) Clel . int l '~  re:igi'nt ((:all)iochcm. Lucnne, SwvitLerlnnd 

1.4 X 10 - 3 >I dirhiothreitol 
~~ 
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also be involved, if  the effect of it is not of unspecific nature. A 
demonstrable hydrolysis occurs also without any affector. Table 
I1 shows that in addition soluble collagen is hydrolyzed and that 
the affector characteristics of this reaction are similar to those 
for the previous reaction. 

Some of these results were checked by thin layer chromato- 
graphy. The plates showed most easily the various amino acid 
transformations found to take place in the reaction mixtures. It 
was, however, possible to measure colorinietrically the intensity 
of the spots on the plates containing glycine and alanine. After 
subtracting all the bacliground reactions it was found that the 
concentration of free alanine and glycine and some peptides was 
increased in the reaction mixtures during the incubation. Table 
I11 shows a typical result. The figures in tables 1-111 are not 
comparable with each other because different amounts of nin- 
hydrin and sample were used in each. 

Fig. 1 shows a progress curve using periodontal collagen as the 
substrate and plaque extract as an  enzyme preparation. The hy- 
drolysis of the substrate was measurable with ninhydrin after 
about ten hours. The curves in separate experiments did not all 
have linear parts such as that in Fig. 1 .  The same figure also 
shows the liberation of phosphate from the substrate. The prog- 
ress curves illustrating this reaction usually reached a horizontal 
level after about 40 hours, indicating that the enzyme prepara- 

Table 111 

Liberation of groups mensurable wi th  ninhydrin in ihe hydrolysis of in- 
soluble collagen from fhe  periodontal membrcrrte b y  playire enzyme extrcrct. 
The figures are obtained from tin erperimeni by lhin layer chromcitogrtrphy. 
The color intensity of the glyrine nnd nlnnine contciining spots has bden 

nierisnred. 

Affector PH 6 pII 7 pH 8 

H a 0  

1.4 X 10-3 hl EDTA 

1.1 x 1 0 - 3  M cysteine 

1.4 X 1 0 - 3  iM dithiothreitol 

0.020 0.020 0.010 

0 0 0.020 

0 0.050 0.080 

0 0.075 0.060 



INCUBATION TIME (HOURS) 

Fig. 1. Progi,ess curves showing the liberation of groups me:isui~able with 
niiihgdriii and the liberation of phosphorus from human pei-iotlont:il "tiativc." 

collagen by humnii plaque enzyme extract. 

t ion u sed TN:I s unahl e to hydrolyze phosphate ester ho r i  d s :if t er  
that  time. 

Table I\' gives the results obtained when the phosphorus con- 
tent of the reaction mixtures was determined a t  pH 6, 7 :ind 8. 
Most rapid 1iber:ition of phosphorus occurred a t  pH 7 ,  and at  
each pH the reaction was accelerated in the presence of  SH- 
groups, whereas EDTA had nearly no :ictivating effect. 

The content of hydrosyproline in the reaction mixtures W:IS 

Table IV 

Liberat ion of inorgcinir phosphrcte ic.rpressed cis niy of elenirntrrl plies- 
phorcis prr n i l )  froni the inso lub le  perioclonfnl r o l l r i g e n  itierinq i i  24 1iotrr.s 

in ccc bii l ion i u i  t l i  the p l t rq  czr ell z y m e r.rtrtir 1. 

1.4 x 10  - 3  a1 ErlT.4 0.010 0.014 0 .o 13 

1.1 x 10 5 >I cybteinc o m 3  0.020 0.019 

1.1 x 10-3  A1 dithiothreitol o.ni5 0.028 0.012 
_ _ ~  ___ ~ 
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estimated by the method suggested by Sfegeman (1958) and 
Woessner (1961). In this study it was observed that the concen- 
tration of the hydroxyproline decreased during a 24 hours incu- 
bation time, when compared with the concentration at the nio- 
nient zero. Evidently the hydroxyproline formed in the reaction 
mixtures, and that already existing before the incubation had 
started was degraded to other amino acids by the enzymes of the 
plaque preparation. However, some experiments conducted on 
thin layer plates showed clear blue spots in the same level as 
proline standard (stained with isatin). These spots were not ob- 
servable in tests performed with background mixtures. Unfortu- 
nately, the blue color was not very stable. 

DISCUSSION 

When one tries to elucidate the possible hydrolytic action of 
salivary enzymes on teeth and periodontal membrane, it is at  first 
more useful to leave out of consideration the origin of this ac- 
tivity and simply to see the simple system tissue versus saliva 
and plaque. The hydrolysis inust first be demonstrated and only 
after this is it sensible to unravel the origin of this activity. 

It is difficult to imagine the surface of the gingival crevice 
without projecting chemical groups of which some might have 
been produced by local irreversible or reversible ”microdenatu- 
rations” caused by heat, changes in pH and in the chemical coin- 
position of the environment, or by mechanical measures. Owing 
to the very rich enzyme spectrum present in the oral cavity, pos- 
sibilities always exist for enzymatic hydrolysis of the chemical 
bonds of the partly denatured inolecules in the connective tissue, 
or niolecules of the granulation tissue which would be more sus- 
ceptible to the action of enzymes. Whether these enzyme hydro- 
lyses actually are the primary, secondary, or other reactions lead- 
ing to periodontal disease or dental caries, is another problem 
which inust be studied separately. These studies describe, how- 
ever, one way which may be used when trying to elucidate the 
etiology of periodontal disease and of dental caries, i.e. that of 
using more or less native material as substrates for the oral en- 
zymes. A second one was described in the previous papers of this 
series, i.e. the use of a larger number of synthetic model sub- 
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strates in order to examine the nature of the enzyme activities 
present in saliva and plaque. Both kinds of study should be car- 
ried out simultaneously. 

A s  to the studies presented in this paper, it is important to 
mention that several practical difficulties exist when one wishes 
to demonstrate the described hydrolysis. The most iinportant 
points are as follows: 

1 .  Proper and careful handling of enzyme preparations. 
2. The use of suitable activators for the enzymes involved. 
3. The use of sufficiently sensitive analytical methods and in- 

4. The accurate control of various ”background” reactions; the 
possible spontaneous hydrolysis of the substrate, the possible 
breakdown of the used enzyme preparation in the presence and 
absence of the used activators, the transamination and further 
reactions of cysteine used a s  activator, and the retardation of the 
bacterial growth. 

5. The use of substrates and enzyme preparations obtained 
froiii persons with sufficiently altered collagen, i.e. having a re- 
duced ariiount of cross links and other stable chemical bonds. 

6. To f(11low :dl the suggestions and precautionary measures 
given by I’enim d2 Cocking (1955) about the ninhydrin method. 

The results obtained in this study show the enzyinwtic libera- 
tion of cheiiiical groups demonstrable with ninhydrin and the 
liberation of phosphate from the periodontal collagen. The thin 
layer plates show, in addition, the liberation of :\lanine and gly- 
cine and/or some peptides from the substrate. A s  to the pos- 
sible nature of the enzyiiie(s) involved, it is not a t  all certain 
that a collagenase would be the key catalyst in the breaking of 
the peptide bonds. Certain ”broadspectruni” proteolytic enzymes 
are quite as  likely. The substrates used in this study are ”~latural”  
and the enzyiriic reaction is accelerated in the presence of SH- 
groups. On the other hand, there are data indicating that cysteine 
does not inhibit collagenase acting against certain synthetic sub- 
strates :is lit does when collagen or gelatin is the substrate (Weyns 
dl- Legler,  11959). There is still more evidence for the noncollagen- 
olytic nature of the observed hydrolysis, i.e. the fact that no free 
aiiiino acids result in the hydrolysis of collagen or gelatin by col- 

s t r u inen t s. 

49 ~ 4cfu odont .  acrcnd. 1.01. 
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lagenase (Seitfer et d., 1961). In these experiments free :imino 
acids were evidently formed froin the substrate during the reac- 
tion. It is, however, self-evident that the free amino acids inight 
have originated froin peptides like proline-glycine-alanine - pro- 
duced first by a collagenase - by aniinopeptidases or iinido- 
dipeptidases present in the crude enzyme preparation. Thus it 
seeins likely that the described hydrolysis of periodontal collagen 
is caused by several hydrolytic enzymes. 

The liberation of phosphate froin the collagenous substrate is 
to be expected to some extent, if  one considers that the material 
used contained soine carbohydrates with phosphate bonded to 
theni, or that the periodontal collagen inolecules theinselves con- 
tained phosphate links between polymers. The liberation might 
be caused by esterases in the enzyme preparation. It is also not 
unexpected, that the reaction has proceeded most rapidly a t  pH 7 
because it has been shown (Mekinen, 1966 d )  that a marked hy- 
drolysis of naphthylphosphates by oral enzymes also occurred 
just near neutrality. Thus the enzymes hydrolyzing phosphate 
ester bonds of the oral connective tissues need not necessarily 
be classical acidic or alkaline phosphatases, but merely enzymes 
acting rapidly also at pH 7. 

Veis & Schlueter (1964) and Schlueter & Veis (1964) have sug- 
gested that the dentine collagen system contains a set of phos- 
phate cross-linkages and also some carbohydrate cross-linking. 
The material used in this study contained no dentin. It is there- 
fore suggested that these phosphate esters may be involved in 
diester cross-link formation also in the periodontal collagen and 
that esterase-like enzymes in the dental plaque are able to lib- 
erate at least some of this phosphate. In addition, it is worth 
noticing that in studies simultaneously conducted with these pre- 
sented here, we have so far not been able to demonstrate the en- 
zymatic liberation of phosphorus froin human enamel and den- 
tin. Therefore, the phosphorus present in the collagenous sub- 
strate used in these studies might not be affected in the same 
way as in the enamel and dentine. 

SUMMARY 
Insoluble and soluble collagen from the human periodontal 

membrane has been isolated and used as a substrate for crude 
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plaque enzyiiie extract. The hydrolysis of peptide bonds was de- 
teriiiined by a ninhydrin procedure in test tubes and 011 thin lay- 
er plates. Evidently free glycine and alaniiie together with soiiie 
peptides were found to foriii a s  a result of the hydrolysis of col- 
lagen. The plaque enzyme preparation also liberated phosphate 
froiii the substrate, indicating that the periodontal collagen inag 
contain phosphate cross-linkages. Both peptide and phosphate es- 
ter bonds were cleaved most rapidly near pH 7 ,  and the reactions 
were somewhat accelerated by SH-groups, whereas EDTA usunlly 
produced :in opposite effect. 

It  ris I i AI I? 
RTUDES SUK LES ENZYMES DE LA BOUCHE 

VI. I.’HYI)liOd,TSE D U  COLI,AGL~I?X\TE PERIO1)OK’TALI.: A\’EC 
EXTIIAC’I‘ 1)’ESZYhIE UI’: L A  PLAQUE 

Du coll:igkne soluble et insoluble provenant du desiiiodonte hu- 
iliain :I 6t6 is016 et utilisk coiiiiiie substrat pour un extrait en- 
zyiiiatique de plaque non pr6parde. L’hydrolyse des liaisons pep- 
tidiques a 12th iiiise en luinikre en utilisant la iiinhydrine, en tubes 
B essai et en couches minces. De la  glycine et de l’alanine, iiiani- 
festeiiient libres, avec quelques peptides, se sont foriiiks coiiinie 
rC.sult:it de I’hydrolyse du collaghe. L’extrait enzyiiiatique de 
plaque ;I aussi libkrb du substrat un phosphate, ce qui  seiiible 
indiyuer clue le collagPne desinodontal contiendrait des liaisons 
croisPes phosph:itdes. La dissociation des liaisons peptidiques et 
des liaisons des phosphates se faisait le plus rapideinent aux en- 
virons du pH 7, les rdactions se trouvant quelque peu accCl6rdes 
par les groupes SH, tandis que I’EDTA avait en ghnkral I’effet 
contra ire. 

ZUSAJlSII.:NFASSL”N(; 

UNTERSUCHUNGEN OBER ENZYME IN DER MUNDHOHLE 

1’1. D.iS HUDHOLUSIS I>ES PERIODONTALEN COLLAGEN \’OM 
DENTALEW PLAQUE HERVORGERILICHT 

Liisliche:; und unl6sliches Collagen wurde aus iiienschlicheiii 
periodontalen Meinbran isoliert und als Substrat fiir rohes Plaque 
Enzyni Extrakt verwandt. Die Hydrolyse der Peptidverbindungen 
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war mit einer Ninhydrin-Prozedur und auf Dunnschichtplatten 
determiniert. Es stellte sich heraus, dass sich offenbar bei der 
Collagenhydrolyse freies Glysin und Alanin zusammen mit eini- 
gen Peptiden bildeten. Auch das Plaque Enzym Praparat legte 
Phosphate des Substrates frei, was darauf deuten kann, dass im 
periodontalen Mernbran Kreuzverbindungen von Phosphat ent- 
halten sind. Sowohl Peptid- als auch Phosphatesterverbindungen 
spalteten sich am schnellsten bei einem pH-Wert, der etwa bei 
7 lag, und die Reaktionen wurden durch SH-Gruppen etwas be- 
schleunigt, wogegen EDTA durchgangig die entgegengesetzten Ef- 
fekte verursachte. 
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