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INTHODL-CTION 

Several stiiilies nsing the gnoiobiotic techniqiie have shown that tlerital 
caries is tlevclopetl in rats inoculated with streptococci or lactohacilli 
(Orlclntl c,t ad., 1955; Fitzgri-nld, Jordan rll- Stanlcy, 1960; Gibbons ct al.,  
1966; Ro.scu r t  al., 1968). Earlier atterripts to  produce dental caries witli 
lactobncilli have been generally unsiiccessful in contrast to the repeated 

with a single strain of streptococcus (Orland, 1959, E’itzgerald, 
Jordon J;. Staidey, 1960), or coinbinetl with a proteolytic bacillus (Orland, 
1959). Recently, hoM-ever, Ko.scn, Lcnnry arid O’Malley (1968) were able 
to  prodwe dental caries in three strains of gnotobiotic rats irioculatetl 
with .I,cictobacillus casei (ATCC 4646). Thus lactohacilli arid streplococci 
have hren sliowii to  he cariogeriic micro-organisms in euperirriental animal 
caries. 

Other micro-organisills ljesirles 1actol)acilli and streptococci have been 
consitlertatl from time to time as the causative agents of dental caries (see:  
Burnctt J;. ,Sch,c:rp, 1968). The  causal association of micro-organisms witli 
dental caries is difficult to show 1)ecuuse a wide variety of micro-organisms 
have on occasion been isolated from carious lesions. Their presence docs not 
necessarily indicate their importance in the development of dental caries. . 

Recci\ed for puhliration, March I ,  1971. 
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The aim of this paper is to provicle information about the ability of various 
micro-organisms to invade and soften nornial human dentine and to produce 
different types of hydrolytic enzyme activity in the degrading tissue. Con- 
sequently, the wnrlting hypothesis of this paper, in contrast to the I'apers 
mentioned above, considers all micro-organisms of a carious lesion as  ocario- 
genic,. Dental caries can be consitleretl as a mixed dental infection with 
iiiimerous causative steps. The hypothesis that all micro-organisms may he 
partly cariogenic, i.c,. that they may contrihiite to some step in the progress 
of caries, does not exclude the fact that certain micro-organisms are more 
potently cariogenic. The hydrolytic enzyme activity in carious dentine re- 
ported in previous papers (Larmas, Miikinen, & Scheinin, 1968; Larmas, 
1968; Larmas & Mtikinen, 1971) conld he considered as an indicator of the 
rlevelopment of dental caries. 

MATElCIALS AND METllODS 

Dentine samnples. Pieces of normal dentine were prepared from caries-free 
teeth, extracted mainly for orthodontic reasons. The teeth were stored for 
three weeks at +4' C before use. Dentine pieces of 2 x 3 x 3 Inni were Ire- 
pared by a diamouncl burr with a water spray. Two or three pieces of as equal 
size as possible were prepared from the same tooth. The samples were sterili- 
zed hy autoclaviaing (for 10 min at 121°C) in the first 30 ml growth rnetlia, 
initiating the series of experiments, as rlescrihed later in more detail. 

Growth media. The solid P-agar was composed as described earlier (ilfiiki- 
n m ,  1969) arid Bacto-Micro Inoculum Broth was made by rehydrating 37 g 
of the commercial medium in 1000 ml distilled water. The medium was 
autoclavized for 15 min at 121°C. The TSIIGA, GSHT, Liver Meat Extract 
Broths, the solid blood agar, McLeotl agar, and Rogosa agar media were 
prepared as descrihed earlier (Miikinen, 1969; Larmas, 1971). 

Cultivation of micro-organisms. For this investigation 13 different micro- 
organism species or strains M'ere chosen (Table I). The lactobacilli, which were 
niaintairied as stab cultures in P-agar, were transferred from this inetliitin t o  
7 ml of t.he Uacto-Micro Inoculum Illroth and cultivated for 24 hours wit liout 
aeration. Micro-organisms of the 7 nil tuhes were finally transferred aseptic- 
ally h y  a slope into 30 ml of pre-warmed TSHGA, GSHT, or Liver Meat 
Extract Broth. Other test organisms were maintained as slope cultures on 
P-agar and transferred from these into 30 nil tubes of TSHGA, GSHT, or 
Liver-Meat Extract Broth. 

Before sterilization of the 30 nil growth media, a Iiiece of normal dentine 
was immersed in 13 different hottles ant1  autoclaviaed for 10 min at 121°C. 
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Table I. 
Summary of the procedures used lo obtain soft dentine pieces for cryostat sectconing. llislo- 
chemical enzyme determinatcons were performed with samples obtained after the procedures 

desLgnated as la,  Ila and IIIa 
~~ _ _  ~~ ~ ~ _ _  

Designation of the Total length of the Procedures 
group in which the experimental period (performed subsequently with one 
cryostat sections from the heginning of and the same sample) 
could lw made the first inoculation 

(days)* 
~~ . -  ~~ . ~~~ ~~ 

Ia 

1 h 

Ha 

1Ib 

lIIa 

40 Daily transfers to fresh media until 
cryostat sections could bc madc 
(no decalcification was performed) 

4 1 4 7  Decalcification was performed : 
incubation in m d i a  the pH of which 
was adjusted to 4.0 with lactic acid 
Daily transfers into fre\h media until 
cryostat sections could be made 

performed as above 
Daily transfers to fresh media 

48-54 

55-61 Second decalcification was 

62 ---68 
~ 

*) The range of the total length of the experimental period shown indicates that in group la 
all samples were incubated for 40 days, and that in other groups the samples were found to 

be sufficiently softened within the ohservation pcriod of sewn days forming each group. 

Each medium was then inoculated by one micro-organism species or st rain. 
The micro-organisms were cultivated for 20-28 hours at 37°C. The infected 
pieces of dentine were then transferred into a new sterile medium of the same 
type. The final turbidity reading of all media was measured with a Klett- 
Summerson colorirneter (filter no. 62). The final pH of the media was mea- 
sured at 25" C with glass and calomel electrodes, The above procedure wits 
repeated daily after 20-28 hours growth until the pieces of dentine were 
soft enough for sectioning in the cryostat. In  other cases the rriicro-organisrris 
were cultivated for at least 40 days. 

Sufficient softening of some dentine pieces incubated in the presence of 
certain micro-organisms was not detcctable in 40 days. Such pieces of dentine 
were demineralized with lactic acid in the following way: The dentine pieces 
were transferred to  the same fresh medium as previously and the pH of the 
medium was adjusted to pH 4.0 with DL-lactic acid (The Hritisli Drug Houses 
Ltcl, Poole, England), as described earlier (Larmas, 1971). Transfers to these 
acidic media were repeated daily for one week. Thereafter the transfers were 
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again made into the original rtietliiiin (without added lactic acid) and ino- 
culated with the original rnicro-organism. Tliese daily transfers w’ere then 
made wit il cryostat sections could he prel)ared, h i t  not longer than for one 
Week. 

T h e  pieces of dentine wliicli ever1 after the above procedures were too 
Iiard for sectioning were transferred to the ahove mentioned nierliiitn of 
1)H 4.0 for another week (with daily transfers to  a fresh medium). Aft.er this 
the original niediurti was inoculatecl wit li the micro-organism involved. 
After tlicse procedures cryostat sections coiild he made from all pieces of 
dentine. Tlic experimental system is siirniiiarizeil in Table I. 

As a control, I’icces of normal dentine were iIicubated after sterilization in 
the 30 nil of sterile media, transferring the rleritine picccs daily to fresh 
ineclia exactly as in the a c t i d  experiments, hiit omitting tlic inoculation. 
N o  softening of these dentine samples was olwrvecl i r i  68 days. Pieces of 
normal dentilie were also incabated in the acidic media (with a lactic acid 
adtlition as t1escril)ecl titiow) with daily transfers to a fresh solution as above, 

Dnring tlie entire espcriincnts su1,cultivutioiis were niacle on solitl nieclia 
to  check tlie 1)iirity of the organisms. The Inirity was also coiifirrried l y  
Gram staining. In case of subinfection, tlie euperiment involvctl was stopped 
arid repeated from the very beginning. 

A few micro-orpariisms were studied in inore detail in order to elucidate 
their growill 1)attern arid the cllangc of pIi  of their ciiliiire nietlii. For tliesr 
vu1)critnctits Carditla albicczris was cliosen 10 re1)reserit. oral yea 
coccu.s .suliz?r~riiis to represent oral cocci, antl Es/i<&ch,iiz coli 113 am1 
Lactobaci 1 1ii.s c m ( i  . 1. rharrzriosi~~ (RTCC 7469) to represent typical grarn- 
negative and pram-positiw rotls. In these cases tlie inoculations were made 
into 300 nil grow-th media with a piece of normal dentine. Samples of 10 rill 
Twrc talxw at suitahle time intervals. The tnrhitlity antl pH of the samples 
were nieasiirccl as earlier nientionetl. 

Histoclii~rnical c jan ior i s t ta t io r i  (?f rwzymr’ activity. The softened pieces of 
clctilinc Mere aitachetl with tlistilletl water to  ii s1)ecirnen holder plane of a 
microtome, antl sections of 10 / L  were cut oiit in a cryostat (Model CTI, 
International Eqiiipinent Company, Nccclliani Heights, Mass., USA), as 

ril)etl earlier (Lannas, 1971). Tlie liistocliemical demonstration of ami- 
no1)eptitlase ~ z a s  carried out accortling to _17uchlu.s c’t a1. (1957), with N-L- 
lcucyl-2-rio~~lithylamine as siil)striite (Mi11111 Keseiircli Lahratories lnc., 
Ncw York, N .I7., USA). Acid antl allialine phosphatase activity were clctcr- 
iiiiiictl accortliiig to Liimtorir (1960) using iiaphtliol AS-MX antl AS-GI< phos- 
pliate (Sigma Chemical Company, St. Louis, Mo., USA) antl naplithol AS- 

tions coiiltl he matle. 
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TR-phosphate (Nutritional Biochemical Corporation, Cleveland, Ohio, USA). 
The method used in determination of arylsulphatase activity was that of 
Rutenburg et al. (1952), but the suhstrate used  was 6-hromo-2-naphthyl 
sulphate. The methods used have been described in more detail in other 
publications (Larmas, ill&4inen & Scheinin,, 1968; Larmas, 1968; 1971). 
The effect of the azo dyes alone on the tissue sections was studied in a similar 
reaction mixture as above, but omitting the substrates. 

The serniquantitative estimation of enzyme activity on tissue sections 
was based on the evaluation of the activity density of the sections, riot on 
that of the intensity of the activity, because, in the microscopic exarniriation, 
only coarse differences of intensity could be ohserved (Table 111). 

Unless otherwise stated, all chemicals used in this study were purchased 
from E. Mercli AG, Darinstadt, Germany. 

RESIJI.TS 

Table I1 lists the rriicro-orgaiiisrris and certain details concerniiig their 
cultivation and growth. In Fig. 1 the final pH values of the TSHGA metliuin, 
determined a t  the 1)oint of stopping of the growth, are shown. Table I1 
indicates that most streptococci, when grown in TSHGA medium, softened 
the dentine samples in 40 (lays. This also applies to L. casrG ant1 C'undida 
albicans. Fig. 2 bliows typical examples of the daily growth curves of 
four micro-organisrns cultivated in TSIIGA medium, and further that the 
pH of the media fell close to 5.0 with L:. coli (113) and Candida alhicans, 
arid 1)elow 4.0 with L. casci (ATCC 7469) and Str.  salivarius. In TSHGA 
rnetliuni the pH was maintained ahovc 6.0 for at least 6 hours growth. In  
other media the correspontling time was cven longer. With Candida albicans 
an increase in pH of the TSHGA growth niedium could first be olwerve(1 
after 20 hours growth. A11 these organisnls reached their stationary phase 
of growth between daily transfers. 

The histochemical experiments are illiistrated in Plate I, where Fig. 3 
shows aminopeptidase activity in a longitudild section of dentine, produced 
by T,. cnsei (ATCC 7569) in TSHGA rnetlinrn. Fig. 5 (Plate I) shows the same 
enzyme activity proJucetl by Candida albiraris in GSIIT medium. It1 Fig. 7 
moderate aininopeptidase activity is seen to be p roducd  by Str. pyogcnr's 
(ATCC 6636) in Liver-Meat Extract Broth. Fig. 4 demonstrates that rich 
arylsulphatase activity is seen in the section, produced hy the oral Candida 
albicnrzs when grown in TSHGA mediuni. Fig. 6 shows moderate arylsidpha- 
tase activity produced by J,. casci (A'I'CC 10306) in Liver-Meat Extract 
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Table 11. 

List ojthe micro-organisms used in  the study and some details on their cultioation. The rnnge 
o j t h e  p H  und turbidity vnlues shouin represent extreme vulues obwrved 

~- ~~ -.. ~ -~ _. ~ 

Test orgdnisms Crow 111 l~'inCil pH Turbidity 
Media or thc rratling 

groiith reached 
mtdld 

~~ ~ -- 

Candida nlbicans TSHCA 4.4-6.1 2 3 0 4 5 0  
GSHT 4.65-5.3 1 6 0 4 1 0  
Liver-meat 4.6--6.3 180-480 

- ~ ._ ~ 

E. cols TSHGA 4 . 6 d . 9  140-240 
113 GSH'I' 5.1-5.35 1.35- 210 

Livc~-nicat 53-6.1 185-250 

B. cols 154 TSHGA 4.6-4.85 120-225 
GSHT 4.6 5.2 130-205 
Liver-meat 4.8--.5.1 140-210 

Corynebacteriurn ~ J O U L A  TSHGA 4.55 5.3 110 19.5 
NCTC 3224 GSHT 4.9-5.6 105-180 

Liver-mrat 4.75- 6.3 120 100 

Lactobncdlus caFeL up. TSHGA 3.6 -4.1 140 220 
rhamnomr ATCC 7469 GSHT 4.3-5.0 90-170 

Li,er-meat 4.3 4.75 145 -210 

L. (aFeL NCTC 10,302 TSHGA 3.7-4.3 1 2 5 1 Z O  
GSH'I 4.1 4.8 110 195 
Livw-meat 4.3-5.0 130-205 

L. fermenti ATCC 9338 TSHCA 3 . 9 4 . 8  110 - 190 
GSHT 4x3 5.35 90-185 
Liver-meat 4.3-6.4 80-190 

L. lnctis ATCC 8000 TSHGA 3.9-4.2 105-170 
GSHT 4.5- 4.7 110- 140 
Liver-mcat 4.J-4.9 95-160 

Streptototcuy TSHGA 4..i-- 4.6 140 -210 
sp ATCC 9854 GSHI' 4.5- 4.75 125- 200 

Liver-meat 4.3 5.0 140-210 

Streptor oc( u~ pyogenes 'ISHGA 4 . 0 4 . 4  130 205 
ATCC GSHT 4 . 4 d . 6  130- 190 

Livrr-meat 4.3-4 8 I40 180 

Streptococcus p vogenes TSHGA 3.8-4.3 160 220 
(haemolyticus) 
ATCC 0342 CSHT 4.0-4.4 135 190 

Livei -meat 4.2- 4.7 140-21 0 

- ~- - ~~ ~ 

~ _- - -  - _ _  -~ ~. 

~- ~ ~ -~ 

-~ . ~- 

- . ~- - -  ~ ~ 

~- -~ ~ 

- -~ ~. ~ 

~- - ~- _ _ _ _ _ ~ _ _  

~~ -~ 

~~ 

, 1. 1 ime required 
for softening 
of dentine 
(cf. Table 1) 

Ia 
la 
Ia 

l a  
la 
l a  

IIa 
IIa 

lIIa 

~ 

I la  
la 

Ila 

la 
la  
Ia 

Ia 
Ia 
la 

-~ 

~ 

Ia 

Ia 
ItIa 
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Table I1 
-~ __ ~ ~- ~. 

Streptococcus sp Vcridans TSHGA 3.6A.1 170--225 Ia 
type NTS 3165 GSHT 3 . 9 4 . 4  160-220 Ia 

Liver-meat 4 .04 .9  165-215 Ia 

Streptococcus solwonus TSHGA 3 .64 .2  110-180 la 
GSHT 3.9- 4.7 100-170 Ia 
Liver-meat 4 . 2 4 . 7  110-163 IIa 

- __ ~ .. -~ 

- -- - 
-~ - -~ 

-~ 

Sterile media: 

Lactic acid TSHGA 4.0 - Ia 
GSHT 4.0 - Ia 

- Ia Liver-meat 4.0 

Controls TSHGA 6.7 - - 
GSHT 6.7 
Liver-meat 7.2 - - 

_ _  - ~ _ _  .. ~- - -  -~ - 

___. - - ~ -- ~ ~- 

- - 

~~~~~ ~ ~ _ _ _ ~ _  - _  ~ ~ -~~ 

Broth, and Fig. 8 shows no enzyme activity, the dentine piece having been 
incubated in Liver-Meat Extrart Rrotli inoculated with Corynebacterium 
bovis (NCTC 3224). 

Table 111 summarizes the results. Of all micro-organisms studied, the oral 
Candida albicans produced most abundant aminopeptidase and aryl- 
sulphatase activity, even more than L. casri (ATCC 7469 and NCTC 1032) 
cultivated in carbohydrate-rich media. In general streptococci produced poor 
aminopeptidase activity in the dentine samples, as was the case with L. fer- 
menti (ATCC 9338) and L. lactis (ATCC 8000). On the other hand, aryl- 
sulphatase activity was produced more abundantly by these micro-organisms, 
particularly by L. Zactis (ATCC 8000) and Str. pyogenm (ATCC 6636 and 
ATCC 9342). Corynebacteriurn bouis (NCTC 3224) produced no histochenii- 
cally demonstrable arninoprptidase activity in the samples, but moderate 
arylsulphatase activity could be observed in dentine sections incubated with 
this organism. E. coli (113 and 154) formed moderate aminopeptidase and 
arylsulphatase activity. None of the organisms produced histochemically 
demonstrable acid or alkaline phosphatase. 

No enzyme activity could be observed in any of the control sections of 
dentine incubated in the media. The media themselves were not able to 
soften the dentine samples (except for those containing added lactic acid) 
and no trace of enzyme activity could be observed in these sections. 
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Fig. 1. Changes of the pII values of the TSHGA mcdiurn after the 24 hours incubation. Only 
the final pH values are seen in the figure, not the values of the sterile medium of which the 
pH value fell daily. The decalcification period, when the pH was 4.0, is seen between the 
dotted lines. (m Corynebacterium bovis; A E. col'i (113); L. fermenti; Sreptocnccus 

viridans). 

DISCUSSION 

The esL)eriinerital system usetl in this investigation, i x .  the study of the 
in vitro softening of dentine and of the occurrence of hisiocheriiically de- 
monstrable enzyme act ivil y, most likely suffers from sonic limitations when 
compared to conditions applied in vivo. For example, the method used to 
measure the softening of dentine was coarse antl suhject to  certain errors. 
Individual differences in the degree of mineralization of the dentine samples 
c:oultl not be assayed ant1 the autoclavization of the samples may have occn- 
sioned changes in their chemical struct.rire. Furthermore, it was difficult to 
prepare dentine pieces of exactly identical size antl with iderit.ical surfaces. 
Some of these limitations have also been tliscussed earlier (Lnrrnas, 1971) 
However, the results of this paper can be considcrcd indicative. 



Tahlc 111 
The ability of some micro-organisms io produce histochemically demonstrahle enzyme 

activity in denline 

Micro-organism Culture Amino- Acid Alkaline Aryl- 
__ - 

Media pcptidase phospha- phospha- siilphatnse 

+ + + -t 1- 

GSHT +++++ - t-. +-+ 
Liver-meat +++ ++ - --++++ 

GSHT i- 4- 
Liver-meat - + ~ - - t -  + __ - - 

GSHT - _ _  _. 

Liver-meat - - -. LA+ 

i+ i- 
T +  

I r ++-r 
. I - + + + +  

+++ 
++ 
+-+ 
+- 
T++ 

++++ 
+ -i- + 
f -  

tase tase 
~ .. - - 

Candidn al6icans TSHGA + + + + - I -  - . _. 

- 

~~________~._. ~ - ++ Escherichia coli 113 TSHGA + + - - 

- -. +. i. + 

~- ~ 

t + 
- -t- + 

Corynebacterium both TSHGA - __ .- 

~ . ~~ ~~~-_____-___ _ _ _ . _ _ ~  
- Lactobacillus casei ssp. TSHGA -t+-I -1- t- - 

rhamnosus ATCC 7469 GSHT ++++ - 

Liver-meal + + - - 

L. casei NCTC 10302 TSHGA i- + + + - - 
GSHT -i- t++- t -  - 
Liver-meat + - - 

L. J’ermenti ATCC 9338 TSHGA + - - 
GSHT _ _  - - 

Liver-meat - - - 

L. lactis ATCC 8000 TSHGA + - - 

GSHT + 
Liver-meat + f - 

Streptococcus TSHGA + - - 

- 

.. - ___ ~- 
+ -  

- 

- - ____ ~- 

- __ ~- 

- - 

.-. + -1. 
. 

.~ - - - sp ATCC 9854 GSHT 
T Liver-meat - - - 

- . ~ . . .- __ ~ ~~ . ++ 
+ t-I-+ 
+++ 
++ 

- - + _ f _  +. 
+++ 
++ 
++ 
-++ 
+t 

+- 
+ 

Streptococcus pyogenes TSHGA 4- - .~. 

ATCC 6636 GSHT + 
Liver-meat -t - . .  

Streptococcus pyogenes TSHGA + + - - 
(haemolyticus) GSHT ++ 
ATCC 9342 Liver-meat + + - - 

Streptococcus sp Viridans TSHGA + ._ - 

type NCTC 3165 GSHT 

- - 

._~__ 

~ 

.- - -. 

- - 
_~ - . . . . 

Liver-meat -+ 

GSHT -t- 
Liver-meat + 

- - Streptococcus salivtrrins TSHGA -t + 
- - 

- - 
-. .. - __ 

Explanations: + + + + +, very abundant enzyme activity with each substrate in all  five 
sections, obtained from different layers of dentine: + + + +, as previous, but the activity 
was approximately 25 yo lower: +++, abundant enzyme activity in some (two or three) 
sections, moderate in others: + +, moderate enzyme activity in some (two or three) sections: 
+, poor activity in snme sections (two or three) only: -, no cnzynie activity in any of the 
sections. Abundant activity density indicates that enzyme activity was seen all over the srction 
and poor activity density indicates activity in certain restricted areas only. Moderate enzyme 
activity indicates a situation intermediate between the two first mentioned. None of the 
controls revealed any enzyme activity. 
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Evidently the hydrolytic enzymes studied, excluding phosphatases, are 
of microbial origin, because no enzyme activity could be observed in samples 
iiicubatett in the absence of micro-organisms. Enzymes possibly Ijresent in 
the samples can be considered to have been destroyed in the autoclavization. 

That oral Candida produced most aminopeptidase and arylsulphatase 
activity in dentine could be expected on  the basis of preliminary experiments 
(Larmas, 1971). This study also confirms the observation of Mukinen (1969) 
that oral streptococci are not very effective formers of enzymes displaying 
iniinopeptidase and arylaminopeptidase activity and that cells of L. casci 
were effective formers of enzymes showing arylaminopeptitlase activity. 
No alkaline or acid phosphatase activity could be denionstrated in the softened 
dentine, although carious dentine displays considerable acid phosphatase 
activity, demonstrated histochemically (Larmas, 1968) or biochemically 
(Miikinm, Larmas & Scheinin, 1969; Mukinen, 1970). This may be due 
to the fact that histochemically the localization of phosphatase activity seemed 
t o  be normally in the odontoblast layer. 

Miihinen (1969) has earlier fourid biochemically that the highest arylarni- 
nopeptidase activity in the cells of L. casei was not found in any restricted 
growth phase but rather during the whole life cycle, excluding, however, 
the lag phase of growth. The present results showed that after the active 
growth phase of many micro-organisms, eveu histochemically demonstrable 
enzyme activity could he  demonstrated in dentine although there were not 
any cells to be seen in the sections. The  time required for the softening of 
dentine may partly depend on the hydrolysis of the organic stroma by en- 
zymes, Irecause in this system acid-producing streptococci did not soften 
the dentine faster than candida, for example, which produced less acid but 
more hydrolytic enzymes (Figs. 1 and 2, Tables 11 and 111). It  was of interest 
that. I,. fcrincn,ti, decreasing the pH of the growth rriedium almost identically 
to  streptococci, did not soften the deritiiie as rapidly (Fig. 1). Evidently there 
are sonic unlinown factors, besides the acid production and the formation 
of hydrolytic enzymes, which partly contribute to the destruction of dentine. 
1 he conditions discussed here concern the organic stronia of dentine only, 
riot that of enamel. 

Evidently the working hypothesis that all or most micro-organisms of 
carious dentine may contribute to some step in the progress of dentine caries, 

r 7  

Fig. 2. 'I'hc growth patterns (left-hand scale) and the pH of the TSHGA medium during the 
growth of the cells: Lactobacillus casei and Candidu (A), Streptococcus sulivarius and E. coli 
( R ) .  The figure, repreqents a two days period of the whole experiment and similar changes in 
pH and growth could be observed during the entire experiment. (Growth: solid line; pH: 

hatched line). 
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PLATE I 
Fig. 3. Abundant (+ + + +) arylaminopeptidase activity density in a longitudinal section 
of dentine, h y d r o l y d  by incubation with Lactobacillus casei (ATCC 7469) in the TSHGA 
medium. The activity is seen as dark grey stripes in the dentinal tubules of the section. 

Substrate: N-L-leucyl-2-naphthylamine, incubation time: 30 min. ( x 30). 



MICROBIAL ENZYME ACTIVITY IN DENTINE 483 

is not totally wrong. This study suggests that the occurrence of arylamino- 
peptidases and  arylsulphatases in dentine produced by micro-organisms is an 
indication of the destruction rate of dentine. 
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SUMMARY 

The ability of 13 different micro-organisms to produce histochemically 
demonstrable aniinopeptidase, arylsulphatase, acitl and alkaline phosphatase 
activity in huinan clentine was studied. 2 x 3 x 3 inm pieces of normal dentine 
were incubated for 28-68 (lays at 37°C in various culture media which were 
infected by one micro-organism species or strain at a time. The dentine 
samples were transferred daily to fresh media. Before inoculation the dentine 
samples were autoclavized in the mediiim initiating the experimental period. 
In 40 days some of the micro-organisms were able to soften the dentine 
samples enough for cryostat sectioning. The dentine pieces which were not 
softened were decalcified with lactic acitl (pH 4.0) for a week. Even after 
this period a few samples required another week for decalcification before 
cryostat sections cotiltl be prepared. In general streptococci, Candidu ulbicans 

Fig. 4. Very abundant (+ + + + +) arylsulphatase activity in a longitudinal section of den- 
tine, produced by oral candida when grown in the TSHGA medium. The activity occurs as 
dark stripes along thc dentinal tubules in the probe section. Substrate: 6-bromo-2-naphthyl- 

sulphate, incubation time: 30 min. ( x 30). 
Fig. 5. Abundant (+ + + +) arplaminopcptidase activity ( f  + + +) in a transversal section 
of dentine, produced by Condida grown in the GSHT medium. The enzyme activity is  seen 
as dark stripes in the lumen of dentinal tubules. Substratr : N-I,-leucyl-2-naphthyIamine, 

incubation time: 30 min. ( x 40). 

Fig. 6. Moderate (+ +) arylsulphatase activity in a transversal section of dentine, hydrolyzed 
by Lactobacillus casei (ATCC 1036) in the liver-meat extract broth. The enzyme activity 
occurs as dark spots (not the light grey spots) in some of the dentinal tubules. Substrate: 

6-bromo-2-naphthylsulphate, incuhation time: 30 rnin. ( x 40). 

Fig. 7. Moderate (+ +) arylaminopeptidase activity in a longitudinal section of dentine, 
produced by Streptococcus pyogenes (ATCC 6636) grown in the liver-meat extract broth. 
Note the activity density concentrated (dark stripcs) in  the outer parts of the dentine. Substrate: 

Fig. 8. No arylsulphatase activity is seen in thc transversal section of dentine, incnbated with 
Corynebacterium bouis (NCTC 3224). The slide was selected as an example of scctions without 
enzyme activity. Substrate: 6-hromo-2-naphthysuIphate, incubation time: 30 min. ( X 30). 

N-L-leucyl-2-naphthylaminc, incubation time: 30 min. ( X 30). 
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and I,uctobacilZus casci (ATCC 7469 and NCTC 10302) were al,k t o  soften 
the dentine niost ral’iclly. L. ,ftvmenti (A‘I’CC 9338) (lid not soften the dentine 
as rapidly, as was the case with Coryncdmctrriurn bovis (NCTC 3224) arid 
E. coli, when cultivated in certain inetlia. Tliese samples retpiirecl an acid 
decalcification periotl of one or two weeks. Canrlida albicans ant1 L. casci 
foriiied most a1)iintlant aniiriopeptidase am1 arylsulphatase activity in the 

tions. Streptococci prodixed only slight histochemically tlemonstrable 
aminolqiticlase activity hut moderate arylsulphat activity. E. coli ~)rotlric:ed 
moderate atriirioljef)titlase and arylsulphatase activity. No pliosphatase acti- 
vity coiil(l he cleriioristrat.ecl in any of the sections. The formation of tliesc 
erizyrries in the progress of clentine caries is I~rieflp discussed. 

His U ?,l E 

APTITUDE DE D I F F i K E N T S  MICItO-OIICANISMES A I’HOVOQUEK DANS LA DENTINE 

IIUMAINE U N E  A C T I V I T ~  ENZYMATIQUE D ~ C E L A B L E  PAK P R O C B D ~ S  
IIISTOCHIMIQLIES 

Cette &tuck a port6 snr 1’ay)titutle (le 13 micro-organisnies diffkrent,s h provo- 
qiier t h i s  la rleiitirie humaine l ine activitt? arnirioI)eyjtidase, arylsulfatase, 
phosphatase acicle et alcaline suscel)til)le tl’&tre inise en 6vidcnce psr procC(16s 
histochimiqnes. Des fragiricrits tle dentine iiorniale tle 2 x 3 x 3 rrim ont btb 
iricuhCs pentlaiit 28-68 joiirs A 37°C rlaiis tliffPreiits rnilieux tle culture in- 
fect& par une seiile espi-ce ou souche de micro-organismes h la fois. Les kclian- 
tilloiis tle dentine Ptaient transfPrCs tons les jonrs dans tles rnilieux frais. 
Avant l’inocnlation, les 6chantillons cle clentine Ctaierit stCrilisCs ii l’autoclave 
clans le milien clPlnitant la Idriode expCrimcntale. En l’espace tle 40 jours, 
certaiiis tles iriicro-organisrries Ptaient en Ctat de ramollir les Cchantillons tle 
tlentine siiffisarrirrrerit pour permettre tl’cv!cirter les cou l )e i  aii cryostut. Les 
fragments tfe (fentine qiii ii’avaierit Ctt: ratriollis ont Ctk tl&calvifii.s h I’acicle 
lactique (pH 4,O) pendant nne sernairie. A1)ri.s cette phiode, il restait, qiielqiics 
Cchantillons rlernandaiit encore l ine  semairie de dPcalcificatioii avant cjue les 
coupes au cryostat puissent &tre executkes. Dam l’ensemble, les streptocoques, 
Caridida nlbicans et Lactobacillus casei (ATCC 7459 et NCTC 10302) Ctaient 
en Ctat de ramollir la dentine le plus rapiderneiit. L. j&mcnti  (ATCC 9338) 
ne ramollissait pas la dentine aiissi rapidement cpe daiis le cas de Corym- 
bacterium b0ui.s (NCTC 3224) et (1’ E. coli, lorsque la culture avait lieu tlaris 
certains niilieux particuliers. Ces Cchantilloris eaigeaient line pkriotle de tlCcal- 
cification tl’urie oil denx semaines clans l’acitle. (l’arzdida e1bicnn.s et L. casci 
produiraient clans les coupes l’activit6 anii~ioi)epti~lase et arylsulfatase la plns 
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abondante. Les streptocoques nc 1nwluisaient cp’une faible activitC arnino- 
peptidase dCcelahle par procCtlAs liistoc~iiiniques, mais ils provocpient line 
activitk arylsulfatase motl6rCe. E. coli provoquait tine activitC arniiiopeptitlase 
et arylsulfatase niodCr6e. L’activiti. phosphatase n’a pii h e  c1dcelF.e (lam 
auciiiic des coupes. La forinatioii tle ces enzymes pendent 1’6voliition tle la 
carie t ie la dentine fait l’oljjet d’nne hrbve discussion. 

ZUSAMMENFASSUNG 

D I E  FAII IGKEIT \ ERSCHIEDENEK MIKl<OOKGANISMEN H I S T O C H E M I S C H  ZU DE- 

MONSTRIERENDE ENZYMAKTIVIT.xT I M  MENSCH1,ICIIEN DENTIN ZU PRODUZIEREN 

Es wurtle clie Fiihigkeit 13 verscliietlcner Miliroorganisn1eil untersiicht, 
histochemisch xi1 clernonstrierentle AmiiioI,eI)titlase, Arylsiill~hatasc, saure 
untl allialische Phosl’liatasealitivitat iin rnenschlichen Dcntin xi1 I)rodiizirren. 
In verschietlenen, rriit niir einein Miliro1)erlstarnm oder einer Miliro1)engat- 
tinig infektierten Niihrbiirleri wiirtlen Stiickcheri w i n  norinalen Dentin 
(2 x 3 x 3 mm) von 28 bis 68 ‘rage inkubiert. Tiiglich wurclen (lie Stiickclien 
in eirien frischen Niilirhoden eiiigcserilit. \’or tler Inokulation wurtleri tlie 
Dentiiistiickchen in den l~enntzten NHhrhntlerl aiitoklavisiert. Schon 40 Tage 
reicliten a m ,  clamit einige tler Mi1irol)cn fiihig waren die Deritinstiiclichen so 
weicli ZII marhen, (lass tlieselben init Kryostat geschnitteii wertlen lionnten. 
Die Stiickchen, die riicht wcicli geiiiig waren, wurtleri mit h‘lilchsiiure (pH 
4.0) eine Woclie lang tlekalzifixiert. Auch nacli tlieseni Verfahren war fiir 
einige Dentinstiicliclien eine ziisiitzlichc einwijchige Dekalzifiliation niitig, 
clie mail (lie Kryostathchnitte maclirn konnte. Die raschcste Weichung ties 
Dentins wur(le rnit Streptokokken, Candida albicans untl .I,actobn,cillus 
casci (ATCC 7469 initl NCTC 10302) erreiclit . L. f rrment i  (ATCC 9338) 
Cor3.it(,bactrriurrL hovis iintl I?. coli xeigten nicht ebenso 
wenn tlie Kultur in ge 
artigen Bakterien gexiichteten Deritinstiiclichen war einc Delialxifikatioris- 
zeit von einer otler zwei Wochen erfortlerlich. Candida nlbicaris uiitl Lacto- 
bucillits c a w i  veriirsachten die stiirkste Rminopcptidase- untl Arylsiilphatase- 
Alitivitiit in cleri Schriitten. Die Streptokokken en fiihig, niir eine tinhe- 
dcutende histocliemiscli erkennbarc Aminopept c-Aktivitiit aher tlagegeri 
eiiir ziemlich starke .Arylsiilj)liatasc:-Rktivitiit zii protluzieren. Von E. coli 
wnrtle eiiie zienilich starlie Arriiriol)e~,tidase- und Arylsu1~)hatase-Aktiviiiit 
hervorgerufeii. Phosphatase-AlitivitIit konnte in keinem der Schnitten tle- 
nionstriert werden. Die Einwirlmng jcner Enzyme atif den1 Ersclieineii tler 
Dentinliaries wiirtle kurz besprorheii. 

en Xiihrbiiden tliirchgefiihrt wur 
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