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ABSTRACT - Periodontal disease is characterized by tissue destruction resulting 
from an inflammatory process which is initiated and supported by microbial metabo-
lites. Here, we propose to verify, using biochemical and microbiological techniques, 
the capacity of the bacteria present in patients’ injured periodontal sites to produce 
proteolytic enzymes. Gingival crevice fluid samples were collected from periodon-
tal sites using absorbent paper cones and plated in BDA (potato, glucose and agar) 
solid medium. Emerging colonies were then replated in the same medium, and the 
established colonies inoculated in dish plates containing agar, potato broth, glucose 
(0.025%) and gelatin (0.5%) or bovine serum albumin (0.5%).  After growing for 36-48 
h, the plates were stained with Comassie blue, and the halo-forming colonies were 
then stored and tested for growth and production of protease in the protein-containing 
liquid medium. It was found that the bacteria sample labeled 2.1O+ was capable of 
growing in the liquid medium and of producing substantial protease activity in the 
presence of either gelatin or albumin.  The obtained results allow one to conclude 
that the reported methodology is appropriate and may be used to establish a protocol 
for identification of infected periodontal sites, production of proteases by the bacteria 
present in the sites, and treatment of periodontal diseases.
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E p i d e m i o l o g i c a l  s t u d i e s  h a v e 
demonstrated that periodontal disease 
affects a great part of the world population, 
being a leading cause of tooth loss in 
humans (1).  Periodontal disease is 
mainly characterized by tissue destruction 
initiated and supported by microorganism 
metabolites (2).  As a pathogen, a bacterium 
must colonize proper host tissue sites and 
then cause tissue destruction.  Previous 
studies indicate,  for example, that 
endotoxins, H2S (3), NH3, are produced 
by bacteria present in periodontal sites.  In 
addition, the enzyme produced by these 
bacteria may be responsible for tissue 
constituent hydrolysis.  The combined 
action of these metabolites is capable of 
initiating sequences of inflammatory and 

immunological processes in the host that 
lead, directly or indirectly, to degradative 
action of the periodontum (4).

Amongst the enzymes that may participate 
in the inflammatory process, proteases are 
able to catalyze hydrolysis of collagen, elastin, 
fibronectin, fibrin and other components of 
epithelium and the conjunctive intercellular 
matrix.  Since collagen is the most important 
structural component of the periodontum (5), 
knowledge about the interaction of bacteria and 
this protein is important for understanding 
the mechanisms of tissue destruction during 
episodes of periodontal disease.

Here we propose to verify, using 
b iochemica l  and  microb io log ica l 
techniques, the capacity of bacteria present 
in the patients’ injured periodontal sites to 
produce proteases. 
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Gingival crevice fluid collection. 
Gingival crevice fluid samples were 
collected from 3 periodontal sites of each 
of three patients with periodontal disease, 

using sterile absorbent paper cones, in 
sites with periodontal depths smaller than 
or equal to 3 mm (site 1), higher than or 
equal to 7 mm (site 2), and higher than or 
equal to 4 mm, but smaller than or equal 
to 6 mm (site 3) ( Figure1).

Isolation and maintenance of 
microorganisms present in the gingival 
crevice fluid samples. The collected 
gingival crevice fluid samples, described as 
item 1, were plated in BDA solid medium 
(Figure 2) (100 ml of potato (10g) broth 

boiled for 20 min, 1 g of glucose and 2 g of 
agar, and autoclaved for 20 min at 121°C. 
The plates were then incubated for 24h at 
37°C. Grown colonies were replated in fresh 
BDA medium as above. Plates containing 
established colonies were stored at 4°C.
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Bacterium identification. A bacterium 
isolate was identified by optical microscopy 
of Giemsa-colored samples.

Identification of protease production. 
Samples of bacterium isolates were 
inoculated in specific points of BDA solid 
medium containing glucose (0.025%) 
and 0.5% gelatin or 0.5% bovine serum 
albumin ( BSA), and the plates incubated 

for a 36-48h period at 37oC.  After growth, 
the plates were colored by incubation for 
2 h in a protein coloring solution (2,5 g of 
Comassie Brilliant Blue G250 dissolved 
in 500 ml of ethanol), and destained 
with a mixture of ethanol (500ml) 
acetic acid (100 ml) and water (400ml).  
The protease-producing bacteria were 
identified by the clear hydrolysis halo 
formed around the colony (Figure 3).

Production of proteases in liquid 
medium.  Bacteria were transferred to 
reducing or non-reducing (see below) 
sterile liquid medium containing 0.5% 
albumin (BSA) or 0.5% gelatin (GEL).  
The protein solutions were first sterilized 
by filtration using Millipore filters (0,45µ). 
The reducing medium was incubated 
under nitrogen atmosphere, at 37°C.  
The aerobic cultures were incubated 
under aerobic conditions at 37oC, for 
zero, 5 and 24 h time periods.  Growth 
was monitored by measuring the optical 
density of the culture medium at 660 nm. 
The cultures were then centrifuged (6.000 
rpm) for 20 min at 4° C, in a refrigerated 
bench centrifuge with a fixed angle rotor. 
The resulting cell-free supernatants were 
used for proteolytic activity tests by the 
Kunitz method (6). To determine the 
cell-associated proteolytic activity, the cell 
pellets were resuspended in 1 ml of distilled 

water, and then disrupted by deep freezing 
and thawing 3 times using an alcohol bath 
at – 40° C. The resulting homogenates 
were then centrifuged for 20 min at 6.000 
rpm, and 4° C, in a bench centrifuge 
machine. The supernatants were used as 
a source of proteases associated with the 
bacteria cells.

Assay of protease activity (Kunitz 
Method). Samples of 250 µl supernatant 
culture were incubated with 500 ul of 0.5% 
Hammarstein casein, dissolved in 0.1 M 
HEPES buffer, pH 8.0.  The reaction was 
allowed to proceed for 40 min at 37° C, and 
stopped by the addition of 750 µl of 10% 
trichloracetic acid.  After 10 minutes in ice, 
the mixture was centrifuged for 10 min at 
6.000 rpm, and 4° C, in a refrigerated bench 
centrifuge (Hettich Zentrifugen EBA 12 
R). The absorbance of the supernatant was 
determined at 280 nm in a Perkin Elmer 
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UV/ VIS Lambda Bio spectrophotometer. 
A protease unity was defined as the amount 
of protein necessary to increase by one 
unit the absorbance at 280 nm, of the 
reaction mixture supernatant, during 40 
min at 37° C.

The enzymatic activity associated with 
the cell was determined as described above 
for the non-associated activity.
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a) Reducing medium (in grams/liter): 
KH2PO4, 1.5; Na2HPO4, 2.5; NH4Cl 
, 0.5 ; (NH4)SO4, 0.5; NaHCO3, 1.5 ; 
MgCl2 , 0.09; Yeast Extract, 3.0 ; vitamin 
solution 0.5 ml; mineral solution, 5 ml.

The reducing medium was prepared 
by dissolving chemicals in one liter 
of boiling water, and adding 10 ml of 
reducing solution.  The medium was then 
transferred (25 ml) to 100 ml bottles.  After 
flushing with N2 gas, the bottles were 
sealed up with rubber cork and aluminum 
seals, and autoclaved for 20 min at 121° 
C. The reducing solution was prepared 
dissolving 2.5g of Na2 S. 9H2O and 2.5 g 
of cysteine- HCl.H2O in 200 ml of boiling 
0.2 N NaOIH flushed with N2 gas. After 
sealing with aluminum seals, the bottles 
were autoclaved for 20 minutes at 121°C.

The mineral solution contained 
(grams/liter): nitrilotriacetic acid, 1.5; 
MgSO4.7H2O, 3.0; MNSO4.H2O, 
0.5; NaCl., 1.0; FSO4.7H2O, 0.1; CO 
( NO3)2.6.H2O,), 0.1; CaCl anidrous, 
0.1; ZnSO4.7H2O, 0.1; CaSO4.5H2O, 
0.01;  AlK2 (SO4)3 anidrous, 0.01; 
H3BO3, 0.01; Na2MoO4.2H2O, 0.01; 
Na2SeO3 anidrous, 0.001; NiCl2.6H2O, 
0.05; The nitrilotriacetic acid was first 
dissolved in 500 ml of water, and the pH 
adjusted with 3NKOH to 6.5.

The vitamin solution contained (in 
grams/liter): biotin, 0.040; p-aminobenzoic 
acid, 0.05; folic acid, 0.040; pantotenic acid, 
0.1; nicotinic acid, 0.1; cianocobalamine, 
0.02; thiamine-HCl, 0.1; piridoxin-HCl, 
0.2; thiotic acid, 0.1; riboflavin, 0.01.  The 
solution was kept at 4oC.

b) Non-reducing medium: This 
medium was prepared as described for the 

reducing medium except that it contained 
no reducing solution, and the bottles were 
not flushed with N2.
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Bacteria growth in solid medium: The 
gingival crevice fluid samples from patients 
with periodontitis were plated in BDA 
solid medium and the plates incubated 
at 37oC until bacterial colonies appeared. 
The numbers of colonies formed varied, 
depending on the patients, on the sites 
where samples were collected and on the 
conditions of plate incubation (Table 1). 
Only one colony resulted from incubation 
of the fluid samples of patient number 1, 
under anaerobic conditions. For patient 
number 2, 03 colonies were formed under 
aerobic conditions, from samples collected 
in sites 1 and 3. Under anaerobic conditions, 
several different size colonies were grown 
from the fluid samples collected from 
patient 2.  For patient number 3, 08 well 
defined bacterial colonies were obtained 
under aerobic conditions, from the fluid 
samples collected at the 3 periodontal sites. 
Under anaerobic conditions 5 well-defined 
bacterial colonies were obtained.

The resulting bacterial colonies 
under aerobic and anaerobic conditions 
were assigned according to their origins 
(patient and periodontal site, and growth 
conditions), as shown below:

Patient 1, site 1 and growth in the absence 
of oxygen: 1.1 O-;
Patient 2, sites 1, 2 and 3, and growth in the 
presence of oxygen:2.1 O+; 2.2O+; 2.3 O+;
Patient 2, sites 1, 2 and 3, and growth in the 
absence of oxygen: 2.1 O-; 2.2 O-; 2.3 O-;
Patient 3, sites 1, 2 and 3, and growth in the 
presence of oxygen: 3.1 O+;3.2O+;3.3 O+;
Patient 3, sites 1, 2 and 3, and growth in the 
absence of oxygen: 3.1 O-; 3.2 O-; 3.3 O-.

Among the formed colonies, one from 
each site of each patient was chosen for 
further growth and analysis of its capacity 
to produce proteases in solid medium 
containing a very low amount of glucose 
(0.025%), and 0.5% of gelatin or 0.5% 
bovine serum albumin. The emerging 
colonies were then plated twice again in 
the solid BDA medium.
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a) Gelatin: Only the bacterium labeled 
as colony 2.1 O+ was able to strongly 
hydrolyze  ge la t in  as  observed  by 
formation of a clear halo of protein 

hydrolysis in the solid medium stained 
with Comassie blue (Figure3).

Among the other colonies, only 2.2O+ 
and 2.3 O+ formed discrete halos of 
gelatin hydrolysis (Table 2).
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b)  Albumin:  As  for  hydrolys i s  of 
gelatin, only the bacterial colony 2.1 
O+ was able to hydrolyze bovine 

serum a lbumin.   Colony  3 .2  O+ 
formed a very discrete halo of protein 
hydrolysis (Table 3).

Production of protease by the 2.1 
O+ colony in reducing or non-reducing 
liquid medium containing gelatin or 
albumin (BSA) and yeast extract in the 
concentration of 3g/liter

The 2.1 O+ colony could grow 
strongly in the liquid medium containing 
gelat in or albumin, under aerobic 
or anaerobic conditions at 37°C, as 
indicated by the optic density values 
of the culture supernatant at 660nm 

(Tab.4).  While comparable growth ratios 
were determined for the bacteria growing 
in medium containing either gelatin 
or albumin under aerobic conditions, 
relatively lower growth values were 
determined for the bacterium growing 
under anaerobic conditions (Table 4).

On the other hand, no hydrolytic 
activity against casein as substrate was 
found in the culture supernatant of the 
bacterium colony 2.1 O+ either under 
aerobic or anaerobic conditions.
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Production of protease by the 2.1 O+ 
colony in non-reducing liquid medium 
containing 0.5% gelatin or 0.5% albumin 
(BSA) and 0.3% or 0.03% of yeast extract

The 2.1 O+ bacterium isolate 
presented substantial growth in aerobic 
culture medium containing albumin or 
gelatin and regular (0.3%) amounts of 

yeast extracts, at 37° C, as can be indicated 
by the increasing optic densities (660nm) 
of the culture supernatants (Table 5). 
Nevertheless, unlike the cultures growing 
in the presence of regular amounts 
(3g/l) of yeast extract, significant levels 
of protease activity were present in the 
culture containing very low amounts of 
yeast extract.

In addition, analysis of the proteolytic 
activity present in the cell homogenates 
(0.988 U/ml and 0.092 U/ml) of the 
cells growing in the presence of albumin 
and gelatin, respectively, indicated that 
the bulk of the proteolytic activity was 
associated with the cell membrane.

The bacterium showing the highest level of 
proteolytic activity (2.1 O+) was identified 
by optical microscopy of Giemsa-stained 
bacteria, as being Gram + cocci arranged 
4 by 4, possibly Micrococcus.
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Biochemical and microbiological 
analysis revealed the presence of bacteria 
in periodontal sites of patients showing 
periodontal disease, as indicated by 
the capacity to form well-established 
colonies in artificial solid medium 
containing proteins. Nakamura and 
Slots (8), in 1983, demonstrated that 
saliva from patients with periodontal 
diseases (illness) showed high levels 
of specific enzymes when compared 
to the saliva of healthy patients. In 
the present work, i t  was observed 

that the bacteria isolated from specific 
periodontal sites were able to grow 
strongly in liquid medium containing 
proteins as carbon and nitrogen sources. 
Although the isolat ion of  bacteria 
was possible using absorbing paper 
probes, only some samples were able 
to establish in the solid medium under 
both aerobic and anaerobic conditions. 
It is probable that some periodontal sites 
were inactive regarding the presence of 
microorganisms. However, the possibility 
that the technique of sample collection 
should be improved is not discarded. 
Nevertheless, Campos Junior (1999) has 
successfully employed this method (9).

A c c o r d i n g  t o  S t e r n e  ( 1 9 9 0 ) , 
increased pocket depths are directly 
related to high bacteria density (10). 
It is also suggested that deep pockets 
are more frequently responsive to 
enzyme activity tests than shallow 
pockets. However, the results obtained 
in the present study do not allow one 
to confirm this possibil i ty,  mainly 
because a very few periodontal sites 
were analyzed.

According to the methodology used, 
formation of clear halos of protein 
hydrolysis around the colonies may 
be successfully used for identification 
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o f  bac ter i a  capab le  o f  produc ing 
proteolytic enzymes. However, in the 
present study,  halo formation was 
observed only in a small percentage 
of the samples tested.  These results 
point out the possibility that additional 
factors such as insufficient levels of 
protease produced by the bacteria, 
occurrence of cell-associated proteases 
which would not be secreted to the 
culture medium, or the incapacity of 
the bacteria to produce proteases may be 
impairing the process of halo formation 
in solid medium.

On the other hand, the absence of 
protease activity in the supernatant of 
the liquid medium containing 0.3% 
yeast extract is not surprising.  As carbon 
and nitrogen are already available, the 
bacteria would not compromise their 
energy producing machinery to produce 
enzyme which would solubilize more 
carbon and nitrogen sources.  The 
bacterium with the highest protein 
hydrolysis halo-producing capacity 
was 2.1 O +. However, no proteolytic 
activity had been found in the culture 
supernatant of the l iquid medium 
containing gelatin or albumin (Table 4). 
It is possible, however, that the amount 
of yeast extract present (0.3%) was 
already sufficient to supply carbon and 
nitrogen to fulfill the cell necessities. 
In this case, the mechanisms of protein 
synthesis would not be turned on. This 
possibility is supported by the presence 
of substantial  levels of proteolytic 
activity in the culture supernatant of the 
medium containing reduced amounts 
(0.03 g/liter) of yeast extract (Table 5).
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The obtained results allow one to 
conclude that the reported methodology 
is appropriate and may be used to establish 
a protocol for identification of infected 
periodontal sites, production of proteases 
by the bacteria present in the sites, and 
treatment of periodontal diseases.
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of microorganisms.
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Roberto, FRANCO, Eric Jacomino. 
Bactérias Periodontais e Produção de 
Proteases. Oral Sci., Jan/Apr. 2010, vol.2, 
no.1, p. 23-31.

A doença periodontal caracteriza-
se pela destruição tecidual, decorrente 
de processo inflamatório,  iniciada 
e mantida por fatores oriundos de 
microorganismos.  A presente pesquisa 
propõe verificar, por meio de técnicas 
microbio lóg icas  e  b ioquímicas ,  a 
capacidade de produção de proteases por 
bactérias isoladas de sítios de pacientes 
com doença periodontal. Amostras de 
fluido crevicular gengival foram coletadas 
de sítios periodontais com auxílio de 
cones de papel absorvente, e plaqueadas 
em meio sólido BDA contendo gelatina 
(0,5%) ou albumina (0,5%) ou em meio 
líquido contendo os mesmos substratos 
e baixa concentração de extrato de 
levedura. Varias colônias foram capazes 
de crescer no meio sólido, tanto em 
condições aeróbicas quanto anaeróbicas. 
Dentre essas algumas foram testadas 
quanto a capacidade de produção de 
proteases em meio sólido, indicada pela 
formação de halos claros de hidrólise 
de substrato. Dentre as que formaram 
halo de hidrólise, aquela que produziu 
o maior  halo foi  testada quanto a 
capacidade de produção de proteases 
em meio líquido, conforme indicado 
pela multiplicação celular (aumento 
da DO660nm) e pela  hidról ise  de 
caseína (aumento da absorbância a 
280nm). Verificou-se que as bactérias 
de uma das colônias (2.1 O+) foi 
capaz de se multiplicar e produzir 
proteases no meio líquido contendo 
tanto gelatina quanto albumina. Os 
resultados obtidos permitem concluir 
que a metodologia apresentada poderá 
ser usada para a elaboração de um 
protocolo de diagnóstico de infecção de 
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sítios periodontais, verificação da produção 
de proteases pelas bactérias presentes nos 
processos inerentes a doenças periodontais, 
e ainda para a idealização de um protocolo 

mais eficaz para seu controle.

Palavras-chave – Periodontite, bactéria, 
proteases.
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