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Summary

    Spirochetes were isolated from the lesions of periodontitis patients, identified them as

Troponema denticola and their properties were investigated. These strains required serum

for growth and demonstrated low sugar fermentation activity. Indole, hydrogen sulfide,

acetic acid, propionic acid and butyric acid were detected in the metabolites of all the

isolates. Proteases, esterase and neuraminidase were also produced by the isolates, of

which, proteolytic enzymes appeared to contain at least three different kinds. These

proteases were possible to separate from each other by column chromatography.

                                     Introduction

   Even though the spirochetes are the minor group of the normal subgingival microbial florai"'3),

their numbers in the lesions of adult periodontitis and acute necrotizing ulcerative gingivitis

increase drastically, the proportion of the spirochetes accounts for 30 to 50% of all the microscopi-

cally countable microbial population3'`}. Troponema denticola, a medium-sized spirochete is regarded
                                                          ,as a potent periodontopathogen as well as Gram negative rods5'6). The recent progress of the

cultivation methods facilitated in vitro growth of the oral spirochetes and resulted in increasing

accumulation of the taxonomic studies7) and the reports on the pathogenic factors including

protease8-'i3). The aim of the present investigation was the isolation and the biological characteriza-

tion of the spirohetes from the adult periodontitis patients.

                                Materials and Methods

   The samples taken using paper points from the lesions of 8 patients with adult periodontitis (36

to 45 years of age) were suspended in TYGS brothii} and aliquots of the suspension were introduced

onto the sterile filter membranes (cellulose nitrate Type TM-4, pore size O.2 ptm, Toyo Roshi Co.,

Tokyo) placed on the TYGS agar plates. The plates were incubated at 370C in an anaerobic glove

box (Coy Laboratory Products, Ann Arbor, USA) filled with an mixture of gases (N2-H2uC02 ; 85 :

10 : 5) for 5 days. Eight spirochetes strains isolated by this procedure were cloned from the colonies

formed beneath the membranes by the ordinary methods.

   Morphological studies of the isolates were performed light and electron microscopicallyi`}. The

(accepted for pulication on February 6, 1996)



                                   M:Jztsta'\ 22(l) 1996 9
biological properties of the isolated 8 spirochetes strains were determined by the methods of

Holdemani5) using the basal PY medium supplemented with 10% rabbit serum, O.5% TPP solution

and VFA solution.

    Identification of the metabolic products was carried out by gas chromatography (Shimadzu Co.

Ltd., Kyoto) according to Fukumoto et al.'). Phosphatases, esterases, lipases, arylamidases, trypsin,

chymotrypsin, galactosidases, glucuronidase, glucosidases, glucosaminidase, mannosidase and

fucosidase were detected using API ZYM system (API System S. A., Motalieu Vercieu, France).

Neuraminidase activity was estimated by the methods of Potieri6) using a fluorescence substrate,

2'-(4-methylumbelliferyl)-a-D-N-acetylneuramic acidi7) (MUA, Sigma Chem. Co. St. Louis, USA).

Trypsin and chymotrypsin activity in the culture supernatant and cell extracts of an isolate strain

(TN-2) were also measured using benzoyl-arginyl-P-nitroanilidei8) (BAPNA, Sigma) and succinyl-

alanyl-alanyl-prolyl-phenylalnyl-P-nitroanilider9) (SAAPNA, Sigma), respectively. Collagenase

activity was examined using 4-phenylazobenzyloxy-carbonyl-prolyl-leucyl-glycyl-prolyl-arginine

(Pz-PLGPA, Sigma).

                                 Results and Discussion

    Eight isolated strains formed rough and opaque colonies on TYGS agar plates. The mor-

phological and biochemical characteristics are summarized in Table1. All the strains exhibited

blunt end and spiral structure with O.20 to O.25 "m in width (Fig. 1). All the strains required serum

for the growth, however, volatile fatty acids were not essential. Acid production from 8 carbo-

hydrates was not observed. Hydrolysis of esculin and gelatin was positive, indicating the spirochetes

elaborate esteolytic and proteolytic enzymes. Indole and hydrogen sulfide production were positive.

All the strains yielded acetic acid, propionic acid and butyric acid. Lactic acid and succinic acid

were detected from various strains. Production of neuraminidase, trypsin-like protease,

chymotrypsin-like protease and collagenase in the spent medium and cell sonicate by one of the

isolates (strain TN-2) is compared in Table 2. Neuraminidase was found in the culture supernatant,

however, proteolytic enzymes located only in the cell extracts. All the strains produced acid

phosphatase, alkaline phosphatase, C-8 esterase, leucine arylamidase, phosphoamidase and trypsin-

like enzyme. C-4 esterase, varine arylamidase, cystine arylamidase, crgalactosidase, 6-

galactosidase, P-glucosidase, chymotrypsin-like enzyme and neuraminidase were produced by the

many strains. C-14 lipase, B-glucuronidase, N-acetyl-fi-glucosaminidase, ev-mannosidase and ev-

fucosidase were negative in all the strains.

    The morphological and biochemical properties of the isolated spirochetes from the periodontitis

patients resembled the observations by Fukumoto et al.'}. These isolates were identified as

TrePonema denticola. Proteolytic activities were not found in the supernatant fluid of the liquid

culture obtained by centrifugation at 10,OOO g for 20 min, they were detected in the cell sonicate.

Therefore, proteases Iocate in the cytoplasmic fraction or in the cell surface. In the synthetic

protease substrates, BAPNA was most actively hydrolyzed and then SAAPNA and Pz-PLGPA
followed. MUA (neuraminidase substrate) was degraded by both culture supernatant and cell

sonicate, but the former fraction contained about 14-fold total activity of the Iatter fraction. These

findings suggest that synthesized neuraminidase is actively secreted extracellularly.

    The sample of cell sonicate, which had been dialyzed against 50 mM Tris-HCI buffer (pH 7.2)

was applied to a column of Q-Sepharose equilibrated with the same buffer and eluted with a linear

gradient concentration of NaCl. As illustrated in Fig. 2, collagenase and chymotrypsin-like enzyme
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Table 1. Properties of the isolates of oral spirohetes

ral Spirochete, T7'ePonemadenticoga

"iidth of cel](#ni)

Cell ends

Requirement for growth

 serum
 volatile fatty acids

Fermentation
  arabinose
 fructose
 glucose
 glycogen
 rhamnose
 ribose
 starch
 xy]ose
Esculin hydrolysis

Indole prodution
Gelatin liquefaction

H2S production
Endproducts
 acetate
 proplonate
 butyrate
 lactate
 succmate

O.15-O.25
  blunt

+

+
+
+
+

+
+
+
+
+

Fig.1 : Electron micrographs of T. denticola TN-2

  a [ transmission electron micrograph
  b : scanning electron micrograph

Table 2. Enzyme activities of TrePonema denticola TN-2

Enzynie Culture supernatant
(1950 ml)

Ceil sonicate from
10.4 g cell(165 ml)

Neuraminidase
(MUA)
Trypsin-like

(BAPNA)
Chymotrypsin-like

(SAAPNA)
Collagenase

(Pz-PLGPA)

151(#M/ml/min)

N. D.

N. D.

N, D,

I26("Mlml/min)

O.69(ZÅrs ODIrn1/min)

1.78(t(X ODIml!min)

1 , 71(A ODIml/min)

N, D.; not detected.

                                                s
eluted in a single peak but trypsin-like enzyme appeared in a minor and a major peak. Collagenase,

trypsin-Iike enzyme and chyomotrypsin-like enzyme eluted at NaCl concentrations of 150 to 200

mM, 220 to 250 mM and 300 to 400 mM, respectively. These three enzymes are being purified using

Q-Sepharose chromatography as first step of procedure.
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