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SU?~IMARY 

The cells of a human oral spiroche% ~'reponema denticola ATCC 35405, and of seven 
clinical isolates of this org,~,lism ,,btained from the 3ubgingival dental plaque of perio- 
dontitis patients were studied for their ability to grow in an aerobic and an anaerobic 
environment, and for their profile of peptidohydrolase and oxidoreductase enzymes. The 
growth yield of aerobically grown cultures was either comparable to or higher than that 
of anaerobically grown ones regardless of whether prereduced broth, freshly prepared 
broth or oxidiz.~d broth was used. However, elimination of certain supplements from 
the growth media resulted in poor growth regardless of the nature of the gaseous en- 
vironment. The microscopic morphology and motility of the cells were not affected by 
differences in the gaseous atmosphere. Quantitative studies on several peptidohydro- 
lase activities suggest that anaerobically grown cells displayed higher specific activity 
especially toward N~-L-prolyl-2-naphthyiemine, indicating that increased synthesis of 
proline iminopeptidase enzymes (or enzyme) of the cells was associated with anaerobic 
growth  condit ions. The formation of enz'4mes hydrolysing Nc~-benzoyl-DL- 
arginyl-2-naphthyiemine (and the corresponding p-nitroaniline) was not affected to the 
same extent. Growth experiments suggest that T. dentlcola ATCC 35405 is a facuIta- 
tively anaerobic spirochete instead of an obligate anaerobe as reported in previous liter- 
ature. The quantitative enzyme studies suggest that the gaseous growth atmosphere 
of the cells can exert a selective effect on the activity levels of certain peptidolytic en- 
zymes of this organism. Such effects were not observed when the whole cells were 
studied by means of qualitative or semi-quantitative enzyme tests. The activities of cata- 
lase, peroxidase and superoxide dismutase of the cells were low and variable. Because 
of this, it was not possible to relate these oxidoreductase activities to the composition 
of the gaseous atmosphere. 
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INTRODUCTION 

Oral spirochetes are members of  the in- 
digenous oral microbiota of humans (Loesche, 
1988; Barton et al., 1991), and they are undetec- 
table in individuals with excellent oral health. 
Their numbers and proportions increase and they 
become predominant  in oral infections such as 
periodontal diseases and acute necrotizing ulcer- 
ativc gingivitis (Loesche el al., 1992; Locsche, 
1988; Simonson et al., 1988; Riviere et aL, 1992; 
Russel, 1992). The cultureable human oral 
spirochetes have been classified as species of  the 
genus Treponema (Smibert, 1984). In relation- 
ship to molecular oxygen, all oral Treponema 
species ha,re been reported as obligate anaerobes, 
i.e. organisms which are sensitive to oxygen and 
do not grow in air or in microaerophilic or cap- 
nophilic gaseous conditions. T. denticola is one 
of  the oral spirochetes which is considered as an 
obligate anaerobe (Smibert, 1984, 1985). In this 
paper, we report that T. denticola is instead a 
facultatively anaerobic spirochete which is capa- 
ble of  growing in partially aerobic and anaero- 
bic environments.  We also studied the growth 
ability of  T. denticcla reference strain ATCC 
35405 and of  several clinical isolates of  the same 
species grown in an anaerobic and a room at- 
mosphere. To our knowledge, this is the first 
report that  describes T. denticola as a faculta- 
tively anaerobic host-associated human  oral 
spirochete. 

Congruent  with the lack of  adequate infor- 
mation about  the growth of  T. denticola under  
different oxygen environments  is the tack of  in- 
formation on how the activity levels of  proteo- 
lyric (EC 3.4) and oxidoreductase (EC 1) 
enzymes respond to such changes in the gase- 
ous atmosphere. Previous studies have elucidated 
the importance of  proteolytic activity to T. den- 
ticola (M~kinen et al., 1987; Uitto et al., 1988; 
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Grenier et al., 1990; M~ikincn et al., 1990; Que 
and Kuramitsu, 1990; Holt and Bramanti,  1991 ; 
M~ikinen et al., 1992). Although no chemical 
studies on the oxidoreductases of T. demicola 
have been carried out, one can assume that  the 
presence or absence of oxygen in the growth en- 
vironment should have an impact on the activi- 
ty levels of  those enzymes. Consequently,  
another  purpose of  this study was to elucidate 
the activity levels of  several proteolytic and ox- 
idoreductase enzymes present in the cells of  T. 
denticola ATCC 35405 grown under aerobic and 
anaerobic gaseous environments.  

MATERIALS AND METHODS 

Source and maintenance of  the cells 

A total of eight clinical strains of 7". denticola 
were used in this study. Seven strains were isolated 
at this laboratory from the subgingival plaque of 
periodontitis patients undergoing treatment at the 
Periodontics Clinic of the University of Michigan 
Dental School. A reference strain, ATCC 35405, was 
initially obtained from the American Type Culture 
Collection. Stock culture suspensions of each strain 
were prepared in a preservation medium and 1.0-ml 
aliquots of the suspensions were dispersed in 2.0-ml 
cryogenic vials and kept in liquid nitrogen. The com- 
position of the preservation medium per 100 ml was 
as follows: heat-activated rabbit serum, 75 ml; 
MTYGS, 25 ml; D-glucose, 6.5 g. The working cul- 
tures were maintained either aerobically or anaerob- 
ically in l0 ml of an enriched broth (MTYGS) in 
screw-capped test tubes (16× 125 mm) and subcul- 
tures were made every 2 to 3 weeks after the purity 
of the cuP.ures had been checked by phase-contrast 
microscopy. MTYGS is a serum-containing enriched 
medium which has been routinely used in this labora- 
tory in the cultivation and maintenance of oral 
spirochetes. This medium contains 5 % heat- 
inactivated rabbit serum, short-chain fatty acids 
(acetic, butyric, valeric, isovaleric and DL- 
methylbutyric acids), yeastolate,  thiamine 
pyrophosphate, cysteine-HCI, sodium pyruvate, tryp- 

E = freshly (prepared broth). R = prereduced (broth). 
FPLC fast protein liquid chromatography. SDS- 
MTYGS = serum-containing enriched medium. PAGE = sodium dodecyl sulphate/polyacrylamide gel elec- 
2-NA = N-L-aminoacyl-2-naphtylamine. trophoresis. 
NS : not supplemented (broth). SOD = superoxide dismutase. 
O = oxidized (broth). 

(For BANA. BAPNA, FALGPA, PZ-PLGPA, see "Materials and Methods" -- Quantitative enzyme determinations). 
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tone (pancreatic digest of  casein), heart infustion 
broth and mineral salts, as described elsewhere in de- 
tail (Salvador et al., 1988). 

Growth experiments 

Duplicate sets of  broth tubes each containing 
9.0 ml o f  MTYGS were i~ioculated with 1.0-ml a!i- 
quots of  test cultures obtained from the late log or 
the stationary phase, and incubated at 35°C either 
in room atmosphere (aerobic cultures) or in an 
anaerobic glovebox (85 % N 2, 5 070 CO 2 and 10 070 
H2; anaerobic cultures) for 4 to 7 days. At the end 
o f  incubation, the growth yield was determined tur- 
bidimetrically at 660 nm. Several experiments were 
performed using prereduced broth (R broth), fresh- 
ly prepared broth (F broth), unreduced medium kept 
at room atmosphere (oxidized or O broth) and freshly 
prepared broth with serum, but excluding supple- 
ments (i.e. fatty acids, gelatin, and cysteine-HCl; NS 
broth). The morphology and the motility of  the cells 
were studied microscopically. 

Use of rapid enzyme profile system 

The cells grown in various broths under aerobic 
and anaerobic conditions were characterized using 
several chromogenic substrates by re_cans of  the rapid 
enzyme profile system (Syed et al., 1984, 1985). The 
chromogenic and other substrates used in these 
studies are shown in table 1. In a routine enzyme as- 
say, 50 ~tl of  a 0.05 070 substrate solution were dis- 
persed into the microtitre wells of  96-well plates 
which were prepared in advance and kept frozen at 
- 20°C until used. The cells were harvested from the 
broths by centrifugation, washed thrice in 0.01 M 
Hepes-phosphate buffer (pH 7.0) and resuspended 
in the same buffer to obtain a turbidity of  4 to 5 cem- 
pared with McFarland standard (Hendrickson, 
1985); 100-1zl aliquots of  each test culture were ad- 
ded to the wells containing the enzyme substrates. 
The microplates were incubated at room atmosphere 
for 12-14 h (35°C). The rate o f  the hydrolysis of  
p-nitrophenyl derivatives was determined by the ap- 
pearance of  the yellow chromophore.  The reactions 
in wells containing 6-bromo-2-naphthyl derivatives 
v~ere read after addition or  0.1 °7o "Fast  Garnet 
G B C "  reagent. A solution of  p-dimethylaminocin- 
namaldehyde reagent (Innovative Diagnostic System, 
Atlanta, GA, USA) was added to wells containing 
N-L-aminoacyl-2-naphthylamines (2-NA) as enzyme 
sub~trates. Development of  red or purple color af- 
ter the addition of  the reagent was recorded as a posi- 
tive reaction. The solution for esculin test was 
prepared according to the method of  Qadri et al. 
(1980) and dispensed in 50-V.I aliquots into the wells. 
The indole test was performed as described by Karim 
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et a/. (1981). The nitrate reduction test was carried 
out according to Gusberti and Syed (1984), and the 
catalase test as described in the Manual of  Clinical 
Microbiology (Hendrickson, 1985). The appropriate 
controls were included in the microplates. 

Quantitative enzyme determinations 

The activity of  proteolytic er.zymes was also 
studied using the following substrates: Na-L- 
prolyl-2-NA, Na-L-pyrrolidonyl-2-NA, N~t-benzoyl- 
DL-arginyl-2-NA (BANA), Na-benzoyI-DL-arginyl- 
p-nitroaniline (BAPNA), Na-hydroxyprolyl-2-NA, 
N-r-L-glutamyl-2--NA, azocasein, phenylazobenzyi- 
oxycarbonyl-  L-prolyI-L-leucylglycyl-L-prolyI-D- 
arginine (PZ-PLGPA;  a substrate of  microbial col- 
lagenases), and 2-furylacryloyI-L-leucylglycyI-L- 
prolyI-D-arginine (FALGPA; another substrate used 
in the study of microbial collagenases). These sub- 
strates were considered to represent various peptidase 
activities previously studied and characterized at this 
laboratory in the cells of  oral treponemes (M~ikinen 
et al., 1987, 1990, 1992). The enzymes for these 
studies were obtained by treating the cells with an 
ultrasonic disintegrator (vide infra). The literature 
detailing the enzyme determinations has been men- 
tioned previously (M/ikinen et aL, 1987, 1988, 1990, 
! 992). 

Preliminary studies indicated that among the large 
number of  oxidoreductases present in microorgan- 
isms, superoxide dismutase (SOD; EC 1.15.1.1) and 
catalase (EC 1.11.1.6) activities were considered rele- 
vant study objects in the cells of  T. denticola. Both 
cell suspensions and cell extracts (vide infra) were 
used in these studies. The suspensions were treated 
with toluene (Whitelam and Codd, 1982) for the de- 
termination of  the SOD activity of  whole cells. The 
SOD activity was measured by means of  nitrite for- 
mation from hydroxylamine in the presence of  
xanthine-xanthine oxidase O~,-generation system 
(Elstner et al., 1983). One SOD unit was defined as 
the amount  of  enzyme causing 50 07o inhibition un- 
der the assay conditions; this procedure is 10-20 times 
more sensitive than the original method of  McCord 
and Fridovich (1969). The activity of  catalase was as- 
sayed by adding enzyme to diluted H20 2 solution; 
the loss of  absorbance at 240 nm was recorded for 
I rain. The initial (10-20 s) rates were used to calcu- 
late the cata!ase activities. The activity of  peroxidase 
(EC 1. ! 1.1.7) was tested using a mixture of  phenol 
and 4-aminoantipyrene as a substrate (Pine et al., 
1984). 

Ultrasonic disintegration of cells 

Cell extracts of  T. denticola were made by treat- 
ing 20-30 mg of cells (wet weight) with a "Heat  
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Systems-Ultrasonics" (Farmingdale, New York) cell 
disruptor model W-225, using the microtip (3 mm 
end diameter), and keeping the cell .,,aspcnsion in an 
iced water bath. The mixtures were centrifuged for 
20 rain at 20,000 g and the supernatant solutions 
were used in |he study of oxidoreductases and pep- 
tidases. 

Fast protein liquid chromatography (FPLC) 

The enzymes woe prepared for FPLC studies by 
a procedure that differed from the above because 
larger quantities of enzymes were needed. Therefore, 
the test cultures were grown aerobically and anae- 
robically in 500 ml of MTYGS broth for 72-96 h. The 
cells were harvested by centrifugation for 10 rain at 
16,500 g and washed thrice with 10 mM Tris-HCl 
pH 7.0 containing 0. I mM CaCI 2. The final cell sus- 
pensions were made in l0 ml of the r.,oove buffer. 
These suspensions were treated with the ultrasonic: 
disintegrator for 2 min~ chilling the suspension in an 
iced water bath. The treated suspensions were then 
centrifuged as above. The FPLC unit (Pharmacia, 
Uppsala, Sweden), was operated at 22°C and 
equipped for this study with a Mono Q HRS/5 anion 
exchange column and a Superose 6 gel column. The 
samples were filtered through ACRO LC25 0.2-g.m 
membranes (Gelman, Ann Arbor MI), and injected 
into the FPLC system. The proteins were monitored 
at 214 or 278 nm. 
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of  the cultures, The growth of  the cells in the 
NS broth is shown in figure I D, which indicates 
that supplement elimination from the medium 
displayed poor growth under both gaseous con- 
ditions, except for one strain (no. 6). This sug- 
gests that  the poor growth resulted from the 
absence of  important  growth factors in the cul- 
ture medium, However, the morphology and 
motility of the organisms was unaffected by sup- 
plement elimination. 

Enzyme activities tested with the rapid system 

Table ! summarizes the results from the rapid 
enzyme tests. Thirteen out of  twenty enzyme 
reactions were positive for all the strains tested. 
Five enzyme tests were negative, while two reac- 
tions showed inconsistent results. Because this 
test is semi-quantitative, no at tempt was made 
to measure the intensities of the colored reac- 
tion products spectrophotometrically. Therefore, 
the reactions were recorded as positive, negative 
or variable. The differences in the gaseous en- 
vironments did not have any effect on the semi- 
quanti tat ive enzyme profile of  the treponemes.  

Other procedures 

The chemical protein determinations were carried 
out according to Bradford (1976). The water used 
was made with a "Millipore Milli-Q" system and had 
a resistivity of at least 18 megaohms/cm. 

RESULTS 

Growth studies 

The growth yields of  the cells determined in 
the R, F and O broths are shown in figure I. The 
organisms grew well and formed uniform tur- 
bidit:,es in these media; the gaseous environments 
had . o  apparent effect on the growth yields. The 
optical densities of  cultoves grown under aero- 
bic conditions were similar to or higher than 
those grown under anaerobic conditions. The 
microscopic morphology and motility of  the or- 
ganisms were comparable. No bizarre-shaped or- 
ganisms or circular forms were observed in any 

Quantitative enzyme determinations 

A total of  ten to twelve separate cultivations 
of  the cells of  T. denticola ATCC 35405 were 
carried out  in both  gaseous environments,  fol- 
lowed by detailed determination of  specific pep- 
tidase and oxidoreductase activities. Table !! 
summarizes the specific peptidase activities de- 
termined with cell extracts of  the treponemes. 
Although the overall results indicated a certain 
type of  inconsistency in the hydrolysis of  sever- 
al peptidase substrates, it appeared that  the 
specific activities calculated for pro-2-NA were 
consistently higher when tested with extracts 
from anaerobic cultures than fcom aerobic cul- 
tures. Another  consistent observation was that  
the hydrolysis of  BANA and BAPNA showed 
no such differences in culture conditions. The 
rate of  the hydrolysis of  PZ-PLGPA was higher 
in five clinical isolates when tested with extracts 
from anaerobic cultures (not shown). These 



O X Y G E N  TOLERANCE OF TREPONE~AA DENTICOLA 321 

1.4 
~IQ ^erob~ I A 1.2p,  ,°ae=ic I 

v 

>. 0.8 

"9 0.6 

'~ 0.4 

1 2 3 4 5 6 7 8 
Strain Number 

Aerobic B 
E 1.2 Anaerobic 

,  o ,11 4 I _ o,. 
o 0 . 0  . . . .  

1 2 3 4 5 6 7 
Strain Number 

A 1 .4  
1.4~lEl Aerobic I C I e 1.2" 
1.2t1,, ,°ae,obic I I 

>. 0.8 >.. 0.8' 
",,3_- = 0.6 =~ 0 . 6  

~ 0.4' 0.4 

~ 0.2 0.2 ._ 

o 0.0 . . . . . . . . .  o 0.0 
1 2 3 4 5 6 7 8 

Strain Number 

I--" ,e,obic I D 
Anae rob i c  

1 2 3 4 5 6 
Strain Number 

Fig. t. Growth of T. dentitYda ATCC 35405 (strain i) and its clinical isolates (numbered from 2 
to 8) under various chemical culturing conditions. 

Panel A: growth in an aerobically maintained broth (O broth); Panel B: growth in a freshly 
prepared broth (F broth); Panel C: growth iu a prereduccd broth (R broth); Panel D: growth in 
a medium (NS) without supplement addition. Definition of strains: 2 = H.,.,; 3 = AI 2 ; 4 = Spira ; 
5 = Myr; 6 Hi;  7 = Corha; 8 = Sire,. The values shown are meap.s of duplicate experiments. 

studies thus indicated that the degree of aero- 
bicity had a selective effect on the relative pep- 
tidase levels ; the proline iminopeptidase activity 
of  these treponemes depended on the nature of  
the gaseous atmosphere while the so-called 
BANA-peptidase production was virtually insen- 
sitive to such differences in culturing conditions. 

Repeated FPLC separations on both the 
anion exchange and gel columns showed that 
these differences in enzyme activities were 
predominantly quantitative. Consequently, all 

cell extracts that exhibited higher peptidase ac- 
tivity after anaerobic culturing yielded, in FPLC 
separations, the same number  of enzyme and 
protein "peaks"  as the extracts from aerobic cul- 
turiI~g. In cases where the crude extract showed 
higher activit'1, the resulting FPLC chromato-  
grams also exhibited higher enzyme "peaks" .  
Therefore, the results of  the above quantitative 
enzyme determinations were verified in the 
FPLC studies. These experiments demonstrat-  
ed that the degree of aerobicity as tested in this 
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Table I. Biochemical reactions of  T. dentico!a 
ATCC 35405 and of  seven T. denticola clinical iso- 
lates tested by means of the rapid enzyme profile test, 
and other reactions (Syed et aL. 1984, 1985) under 

aerobic (A) and anaerobic (B) conditious. 

Result 
Substrate used or test performed A N 

Glycosidase reactions: 
p-Nit rophenyl-ct-D-galactopyranoside + 4- 
p-Nitrophenyl-a-L-fucopyranoside 
p-Nitrophenyl-~-D-xylopyranoside 
p-Nit rophenyl-,',-D-glucopyranoside + + 
p-Nit rophenyI-N-acet yl-[3- D-glucosaminide 
6-Bromo-2-naphthyl-.3-D-galactopyranoside + 4- 
6-Bromo-2-naphthyl-~-D-glucopyranoside + + 

Peptidase reactions: 
Na-L-prolyl-2-naphthylamine + + 
N~-L-seryl-2-napht hylamine + + 
N~,-L-pyrrolidonyl-2-naphthylamine + + 
Na-L-arginyl-2-napht hylamine + + 
Ncx- L-lysyl-2-napht ht hylamine + + 
Na-L-hydroxyprolyl-2-naphthylamine + + 
Na-benzoyI-DL-arginyl-2-naphthylamine + + 
Na-L-glutamyl-4-methoxy-2-naphthylamine _+ _+ 
Na-glycylglycyl-2-napht hylamine + + 

Other reactions: 
Esculin hydrolysis + + 
lndole production + + 
Nitrate reduction 
Catalase reaction 

+ = positive reaction with all strains; - = negative reaction 
v,.ith all strains; _+ =variable reactions. 
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s tudy  had  no  detectable  qual i ta t ive effect  on  the  
pro te in  and  enzyme  profi les  on  F P L C  co lumns .  
An  example  o f  these studies is shown  in figure 2, 
which  d e m o n s t r a t e  the  clearly increased  activi- 
ty o f  the  iminopept idase(s)  involved in an  extract  
ob t a ined  f r o m  an  anae rob ic  exper imen t .  These  
quant i ta t ive  enzyme  studies  thus  revealed differ-  
ences  be tween  enzyme  activi t ies tha t  semi-  
quan t i t a t ive  tests  failed to  d e m o n s t r a t e .  

T h e  s tudies  o f  the  S O D  a n d  ca ta lase  activi-  
ties s h o w e d  tha t  the  cell s u s p e n s i o n s  o f  T. den- 
ticola A T C C  35405 and  the  to luene- t rea ted  cells 
exhibi ted m e a s u r a b l e  e n z y m e  levels ( table  I l l ) .  
It a p p e a r e d  tha t  to luene  t r e a t m e n t  is a sui table  
p rocedu re  for  the  de tec t ion  o f  SOD act ivi ty in 
the  who le  cells o f  this  sp i rochete .  T h e  ca ta lase  
act ivi ty o f  the  whole  cells was  cons ide red  low, 
var ied  a n d  incons i s ten t .  Several  expe r imen t s  
showed  no  ca ta lase  act ivi ty p resen t  in the  sus-  
pens ion o f  washed  cells. Based on  the procedures  
deve loped  in p re l imina ry  s tudies ,  t he  e n z y m e s  
ob ta ined  f r o m  the  above  clinical isolates ,  culti-  
va ted  aerobica l ly  a n d  anaerob ica l ly ,  were next  
tes ted for SOD,  ca ta lase ,  and  also for peroxi-  
dase  act ivi ty.  T h e  e n z y m e s  were p repa red  by  
t rea t ing  the  cells with  u l t r a s o u n d  or  with  a mi ld  
SDS solu t ion  (1.4 m M  SDS for  50 m g  cells, wet 
weight ,  in 3.5 ml). These  s tudies  showed  that  the  
act ivi ty o f  S O D  was  sl ightly h igher  in ext rac ts  
f r om anaerob ica l ly  g r o w n  cells, c o m p a r e d  wi th  
aerobical ly  g rown  cells. T h e  activi ty o f  peroxi-  

T a b l e  !1. Specific peptidolytic activity (in tzmoles per time unit and mg) of  the cell extracts of  T. denticola 
ATCC 35405 determined with seven suhstrates. 

Substrate A N 

FALGPA (min-  t mg-  t) 0.62+_0.48 0.66+_0.57 
PZ-PLGPA ( m i n t  mg-  t) 0.16+_0.08 0.20+_0.09 
Pro-2-NA (minr i rag- t) 2.06_+0.75 2.80_+0.81 
Azocasein ( h  i mg-1) 0.41 _+0.26 0.51 _+0.16 
BAPNA (min - i mg - t) 0.47 + 0.26 0.47 -+ 0.27 
B A N A ( m i n  t mg i) 0 .13+0.09 0.14_+0.08 
Ny-L-glutamyl-2-nitroaniline (min - t mg-  t) 0.034 _+ 0.030 n 037 +_ 0,033 

The extracts '.,,ere obtained from cells grown to a stationary phase under aerobic (A) and anaerobic (N) conditions, and treating the 
cells v, ith an ultrasonic disintegrator, followed by cemrifugation for 10 rain at 10,000 g. The cultivations and the subsequent cell treat- 
ments and enzyme determinations ",,,ere carried out seven times. Tile values shov, n are means _+ SD (n = 10-12 except lot PZ-PLGPA and 
BANA, lor v, hich the ",alue of n ',,,as 4 and 5, respectively). The rates of tile hydrolysis of pro-2-NA differed significantly between A 
and N {p < 0.05 in paired ! test}. 
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Fig. 2. FPLC on a Superose 6 gel filtration column of the cell extracts of 7". denlicola (strain Sim2), 
obtained from an aerobic and an anaerobic cultivation. 

Four hundred V.I of filtered sample were injected in both cases into the column which was eluted 
with l0 mM Tris-HCI (pH 7.0, containing 100 mM NaCI and 1.0 mM CaCI 2) at a flow rate of 
0.5 ml/min. The fractions (I.0 ml) were tested for PZ-PLGPA-hydrolysing enzymes and tot im- 
inopeptidase activity using pro-2NA as substrate. The void volume for (Vo) is indicated. The insert 
shows the separation of proteins, which was identical in both cases. The arrow in the insert shows 
the protein peak which coincided with the enzyme peaks. 

dase was very low and associated with the 
precipitable cell f ragments .  Because o f  the very 
low enzyme activity, the clinical strains could not 
be studied for peroxidase. The enzyme(s) respon- 
sible for the SOD activity o f  these t reponemes 

could be soluble;  this activity was detectable 
both  in cell-free extracts and in the outer  enve- 
lope fractions. The low and varied catalase ac- 
tivities did not render more  quantitative studies 
possible. 
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Table I!1. Activity of SOD and catalase in various cell preparations of T. denticola ATCC 35405. 

SOD activity Catalase activity 
Cell preparation (units/mg) (units/rag) 

Cell suspension (20-30 mg cells/ml) 1.0 4-14.7 
After 5-rain toluene treatment 2.0 1.6-40 
After I-min toluene treatment 3.6 4-40 
Cell-free extract 3.5 0-2.7 
Dialysed cell-free extract 0.6 nil 

I)ISCUSSION 

This study demonstrated two points: it was 
observed for the first time that T. denticola is 
a facultatively anaerobic,  host-associated 
spirochete that is capable of  growth under 
anaerobic and aerobic conditions. This obser- 
vation is in contrast to reports suggesting that 
this organism is an obligate anaerobe (Smiberto 
1984, 1985). The growth yields of  the cells as 
judged by optical density data were similar or 
even higher under aerobic conditions compared 
with anaerobic conditions. It also became evi- 
dent that the gaseous environments used had no 
detectable eff~.¢t on the microscopic morpholo- 
gy and motility of the cells, nor was the semi- 
quantitative enzyme profile of the cells (as test- 
ed with the present rapid test system) affected. 
These observations imply that the metabolic 
pathways related to the synthesis of  major (en- 
zyme) proteins were not affected by differences 
between the gaseous conditions. This was con- 
firmed by SDS-PAGE analyses of  the cell ex- 
tracts (Syed et al., 1991 ). The second important 
point demonstrated was the selectivity of  the ef- 
fect of the gase.ous growth environments on the 
levels of certuih peptidolytic enzymes, as shown 
by quantitative enzyme studies. The gaseous en- 
vironments tested obviously had no remarkable 
effect on most of  the present enzyme activities, 
bmt l i e  selectivity of some effects was still evi- 
dent : iminopepfidase activity, and to a certain 
extent, the ac'~ivity of an enzyme (or enzymes) 
hydrolysing PZ-PLGPA, tended •.o be higher in 
cells grown anaerobically. On the other hand, 

we were unable to detect any such trend in the 
hydrolysis of  BANA and BAPNA. Therefore, 
the iminopeptidase and BANA peptidase levels 
were quite differently affected by the two gase- 
ous growth environments tested, it cannot be ex- 
pected that such differences would be reflected 
in SDS-PAGE electrophoretograms of  cell ex- 
tracts, because the enzyme proteins in question 
must represent a small portion of  total staina- 
ble proteins present. The selective effect of  the 
gaseous growth environments should be exa- 
mined in light of  the fact that proline iminopep- 
tidases have been considered "dominan t "  
peptidases of  T. denticola ATCC 35405 (M~iki- 
hen et al., 1987), and that the so-called BANA- 
peptidase activity constitutes the biochemical ra- 
tionale of  a diagnostic enzyme test in periodon- 
tology (Loesche et al., 1990). It is important to 
emphasize that qualitative or semi-quantitative 
enzyme tests may fail to detect this type of  selec- 
tive effect of  the gaseous growth environment 
on cellular enzyme levels. However, the present 
semi-quantitative findings per se are in agree- 
ment with data obtained on T. denticola strains 
using the same semi-quantitative procedure (Syed 
el al., 1988). Mikx (1991) also reported compara- 
ble results regarding the peptidase and glucosi- 
dase activity of  T. denticola, determined with 
the rapid enzyme profile system. The relatively 
high batch-to-batch variation in enzyme activi- 
ties (table ll) can be regarded as a net effect of  
the several preparatory procedures involved, 
such as inoculation, cultivation, enzyme extrac- 
tion, assay conditions, etc. In spite of  this vari- 
ation, it became evident that the gaseous 
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environment did exert a selective effect on the 
peptidase activities studied. 

Because none of  the three oxidoreductase en- 
zymes tested in this study exhibited any strong 
or consistent dependency on the nature of  the 
gaseous growth environment, it may be corJclud- 
ed that at least one single 7-day exposure of  the 
cells to those different gaseous conditions was 
unable to elicit significant changes on the rate:, 
these enzymes were formed, or on the activRy 
levels of  these enzymes. It is possible that ::on- 
tinued, long-term exposure would induce more 
significant changes in oxidoreductase levels. 
Also, it is possible that other oxidoreductases 
(such as EC 1.1.1, i.e. those acting with NAD + 
or NADR + as acceptors, and EC 1.1.3, i.e. 
those acting with oxygen as acceptor) would react 
differently compared with catrAase, peroxidase 
and SOD. 

Fiehn and Westergaard (1986) reported that 
the small-size spirochetes resembling T. denti-  
cola could be grown on solid agar media in gase- 
ous environments containing up to 2 °7o oxygen. 
Although we did not attempt to grow the cells 
on agar media, our studies constantly showed 
that the cells of  T. dent icola  grew well in room 
atmosphere in either reduced or oxidized broth, 
suggesting that the oxidation-reduction poten- 
tial of  the medium may not be as significant a 
factor as has been assumed. Therefore, certain 
essential growth supplements - -  rather than the 
nature of  the gaseous environment - -  seemed to 
have a profound effect on the growth yield of  
this organism. It has been consistently shown in 
this laboratory that the cells of  several strains 
of  T. dent icola  always grow as subsurface colo- 
nies in prereduced agar media even if they are 
grown in strictly anaerobic conditions. The s.;g- 
nificance and reasons for this characteristic 
growth in a continuous anaerobic environment 
are not known. The cells grown aerobically or 
anaerobically consistently exhibited uniform tur- 
bidity in this study both in small and large 
volumes of  broth. These findings suggest that 
T. dent icola  is a facultatively anaerobic organ- 
ism and not an obligate anaerobe. Further in- 
depth studies are required to re-establish the po- 
sition of  this organism in regard to its relation- 
ship to oxygen. 
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Peptidohydrolases el oxydorc~.ductases 
de Treponema denticola ATCC 35405 

en a~robiose et en ana~robiose 

En parall~le avecla croissance de Treponema den- 
ticola ATCC 35405 en fonction de la composition du 
milieu de culture, les profils des peptidohydrola~es 
et des oxydor~ductases (catalase, peroxydase, supe- 
roxyde dismutase) out 6t6 ~tablis en fonction des con- 
ditions d'a~robiose ou d'ana6robiose. Une synth6se 
accrue de la proline-iminopeptidase apparait li6e 
I'a~robiose. L'activit6 des oxydor6ductases apparalt 
basse, variable, et par cons6quent peu li6e ~ la com- 
position de I'atmosph/~re. L'analyse des conditions 
de croissance de T. denticola, isol6 notamment des 
plaques dentaires, montre que ce spiroch6te est un 
ana6robie facultatif (et non obligatoire comme I'affir- 
malt la litt~rature jusqu'/i ce jour). 

Mots-clds: Ox/g~ne, Stomatologie, Treponema 
denticola; Prot6a:es, Oxydor~ductases, Atmospht~re 
gazeuse, Odontologie. 
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