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Abstract. This study was undertaken to identify ecological factors that favour opporiunistic pathe-
genic species in the subgingival microflora. In a first approach, human serum as a substitute for
gingival exudate, was used for batch-wise enrichment of subgingival plaque. The microflora resulting
after 5-6 enrichment steps consisted of black-pigmented and non-black-pigmented Bacteroides spe-
cies, Peptostreptoceccus micros and Fusobacterium nucleatum as the main organisms. It is noted
that the same group of species was found to be enriched independent upoen the origin of the subgingi-
val plague sample. It was suggested that these organisms are favoured by the increased flow of
gingival exudate during inflammation.

The consortium of organisms was capable of selective degradation of serom (glyco-)proteins.
Four different types of degradation occurred. After a prolonged peried of growth complete degrada-
tion of immunoglobulins, haptoglobin, transferrin and complement C3c was observed. Partial de-
gradation of immunoglobulins, haptoglobin, transferrin, albumin, alpha;-antitrypsin and comple-
ment C3c and C4 was generally ohserved after 48 h of growth. Besides, immunoglobulin protease
activity yielding Fc and Fab fragmenis was found. The consortium was also capable of consuming
carbohydrate side-chains as indicated by an altered electrophoretic mobility of the serum glyco-
proteins.

Introduction

Periodontal disease is usnally characterized by a complicated microflora consist-
ing of a large variety of anaerobes (Moore et al. 1982). Very little is known
about the ecological factors which lead to the establishment and maintenance
of this pathogenic flora. Aim of this study was to find out which ecological
factors favour opportunistic pathogenic organisms such as Bacteroides species
(L.oesche 1984; Slots 1982; Slots & Genco 1984; van Winkelhoff 1986) in the
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oral cavity. Studies on the role of organisms and ecological factors have often
employed enrichment strategies to identify the role of specific factors for the
ecosystem (Beijerinck 1901; Harder & Dijkhuizen 1982). We suggested that
gingival exudate is an ecological factor of importance in the subgingival ecosys-
tem. In addition to a variety of host-defense factors, it presents a major source
of substrates to the subgingival microflora, like saliva does to the supragingival
plaque (De Jong et al. 1987). The chemical composition of the crevicular fluid
shows an increasing resemblance to that of serum as soon as inflammation of
the gingiva occurs (Bickel & Cimasoni 1986; Hattingh & Ho 1980). We accord-
ingly used native human serum as a growth medium in batch-wise enrichments
of the subgingival microflora under similar anaerobic conditions as exist in per-
iodontal pockets.

Basically the strategy behind enrichment cultures is to select for bacteria that
optimally utilize the available substrates (Beijerinck 1901; Brock et al. 1984).
In batch-wise enrichment cultures this is achieved by selection in a series of se-
quential cultures on a liquid medium containing the specific substrate. The first
step of the enrichment culture is inoculated with a sample from the microbial
ecosystem to be investigated. In batch-wise enrichments organisms with a high
growth-rate and adapted to growth at high substrate concentrations are favoured.
Complex macromolecular substrates, such as serum, may well be utilized more
completely by bacterial consortia than by pure cultures because of complemen-
tary substrate specificities and enzyme activities for substrate hydrolysis.

In this study, as a first approach, we have selected in batch-wise enrichment
cultures for a group (consortiom) of microorganisms originating from a complex
periodontal microflora which are favoured by anaerobic conditions, a high
growth-rate and an increased flow of gingival exudate (i.e. non-growth limiting
amounts of serum as substrate).

Materials and methods

For this study we selected patients without symptoms of acute periodontitis.
The pockets involved were untreated and 4-7 mm deep and the gingiva showed
some bleeding upon probing. After remaval of the supragingival plaque, sub-
gingival plaque samples were taken with an extirpation needle and immediately
transferred into an anaerobic chamber (Braun, Garching, West-Germany; 919
Na, 5% CO,, 4% H,, 37°C). All further experimental procedures were carried
out in this chamber. 0.5 ml of prereduced resuspension medium containing 10
g1" Tryptone (Difco), 10 g1’ Yeast extract (Difco), 1.25 g.I' MgS80,.7H,0,
1.25 g.I'" K,HPO, and 2 g1 glucose, was added to the sample and it was vor-
texed for 30 s. Portions of 0.1 ml were inoculated into 5 ml batches of prereduced
active human serum and repeatedly transferred (by 100-fold dilution into fresh
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serum after 48 h of growth). The serum was provided by the local blood donor
service and was obtained from 5 donors. Some potentially interesting parameters
of the enrichment cultures were recorded at time of transfer. Optical densities
(550 nm) were determined in a Zeiss PMQ3 spectrophotometer. The pH and
redox-potential were measured with a combined pH and redox-electrode (In-
gold). H,S production was detected by blackening of lead-acetale paper.

Microbial analyses of the plaque samples and enrichment cultures included
microscopical observations and cultural counts. Samples were serially diluted
in resuspension medium and plated on prereduced blood-agar and BBM-medi-
um (Gibbons & Macdonald 1960). Blood-agar contained 25 g.I? Brain Hearl
Infusion (Difca), 10 g1 peptone (Difco), 20 g1 Bacto-Agar (Difco) and 1
g1 ' KNO,, 100ml.1" defibrinated sheep blood was added after cooling to 56°C.
BBM-medium (Gibbons & Macdonald 1960) containing 50 mg.l”! of kanamy-
cine was used to enumerate b.p. Bacfercides.

The dominant flora after 5-6 enrichment steps (£ 50 bacterial generations)
was identified by randomly sclecting 25 colonies from representative plates. In
addition to this procedure differential counts based on colonial morphology
were made using a stereo-microscope inserted in the window of the anaerobic
chamber. Representative colonies were subcultured for further identification.
From all isolates in both procedures Gram-stain and cellular morphology were
determined. Gram-positive and negative rads were identified with the API-20AR
(anaerobes) (API system, S.A. Montalieu-Vercieu, France). Streptococci were
identified using the APT-20 Strep® system. Weak Gram-positive peptostrepto-
cocel, Gram-negative cocct and some Gram-negative rods were identified with
the API-20AX system and the API-An-Ident system (API, Analytab Products,
N.Y.). If necessary, additional tests were performed like growth on blood-agar
aerabically, growth and fermentation products on PYG-broth (Holdeman et
al. 1977). Several isolates were sent to the National Health Laboratories (RIVM)
for identification and confirmation. Unknown Baciervides species were sent to
T. J. M. van Steenbergen (Oral Microbiology, Free University, Amsterdam)
for identification. Degradation of serum proteins was investigated qualitatively
with immunoelectrophoresis using respective antisera. Quantitative measure-
ment of specific serum proteins was performed with semi-automated immunone-
phelometry using monospecific antisera raised in rabbits.

Results

In these experiments 3 samples of subgingival plaque were enriched on human
serum. Samples A and B were removed from the same dental pocket with an
interval of approximately 3 months time, whereas sample C originated from
a different subject. All samples contained spirochetes (up to 10%]) using dark-
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field microscopy. Cultural counts showed low or non-detectable numbers of
b.p. Bacteroides.

The composition of only one plaque sample, sample A was characterized in
detail by picking random isolates. Fusobacterium nucleatum was the only species
found among the random isolates from the original plaque sample and the result-
ing enrichment culture. A close relationship between the dominant microflora
before and after enrichment of plague samples, however, is not necessarily to
be expected mainly because the conditions in the enrichment culture (i.¢. growth
at a maximal growth-rate for 50 bacterial generations) offer a strong selective
pressure, favouring a small group of specialists among the periodontal micro-
flora.

In the first steps of the batch-wise enrichment the optical densities at 550
nm (ODs;s) of the cultures after 48 h of growth increased rapidly till a stable
level at an ODs5 of 15, was reached. The increase in ODss, coincided with a
decline in redox-potential from ~70 mV to ~375 mV. Continued growth of the
cultures till 72 h, instead of 48 h as used normally in these experiments, yielded
cultures with an 0Dy, of 20-30 and redox-potentials of —400 mV to —-550 mV.
Strong H,S production was always found. The mitial pH of the serum was 7.8.
In the first enrichment steps the pH dropped to approximately 6.4 after growth,
Towards the end of a series of enrichment steps the pH initially decreased till
6.4 and then increased again to a value of 7.0.

After 5-6 steps of enrichment a population adapted to rapid growth on serum
had developed. Comparison of the enriched flora from different pocket samples
showed that microflora’s with a similar composition were obtained (Table 1).

Peptostreptococcus micros became numerically dominant in the last 2-3 steps
of the enrichments. The two non-black-pigmented Bacteroides species, Bacter-
oides preumosintes and Bacteroides PS070, were difficult to distinguish on basis
of colonial morphology and therefore not counted separately. Bacteroides spe-
cies PSO70 was however detected most frequently in the random isolates and
was besides Ps. micros the second dominant species in the enriched microflora.
It fermented glucose, saccharose and maltose. One isolate was sent to T. J. M.
van Steenbergen (Oral Microbiology, Amsterdam) who confirmed that it was
a yet unnamed Bacteroides species. The identity of Bacteroides preummosintes
was confirmed by the RIVM (Bilthoven) and T. J. M. van Steenbergen. Fusobac-
terium nucleatum was found after every step of enrichment maximally making
up 19%; of the total CFU. Lactobacillus acidophilus and Streptococcus sanguis
11 (smitior) were consistently found though often in low proportions. Actinomyces
PS052 was only found in enrichments A and B. The identity of this organisms
is still uncertain due to its poor growth on test-media, unless serum was added
and its unusual enzymic profile. Gram-stain, colonial morphology, very weak
sugar fermentation and the other characteristics point however to Actinomyces
israelii. The category others was formed by incidentally encountered species such
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as Eubacterium lentum, Actinomyces odontolyticus, Pasteurella species and Pro-
pionibacterium acnes. Spirochetes were found in the plagque samples but could
not be detected in the enrichment cultures using interference contrast and dark-
field microscopy.

Special attention was paid to the group of b.p. Bacteroides species. Bacteroides
intermedius was consistently found after 2-3 steps of enrichment maximally
making up 15% of the total CFU as can be seen in Table 2. In contrast, the
levels of this organism in the original plaque samples were often below detection
(<0.1%2). Enrichment of Bacteroides intermedius coincided with redox-poten-
tials (Eh) below —300 mV. Bacieroides gingivalis was not found in plaque samples
and enrichment cultures, Bacteroides melaninogenicus was isolated only once.

The bacterial consortium in the enrichment culture degraded different sernm
(glyco-)proteins to a varying extent as is shown in table 3. Remarkably, albumin
the main serum protein was degraded to a lesser degree than the serum glyco-
proteins, More extensive degradation was observed in a culture grown till the
stationary phase (96 h, Fig. 1B) than in a culture grown for the normal 48 h
(Fig. 1A). The immunoelectrophoretic patterns allowed to discern four different
types of glycoprotein degradation as is shown in Fig. 1.
~ Complete degradation of the immunoglobulins, haptoglobin, transferrin and

complement C3c as is revealed by the absence of immune-precipitation after

a prolonged period of incubation (Table 3, Figs. 1B1, 2).

- Extensive degradation of all investigated proteins resulting in decreases of
the immunonephelometric reaction and/or distortion of the precipitation lines

Table 1. Composition of the dominant flora after enrichment of 3 subgingival plague samples (A,
B and C) on human serum {percentages of iotal CFU).

Species A(5)y* B(6) C(a)
Peptostreptococcus micros 429 438 58.0
Bacteroides sp.** 7.1 28.8 333
Bacteroides intermedius 7.1 4.2 22
Fusobacterium nucleatum 16 0.5 32
Lactobacillus acidophilus 17.9 5.5 1.0
Streprococcus sanguis 11/1 36 2.8 1.0
Actinamyces PS0052 14.3 14.2 -
others 15 0.2 1.3
Number of isolates 28 24 34
CFU.mi! 1.3.10% 1.1.10% 4.7.10°

* Number of enrichment steps in parentheses.
** Percentages of Bacteroides pneumosintes and Bacteroides sp. (PS070) were pooled because colo-
nies could not be sufficiently discriminated.
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Table 2. Detection of Bacreroides intermedius in subgingival plaques A, B and Cand after enrichment
of these samples on human serum (percentages of total CFU),

Sample Percentage B. intermedius
Plaque Enrichment step no.
1 2 3 4 5 6
A N.D.* N.D. 1.7 46 39 7.1 -
B N.D. N.D. N.D. 9.8 14.7 - 52
C 0.6 N.D. N.D. 0.2 7.4 13.7 22

* Detection level was approximately 0.1%. N.D. means no black-pigmented colonies detected on
blood-agar and BBM-plates.

after immunoelectrophoresis (Table 3, Fig. 1).

— Immunoglobulin protease presnmably cleaving into Fe and Fab fragments
as described previously (Kilian 1981) (Fig. 1A2).

— Altered electrophoretic mobility due to removal of carbohydrate side-chains
of glycoproteins (Fig. 1 A2-5).

As there is a shortage of blood donors and products in the Netherlands, it
was checked whether other substrates could be substituted for human serum.
Thus, in a pilot study periodontal plaque was enriched on calf serum, sheep
serum, human plasma and dialyzed plasma (in order to remove part of the glu-
cose and sodium citrate). The animal sera had to be discarded because b.p. Bac-
tervides were not or only incidentally found after enrichment. Enrichment on
plasma resulted in a final pH of 5.0 ta 5.5 and a microflora mainly consisting
of L. acidophilus whereas in sera (see also Table 1) 6-8 species were found to
be enriched.

We also tested the effect of using heat-inactivated (56°C, 30 min} serum rather
than active serum on the composition of the enrichment cultures in these pilot
experiments. Heat-inactivation of the serum did not have any significant effect
on the enriched microflora from periodontal pockets.

Fig. 1 A Immuno-electrophoretic patterns of serum-culture supernatants using polyvalent and
monospecific antisera. The upper wells contained reference human serum, the lower wells culture
supernatant — fifth step of an enrichment culture grown for 48 h, B — seventh step of an enrichment
culture grown for 96 h. Al —total proteins, A2 — extensive degration of immunoglobulins showing
also cleavage in the hinge regions yielding Fc and Fab fragments with an altered electrophoretic
motility due to removal of carbohydrate side chains, A3, B3 — extensive degradation of x;-antitryp-
sin, A4, A5 — extensive degradation plus altered electrophoretic mobility of haptoglobin and trans-
ferrin respectively, Bl - total proteins, B2 - complete degradation of immunoglobulins, B3 —exten-
sive degradation of «-antitrypsin.
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Table 3. Selective protein degradation after representative batch-wise enrichments of two subgingi-
val plaque samples on human serum.

Serum % Degradation
Proteins mg.l™? step 5 (48 h) step 7 {96 h)*)
altbumin 43,000 209 17.7
transferrin 2,620 26.7 > 90.5
haptoglobin 1,690 36.1 >99
complement C3c 920 534 >89.1
complement C4 290 41.4 207
o-1-antitrypsin 2,000 74.0 44.0
immunocglobulin G 10,000 69.6 100.0
immunocglobulin A 2,840 51.8 100.0
immunoglobulin M _ 1,590 71.7 100.0
total 64,950 339 42.8
gammaglobulins %, normal valves
1 subclass 17 74.4 100.0
12 subclass 130 60.4 100.0
13 subclass 106 60.4 100.0
¥4 subclass 80 72.5 100.0

*) Step 7 of this batch-wise enrichment was prolonged to 96 h in contrary to the regular 48 h.

Discussion

As a first approach to identify ecological factors in the subgingival ecosystem
we performed batch-wise enrichments of subgingival plague on human serum.
Batch-wise enrichments are likely to select for fast-growing primary and second-
ary utilizers of substrates in serum. In the batch culture substrates are in excess
and these experimental conditions may, to a certain extent, reflect environmental
conditions in the sulcus area of inflamed gingiva where the increased flow of
gingival exudate in periodontal inflammation (Bickel & Cimasoni 1986; Hat-
tingh & Ho 1980) presents a continuous supply of fresh substrates for the sub-
gingival microflora. Our results {Table 1) show that these conditions lead to the
accumulation of a typical and reproducible microflora. Dominant members of
this microflora: Peptostreptococcus micros, Bacteroides intermedius, Bacteroides
preumosintes and Fusobacterium nucleatum are frequently found as predomin-
ant species in clinical infections and adult and juvenile periodontitis (Moore
etal. 1981, 1982, 1983, 1985). These organisms may well benefit from inflamma-
tory conditions resulting in increased flow of exudate.

The enrichment of Bacteroides intermedius is in accordance with the often
found association of this organism with periodontal diseases (Loesche et al.
1985; Kornman & l.oesche 1980; Slots 1982; Slots & Genco 1984), The observa-
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tion that B. intermedius was only found in enrichment cultures with final redox-
potentials below —300 mV deserves future attention. It is known that serum stim-
ulates the growth of B. intermedius (Okuda et al. 1984). Little effect of serum
on the growth of Bacteroides gingivalis was found (Okuda et al. 1984). Bacter-
oides gingivalis is absent in our enrichment cultures. Its presence in early onset
periodontitis and its disappearance in later stages (Loesche et al. 1985) may
suggest that it cannot benefit as well as Bacteroides intermedius of the increased
flow of gingival exudate.

Itis also of interest that Peptostreptococcus micros, the dominant microorgan-
ism in the enrichments, has recently been reported to possess several disease
related characteristics including the production of hyaluronidase (Tam & Chan
1985; Tam et al. 1982). The presence of this organism in the subgingival micro-
flora may well be underestimated in many studies due to the fact that colonies
on blood-agar are small and inconspicuous and that mature cultures often stain
(ram-negative.

The rapid disappearance of spirochetes in our enrichment cultures despite
the fact that these organisms are ubiquitous in periodontal discase (Loesche
& Laughon 1982; Mikx et al. 1986) may well be related to our experimental
model which allows for selection of fast-growing organisms only. In contrast,
spirochetes are rather slow growing micro-organisms (Mikx et al. 1982; Cheng
& Chan 1983). Preliminary results of enrichments in continuous culture, allow-
ing selection at low growth-rates (generation times of 7-9 h), have indicated
the accumulation of Treponema denticola.

A further significance of our findings is, that we now have identified a set
of oral bacteria whose concerted action enables them to grow on active serum
and break down serum components almast completely, Preliminary findings
showed that from the dominant members of the enrichment microflora only
pure cultures of P. micros were capable of visible growth on active human serum
as reflected by an ODss, after growth of 0.8 and 5.10° CFU.ml™. In our enrich-
ment cultures P. micros reached 5.10° CFU.ml ! showing that it also greatly
benefited from the concerted action of the microflora in the enrichment culture.

The extensive or complete degradation of many serum proteins in our enrich-
ment cultures is also indicative of the actions of consortia. Frandsen et al. (1986)
reported that most oral bacteria are not or only partially capable of IgA degrada-
tion. Our observation that IgA and other host-defense factors such as comple-
ment C3c, IgG and [gM could be completely degraded in the enrichment cultures
suggested that members of the consortium possess complementary enzymic acti-
vities. Glyco-proteins were prefentially consumed in the enrichment cultures as
is apparent from the fact that albumin, a genuin protein and the main serum
component, was hardly attacked. Haptoglobin and transferrin might be attract-
ive substrates to the microflora both because of their carbohydrate and iron
content, ay-antitrypsin and y-globulins also contain carbohydrates. Similarly de
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Jong et al. (1987) observed a preference of oral bacteria for glycoproteins in
enrichment cultures of supragingival plaque on saliva.

No effect of heat-inactivation of serum on the species composition after en-
richment was found, which may indicate that consortia of microorganisms di-
rectly isolated from the gingival crevice were rather resistant to the bactericidal
properties of gingival exudate or serum. Besides black-pigmented Bacteroides
are known to possess several mechanisms to evade the bactericidal properties
of serum (Nilsson et al. 1985; Sundqvist et al. 1985).

In summary, it may be concluded that besides its role in the host-defense re-
sponse, gingival exudate plays also a major role as a substrate for the subgingival
microflora. In relation with recent findings of de Jong et al. (1986) which showed
that saliva is a major source of substrates for the supragingival microflora the
results presented in this paper show the need for future studies on the role of
host derived substrates in oral microbiology.
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