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Occurrence of Cytophagas in Sewage Plants
HANS GUDEt

Gesellschaft fur Biotechnologische Forschung mbH, Abteilung Mikrobiologie, D-3300 Braunschweig-
Stockheim, Federal Republic of Germany

With the application of plate count methods and of the KOH-flexirubin test,
bacteria belonging to the Cytophaga group were proved to occur regularly in
samples from biological sewage treatment facilities. Generally, the percentage of
Cytophaga colonies of the total heterotrophic colonies was lowest in the inflow
sewage water as compared with the values found in activated sludge, trickling
filter, and effluent samples. During an observation period of 16 months, the
highest percentages of cytophagas were found in winter samples from activated
sludge and trickling filters. Furthermore, cytophagas were shown to have high
percentages of the bacteria lytic to polymeric substrates such as cellulose, chitin,
dextran, pectin, xylan, and gelatin. Thus, it is suggested that cytophagas may
contribute to sewage purification, especially at cold temperatures and by polymer
breakdown. Cytophaga strains isolated were shown to have gliding motility,
flexirubin pigmentation, and a low guanine plus cytosine base ratio in common.
The strains were roughly subdivided into a spreading, a nonspreading, and a
cellulolytic group.

Biological sewage purification processes may
be described by kinetic and ecological ap-
proaches (18). A presupposition for the ecologi-
cal approach is the quantitative and qualitative
knowledge of the species composition of the
microbial communities participating in these
processes. However, this knowledge is still in-
complete because investigations referring to it
are restricted by severe methodological and tax-
onomic difficulties (17, 19). The methodological
difficulty is basically that many bacterial species
cannot be isolated or cultivated, due to unknown
requirements for suitable growth conditions.
Moreover, even if those problems were solved,
the exact taxonomic definition of the respective
isolates would provide further difficulty because
as yet undescribed bacteria are often found, and
also because there is sometimes considerable
confusion about the taxonomy of described bac-
teria (e.g., Flavobacterium [9, 14]).

In the present study, one source of these prob-
lems has been focused on by observing the oc-
currence of bacteria belonging to the Cytophaga
group. These common soil and water bacteria
(3) have been selected for this study because
they were considered to be well adapted to bio-
logical sewage purification, due to their gliding
motility on solid surfaces and their wide range
of degradation capacities. Moreover, this study
integrated well into the current investigations

t Present address: Landesanstalt fur Umweltschutz Baden-
Wurttemberg, Institut fur Seenforschung und Fischereiwesen,
D-7994 Langenargen, Federal Republic of Germany.

on the biology and taxonomy of cytophagas car-
ried out in this laboratory (H. Behrens and H.
Reichenbach, and I. Hirsch and H. Reichenbach,
manuscripts in preparation). The experimental
approach to this study consisted of taking sam-
ples from different sewage plants continuously
over a period of 16 months and analyzing their
microbial composition by using plate count
methods with the application of different media
and of different incubation temperatures. Thus,
besides showing the occurrence of cytophagas in
sewage treatment facilities, additional informa-
tion on the role of these bacteria in sewage
purification could be given.

MATERIALS AND METHODS
Activated sludge samples were taken from the sew-

age works of Bad Harzburg, Homburg, Salzgitter-Bad,
Salzgitter-Lebenstedt, Schladen, Schoppenstedt, and
Wolfenbuttel, all in the region of Braunschweig in the
northeastern part of West Germany. Samples of
trickling filters came from the sewage plants of Salz-
gitter-Lebenstedt and Wolfenbuttel. Sterile glass bot-
tles were used as sampling vessels. Samples from
trickling filters were taken from the upper layer of the
filter stones with sterile forceps. All samples were kept
cool and brought into the laboratory within 2 h after
sampling.

In the laboratory, samples were diluted 10-fold with
phosphate buffer (0.01 M; pH 7.0) and were then
homogenized in an ice-jacketed Sorvall blender (2
min). The samples were further diluted with phos-
phate buffer to a dilution of 10-5 to 10-6. Then 0.1 ml
of the diluted samples was streaked onto the different
agar plates. For isolation and enumeration of total
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heterotrophic colonies (THC), Cy agar (0.3% Casitone
[Difco Laboratories]; 0.1% yeast extract [Difco]; 0.1%
CaCl2.2H20, 0.15% MgSO4.7H20, 1.5% agar) was ap-
plied. Additionally, activated sludge extract (ASE)
agar (prepared by boiling activated sludge mixed liq-
uor and adding 1.5% agar to the filtered liquid [20])
and vy/2 agar (0.5% bakers' yeast, 0.1% CaCl2.2H20,
0.1 mg of vitamin B12 per liter, 1.5% agar) were em-
ployed as complex media. Estimates of proteolytic and
of polysaccharide decomposing bacteria were done on
double-layer agar plates as described by Reichardt
(23). A basal layer of mineral agar was poured and
over it was placed an upper layer of the same agar
which contained an addition of 0.5% of the respective
C source (gelatin, chitin, dextran, pectin, xylan). Cel-
lulolytic microorganisms were estimated by counting
lytic colonies on filter paper. The filter papers were
placed onto mineral agar plates, which were inoculated
with the samples. All plates were incubated at 200C
for 10 days. For tests of temperature dependence,
parallel plates were incubated at 5 and at 30°C. Cel-
lulolytic colonies were counted 24 days after inocula-
tion. The colonies on the original agar plates were
differentiated by colony form, by pigmentation, and
by the flexirubin test with KOH. A positive reaction
in the KOH-flexirubin test was given if the color of
colonies changed from yellow or orange to red after
dropping 20% KOH onto the colonies (21). Pure iso-
lates were tested for the formation of spreading colo-
nies on vy/2 agar. Gliding motility was verified micro-
scopically in agar slide cultures and in wet mounts of
cells grown for 24 h on vy/2 agar. Tests for flocculent
or filamentous growth were done in liquid Cy media.

RESULTS
Differentiation of cytophagas. To rapidly

quantitate the number of Cytophaga colonies on
agar plates, a simple but sufficiently reliable
method to directly differentiate Cytophaga col-
onies from other colonies on the agar plates was
sought. The KOH test for flexirubin pigmenta-
tion promised to fulfill those requirements be-
cause the distribution of these pigments seems
to be restricted to bacteria belonging to the
family Cytophagaceae (21). This was tested by
comparing the frequency of flexirubin pigmen-
tation with the frequency of known key charac-
teristics of cytophagas, such as yellow pigmen-
tation and gliding motility, among 78 yellow-
pigmented, nonflagellated strains isolated from
activated sludge samples (Table 1). The results
obtained indicated that yellow or orange pig-
mentation as the sole criterion for differentiation
is not exclusive enough, because only 54 of these
strains showed gliding motility. However, the
formation of spreading colonies was considered
as too restrictive a criterion, because this mac-
roscopic expression of gliding motility was dem-
onstrated with only 19 of the strains which
showed gliding motility when observed micro-
scopically. In contrast, 46 strains showed a pos-
itive reaction in the KOH-flexirubin test, of

TABLE 1. Frequencies of Cytophaga characteristics
among 78 yellow-pigmented, nonflagellated strains

isolated from activated sludge
No. of % of total
strains strains tested

Yellow or orange pigmenta- 78 100
tion

Gliding motility 54 69
Positive flexirubin reaction 48 62
Positive flexirubin reaction 47 60
and gliding motility

Formation of spreading colo- 19 24
nies

Positive flexirubin reaction 18 23
and formation of spreading
colonies

which, except for one strain, all also demon-
strated gliding motility. Based on these results
and on additional data from taxonomic studies
with several of these KOH-positive isolates
(Behrens, Ph.D. thesis, TU Braunschweig,
Braunschweig, West Germany, 1978; Hirsch,
Ph.D. thesis, TU Braunschweig, Braunschweig,
West Germany, 1979), the KOH-flexirubin test
was considered as an acceptable criterion for
routine identification of cytophagas in further
investigations.
Distribution of cytophagas in different

parts of sewage plants. It was first desired to
determine whether cytophagas occurred at all in
sewage plants and in which part of the plants
they could be found most often. For this purpose,
samples from different parts ofthe sewage plants
of Wolfenbuttel and Salzgitter-Lebenstedt were
examined. Each sewage plant had two biological
purification stages, consisting of an activated
sludge reactor followed by a trickling filter. The
Wolfenbuttel sewage plant received about 8,000
m3 of sewage of domestic and industrial origin
per day. This corresponded to a chemical oxygen
demand of 5,000 kg. day-'. With a sludge loading
rate of 0.3 kg of chemical oxygen demand per kg
(dry weight) of sludge per day, the plant was
comparatively underloaded. The sewage plant
of Salzgitter-Lebenstedt received 12,000 to
15,000 m3 of sewage per day which was mostly
of domestic origin. This corresponded to a daily
loading of 8,000 kg of chemical oxygen demand.
With a sludge loading rate in the range of 0.6 kg.
kg-' day-', the plant was considerably more
loaded than that of Wolfenbuttel.

KOH-positive colonies were observed in all
samples (Fig. 1). However, the percentages
found in the inflow sewage water were lowest in
both sewage plants as compared with the per-
centages found in the activated sludge mixed
liquor, the trickling filter, and the purified ef-
fluent water. This general pattern of distribution
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FIG. 1. Percentage of colonies with a positive
KOH-flexirubin reaction of the total heterotrophic
colonies (THC) in differentparts ofthe sewageplants
of Wolfenbuttel (light column) and Salzgitter-Leben-
stedt (dark column). Samples were taken on 4 March
1977.

was also found in all further samples, independ-
ent of the observed seasonal variations. Thus,
considering this relative increase of cytophagas
combined with the minimally 10-fold increase in
absolute numbers of bacteria from the inflow to
the activated sludge reactor and trickling filter
(17), it was concluded that the environmental
conditions occurring in these habitats were fa-
vorable for the multiplication of cytophagas.
Seasonal variations. For a broader statisti-

cal base of infornation and for the detection of
eventual seasonal changes, samples were taken
monthly from the activated sludge of the sewage
plants of Wolfenbuttel and Salzgitter-Leben-
stedt during 16 months. Samples from trickling
filters of these sewage plants were investigated
less frequently. Furthermore, activated sludge
samples from five additional smaller sewage
plants were included in the investigations, with
samples taken semiannually. The results sug-
gested a clear relationship between the occur-
rence of cytophagas and the respective season in
all sewage plants investigated (Fig. 2 and 3;
Tables 2 and 3). In the activated sludge samples
of Wolfenbuttel and Salzgitter-Lebenstedt the
proportions of KOH-positive counts initially
(February and March 1977) ranged between 7
and 10% of the total counts. Then their percent-

age of the total counts fell during the summer
months to values in the range of 2 to 3%, but
rose again during the following winter months
(Fig. 2). These strong seasonal differences were
also observed in the activated sludge samples of
the five sewage plants additionally investigated,
in which the winter samples had considerably
higher percentages of KOH-positive colonies
than the corresponding summer samples (Fig.
3). Temperatures were 6 to 100C in winter and
16 to 200C in summer in the activated sludge
reactors investigated. A similar variation of
KOH-positive colonies with the seasons was ob-
served in trickling filter samples from Wolfen-
buttel and Salzgitter-Lebenstedt (Table 3). Pei-
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FIG. 2. Percentage of colonies with a positive
KOH-flexirubin reaction of the total heterotrophic
colonies (THC) in activated sludge mixed liquor from
the sewage plants of Wolfenbuttel (WF) and Salzgit-
ter-Lebenstedt (SZ) during a 16-month observation
period.
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FIG. 3. Percentage of colonies with a positive re-

action in the KOH-flexirubin test of the total hetero-
trophic colonies in activated sludge mixed liquor
samples, taken once in summer (July 1977; light col-
umn) and once in winter (February 1978; dark col-
umn) from the following sewage plants: Salzgitter-
Bad (SZ-B), BadHarzburg (BHB), Schladen (SCHL),
Hornburg (HB), Schoppenstedt (SCHO), Wolfenbuttel
(WF), and Salzgitter-Lebenstedt (SZL).
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TABLE 2. Counts of total aerobic heterotrophic
colonies (THC), yellow-pigmented colonies (YPC),
yellow-pigmented spreading colonies (YSCP), and
colonies with a positive KOH-flexirubin reaction
(KOH+) per milliliter of activated sludge mixed
liquor from the sewage plants of Wolfenbuttel (a)

and Salzgitter-Lebenstedt (b)

Date

2/17/77
3/3/77

4/25/77

5/23/77

6/24/77

7/15/77

8/29/77

9/19/77

10/24/77

11/24/77

12/15/77

1/30/78

2/27/78

3/17/78

4/24/78

5/30/78

Sewage
plant

a
a
b
a
b
a
b
a

b
a

b
a
b
a
b
a
b
a

b
a

b
a
b
a
b
a

b
a
b
a

b

THC
(x108)

0.64
2.4
4.1
1.6
4.1
1.5
4.9
1.8
6.2
1.6
5.6
1.4
5.1
3.7
8.2
1.7
4.8
1.4
3.2
0.98
2.9
0.89
4.4
1.2
3.9
1.4
4.9
0.85
4.3
1.4
3.7

YPC
(x108)

0.057
0.16
1.9
0.21
0.53
0.14
0.61
0.15
0.95
0.11
0.40
0.12
0.39
0.35
1.1
0.15
0.99
0.41
1.2
0.17
1.4
0.21
1.3
0.15
0.52
0.17
1.4
0.14
0.97
0.15
1.1

YSC
(X108)

0.021
0.03
0.21
0.04
0.09
0.01
0.02
0.01
0.02
0.01
0.03
0.01
0.03
0.01
0.02
0.02
0.03
0.02
0.05
0.02
0.15
0.05
0.19
0.08
0.27
0.05
0.11
0.01
0.06
0.01
0.02

KOH+
(xl0)

0.043
0.16
0.38
0.11
0.28
0.07
0.15
0.06
0.19
0.04
0.24
0.03
0.18
0.14
0.34
0.06
0.20
0.09
0.22
0.06
0.18
0.09
0.35
0.11
0.41
0.10
0.42
0.04
0.27
0.04
0.16

centages of cytophagas found in March and De-
cember were also higher than those found in
September and June. In general, percentages of
KOH-positive colonies observed in trickling fil-
ters were higher than those found in activated
sludge samples, reaching up to 36% and not
falling below 4% of the counts of total hetero-
trophic colonies.
The KOH-positive colonies comprised varia-

ble proportions of the whole number of yellow-
pigmented colonies (Tables 2 and 3). Also, the
ratio of KOH-positive to spreading colonies was
not constant. However, in activated sludge al-
most all spreading colonies were KOH-positive,
whereas in trickling filters sometimes high num-
bers of yellow-pigmented, spreading, KOH-neg-
ative colonies were observed. These consisted
mostly of bacteria belonging to the genus Lyso-
bacter (2), which has already been shown to
occur in sewage plants (4). The other non-Cyto-
phaga-like colonies occurring on the agar plates

could only be roughly classified within this
study. Accordingly, representatives of Alcali-
genes, Caulobacter, Pseudomonas, Nocardia,
Zoogloea, and coryneforms were observed most
often. As suggested by microscopic observations
and by macroscopic patterns (pigmentation,
form) of the colony composition on agar plates,
the relative proportions of these different groups
were not constant during the observation period.
Thus, seasonal population shifts as observed
with the cytophagas were assumed to be com-
mon in microbial activated sludge communities.
The absolute number of total colony counts

always fell in the range of 108 colonies per ml in
the activated sludge samples (Table 2). In some
cases, direct microscopic counts were done with
diluted, homogenized samples. The values ob-
tained were always one or two orders of magni-
tude higher than the corresponding plate counts.
In the trickling filter samples, colony counts
were not comparable with each other because
samples taken with forceps were not quantifia-
ble, and therefore there were no suitable refer-
ence parameters. Considerable discrepancies be-
tween direct microscopic and plate counts were
also observed in these samples.
Potential role of cytophagas in sewage

plants. The observation that cytophagas were
more enriched during the cold season suggested
that these bacteria could compete more success-
fully with other bacteria at cold temperatures,
presumably due to psychrotrophic growth char-
acteristics. This was confirmed by incubating
parallels of agar plates at different temperatures.
In all cases, the ratio of KOH-positive colonies
to total heterotrophic colonies was higher at 5°C
and lower at 30°C compared with the percentage
obtained at 200C. Moreover, total colony counts
from winter samples were also nearly as high at
an incubation temperature of 50C as at one of

TABLE 3. Counts of total aerobic heterotrophic
colonies (THC), yellow-pigmented colonies (YPC),
yellow-pigmented spreading colonies (YSC), and
colonies with a positive KOH-flexirubin reaction
(KOH+) per milliliter of suspension of trickling

filter samples from the sewage plants of
Wolfenbuttel (a) and Salzgitter-Lebenstedt (b)

Date Sewage THC YPC YSC KOH+Date Plant (x106) (x106) (x106) (x106)
3/4/77 a 5.5 1.8 0.75 0.81

b 3.5 1.6 0.44 0.41
6/24/77 a 2.5 0.6 0.10 0.20

b 21 6.7 0.20 0.80
9/19/77 a 11 0.9 0.10 0.75

b 22 2.4 1.3 0.80
12/15/77 a 13 4.8 2.4 2.9

b 46 19 9.7 17
3/17/78 a 3.7 1.1 0.95 0.70

b 22 3.4 0.60 2.1

VOL. 39, 1980
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200C. In contrast, a 30°C incubation tempera-
ture led to very sharp decreases in colony counts
in winter but a much lower decrease in summer,
when compared with the counts obtained at
200C (Table 4). Thus, the results obtained indi-
cated that those bacteria were generally selected
which were adapted to the respective in situ
temperatures.

Further information on the potential role of
cytophagas in sewage purification was obtained
by plating out all samples on various agar media
containing different polymeric substrate sources.
These were comprised of cellulose, chitin, dex-
tran, pectin, and xylan to estimate the number
of bacteria lytic to these polysaccharides. Addi-
tionally, gelatin agar was used for estimates of
proteolytic colonies. Total counts of colonies
lytic to these substrates were always at least one
order of magnitude lower than the total colony
counts on Cy agar. However, KOH-positive col-
onies made up rather high proportions of the
lytic colonies, reaching from an average of 12%
of proteolytic colonies to an average of 41% of
cellulolytic colonies (Fig. 4). Other than this
demonstrated degradation capacity for a wide
range of pure polymeric substrates, KOH-posi-
tive colonies were also capable of lysing complex
macromolecules occurring in activated sludge
extract or in yeast cells. On activated sludge
extract agar or on vy/2 agar (yeast cells + vi-
tamin B12), KOH-positive colonies represented
an average 11 and 25%, respectively, of those
colonies which produced clear zones of lysis on
these agar media.
Because of the known importance of bacterial

floccing or filamentous growth for the perform-
ance of the activated sludge process (19), the
ability to form flocs or filaments by the cytopha-
gas was also tested. However, of 30 KOH-posi-
tive activated sludge isolates tested, none
showed flocculent growth in liquid Cy media.
Furthermore, none of the KOH-positive isolates
grew continuously as filaments, although fila-

TABLE 4. Ratios of total heterotrophic colony
counts (THC) to total heterotrophic colony counts at
20°C and ofKOH-positive colony counts (KOH+) to

total heterotrophic colony counts at different
incubation temperatures'

Incubation THC/THC20b KOH+/THC
temp (00) February July February July

200C 100 100 9.5 3.8
50C 79 43 16.7 12.3
300C 39 61 0.8 1.2
a Results represent (in percent) average values from

activated sludge samples from seven different sewage
plants, taken in February and July (see Fig. 3).

bTHC20, Total heterotrophic colony count at 200C.

APPL. ENVIRON. MICROBIOL.

mentous growth could be observed temporarily
during the log or stationary phase of the growth
cycle.
Major groups of cytophagas. During this

study, more than 200 isolates of KOH-positive
colonies were obtained in pure culture. Of these,
only a few selected type isolates have so far been
subjected to thorough taxonomic investigations
(Behrens and Reichenbach, and Hirsch and Rei-
chenbach, in preparation). Therefore, it is too
early to make any final conclusions on the pre-
cise taxonomic relationship of these isolates with
other Cytophaga strains. However, the KOH-
positive isolates may presently be placed into
three major groups on the basis of few morpho-
logical and physiological differentiation criteria
(Table 5). They are as follows.

(i) Spreading group. Isolates belonging to
the spreading group corresponded in most as-
pects to the characteristics assumed to be com-
mon for cytophagas (2). They all showed gliding
motility and formed spreading colonies on vy/2
agar. They could decompose at least one of the
following polysaccharides: chitin, dextran, pec-
tin, or xylan. Additionally, gelatin was utilized
by all of these isolates. Among 20 isolates tested,
18 showed growth in liquid media containing
glucose as the sole source of carbon and energy.
Only 1 of 20 tested strains could grow in liquid
Cy media at 300C, whereas all strains showed
good growth at 5, 10, and 20°C. Colonies belong-
ing to this group contributed the largest part of
the increase in KOH-positive colonies observed
during the winter months, whereas in summer
they seldom reached proportions exceeding 1%
of the total heterotrophic counts.

40

30

o 20-
-Y
21

Io

celulose

dextron

chitinlectnl xtan

111111~~e
FIG. 4. Averagepercentages ofcolonies with apos-

itive reaction in the KOH-flexirubin test of the total
number of colonies lytic to different polymeric sub-
strates in the activated sludge mixed liquor samples
taken from the sewage plants of Wolfenbuttel (light
column) and Salzgitter-Lebenstedt (dark column)
during a 16-month observation period.
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TABLE 5. Some characteristics of the major groups
ofKOH-positive isolates from activated sludge and

trickling filter samplesa

Spreadng No- Celluloly-Characteristic Spgreoauding spreading tic groupgroup

KOH flexirubin test + + +
Gliding motility + + +
Formation of spreading + - -

colonies, on vy/2
agar

G + C content (%)b 33-36 33-34 ND
Growth in liquid media

as:
Flocs - - -
Filaments v v -

Growth in liquid media
at:
50C + v -

looc + + -
200C + + +
300C - + +

Growth in mineral me- + - v
dia + glucose

Degradation of:
Gelatin + +
Cellulose - - +
Chitin v - -

Dextran v - -

Pectin v - -

Starch + v -

Xylan v
a v, Variable; ND, Not determined.
b Guanine plus cytosine (G + C) values determined

by Behrens (Ph.D. thesis).

(ii) Nonspreading group. Strains belonging
to the nonspreading group differed from the
"typical" Cytophaga pattern because none of
these strains was observed to form spreading
colonies. However, under direct microscopic ob-
servation in wet mounts, all of them demon-
strated the same type of motility as the strains
belonging to the spreading group. This may be
described as active motions following the long
axis of the cell with frequent changes of direc-
tion. However, in contrast to the spreading
group, no coordinated cell movement was ob-
served in agar slide cultures. These bacteria did
not demonstrate lytic activities on chitin, dex-
tran, pectin or xylan, but most of them could
decompose starch, and all were able to liquefy
gelatin. Lytic halos around the colonies were
also seen on vy/2 agar and on ASE agar. When
grown in nutrient-rich Casitone or nutrient
broth media, cells were long and flexible, but
they grew as short rods in nutrient-poor media.
No growth occurred in liquid media containing
glucose as the sole source of carbon and energy.
In liquid Cy media, the bacteria showed variable

CYTOPHAGAS IN SEWAGE PLANTS 761

growth at 50C, but they grew well at tempera-
tures up to 30°C. Colonies belonging to this
group were present throughout the whole year
in activated sludge and trickling filters and they
constituted nornally more than 2% of the het-
erotrophic colony counts.

(iii) Cellulolytic group. This group con-
sisted entirely of slender, spindle-shaped bacte-
ria with very fast gliding motility. Some of the
strains formed microcysts which were stable up
to temperatures of 600C and which certainly
belong to the genus Sporocytophaga. All of
these bacteria had a very narrow substrate spec-
trum, because growth was generally observed
only when cellulose was present in the culture
medium. A few strains were capable of growth
on glucose or cellobiose, but they required a
longer time of adaptation to these substrates.
No growth at all occurred in liquid Casitone or
in nutrient broth media without the addition of
cellulose. No spreading colonies were observed
on vy/2 agar. These bacteria showed no psy-
chrophilic characteristics, because they only
grew at temperatures above 150C. The occur-
rence of these bacteria in sewage plants has
already been noted (11). In the present study,
these bacteria represented the main group of
lytic colonies on filter paper media (Fig. 4) and
were always found in activated sludge and
trickling filters. Maximum numbers were found
during the summer months. However, absolute
numbers of cellulolytic colonies on filter paper
agar were always three to four orders of magni-
tude lower than the corresponding total colony
counts.

DISCUSSION
According to the results obtained in this study,

bacteria showing a positive reaction in the KOH-
flexirubin test occur frequently in activated
sludge and trickling filters. Because of the results
demonstrated in Table 1 and because of taxo-
nomic studies on soil and freshwater cytophagas
(Behrens, Ph.D. thesis; Hirsch, Ph.D. thesis), it
can be assumed that a positive reaction in the
KOH-flexirubin test indicates the presence of
cytophagas with high probability. Consequently,
bacteria belonging to the family Cytophagaceae
appear to constitute a regular component of the
sewage plant microflora detectable by plate
count methods.
Although cytophagas have already been cited

as part of the activated sludge microflora (1, 13),
the presence of this group in biological sewage
purification systems has not been reported in
most pertinent studies. However, bacteria be-
longing to the genus Flavobacterium were re-
ported by most authors as one of the major
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taxonomic groups occurring in sewage purifica-
tion systems (17). This genus, however, is still
insufficiently defined (2, 9, 14, 15, 27) and can
only be clearly separated from Cytophaga by
one criterium, i.e., gliding motility. Considering
the fact that gliding motility can sometimes not
be demonstrated unequivocally (3, 10, 16), it
seems probable that cytophagas were often des-
ignated as flavobacteria. This may be especially
true for the nonspreading group, because in this
case gliding motility was not demonstrated mac-
roscopically by the formation of spreading colo-
nies. In the present study, these bacteria were
placed in the Cytophaga group based on the
microscopic observation of gliding motility, on
flexirubin pigmentation, and on DNA character-
istics (studied with two isolates of this group by
Behrens [Ph.D. thesis]). However, it must be
noted that final conclusions on the taxonomy of
the Cytophaga group cannot be made unless the
whole group has been reexamined by modem
taxonomic methods such as are given by DNA
and RNA homology studies.
Due to the lack of suitable direct detection

criteria, the desired information as to the poten-
tial role of cytophagas in the sewage purification
systems was restricted to data available by in-
direct plate count methods. According to the
results obtained by these indirect plate counts,
it is suggested that cytophagas may contribute
to the purification process especially at cold
temperatures and by polymer breakdown. It
must be remembered, however, that plate count
methods provide only very limited information
on the real importance of a certain bacterial
group in a natural habitat because of the com-
monly observed low counting efficiencies (17)
and because of unknown actual in situ activities
of the respective bacterial group. Nevertheless,
the importance of cytophagas as was hypothe-
sized by plate count results could be confirmed
indirectly by several chemostat enrichment cul-
tures. In these cultures, which were inoculated
with activated sludge samples, an enrichment of
cytophagas was regularly observed when cul-
tures were fed polymeric substrate sources (H.
Gude, Microb. Ecol., in press). Moreover, poly-
mer degradation and psychrotolerance have
been demonstrated as important selection fac-
tors favoring the growth ofcytophagas in natural
waters and in laboratory microcosms (5, 7, 8, 22).
The Cytophaga strains isolated here appar-

ently do not contribute directly to floc formation
in the activated sludge process, because floccu-
lent growth was not observed with any of the
tested strains under the given culture conditions.
Thus, cytophagas may represent a further ex-
ample of the activated sludge floc inhabiting
non-floc-forming bacteria, which were observed

to occur frequently (25). However, cytophagas
may participate in filamentous bulking of acti-
vated sludge. Although in the activated sludge
reactors investigated, filamentous bulking
caused by yellow gliding bacteria was never ob-
served, many of the tested strains showed, at
least during certain growth phases, filamentous
growth forms. Furthermore, sometimes abun-
dant growth of filamentous, yellow-pigmented,
flexirubin-positive bacteria with a guanine plus
cytosine content of 34% (H. Behrens, unpub-
lished data) was observed in the chemostat en-
richment cultures mentioned above. Filamen-
tous yellow pigmented gliding bacteria from ac-
tivated sludge origin were also observed by other
authors (6, 24, 26).

In conclusion, it can be stated that cytophagas
may indeed represent one of the bacterial groups
integrated into the complex process of biological
sewage purification. Presently, however, the real
importance of cytophagas, as well as that of
other bacterial groups, can be only roughly eval-
uated because we are still far away from a com-
plete understanding of the intrinsic structure of
these systems. To achieve this aim, many further
studies on the microbial ecology of sewage pu-
rification, combined with an improvement of the
methodology, are urgently needed.
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