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Abstract

A litter bag experiment was carried out in a eutrophic seawater lake from autumn to summer in order
to determine which bacterial genera play an important role in decomposition of Phragmites communis
leaf litter. The count of cellulolytic bacteria and decomposition rate of litter cellulose increased rapidly
during the initial month. In contrast, the count of cellulolytic fungi was lowest in this period. Pseudomonas
accounted for 65-909, of total isolates of cellulolytic bacteria up to 5 months. These results suggest that

Pseudomonas plays an important role in at least the initial decomposition stage of the litter.

Introduction

The importance of microorganisms as agents of
the breakdown of plant litter in aquatic environ-
ments has long been recognized (Kaushik &
Hynes, 1971; Fenchel & Jorgensen, 1977; Federle
& Vestal, 1980 and 1982). Some reports concern-
ing the relative importance of bacteria and fungi
on the decomposition of the litter (Kaushik &
Hynes, 1971; Mason, 1976; Benner et al., 1984;
Benner ez al., 1986; Tanaka, 1991) have suggested
that the bacterial population plays an important
role at least during certain stages of decomposi-
tion.

Among the various functional groups of bac-
teria, cellulolytic bacteria play an important role
in the decomposition of emergent macrophyte lit-
ter, because cellulose is a major component of
such litter. Few investigations, however, have

been carried out on the flora of cellulolytic bac-
teria associated with decomposing litter.

This paper mainly focuses on the flora of cel-
lulolytic bacteria associated with leaves of Phrag-
mites communis submerged in eutrophic seawater
by litter bag. In addition to the flora, dynamics of
the cellulolytic bacteria and fungi and the decom-
position rate of the litter cellulose were also ex-
amined in the present study to evaluate the con-
tribution of bacteria to hydrolysis of the cellulose.

Lee (1990) pointed out that the cosmopolitan
distribution, high resilience and extreme produc-
tivity of Phragmites spp. warrant more studies on
its role in wetland ecosystems, and found that
P. communis functions as an important detritus
source in a marsh ecosystem. This suggests the
importance for clarifying the microbial decompo-
sition process of Phragmites litter in aquatic en-
vironments.
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Materials and methods
Litter type and incubation

Dead, brown leaves of P. communis were collected
from shoots standing in the margin of Lake Shin-
hama in October 1980. Seven hard plastic bas-
kets (30 x 20 x 20 cm, 2 mm mesh), each with 100
air-dried and weighed leaves, were submerged
30 cm below the water surface near the shore
(water depth of about 2 m) of eutrophic seawater
lake, Lake Shinhama (35°40’ N, 139° 56’ E), on
31 October 1980. Since the lake is connected to
Tokyo Bay by two channels, its salinity of 13-
17%, (Furota, 1980) is almost equal to that of
Tokyo Bay. Its shoreline and shallows are dom-
inated by P. communis. Sessile organisms on the
outer surface of the bags were scrubbed off sev-
eral times a month to allow circulation of the
water in the bags.

One bag was collected on each sampling date.
The leaves in the bag were transferred to a poly-
ethylene bag containing sterile seawater and
transported to the laboratory. The leaves were
rinsed gently with sterile seawater to remove silt
and then subjected to the following analyses.

Chemical analyses

Seventy leaves were air-dried, ground into a pow-
der with a motor mill and used for determination
of their ash-free dry weight (AFDW) and cellu-
lose. Ashing was done in a muffle furnace at
450 °C for 1 h. Cellulose content was determined
by the method of Allen et al. (1974).

Bacteriological analyses

Thirty wet leaves were ground with a motor mill
equipped with a sterilized blender jar (150 mli),
and further homogenized with a sterilized Potter-
Elvehjem- type glass homogenizer after addition
of sterilized seawater (final volume of 400 ml).
Cellulolytic bacteria were counted using the pour
plate method of Kadota (1956), but with Avicel

SF cellulose powder (Asahi Chemical Industry
Co. Ltd.) instead of reprecipitated cellulose. The
method is as follows: about 1 ml of the appro-
priately diluted inoculant and 8 ml of sterilized
seawater had been placed in the plate, then 9 ml
of the melted cellulose agar medium (NaNO;,
0.5g; K,HPO,, 1.0g MgSO, 7H,0, 0.5¢g;
FeSO,: 7TH,0, 0.01 g; Avicel SF powder, 10 g;
Agar, 15 g; 1000 ml of pH 7.2 filtered seawater)
was added to the plate and mixed thoroughly with
the inoculant. The plate was incubated at 25 °C
for 30 days in darkness.

Cellulolytic bacteria were picked up from each
plate at a countable dilution. A total of 40 to 90
isolates was picked up from each sample. The
colonies were purified by streaking on Avicel agar
plates three or more times. The purity of the cul-
ture was checked by streaking on ZoBell 2216E
agar plates (Oppenheimer & ZoBell, 1952) and by
microscopy (magnification, x 1500).

The purified isolates were subjected to the fol-
lowing morphological and biochemical tests after
growing on ZoBell 2216E agar plates at 20 °C.
Motility and cell morphology were examined by
phase-contrast microscopy on samples from 24-
and 48-h cultures. Gram staining was done ac-
cording to Hucker’s modification (Hucker &
Conn, 1923). Flagella were stained by the meth-
ods of Nishizawa-Sugawara and Toda (Institute
of Medical Science, University of Tokyo, 1958)
after 72 h incubation. The oxidase reaction was
tested using Kovacs’ method (Kovacs, 1956).
Catalase activity was tested by the method de-
scribed by Skerman (1967). The oxidation-
fermentation (O-F) test for glucose was carried
out by the method of Hendrie & Shewan (1979).

The hydrolyzing abilities of some polysaccha-
rides and proteins were tested as follows. Filter
paper hydrolytic ability was tested by inoculating
the isolates into tubes of mineral medium
(NaNO,, 0.25 g; K,HPO,, 0.5 g; MgSO, 7H,0,
0.25 g; FeSO,- 7TH,0, 0.005 g in 1000 ml of fil-
tered pH 7 seawater) containing a strip of filter
paper, two-thirds immersed. Hydrolysis of the fil-
ter paper was checked by its collapse after gentle
shaking. Xylanolytic ability was examined with a
xylan agar medium (NaNO;, 0.25g; K,HPO,,



0.5g; MgSO,7H,0, 0.25g; FeSO, TH,0,
0.005 g; xylan purchased from Tokyo Chemical
Industry Co., Ltd., 4 g; 1000 ml of filtered pH 7
seawater). Hydrolysis of xylan was checked by
formation of a clear zone around the colonies.
Tests for other hydrolases were carried out by
streaking isolates on ZoBell 2216E agar plates
containing an appropriate concentration of sub-
strate: 0.8% for soluble starch, 1Y%, for gelatin,
2.5%, for skim milk, 19, for Tween 80. The in-
oculated plates were incubated at 20 °C for
7 days and examined for hydrolysis of the sub-
strates using the methods described by Hendrie &
Shewan (1979).

In order to test for nitrate-reducing ability, the
isolates were inoculated into a nitrate broth (Zo-
Bell 2216E medium containing 0.1%, KNO,).
Production of nitrite was examined after 14 days
incubation at 20 °C. When no nitrite was de-
tected, remaining nitrate was further tested.

The generic identification was carried out ac-
cording to Skinner & Lovelock (1979). Each
genus was divided into groups mainly according
to their hydrolase and nitrate-reducing ability.

Determination of fungal biomass

The total length of fungal hypha on the surface of
the leaves was determined as follows. Ten leaf
discs (1 cm diameter) were punched out with a
cork borer. They were then stained with lactophe-
nol cotton blue and safranin solutions succes-
sively, and observed by bright-field microscopy
( x 400). The number of the intersections between
hypha and graticule lines on an ocular microme-
ter (250 x 250 pm, 100 mesh) was counted for
20 microscope fields for each side of the leaf disc.
The total length of fungal hypha was estimated
from this count by the method 5 of Olson (1950).

In order to count the cellulolytic fungi, homog-
enized litter suspension was at first inoculated on
the glucose-yeast extract agar medium (glucose
19 g1~ !, yeast extract 1 g1~ ') described by Tu-
baki (1974). Streptomycin sulfate and Na-
penicillin G were added to this medium to inhibit
bacterial growth at the concentrations described
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by Aaronson (1970) (both 500 mg1~"). All fun-
gal colonies on the agar medium were picked up
after 7 days incubation (20 °C), and then purified
by isolating single hypha. The cellulolytic ability
of the purified isolates was examined by inocu-
lating them on agar plates of the Avicel cellulose
medium and observing the formation of a clear
zone around the colony after one month incuba-
tion at 20 °C. The number of cellulolytic fungi per
1 gram AFDW was determined from this result.

Gel chromatography of cellulases from purified bac-
terial isolates

Gel chromatography of cellulases were carried
out for two typical isolates belonging most dom-
inant group and high in vitro cellulolytic activity
possessing group, respectively. The in vitro activ-
ity was examined qualitatively by observing ex-
pansion speed of clear zone around colonies.
The choosed isolates were inoculated into
500 ml sterile medium (NaNOs, 0.5 g; K,HPO,,
0.1g; MgSO,-7H,0, 0.5g; FeSO,:7H,0,
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Fig. 1. Change in water temperature during the litter bag ex-
periment. (Thin two lines represent maximum and minimum
temperatures during recovering periods.)
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0.01 g; cellulosic substance, 5 g; filtered and aged
seawater, 1000 mi, pH 7.2), and incubated at
25 °C with stirring using a magnetic stirrer. When
the cellulase activity reached maximum, the whole
culture liquid was centrifuged at 5000 rpm for
S minutes at 5 °C. The supernatant was then
concentrated with an ultrafiltration membrane
(Amicon YMI10), and applied to a Bio-Gel
P-200 column (1.7 x 40 cm) using filtered seawa-
ter (pH 8) as the elution medium. Successive
1.5 ml fractions were collected and mixed with
1.5ml of a 19, seawater solution of carboxyme-
thyl cellulose. After 3 hours incubation at 37 °C,
the reducing sugars liberated were determined by
the colorimetric method of Nelson (1944).
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Results

As shown in Fig. 1, the water temperature de-
clined from 15 °C in early November to a mini-
mum of 5 °C in February (day 100) and then in-
creased gradually to a maximum of 30 °C in July
(day 300). The percentage by weight of cellulose
remaining in the litter dropped to about 509, on
day 190 and to 5% at the last stage of the exper-
imental period (Fig. 2A). Decomposition rate, ex-
pressed as ‘specific rate’ (Tanaka, 1991), of cel-
lulose rose steeply during the initial 30 days, then
dropped until about day 100, and gradually in-
creased again afterwards (Fig. 2B).

The count of cellulolytic bacteria per gram of
ash-free dry weight (AFDW) increased rapidly
immediately after submergence, reached a maxi-
mum of 9 x 10® colony-forming-units (CFU) x
(gAFDW)™! on day 39, and then decreased
gradually (Fig. 3).
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Fig. 3. Change in count of cellulolytic bacteria associated with
Phragmites leaf litter. CFU, colony forming unit; AFDW, ash-
free dry weight.

Fig. 2. Changes in amount of cellulose in percentage of start-
ing quantities (A) and specific decomposition rate of cellulose
(B) during the decomposition of Phragmites leaf litter.
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All isolates of the cellulolytic bacteria were
Gram-negative, oxidase-positive rods. Most mo-
tile, short- or medium-sized, O-F test oxidative
rods were identified as Pseudomonas. O-F test
fermentative, motile, and medium or long rods
were identified as Vibrio. Non-motile or gliding
long curved rods were classified to the Flavobac-
terium-Cytophaga-Flexibacter group. Other iso-
lates, which were motile, oxidase-positive, O-F t-
est oxidative or non-acid-forming, and impossible
to identify the flagellation by staining, were clas-
sified to the Pseudomonas-Flavobacterium group
for convenience. These genera and groups were
further subdivided into 23 groups, whose charac-
teristics are summarized in Table 1.

Figure 4 presents the percentage composition
of the groups. Pseudomonas A group predomi-
nated up to day 145 (50 to 65%,). Pseudomonas B
group was second in dominance. The percentage
of these two groups amounted to 65-909; up to
day 145, but diminished markedly thereafter.
Many groups with a low percentage appeared in
place of Pseudomonas A and B on day 223. On
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Fig. 4. Percentage composition of the taxonomic groups of
cellulolytic bacteria isolated from Phragmites leaf litter. P.,
Pseudomonas; V., Vibrio; F., Pseudomonas-Flavobacterium
group; C., Flavobacterium-Cytophaga-Flexibacter group; UN,
lossed or unpurified.

day 299, most cultures picked up were lost after
purification or impossible to purify, probably due
to their weak cellulolytic activity and slow growth
rate.

Figure 5 shows the ratio of isolates able to hy-
drolyze a specific substrate to the total isolates.
Most strains possessed hydrolyzing ability for
xylan, starch and Tween 80. In contrast, less than
20%, of the strains possessed hydrolyzing ability
for casein and gelatin. It seems that the cellu-
lolytic bacteria isolated from the litter utilize car-
bohydrates in preference to proteinaceous sub-
strates,

Changes in hyphal length and cellulolytic fun-
gal count are shown in Fig. 6. Though a fairly
high value of hyphal length was detected imme-
diately after submergence, this decreased steeply
during the initial few days, and gradually in-
creased again after about 76 days. The count
of cellulolytic fungi was less than 10°
CFU x (g AFDW) ™! until about day 76, but in-
creased steadily afterwards in accordance with
the increase in specific decomposition rate of cel-
lulose.

The gel chromatography of cellulases was car-
ried out for the isolates belonging to the
Pseudomonas A group and Vibrio B group. The
former was incubated for 29 days using Avicel SF
powder as substrate. On the other hand, the lat-
ter was incubated for 6 days using half immersed
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Fig. 5. Percentages of xylan, starch, gelatin, casein and Tween
80 hydrolyzing strains of cellulolytic bacteria in total isolates.
@ xylan, O starch, A gelatin, A casein, [J Tween 80.
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Whatman filter paper as substrate. As shown in
Figs 7 and 8, the apparent molecular weight of the
main peak were about 60000 (Kav =0.2) for the
isolate of Pseudomonas A group and more than
70000 (Kav=0.1) for the isolate of Vibrio B
group.

Discussion

The count of cellulolytic bacteria and the decom-
position rate of cellulose reached a maximum at
about one month after submergence. In contrast,
the count of cellulolytic fungi during the initial
two months were one to three magnitudes lower
than those of after day 145. These findings sug-
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Fig. 7. Gel chromatography of cellulase derived from isolate
of Pseudomonas A group. Mol Wt, molecular weight;
Kav = (Elution vol. — Void vol.)/(Total bed vol. — Void vol.).

gest the importance of the bacterial population on
cellulolysis of the litter, at least during initial two
months.

The previous paper (Tanaka, 1993), which
concerned cellulases and xylanases associated
with Phragmites litter in the same litter bag ex-
periment, showed that a peak of cellulase activ-
ity occurred during the initial one month. This
supports the suggestion above that cellulolytic
bacteria actively hydrolyzed the litter cellulose
during the initial stages.

The fact that Pseudomonas was the predomi-
nant genus of cellulolytic bacteria during the ini-
tial 5 months indicates its importance as a de-
composer of the litter cellulose during at least the
initial stages. Boulton & Boon (1991) pointed out
that it is by no means certain that the bacteria
isolated from decaying leaves are representative
of those actually present. In the present study,
however, it would be provable that Pseudomonas
was actually one of the representative bacteria
during the initial stages because of its high max-
imum percentage of about 23 %, to the viable count
of total heterotrophic bacteria and of about 29,
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Fig. 8. Gel chromatography of cellulase derived from isolate
of Vibrio B group. Mol Wt, molecular weight; Kav = (Elution
vol. — Void vol.)/(Total bed vol. - Void vol.)

to the direct count of bacterial cells reported by
the previous paper (Tanaka, 1991).

The apparent molecular weight of the cellulase
from the isolate of Pseudomonas A group agreed
with that of cellulases from decaying leaves re-
ported by the previous paper (Tanaka, 1993). On
the other hand, the apparent molecular weight of
the cellulase from the isolate of Vibrio B group
was differed from that of the cellulases from de-
caying leaves. The analyses by the gel chroma-
tography were yet preliminary in the present
study, and further extensive analyses will be re-
quired to obtain more decisive estimation on the
relative importance of various bacterial groups.
One thing, however, is certain that the present
results of gel chromatography are compatible with
above hypothesis supposing an exclusive contri-
bution of Pseudomonas on cellulolysis during the
initial stages.

Several investigators have also reported about
the flora of aerobic cellulolytic bacteria in marine
environments. Kadota (1956) isolated 3 genera,
Pseudomonas, Vibrio and Cytophaga, from seawa-
ter and bottom deposits in temperate bays. Ac-

cording to Liston (1968), cellulolytic bacteria iso-
lated from seawater and sediment have proved to
be Cytophaga (most commonly) or aerobic
Pseudomonas. These reports and the present study
suggest that the population of aerobic cellulolytic
bacteria in the marine environment generally in-
cludes Pseudomonas, Vibrio and Cytophaga.

There are also some reports on the flora of
aerobic cellulolytic bacteria in freshwater envi-
ronments. Ostertag (1950) stated that Cytophaga
and Sporocytophaga species were responsible for
almost the entire cellulose breakdown in the River
Elbe. According to Suberkropp & Klug (1976),
only two genera, Cytophaga and Sporocytophaga,
had cellulolytic ability among the bacterial flora
associated with decomposing leaves in a wood-
land stream. Gtiide (1978) investigated polysac-
charide-degrading bacteria including a cellulolytic
type in a eutrophic lake, and pointed out that the
Cytophaga-Flavobacterium group was regularly
found to consist of polysaccharide degraders. He
further found by laboratory mixed culture exper-
iments that cellulase was detected only in the
presence of Cytophaga. These observations imply
the importance of Cytophaga and Sporocytophaga
as cellulose decomposers in freshwater environ-
ments.

The temperature change appears to be an im-
portant factor affecting the drastic change in the
flora after day 145, because the temperature
changed steeply in the latter half of the experi-
mental period. Moreover, Kadota (1956) sug-
gested from field studies and experiments that
temperature is an important factor influencing the
kinds and activities of cellulolytic bacteria in the
sea. Besides the change in physical factors, bio-
logical factors such as the inhibitory effect of fungi,
which increased markedly after day 145, might
also affect the change in bacterial flora. Further
precise studies by laboratory experiments will be
necessary to assess the extent of the effect of these
factors.

It is noteworthy that almost all the isolates of
cellulolytic bacteria possessed xylanolytic ability
(Fig. 5). The previous studies showed that the
Phragmites leaf litter contained 20% of xylan
(Tanaka, 1991), and that high xylanase activity



was detected throughout the experimental period
(Tanaka, 1993). It is therefore suggested that the
cellulolytic bacteria produced both cellulases and
xylanases on the Phragmites leaf litter.

Bisaria & Ghose (1981) studied the role of xy-
lanase action on the breakdown of bagase and
pointed out that xylanase helped to create more
accessible cellulosic regions, thereby resulting in
higher sugar production. This implies that pro-
ducing both cellulase and xylanase simultaneously
would enhance efficient utilizing of structural car-
bohydrates in the litter by microorganisms.
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