
Bangladesh J. Bot. 38(1): 71-76, 2009 (June)   

ENTEROBACTER STRAIN 9410-O WITH POROUS SUBSTRATES TO 
ENHANCE HETEROTROPHIC ACTIVITY IN BOTTOM WATER 

ENVIRONMENT 
 

MD. ABDUL KARIM1 AND KIMIO FUKAMI 
 

Laboratory of Aquatic Environmental Science, Faculty of Agriculture, Kochi University, 
 Otsu 200 Monobe, Nankoku, Kochi 783-8502, Japan 

 
Key words: Enterobacter, Bottom environment, Porous substrates, Nitrogen, Phosphorus 

 
Abstract 

 Mesophilic Enterobacter strain 9410-O isolated from a eutrophic bottom water environment and 
introduced into it to enhance heterotrophic activities and decompose organic matters in situ. The bacteria 
were added as cell suspension after absorbing with porous substrates, like Eco-breath, Neo-coal and Accela-
35. The strain stimulated net regeneration of dissolved inorganic nitrogen and inorganic phosphorus from the 
sediment by approximately three to fourfolds at 21 and 23˚ C, respectively.  It appears that the application of 
Enterobacter strain 9410-O with Neo-coal as substrate would be promising for the purification of eutrophic 
bottom water environment. 
 
Introduction 
 Uranouchi Inlet, Kochi prefecture, Japan is highly eutrophic due to anonymous practices of 
fish cage culture with high protein nutrient input, mainly in the form of high protein content in fish 
feed.  A small portion of total fish feed input is recovered by the cultivated fish but a large portion 
remain either dissolved into the recipient water or settle down onto the sediment (Hans and Enell 
1990, Kupka-Hansen et al. 1991, Hall et al. 1992 and Johnsen et al. 1993). Furthermore, inlet is 
characterized by limited water exchange and pronounced density stratification in summer with 
oxygen-rich surface and oxygen-deficient bottom environment. These imply heterotrophic 
activities at the study site are limited by dissolved oxygen (DO) concentration in summer, 
especially in bottom environment. For improving organic rich bottom environments by stimulating 
heterotrophic activities, it was envisaged that addition of some promising bacteria possessing 
higher metabolic activities in a specific limiting environmental situation might accelerate the 
decomposition rate in situ. 
 The objectives of the present work were, (i) selection of effective indigenous mesophilic 
bacterial strain, (ii) selection of an useful substrate to carry bacterial cells into the sediment-
bottom water complex system, and (iii) enhancement of heterotrophic activity in the system.  
 
Materials and Methods 
 Study site and sampling: Mitsumatsu sampling and study station in Japan is a eutrophic area 
of the Uranouchi Inlet practicing intensive fish farming in cages (Fukami et al. 1991b, Karim et al. 
2003). The average depth near the sampling point was 17-18 meter. Water samples were collected 
from bottom (16 m depth) environment and sediment samples were collected from 0 - 1 cm deep 
surface sediment.  
 Isolation and selection of bacteria: One hundred and ten bacterial strains were isolated from 
the sediment of the study site in October, 2000. Considering growth pattern and colony 
morphology 20 bacterial strains were primarily selected for further study. 
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 The growth curves of Enterobacter strain 9410-O were prepared by direct-count method 
using DAPI (4', 6-diamidino-2-phenylindole dihydrochloride) stain (Porter and Feig 1980, Fukami 
et al. 1991a, Patel et al. 2002 and Karim et al. 2003). Bacterial cells growing in FeTY broth 
medium (Fukami et al. 1992) were conducted for 0, 6, 12, 18, 24, 36, 48, 60 and 72 hr of 
incubation at 5, 10, 15, 20, 25 and 30º C. 
 Preparation of bacterial suspension: Bacterial culture was centrifuged at 10,000 rpm (Himac 
CR 21E, Hitachi) for 10 minutes at 10º C. The supernatant was discarded and bacterial pellet was 
gently rinsed with filter-sterilized (0.22 µm) bottom water at least five times in order to remove 
associated nutrients and re-suspended with filtered bottom water by pipetting. Three ml of 
bacterial cell re-suspension was used as inocula. Five ml was fixed with pre-filtered (0.22 µm) 
formalin (final concentration 2%, v/v) for counting the density of added bacterial cells by direct-
count method using DAPI stain (Fukami et al. 1992).  
 Porous substrates and incubation: Three porous substrates like, Eco-breath, Neo-coal and 
Accela-35 (Eastluck International Ltd., Kochi, Japan) were selected, characteristics of which are 
shown in Table 1. During experiments with porous substrates, 10 g substrate was taken and after 
absorbing bacterial cells, each substrate was introduced into one liter glass bottle. In the control 
bottle same amount of porous substrate was used.  
 

Table 1. Characteristics of three porous substrates used in the experiment.  
 

 
Substrates 

 
Color 

 
Composition Absorbing capacity 

(ml  suspension/100 g)
Diameter

(mm) 
Weight 

(g) 

 
Sp. gr. 

Pore 
size 
(µm) 

Eco-breath Ash Ash of charcoal 
and powder of 
waste glass bottles 

17.5 15       
± 4 

0.49 
± 0.30 

2.0 5-7 

Neo-coal Muddy Wood charcoal 
and ceramic 

36.3 13       
±1 

0.27   
± 0.07 

1.3 20Å &    
5-15 µm 

Accela-35 Brick Sand and fine 
powder of clay, 
including silt 

30.0 14      
± 3 

0.33   
± 0.10 

1.5 10-100 

 

 The glass bottles were incubated in a dark condition in situ (in duplicate) at 21º C temperature 
during May, 2002 and at 23º C during June, 2002 for 12 days without any shaking to estimate the 
heterotrophic activity. Dissolved oxygen concentration was monitored by YSI, Model No. 85/10 
FT, at every sub-sampling occasion before taking sub-samples without shaking. 
 Sub-sampling and nutrient analysis: Just after adding bacteria 25 ml sub-samples were taken 
at the beginning of the incubation as 0-day. At 2 days interval 25 ml sub-samples were pipetted 
aseptically from 2 cm above the sediment surface of each bottle without any disturbance of the 
system and preserved at −25º C temperature. Concentration of dissolved inorganic nitrogen (DIN) 
as ammonium, nitrate and nitrite and dissolved inorganic phosphorus (DIP) in the sub-samples 
were measured by using automatic analyzer (Bran + Luebbe TRAACS 800). 
 
Results and Discussion 
 Enterobacter strain 9410-O exhibited remarkably high growth rate between 20 and 30º C but 
did not grow well at relatively low temperatures (≤ 7º C) (Fig. 1). Regarding protein hydrolyzing 
capacity, the diameter of the clear zone after 24 hr and at the end of the incubation were larger 
with increasing incubation temperatures (Karim et al. 2003).  
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Fig.1. Growth curve of Enterobacter strain 9410-O in FeTY broth medium at different temperatures between 
          5 and 30º C.  5º C (-  -), 10º C (-  -), 15º C (-  -), 20ºC (-  -), 25º C (- -) and 30º C (-Ο-). 
 
 Effects of substrates on heterotrophic activity: Effects of Eco-breath, Neo-coal and Accela-35 
on the net release of DIN and DIP for 12 days after adding bacteria are shown in Fig. 2. Use of 
Eco-breath released 39.4 µM DIN and 2.38 µM DIP, while those without adding bacteria released 
34.8 µM DIN and 2.19 µM DIP (Fig. 2, upper). When bacteria were added after absorbing onto 
Neo-coal, DIN and DIP were 36.2 µM and 0.78 µM, respectively. With the addition of bacteria it 
increased to 55.3 µM DIN and 2.00 µM DIP, over the control (Fig. 2, middle). Furthermore, when 
Accela-35 was used net release of DIN and DIP without adding bacteria were 32.0 and 2.10 µM, 
respectively but increased to 44.7 µM DIN and 2.15 µM DIP, respectively after adding bacteria 
(Fig. 2, bottom). Comparison of the net release of DIN and DIP due to different substrates showed 
that Neo-coal is the best (Fig. 2). The DO concentration was reduced during 12 days incubation 
period when bacteria were added with three substrates (Table 2). 
 
Table 2. Effect of Enterobacter strain 9410-O on dissolved oxygen concentration (mg/l) at 20º C when 

incubated with the three substrates. 
 

  Eco-breath  Neo-coal  Accela-35  

Treatments 
 

    Initial        Final  Initial       Final   Initial       Final  

Without Enterobacter sp.      3.85          1.50   3.48         1.28    3.43       1.37 
With Enterobacter strain 9410-O      3.76          1.34   3.46         1.19    3.38       1.15 

 
 Net release of DIN and DIP: Due to incubation with bacteria in situ at 21º C, concentration of 
DIN and DIP released into the overlying water increased (Fig. 3A, B). The net releases of DIN and 
DIP from sediment to water in a control were 69.04  and 1.70 µM, respectively, while in the 
system of adding bacteria, they increased 164.25 and 12.53 µM, respectively (Fig. 3A, B).  
 In an experiment, 10 ml of killed bacterial cells re-suspension was added in control bottles as 
that of live cells re-suspension (10 ml) in the treatment bottles with samples collected on June 21, 
2002. At 23° C, the net DIN concentration increased from 92.79 to 231.15 µM with control 
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counterparts, while after adding live cells it changed from 96.02 to 290.44 µM during incubation 
period of 10 days  (Fig. 3C, D). Accordingly, DIP concentration also increased from 2.64 to 18.42 
µM in control (killed bacterial cells) and it changed from 2.83 to 23.32 µM in treatments with live 
bacterial cells (Fig. 3C, D).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Changes in concentration of DIN and DIP after adding Enterobacter strain 9410-O absorbed onto 

substrates Eco-breath, Neo-coal and Accela-35. Incubation temperature was 20° C; sampling on May 09, 
2001. Without Enterobacter sp. (-Ο-) and with Enterobacter strain 9410-O (-  -). Bars = standard 
deviation; n = 2. 

 
 The accumulation of organic matter is one of the most common water quality problems in 
intensive fish culture systems (Muir 1982). The major pathway of utilization of organic nutrients 
by primary producers/phytoplankton in nature is through bacterial or free enzymatic breakdown to 
easily exploitable inorganic components such as NH4

+ and DIP (Berman et al. 1999). Such 
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strategies may help in alleviating the accumulation of organic matters, which in turn will contain 
the eutrophication (Cole 1993). 
 Master and Mohn (1998) have demonstrated that the growth of particular microorganisms 
could facilitate biodegradation of organic wastes even in large volumes of water. Net release of 
DIN and DIP after adding Enterobacter strain 9410-O by absorbing onto substrate Neo-coal were 
fourfolds higher than those adding with Eco-breath (Fig. 2). The same trend was noticed when 
Neo-coal and Accela-35 substrates were used. Further study is needed to find the nature and type 
of interactions between added and ambient bacterial populations in the sediment bottom-water 
complex system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3. Changes in concentration of inorganic nutrients by adding Enterobacter strain 9410-O. A & B. 

Incubation temperature was 21° C; sampling on May 10, 2002. Without Enterobacter sp. (-Ο-) and with 
Enterobacter strain 9410-O (-  -). C & D. Incubation temperature was 23° C; sampling on June 21, 2002. 
With killed cells (-Ο-) and with live cells (-  -). Bars = standard deviation; n = 2. 
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