Dhaka Univ. J. Biol. Sci. 20(1): 49-56, 2011 (January)

PHYSIOLOGICAL CHARACTERS OF PSYCHROTOLERANT BACTERIA
IN A EUTROPHIC BOTTOM ENVIRONMENT

Mb. ABpUL KarRmM! AND KiMio FUukaMI

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

Key words: Psychrotolerant bacteria, Eutrophic environment

Abstract

An investigation for the isolation and identification of psychrotolerant
bacteria from eutrophic bottom environment showed average temperature
during winter and summer was 8 and 26°C, respectively. Six bacterial isolates
were characterized in details and identified as Deleya halophila, Chromohalobacter
marismortui, Erythrobacter longus, Pseudomonas perfectomarina, Marinobacter
hydrocarbonoclasticus, Alteromonas undina. All isolates grew well at wide range of
temperature between 5 and 30°C and considered as psychrotolerant.

Introduction

Intensive cage culture of yellow tail and red sea bream are widely practiced in
eutrophic inlet, Kochi Prefecture, Japan. High nutrient inputs mostly in the form of high
protein content food and fish juveniles were introduced to the fish farm since the
aquaculture began. The small portion of the total nutrients input is recovered as the
harvest of the cultured organisms, while a large portion of organic materials mainly in
the form of excess feed, faeces and dissolved metabolites becomes the waste and is
discharged into the environment without any treatment.) An investigation estimated
that the amount of added nitrogen and phosphorus to the intensive shrimp ponds
through feed and fertilizers as being 95 and 71% of total amount of nitrogen and
phosphorus in the natural environment, respectively, while harvested shrimp accounted
for only 24% nitrogen and 13% phosphorus loaded into the pond.® This inlet is semi-
enclosed and limited water exchange has led the eutrophication.® Bottom environment
of the inlet is which in organic matter and highly reduced especially in summer due to
density stratification and microbial activities 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 (ca. 27°C) and are limited in
winter due to low temperature (ca. 8°C), although DO concentration is sufficient,
specially in bottom environment.®
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The objectives of the present work were (i) isolation of bacteria that could be
survived in a wide range of temperature, and (ii) identification of the selected isolates by
their morphological and physiological characters.

Materials and Methods

Sampling site is a eutrophic area of the Uranouchi Inlet practicing intensive fish
farming in cages. 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 surface sediment (0-1 cm depth). Samples were carried back to the
laboratory within 2-3 hours of sampling under cooling condition.

For isolation of bacteria bottom water and sediment samples were collected from the
study site in December, 2000. One gram of wet sediment was added into 10 ml filter-
sterilized (pore size 0.22 pum) bottom water. Then 1 ml bottom water and 1 ml sediment-
water suspension were inoculated into 10 ml FeTY broth medium, separately and
incubated at 4°C. After one week, 1 ml of bacterial culture was transferred from each test
tube into new FeTY broth medium. It was continued until four times to enrich the
psychrotolerant bacteria. FeTY agar medium was used for the enumeration and isolation
of aerobic heterotrophic bacteria. The pH of the isolating medium was adjusted to 7.4
before sterilization. Two techniques, viz. serial dilution plate® and spread plate® were
used for the enumeration and isolation of bacteria. After enrichment of sufficient
bacterial growth, 0.1 ml of bacterial culture from each tube was taken and inoculated
onto FeTY agar plates, and incubated at 4°C. Initially, authors selected 100 colonies
growing on FeTY agar plates and their colony morphology and cellular structure were
studied. At the next, authors selected tentatively 6 bacterial strains W1, W2, W3, W4, S3A
and S3B by fast growth rates and various colony morphologies.

Discrete bacterial colonies were isolated and sub-cultured immediately after
selecting. Bacterial cells growing in FeTY broth medium® were conducted for 0, 6, 12, 18,
30, 42, 60 and 72 hrs of incubation at 5, 10, 15, 20, 25 and 30°C. The growth curves of
strain W1, W2, W3, W4, S3A and S3B were prepared by direct-count method using
fluorescence DAPI (4, 6-diamidino-2-phenylindole dihydrochloride) stain.®

For provisional identification of selected isolates important biochemical tests were
carried out, viz. catalase test, oxidase test, Na* ion requirement, indole production, citrate
utilization, nitrate reduction test, Voges-Proskaur (VP) test, gelatin hydrolysis, methyl
red test, carbohydrate fermentation, etc. Bergey’s Manual of Determinative Bacteriology®
and Bergey’s Manual of Systematic Bacteriology® were followed for the identification of
Gram-negative aerobic heterotrophic bacterial isolates.
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Results and Discussion

Initially 120 bacterial isolates were recovered from the eutrophic inlet at different
seasons of the year. Out of these 6 isolates were selected on the basis of their colony
characters, temperature effects and microscopic studies. Temperature dependent growth
investigation was conducted with all selected isolates at the temperatures between 5 and
30°C and the results have been presented in Fig. 1. Bacterial isolates W1, W2 and W3
showed high growth rate both at low and high temperature of 10 and 30°C. After
counting of cell densities of isolate W1 in FeTY broth medium increased from 6.01 x 10°
to 1.64 x 107 cells/ml and 4.72 x 10° to 1.67 x 108 cells/ml within 30 hrs at 10 and 30°C,
respectively (Fig. 1A). Same trend of high growth yield both at low and high temperature
was seen in the isolate W2 and W3 (Fig. 1B,C). During investigation of yield of W4,
however, was seen more well at wide range of temperatures, between 5 and 30°C. Cell
densities of the isolate increased from 7.54 x 105 to 7.33 x 107 cells/ml at 5°C and from 9.52
x 105 to 2.95 x 108 cells/ml at 30°C within 30 hrs (Fig. 1D). The rest isolates S3A and S3B
showed nearly same growth patterns of W1, W2, W3 and W4 (Fig. 1E,F).

For identification of the selected isolates morphological characteristics, such as cell
shape, size, colony characteristics, pigmentation etc. were monitored. Different
physiological characteristics, viz. Gram reaction, motility test, catalase test, oxidage test,
Na* ion requirement, indole formation, citrate utilization, nitrate reduction, Voges-
Proskauer test, gelatin hydrolysis, methyl red test, oxidation fermentation test, acid from
D-glucose, L-arabinose and lactose were also monitored (Table 1).

All isolates were gram negative, motile and showed positive results in catalase,
oxidase and citrate utilization test except W2 remarks negative in oxidase test. They were
obligate aerobic, and able to grow on a mineral medium containing seawater base and
Na* was an absolute requirement for growth. None of them could produce indole. In
nitrate reduction test, except W3 and S3B, rest of the isolates showed positive results,
however in gelatin hydrolysis test the results were vice versa viz. W3 and S3B showed
positive and the rests were negative. Isolates W2, W4 and S3A showed positive in V.P.
test, while, W1 and S3B showed positive in M.R test and others were shown negative
both in V.P. and M.R. test. All isolates could produce acid after fermentation of three
sugars viz. D-glucose, L-arabinose and lactose except S3B from D-glucose and W4 and
S3A from lactose. Among all isolates only W4 could produce gas from D-glucose
fermentation.

The selected 6 bacterial isolates were provisionally identified as Deleya halophila,
Chromohalobacter marismortui, Erythrobacter longus, Pseudomonas perfectomarina, Marino-
bacter hydrocarbonoclasticus and Alteromonas undina (Fig. 1).
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Table 1. Physiological characteristics of the selected bacterial isolates recovered from eutrophic
bottom environment of Uranouchi inlet of Kochi, Japan.

Parameter Bacterial isolates
W-1 W-2 W-3 W-4 S-3A S-3B
Gram reaction - - - - - -
Cell shape Short rod Short rod Long rod Short rod Short rod Short rod
Spore formation Non-spore ~ Non-spore  Non-spore Non-spore ~ Non-spore  Non-spore
former former former former former former

Colony:

Morphology Circular Circular, Circular Circular, Circular Circular

convex, convex &
smooth smooth

Colour White Brown Orange White White White
Motility in liquid Motile Motile Motile Motile Motile Motile
medium
Pigment - + + - - -
Aerobic + + + + +
Catalase + + + + +
Oxidase + - + + + +
Sea water or Na* + + + + + +
required for growth
Indole production - - - - - -
Citrate utilization + + + + +
Nitrate reduction + + - + + -
Voges-Proskauer - + - + + -
Gelatin hydrolysis - - + - - +
Methyl red + - - - - +
Oxidation Oxidative Oxidative Oxidative Oxidative Oxidative Oxidative
fermentation
Acid from:

D-glucose + + + + (Gas) + -

L-arabinose + + + + + +

Lactose + + + - -

‘+" indicate positive and ‘~’ indicate negative results.

Deleya halophila was also isolated from hyper-saline soils. ™ Characteristically, the isolate
was aerobic, gram-negative rod and motile. It grew optimally in the presence of 7.5% (w/v)
marine salts. Several moderately halophilic isolates were recovered from a
Mediterranean slattern showed that they were very closely related to Chromobacterium
marismortui.® It was originally described on the basis of strains isolated from the dead
sea, was not included on the approved lists of bacterial names and was not accepted as a
member of the genus Chromobacterium since it produces a pigment that was not violacein.
On the basis of the special features of the isolate, it was proposed that it should be placed
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in genus, Chromohalobacter, which includes a single species, Chromohalobacter marismortui.
Several species of Chromohalobacter were also isolated from a Japanese salty food.(®
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Fig. 1. Growth curve of different bacterial strains in FeTY broth medium at different temperatures
between 5 and 30°C. A = Deleya halophila, B = Chromohalobacter marismortui, C = Erythrobacter
longus, D = Pseudomonas perfectomarina, E = Marinobacter hydrocarbonoclasticus and F = Alteromonas
undina. 5°C (-m-), 10°C (-#-), 15°C (-e-), 20°C (-O-), 25°C (-¢-) and 30°C (-0-).
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Some bacterial species were also recovered from different marine sources, such as
Erythrobacter longus isolated from slightly halophilic environment.¥ Few species of that
were also isolated from soft coral of South China Sea®™ and seawater of the Yellow Sea of
Korea.(9  Pseudomonas perfectomarina was recovered from marine habitat.0? Other two
species, such as P. marincola and P. pohangensis were also isolated from a deep-sea brittle
star in the Fiji Sea®and seashore sand of Homi cape in Korea, respectively.® Marinobacter
hydrocarbonoclasticus was recovered from Mediterranean seawater.?) However, other
species of Marinobacter were found in seawater of the East Sea of Korea,® sediment of the
East Sea of China® and sediment of the Chazhma Bay of Japan.® Two species of
Alteromonas were also found separately from inter-tidal sediment in Korea® and
seawater of the East Sea in Korea.®
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