BIKREBFMENREETE $25 121~126, 1995

ANTIBIOTIC SENSITIVITY OF OLIGOTROPHIC AND
EUTROPHIC BACTERIA

Yoshio KIMURA, Takahiro NAKAMURA, Kazuko KANKAWA, and Masayuki SATO

Forty-three isolates of oligotrophic bacteria and forty-three ‘isolates -of eutrophic bacteria were tested
with the use of standard paper disks for their sensitivity to ten antibiotics, ampicillin, penicillin G, strepto-
mycin, Kanamycin, chloramphenicol, tetracycline, puromycin, mitomycin, rifampicin, and polymyxin B.
Almost of the oligotrophic bacteria were multiple antibiotic resistant bacteria and were particularly resis-
tant to ampicillin, penicillin G, streptomycin, chioramphenicol, puromycin, and mitomycin. Majority of the
oligotrophic bacteria (83.7 %) were resistant to more than 6 antibiotics. About 60 % of the oligotro-
phic bacteria were sensitive to kanamycin, rifampicin, and polymyxin B. On the other hand, about more
than 60 % of the eutrophic bacteria were sensitive to the highest concentrarions of 10 antibiotics. 5 strains
of the eutrophic bacteria (11.6%) were resistant to more than 6- antibiotics: Sensitivity to 10 antibiot-
ics was highest (53.5%}), followed by 9 antibiotics (14.0%)".

Key words : oligotrophic bacteria, eutrophic bacteria, antibiotics, sensitivity.

Introduction

A large number of bacteria live and survive under various environments. Organisms capable of growing un-

(1,

der very low nutrient broth media are called oligotrophic bacteria 2) Various definitions of the oligotro-

phic bacteria have been suggested<1 »3)

; we define the oligotrophic bacteria as heterotrophic bacteria
which are able to multiply at least 10 -fold during 10 -day cultures when the bacteria are inoculated at a con-
centration of 10 cells/ ml on organic media containing less than 1 mg of organic carbon per liter. A 10 *-
fold dilution of nutrient broth (NB/10*) contains about 0. 8 mg of organic carbon per liter, and was used
as a selective medium for soil oligotrophs by Suwa and Hattori ) We isolated oligotrophic bacteria that
grew in NB/10 * with doubling times 6f 1.5 to 3 days and reached final yields of 5.2 t0 8.6 x 10 ® colony-
forming units (CFU) per ml 5, During exponential growth in NB/10*, the oligotrophic bacteria main-
tained a high level of adenylate energy charge.

Oligotrophic bacteria can utilize a wide variety of carbon compounds to take advantage of whatever sub-
strates become available in low nutrient environments ‘¢’ The oligotrophs, therefore, may play an important
role in decomposing organic matter and recycling materials in low nutrient enviroments. The physiological
properties of oligotrophs have been studied in bacteria isolated from the sea or from soil (r-9), Many marine
oligotrophs have both low and high affinity uptake systems at different substrate concentrations ' 1°’ . Charac-
teristics of soil oligotrophs are thought to possess uptake systems of relatively high affinity and low substrate
specificity for nutrient substances (7) We isolated oligotrophs except for prosthecate bacteria from soil and in-
vestigated nutrient uptake of the oligotrophs. However, there were no significant differences of uptake kinet-
ics between the three oligotrophic bacteria (Aeromonas sp. Y26, Aeromonas sp. Z06, and
Chromobacterium sp. Y95) and Escherichia coli ‘.
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In natural world, bacteria obtained resistant-antibiotics is one of important means for survival. There is little
known about antibiotic sensitivity of oligotrophic bacteria. In the present paper, sensitivity profiles against ten
antibiotics were determined for 43 oligotrophic and 43 eutrophic bacteria isolated from soil.

Materials and methods

Media and culture conditions

Nutrient broth (NB) medium contained 10.0g each of polypeptone (Wako Pure Chemical Indus-
tries) and meat extract (Wako Pure Chemical Industries ), 5. Og of NaCl per liter of Milli-Q water, pH
7. 0. The NB was diluted with ultra pure water, which was prepared by treatments of reverse osmosis, distil-
lation, and electric ion exchange, inthe rations 1 : 50, 1 : 100,and 1 : 10000. Liquid cultures were in-
cubated with gentle shaking at 28 C.

Isolation of bacteria

Oligotrophic and eutrophic bacteria were isolated from soil in Shikoku, Japan. The soil samples, each 0. 5
g, were shaken in 10 ml of sterilized water and filtered with filter paper (No. 2, Toyo Co.). After suitable
dilution, 0. 2 -ml aliquots of the filtrates were spread on NB or 100-fold dilution of NB (NB/102) agar
plate containing 50 ¢ g / ml of cycloheximide. After 5 to 10 days of incubation at 28 ‘C, obtained colonies
from the NB plates were isolated as eutrophic bacteria. Bacteria which are unable to grow in low-nutrient con-
ditions but grow in high- nutrient condition such as NB medium have been called eutrophs. Oligotrophic bac-
teria were isolated according to the previously described () The oligotrophic bacteria did not grow in NB
medium. The colonies which have different colony morphology were selected. All isolates were confirmed to
be bacteria by microscopic observations.

Sensitivity test against antibiotic

Antibiotic sensitivities were determined by the paper disc method. The isolate bacterium (about 10 4
cells) was mixed with melted NB/50 containing 1.5 % of agar in plate. After the agar became solid, filter
papers ( 10mm in diameter), saturated with the appropriate antibiotic solution, were placed upon the surface
of the agar culture medium. The antibiotics used in the assay were the following . ampicillin, penicillin G,
streptomycin, kanamycin, chloramphenicol, tetracycline, puromycin, mitomycin, rifampicin, and polymyxin
B. The concentrations of antibiotics used are given in Table 1. Inhibition zone was observed after the plates
were incubated at 28 °C for 3 - 7 days (depending on the rate of growth).

Results and discussion

When oligotrophic isolates were grown on NB/10* for 5 days, cell densities of the isolates reached 0.2 -
5 X 10 ® CFU/ m). Eutrophic isolates did not grow on NB/10 %,

The results of antibiotic sensitivity assay are shown in Fig. 1. About half the oligotrophic bacteria were
sensitive to the highest concentrations of kanamycin, tetracycline, rifampicin, and polymixin B. However, al-
most oligotrophic bacteria (80-95%) were resistance to ampicillin, penicillin G, streptomycin, chloram-
phenicol, puromycin, and mitomycin. Although streptomycin and kanamycin are basic oligosaccharide group
antibiotics, the both antibiotic actions were different on the oligotrophic bacteria. Misumi et al. reported that
streptomycin acts on 30 S-subunit of ribosome, and kanamycin acts on both 30 S-and 50 S-subunits of ribo-
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Table 1. Concentrations of antibiotics

Antibiotics L. conc. M. conc. H. conc.

Ampicillin 12.5 31.3 62.5
Penicillin G 1.0 5.0 25.0
Streptomycin 5.0 12.5 25.0
Kanamycin 1.0 5.0 25.0
Chloramphenicol 15.0 37.5 75.0
Tetracycline 10.0 25.0 50.0
Puromycin 100.0 250.0 500.0
Mitomycin 1.0 2.5 5.0
Rifampicin 15.0 37.5 75.0
Polymyxin B 200.0 500.0 1000.0

Three steps (L ; low, M ; medium and H ; high) of antibiotic concentarations
(u g/ ml) was used in the paper disk tests.
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Fig 1. Sensibility of oligotrophic ( A) and eutrophic bacteria (B ) against antibiotics.
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some 1),

On the other hand, more than 55 % of the eutrophic bacteria were sensitive to the highest concentrations of
all antibiotics. The growth of the eutrophic bacteria were especially inhibited by streptomycin, chlorampheni-
col, tetracycline, rifampicin, and polymixin B. The sensitjvity to kanamycin of the eutrophic bacteria showed
similarity to that of the oligotrophic bacteria.

Fig. 2 shows number of sensitivity antibiotics per strain. On the highest concentrations of antibiotics, the
number of sensitivity antibiotics was counted. Majority of the oligotrophic bacteria (83.7 %) and 5
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Fig 2. Number of sensitivity antibiotics per strain.
These graphs also show number of multiple-antibiotics resistance bacteria.
A, oligotrophic bacteria B, eutrophic bacteria
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strains of the eutrophic bacteria (11.6%) were resistant to more than 6 antibiotics simultaneously. 53. 5
% of the eutrophic bacteria were sensitive to 10 antibiotics. On the other hand, almost of the oligotrophic bac-
teria were multiple antibiotic resistant bacteria. Resistance to 7 antibiotics was highest (30.2.%), followed
closely by 6 antibiotics (25.6%) . There are many reports on multiresistant bacteria. The multiresistant
bacteria have become a clinical problem. Hatha et al. reported that 62 % of E.coli, which isolated from the
Bhavai River, were resistant to more than four antibiotics Gz,

The multiple antibiotic resistances are due to plasmids. It was suggested that perhaps the multiple-drug re-
sistance was transferred from resistant organisms to sensitive ones. Many Gram-negative bacteria contain
these resistance factors (R factors), and they transfer them to other Gram-negative’bactexia( 13) They have
not been found to occur in Gram-positive bacteria, nor has it been possible to transfer them to Gram-positive
bacteria. On the other hand, Ohta and Hattori reported that about half oligotrophic bacteria are Gram-negative
and 10 % Gram-positive (the remainder are irregularly Gram-stained organisms ) O 1n this situation, the
oligotrophs may have capacity to grow under existence antibiotics, because most of the oligotrophic bacteria
are Gram-negative bacteria. o ‘

Nikitin er al. also investigated antibiotic sensitivity of oligotrophic microorganisms sy They reported
that the oligotrophic microorganisms were not multiple-antibiotics resistance microorganism, and the oligotro-
phic microorgamisms were resistant against antibiotics which affect membrane permeability (polymixin and
gramicidin ). Our results were different on those point. 65 % of our oligotrophic isolates were sensitivity to
the highest concentration of polymixin B.

For survival in natural environment, the oligotrophic bacteria have multiple-antibiotics resistance is one of
advantages. Further work is needed to determine the existence of R factors in the oligotrophic bacteria.
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