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Ecological Studies on Hydrocarbon-oxidizing Bacteria
in Japanese Coastal Waters—VI

Screening Method of Heavy Oil-decomposing
Bacteria in the Sea

By
Hiroaki FujisawA and Masatada MURAKAMI

The present study was undertaken to find out a useful method for the
screening of heavy oil-decomposing bacteria in the area polluted by the Mizu-
shima Qil Refinery Accident, a serious spill of heavy oil (grade C) into the sea.
The results obtained can be summarized as follows; A membrane filter method
was available for isolating directly heavy oil-decomposing bacteria groups A
and B from seawater and bottom sediment. Serial dilutions of bacterial source
were filtered through a membrane filter of 0.45 ,m in pore size. Bacteria
caught on the filter were incubated for 14-21 days at 25°C on agar medium A or
B in which heavy oil (grade C) was added as substrate, and colonies of bacteria
grown up on the filter were picked up. These bacteria isolated were incubated
in liquid medium A or B in which heavy oil was contained, under constant
shaking of 110 strokes per minute at 25°C for 14 days. The remaining hydro-
carbons in each culture liquid were separated by silicic acid column chromato-
graphy and gravimetrically determined. Each decomposition rate of heavy oil
thydrocarbons) was estimated in comparison with control value. It was recog-
nized by gas chromatography that the greater part of n-paraffin components
(from n-pentadecane or z-hexadecane to n-tetracontane) in heavy oil was
clearly decomposed after incubation. The heavy oil-decomposing activity of
bacteria examined was divided into 6 grades on the basis of decomposition rate
of the substrate. As to bacteria isolated from seawater and bottom sediment in
Bisan Seto and Yoshimi coastal waters, both 98 strains out of the 118 strains of
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group A and 140 strains out of the 148 strains of group B possessed clear
activity. Especially, 55 strains out of the whole of group A and 103 strains out of
the whole group B, ranked with higher three grades. Therefore, it was
concluded that the above-mentioned method (isolation of heavy oil-decompos-
ing bacteria and determination of heavy oil-decomposing activity of bacteria
isolated), was useful for the screening of heavy oil-decomposing bacteria in

the sea.
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Table 1. Composition of basal salt solution

NaCl 300g
KH,PO, 05g
KHPO, 10g
MgS0,-7H,0 05g
CaCl,-2H,0 0.2g
KCl 03g
FeCl; - nH,0 0.01g
Distilled water 1000 m/

pH adjusted to 7.5
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Table 2. Composition of agar medium A*
for isolation of heavy oil-decom-
posing bacteria group A

Basal salt solution™” 1000 m!
L-Alanine 1.0g
Agar 150 g

pH adjusted to 7.5

* Fifty microliters of substrate composed of heavy
oilfn-hexane (1/2) was poured onto the surface of
each plate medium (about 10 m/ of this culture fluid

Table 3. Composition of agar medium B*
for isolation of heavy oil-decom-
posing bacteria group 3

Basal salt solution** 1000 m¢{
Ammonium chloride 1.0g
Agar 150 g

pH adjusted to 7.5

* Fifty microliters of substrate composed of heavy
oilf n-hexane (1/2) was poured onto the surface of
each plate medium {about 10 m/{ of this culture fluid

per Petri dish of 6 cm in diameter).
** See Table 1.

per Petri dish of 6 cm in diameter).
** See Table 1.

(A) (B)

Fig. 1. Lo lonies of heavy oil-decomposing bacteria on membrane filter.

: Heavy oil-decomposing bacteria group A incubated on agar
medium A (Table 2) for 21 days at 25°C. Bacterial source is sea-
water sampled from Yoshimi coastal waters.

(By: Heavy oil-decomposing bacteria group B incubated on agar
medium B (Table 3) for 21 days at 25°C. Bacterial source is the
same as that in (A).
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Table 5. Composition of liquid medium Sedibes, MIMPRIIAL 2100 mg WIRIT L 2e8E

A for heavy oil-decomposing Mg TEL L, FE—HHIc k> TERL 0
bacteria group A B OB ALK AT LT, ko

Basal salt solution* 1000 m/ KD E (%) 2R, ZNEBEIMITRE (%)
L-Alanine 1.0g LUt BHISMERIC Lo T, BHROTEM
pH adjusted to 7.5 BEA D 6 BEBS 2T L fee £ MG MR

Heavy oil*® 20g 5%, 5% = + < 10%, 0% = - < 20%, 20%

* See Table 1. =< 30%, 309 = <409 35 L U409 = g

“* A hundred mg of heavy oil is added to each
50 m/ of the fluid without oil.
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Fig. 2. Time course of decomposition of heavy Fig. 3. Time course of decomposition of heavy

oil by a typical culture of heavy oil oil by a typical culture of heavy oil
-decomposing bacteria group A (WAS52' -decomposing bacteria group B (WB522-
10 7). 3).

@ : decomposition rate of heavy oil. @ : decomposition rate of heavy oil.

4 : number of bacteria. A : number of bacteria.
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Fig. 4. Change in decomposition rate of n-paraffins during incubation of
a typical culture of heavy oil-decomposing bacteria group A (WA52'14-7).
A: Ci~Cyo (carbon chain length of n-paraffin) fraction, B: Czi~Cas,
C: Cu~Cyo D Cai~Css, E: Cy6~Cyo, F: Cis~Cio
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Fig. 5. Change in decomposition rate of n-paraffins during incubation of
a typical culture of heavy oil-decomposing bacteria group B (WB522-3).
A: Cy;;~C, (carbon chain length of n-paraffin) fraction, B: Cy;~C.s,
C: Cae~Cso, D: Cy~Cy, E C:m’\'cw, F: Cis~Cio.
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Table 7. Heavy oil-decomposing activity of bacteria groups A and B isolated {rom
seawater in Bisan Seto and Yoshimi coastal waters

Decomposing activity
of heavy oil

Number of strains of heavy oil
-decomposing bacteria group A

Number of strains of heavy oil
~decomposing bacteria group B

4+ < Decomposition rate 5 % 8 (11.4) 8 (7.7
5% =-+<10% 4 (5.7 5 (4.8

0% -4 <20% 17 (24.3) 32 (30.8)
20% = <30% 29 (41.4) 47 (45.2)
30% =< 40% 8 (11.4) 10 (9.6
40 % = i 4 (5.7 2 (1.9
Sum 70 (100) 104 (100)

Note: The figure in parentheses shows value in percentage.
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Table 8. Heavy oil-decomposing activity of bacteria groups A and B isolated from
bottom sediment in Bisan Seto and Yoshimi coastal waters

Decomposing activity
of heavy oil

Number of strains of heavy oil
~-decomposing bacteria group A

Number of strains of heavy oil
~decomposing bacteria group B

+ < Decomposition rate 5 % 12 (25.0) 0C0)
5% s+ <10% 9 (18.8) 0(0)
0% =4 <20% 13 (27.1) 0(0)
20% = w4 <30% 8 (16.7) 26 (59.1)
30 9% = 4 < 40 9% 4 (8.3) 15 (34.1)
40 % = 2 (4.2 3 (6.8

Sum 48 (100) 44 (100)

Note: The figure in parentheses shows value in parcentage.
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