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Tab.1 Biodegradation of the sea cucumber feed by different strains of bacteria

COD /%

strain code removal rate of COD

removal rate of NH,—N

1%
source of strains

DRI 19.8+2.2¢ 33.720.3 bottom mud
DR2 12.9£1.1° 45.2+1.28 bottom mud
DR3 9.2+1.8" —103.4+3.3" bottom mud
DR4 24.3+2 .4° 39.8+1.0" s bottom mud, intestines
DR5 9.5+2.7" 90.5+1.6° water
DR6 3.8+1.48 83.5+0.9¢ water
DR7 37.7+1.1° 95.0+1.2° s bottom mud, intestines
DRS 50.0+£2.0° 98.0+0.4% s bottom mud, intestines
DRI11 21.0+0.7° 99.8+0.4° water
DR12 21.4+0.5"¢ 57.5+0.9° intestines
DR13 23.0+2.4" 67.3£1.2° water

cont. 6.7+0.9' 1.7£0.1

(P<0.05).

Note: Data with different superscript letters in lowercase are significantly different from each other (P<0.05).

, DR7 DR8 DR11
2.2
DR7 ,  2216E (16+
1) 48 72 h,
; DRS
,  2216E (16+1) 48 72 h,
: DRI11 ,  2216E
(16+1) 48 72h,
2
DR7 DR8 DRIl 16S rRNA
( GenBank ,
JN210570 GU338411 JN210571)
GenBank 16S rRNA
( 1), DR7
DRI11 (Pseudomonas sp.),
DR (Paracoccus sp.)
R DR7 DRI11
(Pseudomonas sp.), DRS8
(Paracoccus sp.)
2.3
2.3.1

DR7 DR8 DRII 2216E
2 .3
. <877 0 10 h
3 ;
DR7  DR8

Fz2 BISEYERE I NERNEREE LT
Tab. 2 Physiological and biochemical characteristics of 3
bacterial strains

bacterial strain

test item
DR7 DR8 DRI11

gram stain - — _
flagellum + - +
spore - — _
lipase + + —
amylase - + —
casease Enzyme + + +
catalase test + + +
oxidase test - + +
methyl red test - + -
V-P Vagex-Proskauer test - - _
_ + _

acid from glucose fermentation
_ + _

gas from glucose fermentation

TN LY . ee_73,

s

9,

Note: “+”: positive reaction; : negative reaction.
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DR11

BLEANEEY Pseudomonas brassicacearum strain DS70 (EU834284)
BN Pseudomonas sp. 4 C7/16 5 (EF540490)

DR7

IREAHE R Pseudomonas sp. P96.25 (DQ453838)

TREAHE R Pseudomonas sp. K93.3 (DQ453837)

TREAHR R Pseudomonas sp. BEOT (AY456700)

Uncultured bacterium clone EDW07B006_72 (HM066681)
Uncultured bacterium clone EDW07B006 20 (HM066650)
DR11

REAHIE R Pseudomonas sp. M15 (IN596119)

BBk Paracoccus marcusii strain KOPRI_22210 (EU090714)
RIERJE Paracoccus sp. 32d (GU111730)

RIERWEIE Paracoccus sp. B-1018 (DQ270725)

DRS

16S rDNA
( 50% ).

Phylogenetic tree of the bacterial isolates DR7, DR8 and DR11 based on 16S rDNA gene sequences

Bootstrap test was based on 1 000 replicates and the bootstrap values less than 50% were omitted.
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Fig. 2 Growth curves of 3 bacterial strains
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Fig. 3 Effects of incubation time of bacteria on degradation of
COD in sea cucumber feed
Data with different letters at the same treatments are signifi-
cantly different from each other (P<0.05).
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Fig. 4 Effect of incubation time of bacteria on removal of
NH4 =N in sea cucumber feed
Data with different letters at the same treatments are
significantly different from each other (P<0.05).

3 4 92.9% 99.9%,
5 6 NH, -N (
), ;
NH, N ,
DRS , 3 4
99.9%, NH, N
233
, DR7 DR8 DRI
DRS8 ,
DR7-DR8 DRS-DR11 DR7-DR11 DR7-DR8-DRII
4 R 5
(P<0.05) COD
, DR7-DR11
DR8(P<0.05), 3
(P>0.05),5d COD 50%
; NH,"-N ,
(P<0.05), DR8-DR11
,5d NH,;-N 92.4%,
DRS, DR8(P<0.05)

, DR8-DR11

(P<0.05)
Fig. 5 Biodegradation of the sea cucumber feed by
compound bacteria
Data with different superscript letters at the same column are
significantly different from each other (P<0.05).
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Isolation, selection and characterization of low-temperature organic-
pollutant-degrading bacteria in sea cucumber ponds

YAN Fajun, TTIAN Xiangli, DONG Shuanglin, WU Xinhua, LIU Bingjun

The Key Laboratory of Mariculture Ministry of Educaion, Ocean University of China, Qingdao 266003, China

Abstract: Low-temperature organic-pollutant-degrading bacteria were isolated from sea cucumber (Apostichopus
japonicus) outdoor rearing ponds after enriching the liquid sea cucumber feed-medium and acclimating at (16=1)
All of the bacterial strains were preliminarily selected by evaluating their aerobic growth on sea cucumber
feed-medium and verifying their specificity for the sea cucumber. The bacteria were finally selected by evaluating
their ability to degrade organic pollutants (COD) and ammonia nitrogen (NH, ~N) in the feed-medium, with an
inoculation of 1.0x10° cfu/mL. Culture conditions were (16+1) , pH 8.0 and a shaking rate of 160 r/min. After
screening of 17 bacterial isolates, three bacterial strains (DR7, DR8 and DR11) were selected. These strains were
able to degrade the feed over 5 d with COD removal rates of 37.7%, 50.0% and 21.0%, and NH, "N removal rates
of 95.0%, 98.0% and 99.8%, respectively. From morphological and physio-biochemical analyses, and 16S rRNA
sequence similarity analysis, strains DR7 and DR11 were identified as Pseudomonas sp., and strain DR8 as Para-
coccus sp. The time course of degradation of the feed was observed by examination of the concentrations of the
organic pollutants and ammonia-nitrogen in the liquid sea cucumber-feed-medium between 0 d and 6 d. Bacterial
cultivation time had a significant effect on the feed-degrading activities of the three strains (P<0.05). Based on the
dynamics of feed degradation, strain DR8 was considered to be the most effective of the three strains. Significant
differences (P<0.05) were also observed in the combined feed-degrading capacities of mixtures of the strains. The
optimal combination was considered to be DR8 + DR11. However, the overall feed-degrading abilities of the
combined strains were not much better than that of the single strain. We conclude that the 3 low-temperature or-
ganic-pollutant-degrading bacteria screened in this study are useful bacterial resources, which could show good
potential for pollution control in sea cucumber culture ponds and the development of probiotics for sea cucumber
culture.

Key words: Apostichopus japonica; rearing ponds; low-temperature organic-pollutant-degrading bacteria; screen-
ing and selection; bacterial identification; degrading characteristics
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