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(Yoon et al., 2004) depth  profiler, Model: 911-Plus, Sea-Bird
[ ( , 1996) Electronics, Inc. USA) 2
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Table 1 Sampling and analytical data of different depth seawaters off Taitung

Station D-285 D-285 D-740 D-912
Sampling depth (m) 5 285 740 912
Sampling date 09 Apr. 2005 09 Apr. 2005 09 Apr. 2005 10 Apr. 2005
Sampling time 15:30 15:30 20:15 04:20
Latitude (N) 22°41.05 22°41.05’ 22°37.09’ 22°23.10°
Longitude (E) 121°04.77° 121°04.77 121°05.17° 121°04.30°
Temperature (°C) 25.05+0.21 12.60+0.14 4,95+0.21 4.05+0.07
pH 8.22+0.02 7.91+0.01 7.79+0.08 7.81+0.07
DOC+ (uM) 81.71+4.02 41.51+6.85 67.70+3.88 64.29+5.39
(NH;+NH,")-N (uM) 0 0.19+0.21 0 0
NO,-N (uM) 0 0 0 0
PO,>-P (uM) 0 0.98+0.56 2.27+0.07 2.71+0.02
SiO,-Si (uM) 0 31.13+1.73 69.59+3.63 92.58+1.82
Bacterial TVC+* (CFU/mI) 285+13 69+21 90+19 32+7

*Dissolved organic carbon
*Total viable count

pH pH meter (Mettler Delta 350,
Mettler-Toledo Inc. USA) Phenol
(APHA, 1998a)

(APHA, 1998D)
Molybdenum blue-Ascorbic acid

hypochlorite

Ultraviolet spectrophotometric

(APHA etal., 1998¢) Molybdosilicate
( , 1985)
(UV-Visible  spectrophotometer, UV-1601,

Shimadzu Corp. Japan)
/ (APHA, 1998d)
(total organic carbon analyzer,
TOC-5000A, Shimadzu Corp. Japan)

100 10  1ml 0.45um
(mixed cellulose ester, Advantec MFS,
Inc. USA) PPES-II

(yeast extract 1 g, peptone 5 g, ferric
phosphate 0.01 g, agar powder 15 g, distilled water
250 ml, aged seawater 750 ml, adjust pH to 7.6)

20 7
7 (plate count method)
25 ~ 250

15 PPES-II
3 16S rRNA

16S rRNA

DNA (2007)
DNA TE buffer (10 mM
Tris-HCl, 1 mM EDTA, pH 8.0)
0.25 mg/ml
16S rRNA
5’-AGAGTTTGATCATGGCTCAG-3’

(16S_F:
16S_R:
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5’-GGTTACCTTGTTACGACTT-3") PCR

( ,2007) PCR 94
T 2 94T 2 46C 1
30 72°C 2 35 72°C
2 PCR QIA quick PCR
(Qiagen) pGEM-T easy
(Promega) E. coli M-13 F (5°-

TGTAAAACGGCCAGT-3") M-13 R (5-
TCACACAGGAAACAGCTATGAC-3")

3
16S F/16S R ( L5k
DNA BLAST (Pearson
and Lipman, 1988)  GenBank
Accelrys Gene v2.5 (Accelrys, Inc. USA)
16S rRNA
Clustal W program (Thompson et al., 1994)
(phylogenetic tree)
Neighbor-joining method (Saitou and
Nei, 1987)
R
Table
1
25.05+0.21 912 m
4.05 £ 0.07 pH
8.22+£0.02 pH
285m 740m  912m pH
791 £ 0.01 7.79 £ 0.08 7.81 +
0.07 D-285 0.19
+0.21 uM ((NH;'NH,)-N)
(NO>-N)
285 m

285~912'm
0.98 + 0.56 (285 m) 2.27 + 0.07

(740 m) 2.71+0.02 (912 m) uM
31.13 £ 1.73 (285 m) 69.59 + 3.63 (740 m)
92.58 £ 1.82 (912 m) uM
285 + 13 CFU/ml 285m 740m  912m
69 +21 CFU/ml 90
+19 CFU/ml 32+ 7 CFU/ml
(5 m 285
m 740m 912 m) 60
(culturable aerobic and facultativly
16S rRNA
(Table 2

16S rRNA

anaerobic heterotrophic)

Fig. 2)
PCR
1.4K 72% (43/60)
1.3K~1.4K 22% (13/60) 1.2K~1.3K
5% (3/60) 60 1
1K 60 16S rRNA
BLAST
GenBank 4 ( 7%)
16S rRNA
35 ( 58%) 16S
rRNA >99% 15  ( 25%)
16S rRNA
95 ~99% 6 ( 10%)
16S rRNA
90 ~95%
16S rRNA GenBank
60
3 (Bacteroidetes Proteobacteria Firmicutes)
4 (Flavobacteria a-Proteobacterium y-Proteo-
bacterium  Bacilli) 7

Rhodobacterales

(Flavobacteriales
Alteromonadales Pseudomona-
dales Vibrionales Oceanospirillales Bacillales)
10 (Flavobacteriaceae Rhodobacteraceae
Pseudoalteromonadaceae
Vibrio-
naceae Halomonadaceae Oceanospirillaceae
Bacillaceae) 18 29 3
(D-285-9 D-285-11 D-912-9) 16S rRNA

(Table 2)

Alteromonadaceae

Shewanellaceae Pseudomonadaceae

(Table 3) D-285 5m 9
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(Alteromonas Bacillus Maribacter Nautella 40% D-740 740
Pseudoalteromonas Roseobacter  Sulfitobacter m 4 (Agarivorans
Tenacibaculum Vibrio) 1 Amphritea  Photobacterium  Vibrio) 1
y-Proteobacterium Vibrio y-Proteobacterium Vibrio

27% D-285 285 m 60% D-912 912 m
6 (Alteromonas Halomonas 6 (Amphritea Dasania
Marinobacter Pseudoalteromonas Pseudomonas Marinobacter Photobacterium Shewanella
Vibrio) 1 Alteromonadaceae Vibrio) 1 mucus  bacterium 2
unclassified marine bacterium 2 arctic y-Proteobacterium Vibrio  Photobacterium
seawater bacterium Pseudoalteromonas 27%

Table 2 Bacterial isolates from different depth seawaters off Taitung

Strain Order Closest species (GenBank accession no.) E’gﬁgﬁié?gi); Ma(tozf;ed
D-5-1  Alteromonadales  Alteromonas sp. SHY1-1 (AB078014) 1472/1476 99
D-5-2 Rhodobacterales Roseobacter gallaeciensis SCH0407 (AY881240) 1362/1405 96
D-5-3 7 -Proteobacterium NEP2 (AB212801) 1394/1455 95
D-5-4  Vibrionales Vibrio harveyi CM3 (EU660320) 1503/1513 99
D-5-5 Rhodobacterales Sulfitobacter sp. ARCTIC-P49 (AY573043) 1364/1413 96
D-5-6 Flavobacteriales Maribacter dokdonensis DSW-9 (AY960750) 1467/1472 99
D-5-7  Flavobacteriales &Qggg’ggz)'”m mesophilum MBIC4357 1439/1444 99
D-5-8 Rhodobacterales Sulfitobacter sp. ARCTIC-P49 (AY573043) 1366/1413 96
D-5-9  Bacillales Bacillus firmus (DQ118015) 1377/1379 99
D-5-10  Vibrionales Vibrio harveyi S20 (AY750577) 1484/1492 99
D-5-11  Vibrionales Vibrio harveyi S35 (AY750578) 1490/1493 99
D-5-12  Vibrionales Vibrio fortis LMG21562 (AJ514915) 1489/1494 99
D-5-13  Rhodobacterales Roseobacter gallaeciensis SCH0407 (AY881240) 1393/1405 99
D-5-14  Alteromonadales  Pseudoalteromonas sp. MACLO7 (EF198247) 1497/1503 99
D-5-15 Nautella italica R-28753 (AM944522) 1402/1408 99
D-285-1 Alteromonadales  Pseudoalteromonas sp. BSi20316 (DQ492738) 1427/1429 929
D-285-2 Pseudomonadales Pseudomonas sp. NJ319 (EF605267) 1495/1495 100
D-285-3  Alteromonadales (Pée(;g;)gggg))monas haloplanktis BSi20582 1404/1407 99
D-285-4  Alteromonadales  Marine bacterium Tw-5 (AY028200) 1450/1455 99
D-285-5 Alteromonadales  Pseudoalteromonas sp. BSw20010 (EU365568) 1410/1415 99
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Table 2 (continued)

Strain Order Closest species (GenBank accession no.) ';f;g;ﬁié?gg Mit(;)?ed
D-285-6 Vibrionales Vibrio sp. EN276 (AB038023) 1329/1379 96
D-285-7 Alteromonadales  Pseudoalteromonas sp. MOLA9 (AM990785) 1461/1461 100
D-2858  Alteromonadales (F’S%‘gggggg;mo”as haloplanktis Bi20582 1400/1402 99
D-285-9 /(ADrcSl(():;ng\éa;ter bacterium Bsw20449 1402/1407 99
D-285-10  Alteromonadales  Alteromonas luteoviolacea (X82144) 1409/1437 98
D-285-11 ,(A[;gi(t):;;legge)lter bacterium Bsw20449 1402/1407 99
D-285-12  Alteromonadales = Marinobacter bacchus FB3 (DQ282120) 1403/1406 99
D-285-13  Oceanospirillales  Halomonas aquamarina 751 (EU430083) 1401/1403 99
D-285-14  Alteromonadales  Alteromonas sp. SPB-5 (DQ412075) 1403/1405 99
D-285-15  Alteromonadales (P:ﬁgg?gggomonas flavipulchra NCIMB2033 1404/1408 99
D-740-1 Vibrionales Vibrio sinaloensis CAIM695 (DQ451210) 1412/1435 98
D-740-2 Vibrionales Vibrio harveyi LB4 (DQ146935) 1421/1422 99
D-740-3 Alteromonadales  Agarivorans albus MKT87 (ABO76559) 1472/1472 100
D-740-4 Vibrionales Vibrio sinaloensis CAIM695 (DQ451210) 1403/1427 98
D-740-5 Vibrionales Vibrio sp. BLI-41 (AY217772) 1403/1428 98
D-740-6 Vibrionales Vibrio sp. R-14968 (AJ316168) 1408/1428 98
D-740-7 Oceanospirillales ~ Amphritea japonica JAMM1548 (AB330882) 1286/1392 92
D-740-8 Vibrionales Photobacterium leiognathi LN101 (AY292944) 1410/1416 99
D-740-9 Vibrionales Photobacterium leiognathi SN2B (AY292951) 1409/1415 99
D-740-10  Vibrionales Photobacterium leiognathi LN101 (AY292944) 1397/1406 99
D-740-11  Vibrionales Vibrio splendidus 2J12 (AJ885026) 612/614 99
D-740-12  Vibrionales Vibrio sp. EN276 (AB038023) 1321/1371 96
D-740-13 Vibrionales Vibrio sp. TUNT (EF584084) 1447/1447 100
D-740-14  Vibrionales Photobacterium sp. Asur-1 (AB055784) 1505/1507 99
D-740-15  Vibrionales Vibrio sp. R-14968 (AJ316168) 1401/1420 98
D-912-1 Vibrionales Photobacterium leiognathi SN2B (AY292951) 1412/1427 98
D-912-2 Vibrionales Vibrio sinaloensis CAIM695 (DQ451210) 1413/1436 98
D-912-3 Alteromonadales  Shewanella marinus C4 (EU290154) 1414/1419 99
D-912-4 Oceanospirillales ~ Amphritea japonica JAMM1548 (AB330882) 1318/1432 92
D-912-5 Pseudomonadales Dasania marina KOPRI20902 (AY771747) 1274/1377 92
D-912-6 Alteromonadales Marinobacterium jannaschii IFO15466 1347/1463 92

(AB006765)
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Table 2 (continued)

. . . Matched (bp)/  Matched
Strain Order Closest species (GenBank accession no.) Reference (bp) (%)
Unidentified vy -Proteobacterium BD1-7

D-912-7 (ABO15519) 1284/1383 93

D-912-8 Vibrionales Photobacterium leiognathi SN2B (AY292951) 1408/1416 99

D-912-9 Mucus bacterium 14 (AY654750) 1421/1425 99

D-912-10  Vibrionales Vibrio shilonii SW-2 (AY911395) 1427/1430 99

D-912-11 Vibrionales Photobacterium leiognathi SN2B (AY292951) 1408/1416 99

Marine 7 -Proteobacterium HTCC2143

D-912-12 (AY386333) 1216/1307 93

D-912-13  Vibrionales Vibrio splendidus biovar 11 (AB0O38030) 1405/1423 98

D-912-14  Vibrionales Photobacterium leiognathi SN2B (AY292951) 1416/1422 99

D-912-15  Vibrionales Vibrio splendidus biovar 11 (AB0O38030) 1405/1431 98
Table 3 Bacterial composition in different depth seawaters off Taitung

Station/depth (m) D-285/5 D-285/285 D-740/740 D-912/912

Genus

Agarivorans 1

Alteromonas 1 2

Ampbhritea 1 1

Arctic seawater bacterium 2

Bacillus 1

Dasania 1

v -Proteobacterium 1 2

Halomonas 1

Maribacter 1

Marinobacter 1

Marinobacterium 1

Marine bacterium 1

Mucus bacterium 1

Nautella 1

Photobacterium 4 4

Pseudoalteromonas 1 6

Pseudomonas 1

Roseobacter 2

Shewanella 1

Sulfitobacter 2

Tenacibaculum 1

Vibrio 4 1 9 4
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Fig. 2 Phylogenetic tree showing the relationship of bacteria isolated from different depths of seawater off Taitung.
This tree was inferred from 16S rRNA gene sequence data by the neighbor-joining method. Numbers refer to
bootstrap values for each node out of a total of 1000 replicate resamplings. Only bootstrap values > 500 were shown
on the branches.
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T

(total bacteria count)
AO (Hobbie et al., 1977)  DAPI (Porter and Feig,

b={3103

1980)
( ,
2008) DAPI
10°~ 10° CFU/ml 200 m
10" ~ 10* CFU/ml
(total viable count) 10 ~ 1000
(Fry, 1988)
10~ 10* CFU/ml 285 m
10"~ 10 CFU/ml
10' ~ 10°
CFU/ml 300 m 10°~ 107
CFU/ml ( ,2005)
10°~ 10* CFU/ml
300 m 10' ~ 10 CFU/ml (
, 1993)
Genbank
16S rRNA
60 3 (D-285-9, D-285-11,
D-912-9) 16S rRNA
(Table2)  D-285-9 D-285-11  16StRNA
Genbank Arctic seawater
bacterium Bsw20448 ( DQ064619)
99% D-912-9  16S rRNA
Genbank Mucus bacterium 14
( AY654750)  99%
16S rRNA
(2003) 16S rRNA

85 10 Genbank
AF396670
2003

(Colwellia psychrerythraea)

16S rRNA

2002)

(American Public Health Association, APHA)
coliform
bacteria  enterococci group fecal streptococcus
group staphylococci group Campylobacter jejuni
enteropathogenic Escherichia coli Legionella spp.
Leptospira spp. Pseudomonas aeruginosa
Salmonella spp. Shigella spp. Vibrio cholera,

Yersinia enterocolitica (APHA, 1998¢)

(2003)
320m 85
7 V.
anguillarum (Wiik et al., 1989) 5 V. splendidus
(,2000)
1 V. campbellii
( , 1996)
15% (2005)
50 ~ 300 m
38 2 V.
campbelli 3 V. harveyi (Defoirdt et al., 2008) 1

Pasteurella testudinis (Jang and Biberstein, 1991)
1 Staphylococcus sp. (Huang et al., 1999)
18%
15
APHA
Sm 3

V. harveyi 1 V. fortis (Thompson et al., 2003)
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Fig. 3 Surface of Marine agar 2216 illustrating unique characteristics of marine bacteria isolated from deep sea
waters off Taitung. A. Purple colonies of Alteromonas luteoviolacea D-285-10; B. Depressions of the agar adjacent

to the colonies of Agarivorans albus D-740-3, indicating hydrolysis of the agar.

|
¢
$
H
2’.
¢

.

Fig. 4 Colonies of Photobacterium leiognathi D-912-1 on Trypticase Soy agar with 3% (left) and 0.5% (right)
sodium chloride showing obviously different luminescence in the dark.

27% 740 m 300 m
1 V.harveyi 1 V.splendidus 912
m 2 V.splendidus
13%  13%
912 m

(Austin and Austin, D-285-3 D-285-8 285 m 2

1987) Pseudoalteromonas haloplanktis (16S rRNA
99%)
(cold-adapted) pectate lyase

(Truong et al., 2001) PB-galactosidase (Hoyoux et al.,
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2001) aspartate aminotransferase (Birolo et al.,
2000) DNA ligase (Georlette et al., 2000)
Pseudoalteromonas haloplanktis

D-285-10
16S rRNA Alteromonas luteoviolacea
(McCarthy et al., 1985)  98%
violacein (Fig. 3a) Melo et al.
(2000) violacein
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P. leiognathi
(luciferase)
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3% 10
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ABSTRACT

Seawater samples were collected from different sites and depths off Taitung. The aerobic and facultativly
anaerobic, heterotrophic bacteria were counted, isolated and purified immediately in a microbial laboratory of
the research vessel. Isolated bacteria were identified according to the 16S rRNA gene sequences. The total viable
bacterial counts in depths of 285, 740 and 912 m were 285 + 13, 69 £ 21, 90 £ 19 and 32 + 7 CFU/ml,
respectively. To analyze the bacteria composition, 60 bacteria were selected randomly from samples of the four
depths (15 for each) and purified. They were classified to 3 phyla, 4 classes, 7 orders, 10 families, 18 genera and
29 species. There were 3 strains that could not identify by 16S rRNA gene sequence. The so called “harmful
bacteria” according to APHA were not detected. However, the ones which have been previously published as
pathogens, such as Vibrio harveyi, V. fortis and V. splendidus can be found even in the depth of 912 m. The
bacteria with unusual enzyme activities, such as Agarivorans albus, Alteromonas luteoviolacea, and
Pseudoalteromonas haloplanktis can also be isolated from the deep seawater off Taitung.

Key words deep sea water, bacterial composition, 16S rRNA
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