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Abstract

Marine microorganisms were considered as potential sources of
bioactive compounds. Many natural products researchers found lots of
bioactive secondary metabolites with novel skeletons from marine
microorganisms, of which some have been developed as new drugs.

Dongsha Atoll is considered of ecological conservation, it is not open
for general tourists to remain it’s the nature environment. Dongsha Atoll
Is located in the special position. In winter, Kuroshio tributary current
goes through the south of Taiwan to Dongsha Atoll. Following Kuroshio
tributary current, the microbes in the south coast of Taiwan could be
immigrated to Dongsha Atoll. However, the impacts of human activities
have largely changed the microbiota of the southern coast of Taiwan. But
we don’t know how such impacts affect to that of Dongsha Atoll. Herein,
we want to study the microbiota on Dongsha Atoll, to build the database
about the microbial specimens for their taxonomic characteristics and
secondary metabolites. Besides exploring the medicinal application of
microbial secondary metabolites, we would like to provide more evidence
of geomicrobiology to clarify the effect of the Kuroshio tributary current
In winter in contrast to the microbiota between Dongsha Atoll and the
sourthern Taiwan.

In this study, we isolated 193 bacterial strains from sediments,
seaweeds and mollusks at Dongsha Atoll, in which 26 strains showed
anti-microbial activities against bacterial indicators. Among those
anti-microbial strains, 21 strains only grow in seawater medium, inferring
that most of those strains belong to marine halophiles. Compared with our
previous experience for marine halophiles sampling from Wanlitong,
Houbihu and Nanwan, the microbiota in Dongsha Atoll has less affected

by human activities. In summary, the proportion of marine halophiles

Vi



with anti-microbial activity from Dongsha Atoll is higher, which we hope
to further apply to clarify the relationship of microbiota between Taiwan

and Dongsha Atoll.
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% 1:Marine Agar = = &

Difco™ Marine Agar 2216 - 55.1 g/L
Approximate Formula* Per Liter

PEPIONE. .. 509
YeaSt EXIract. ..o e 109
FerriC Citrate. . ..o e e 0.1g
Sodium Chloride. ..o 19.45¢
Magnesium Chloride. ..., 8.8¢
Sodium Sulfate. ... ..., 3.24 ¢
(OF: 1 (o] 1010 J @3 0] (o] o =T TR 1.8¢
Potassium Chlorde. .coovveeeaiee et 0.55¢
SOdiUM BiCarDONALE. .....cocvieieieeiie st srne st e st e e 0.16 g
POtasSium Bromide..............cifiueirueesseesnneesneeatieseesssneaisneseesnees 0.08 g
Strontium Chloride. ...... 4 . i 34.0 mg
BoriC ACId. ... e, 22.0 mg
Sodium Silicate............... 4.0 mg
Sodium Fluoride.......... .00 e 2.4 mg
AmMmOonium Nitrate.......c..... oottt eaiearie et 1.6 mg
Disodium Phosphate........c..o.ovveiiiiiniii i e, 8.0 mg
Agar........c..co...... Bl .. ........... 15.09

% 2:PYE == 24

Approximate Formula* Per Liter

Protose PePONe. .....vvii i 509
YeaSt XIraCT. ... 3.0 mg
N 1509
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¥ & Atk & FERIE AR S.a.? B.c.? Vh.? E.c.? K.p.? Pa.? St.@ Ab.? Ca?t
kA Leaf 06 +++ ++
it sponge 01 ++ +++ + ++ +++ +
- sponge 03 ++
s sponge 05 4+ | +++ ++ +++
ik sponge 09 + + ++
ity sponge 10 ++ +++
AR Lagoon 01 ++
e Cotton 01 +
il scleractinia 04 +
aE s scleractinia 11 04 ++4+ |+ +++
R scleractinia Il 08 ++ +++ ++ +
A Y Cymodocea serrulata 02 +++
Ay Cymodocea serrulata 04 -
ey Cymodocea serrulata 07 7
ey Cymodocea serrulata 09 +
ey Syringodium isoetifolium 09 +
e Syringodium isoetifolium 12 +
A Lagoon 2-12 T+
e % feh s E1-3 +++ +
A % A ehis E15 +4++ ++
e A AL ¢His E1-6 +++
e f A ehis E1-9 +++
it A ALt iE N2-2 O G ++
It A ALt s N2-4 TV, e
A AL s N2-6 ++ d6y .
e AL A N2-7 ++ S
4 A ALk s N2-8 ++ +++
k] gm e AS-3 4+ | 4+ ++ | |+ T+
3 B AS-5 + ++ ++
2] B A7 12°3 ++
A % ALeh s t2-4 ++
) & Aleba 12-9 ++
) % AL s 12-14 ++ +

#S.a. : Staphylococcus aureus, B.c. : Bacillus cereus, V.h. : Vibrio harveyi, P.a. : Pseudomonas aeruginosa, K p. :

Klebsiella pneumonia, S. t.: Salmonella typhimurium, E. c.: Escherichia coli, A.b.: Acinetobacter baumannii, C.a. :

Candida albicans; + : weak inhibition (zone of <10 mm of diameter) ; ++ : Moderate inhibition (zone 0f 10-20 mm) ;

+++ © High inhibition (zone of >20 mm).
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33HRE F FEFE L P 026 & 2 16SIRNA i& 7 A #48
BRk4cT A5 B QLB amBmA T A AY B2 E(REA

PYE plate 2 £) » #& gt

GE SRS

4”’7"/r'f'+l3‘:]~ﬁ%

RFF

Atk - Affiliation NaCl requirement
Leaf 06 Microbulbifer sp. Yes
sponge 01 Microbulbifer sp. Yes
sponge 03 Pseudovibrio sp. Yes
sponge 05 Microbulbifer sp. Yes
sponge 09 Microbulbifer sp. Yes
sponge 10 Microbulbifer sp. Yes
Lagoon 01 Halobacillus sp. Yes
Cotton 01 Bacillus sp. No
scleractinia 04 Micrebulbifer sp. Yes
scleractinia |1 04 Microbulbifersp. Yes
scleractinia 11 08 Pseudovibrio sp. Yes
Cymodocea serrulata 02 Microbulbifer sp. Yes
Cymodocea serrulata 04 Microbulbifer sp. Yes
Cymodocea serrulata 07 Microbulbifer sp. Yes
Cymodocea serrulata 09 Bacillus sp. Yes

ringodium .

isi))(/atifc?ﬁgnle 09 Ruegeria sp. Yes
Lagoon 2-12 Brevibacillus sp. No
L A¢Hi& ELS Bacillus sp. No
A g-eh & N2-2 Pseudovibrio sp. Yes
A ALk N2-4 Pseudovibrio sp. Yes
A ALk N2-7 Pseudovibrio sp. Yes
A ALk % N2-8 Pseudovibrio sp. Yes
Hid v AS-3 Bacillus sp. No
Hid v AS-5 Bacillus sp. No
% A-*hia 12-3 Virgibacillus sp. Yes

FRMREES N0 v g®~ (PYEplate) %A 2 & SR BALE;
Yes: @iz o @A (PYEplate) 24 A4 £ > 5 3 BILE-
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6. %S B4 A

FTFRAET I PRA R 2 R EN o BT A L

F AP EM KAFIERFEFFCAS R P 7 &+ 23STRNA ~

16S rRNA ~ 55 rRNAA F1 5 7| 3351 F g i A 45 » i % iE * 16S

RNAZAF] > 2 @55 g AT @ 2 AFIF @ 3~ & REKRG

it % 4 17(1500 bp) > 2+ #t 5> 16S rRNAL 5 F @l AFFTHE &

National Center for Biotechnology Information (NCBI) ezt t > 2 &%
FAREE R FTARAGAAT -

BREF AP FELLFAE DB AREST A > £ 75 26
HREAEF TR oPH - g 3 BDNA > 2 15 @ * & i +16S rRNA
primers: {7 PCR# 75 » 12 Tk FEsa4_# & single band 1.5 K bperi= & >
L #PCRA 7 % it (S E A Aok s #r4 P ALk A N
5% % NCBIi (7 v 4115 » = A 39|74 » 4 %] 5 104 Microbulbifer spp.
6 & Pseudovibrio spp. ~ 2k Ruegeria spp. ~ 5k Bacillus spp. ~ 1#k
Halobacillus sp. ~ 1txBrevibacillus sp ~ 1k Virgibacillus sp. » i ® T ¢
0 g B 2o 2 FestrainF ik 0 A 7 0 £ ] * Bioeditdi 88 iR A 7
#-5 7|CLUSTALWERE I H jp¥ti= % > #m (S8 B 7748 > SR{S @ *

MEGA#- 88 8 (7 Bk M (2 4 47 o
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Halobacillus trueperi strain whb29
Halobacillus trueperi strain ZSFA201
Halobacillus trueperi strain whb6
Halobacillus trueperi strain whb44

39| Halobacillus trueperi strain whb45

Halobacillus trueperi strain LS5

Halobacillus trueperi strain whb22

36 Halobacillus trueperi strain HLSB3
Halobacillus trueperi strain whb27

Halobacillus trueperi strain whb19

= Halobacillus trueperi strain GSP062
47 :|_— Halobacillus trueperi strain whb16
Halobacillus trueperi strain S6-16
Lagoon 01

Halobacillus trueperi strain DSM 10404
Halobacillus trueperi strain GSP38
Halobacillus trueperi strain S6-09
Halobacillus faecis strain NBRC 103569
93 ! Halobacillus faecis strain IGA7-4

Halobacillus trueperi strain S8-16

Halobacillus trueperi strain XJSL8-9
Halobacillus trueperi strain XJSL8-8
Halobacillus trueperi strain XJSL8-7

Halobacillus dabanensis strain XJSL8-6

Halobacillus trueperi strain LY21
10

Halobacillus profundi strain IS-Hb4
Halobacillus litoralis strain SL-4
Halobagillus litoralis strain XJSL8-10

50 | Halobacillus trueperi strain R177

Halobacillus karajensis strain MA-2
Halobacillus dabanensis strain D-8
Halobacillus dabanensis strain XJSL8-2

31

Halobacillus dabanensis strain XJSL8-4
Halebacillus,dabanensis strainxJSL8-3

57

Halobacillus trueperi strain RO73

Halobacillus yeomjeoni strain MSS-402
63 Halobacillus trueperi strain 14M 1428

|
0.001

W 12 : Strain Lagoon 01 2 ;L% B (4~ 47 @ > ‘54 NCBI 742

Bt 4t > 22 Halobacillus trueperi 3 99.79%4p iz 4% o
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Bacillus subtilis strain A4-17

Bacillus methylotrophicus strain GZGL8
Bacillus methylotrophicus strain Ns6-20
Bacillus methylotrophicus strain Kk6-3
Bacillus amyloliquefaciens strain NBRC 3035
Bacillus amyloliquefaciens strain T6

Bacillus amyloliquefaciens strain CY21
Bacillus subtilis strain ZJ-1

Bacillus subtilis strain WBZ

cotton 01

Bacillus amyloliquefaciens strain CA81
Bacillus subtilis strain 26A

Bacillus amyloliquefaciens strain BAB-807
Bacillus subtilis strain M16K

Bacillus amyloliquefaciens strain WY13
Bacillus subtilis strain PA105

Bacillus methylotrophicus strain Ns7-22
Bacillus vallismortis strain A6-15

Bacillus vallismortis strain JY3A

Bacillus amyloliquefaciens strain DM09

Bacillus subtilis strain Lys-1

W13 : Strain Cotton 012 A5k B 2 4 7 B] » S5 d NCBIF L 2 v*

% > 22 Bacillus amyloliquefaciens ##-:7200964n 1 {2
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Bacillus safensis strain Y39

Bacillus safensis strain M40

AS-3

Bacillus altitudinis strain KUDC1738
Bacillus aerophilus strain KUDC1741

-
o

Bacillus pumilus strain 2.1

75} Bacillus aerophilus strain KUDC1736
Bacillus pumilus strain BF17
Bacillus safensis strain KTT-25
Bacillus safensis strain K-1
Bacillus pumilus strain 1.19
Bacillus pumilus strain Van35
Bacillus pumilus strain 2.2
Bacillus safensis strain C11
Bacillus safensis strain MUGA101
Bacillus safensis strain S1-F1
Bacillus safensis strain WM-249

Bacillus safensis strain C91b-58

Bacillus safensis strain WB-260

Bacillus pumilus strain VKK-10L
) Bacillus licheniformis strain HS12
Bacillus aerius strain BAB-2524

Bacillus licheniformis voucher IIHRS3b

100 [ Bacillus aerius strain RGS230
Bacillus licheniformis strain Pb-SP09001
0f Bacillus sonorensis strain SXYC17

AS-5

v

Bacillus licheniformis strain WAS3-5

E1-5

W 14 : Strain AS-3~AS-5 %2 E1-52 %M GA7E » 5o
NCBI 74L& - % » AS-3 2 Bacillus safensis § -1 999¢4p i1+ o @
AS-5 £ B. licheniformis # #-:7 97.5%4p iu 4+ o @ E1-5 22 B. pumilus
F #-iT 99964p i1t NCBI TR R ¢+ > frt R Bl Y 7 P B kg 7 o

El1-5 & f&-#Hy o
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Pseudovibrio denitrificans strain A-252

Pseudovibrio denitrificans strain A-235

Pseudovibrio denitrificans strain A-268

601 pseudovibrio denitrificans strain A-251

Pseudovibrio denitrificans strain A-269

Pseudovibrio denitrificans strain A-272

39 Pseudovibrio denitrificans strain A-267

Sponge 01
Y 08

Scleractinia--Il--08

84
Pseudovibrio denitrificans strain NBRC 100825

Pseudovibrio denitrificans strain DN34

Y 02

Pseudovibrio ascidiaceicola strain NBRC 100514
Pseudovibrio ascidiaceicola strain F10102

Pseudovibrio ascidiaceicola strain F423( NBRC 100514)

Pseudovibrio ascidiaceicola strain NBRC 100974

100

0.001

W15 : Strain Sponge 01 ~ Scleractinia Il 082 3.5 i % 4 7 ] »
sd NCBIF L £ vt #t ».#2 Pseudovibrio denitrificans#p 721+ %8 :£99.9% -
Scleractinia 1 082 % B Vadd®l » . daNCBIF L & v £ > 2P,

denitrificans4p i/ 1+ 38 £ 99.99¢ o
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Pseudovibrio denitrificans strain A-260
Pseudovibrio denitrificans strain A-267
100 Pseudovibrio denitrificans
Pseudovibrio denitrificans strain A-248a

— Pseudovibrio ascidiaceicola strain NBRC 100514

100 |y Alpha proteobacterium JEO08
1

Pseudovibrio denitrificans strain F71058

Alpha proteobacterium JE066

100 Pseudovibrio denitrificans strain HNS019

Pseudovibrio denitrificans strain A-251
N2-4
Pseudovibrio denitrificans strain NBRC 100825

Pseudovibrio denitrificans strain DN34(2)
N2-2

100

Pseudovibrio denitrificans strain DN34

Bacterium 1H215

N2-7
1001 N2-8

W16 : Strain N2-2 ~ N2-4 ~ N2-7 ~ N2-8z_ .4 M (a4 478 » &
4 NCBIF #L & v $1»N2-2§-N2-42 Pseudovibrio denitrificans4p 2 1+ %
#9996 - @ N2-7 ~ N2-82 P.denitrificans # #-:79994p i1 14>t NCBI 7
FLE b o> frr AR R Y A B Rakaor 0 N2<7 - N2-8& L i #H75 o

N2-7 ~ N2-8 t 5% B 4 A5 BB s > & B 7 A 3o 2 AR T cn/ffd o
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Leaf 06

64 Sponge 05

coral 07

Scleractinia 04

Pelagiobacter variabilis strain A4

Y 05

Microbulbifer variabilis strain HNS025
Sponge 09
Sponge 10

Microbulbifer cystodytense isolate C1
Microbulbifer mediterraneus strain UST040317-067
Microbulbifer epialgicus strain F-104

66| coral 03

Scleractinia--Il--04

YCH 14

74 = Microbulbifer variabilis strain Ni-2088

Microbulbifer maritimus strain TF-17
100 Microbulbifer maritimus strain MTM147

| Microbulbifer thermotolerans strain JAMM 1340

87

100 I Microbulbifer thermotolerans strain JAMB A94

Microbulbifer donghaiensis strain CN85
AL Microbulbifer arenaceous strain RSBr-1T
% - Microbulbifer okinawensis strain QD-ALG-2
8 Microbulbifer okinawensis strain ABABA 23
100 ' Microbulbifer okinawensis strain ABABA 211

Microbulbifer celer strain ISL-39

o Microbulbifer salipaludis strain SM-1
ﬁ'_? Microbulbifer hydrolyticus strain DSM 11525T
80 Microbulbifer hydrolyticus strain 6-4-2

0.005

W17 - Microbulbifer spp.2 #Lak b T2 17 Bl > 54 NCBIF L &
vt 44 > Strain Leaf 0622 M. variabiliss 99.99%4p 244 5 Strain Sponge 05
£ M. variabilis# 99.89%; 4p iz 4% ; Strain Sponge 092 M. variabilisF 99.1
% 4p o242 5 Strain Sponge 10 M. variabilis3 99.1% 4gp #2 1% : Strain
Scleractinia 04£2 M. variabilis3 99.9% 4p 2 4% ; Strain Scleractinia Il 04

21 M. variabilis$ 99.89¢4p i 4%
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_|: Virgibacillus pantothenticus
Virgibacillus dokdonensis strain RO79

Virgibacillus pantothenticus strain OL03

Virgibacillus dokdonensis strain DSW-10

Virgibacillus dokdonensis strain R565

Virgibacillus dokdonensis strain VITP14

Virgibacillus dokdonensis strain NY-11

Virgibacillus chiguensis strain 2-Sj-4-1-13-M

Virgibacillus dokdonensis strain JAN-2
t2-3

Virgibacillus proomii

Virgibacillus marismortui strain NT-6
Virgibacillus olivae strain R188
_|: Virgibacillus olivae strain E308
— Virgibacillus pantothenticus strain BDH21
I Virgibacillus dokdonensis strain BHD13

Virgibacillus chiguensis strain NTU-101

W18 : Strain t2-32 LB A 458 > 5 d NCBIF LR v 4>

)

[y

£2 \irgibacillus dokdonensis#p 7214 5990.09g » H #icig fix 4 > p =0 & 7

Z_% Virgibacillus sp. » t2-3 7€~ % #=

e
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% 6 : Microbulbifer spp.*+ Reaxys & % &1 -

o} (e}

/©)k0/\ dom
HO HO

4-hydroxybenzoic acid-n-butyl

ethyl-4-hydroxy-benzoate ester

o}

T 9B A g

HO.
\©\(O\/\/\/\/

o}

4-hydroxybenzoic acid
1'-methylheptyl ester

HO
/©)ko/\/\/\/\/\/\ \©\"/O\/\/\/\/\/
HO

o}
dodecyl 4-hydroxybenzoate 4-hydroxybenzoic acid decyl ester
HO. (0] OH
I \/\/\/\/\( .
4-hydroxy-benzoic acid methyl-decyl ester 4-hydroxy-benzoic acid 3-hydroxy-decyl ester

HO. HO
\©\WO\/\/\/\/\/\/ Q{OW
(e) OH

o

4-hydroxy-benzoic acid dodec-5-enyl ester 4-hydroxy-benzoic acid 3-hydroxy-methyl-decyl

ester

% 7 :Ruegeria spp.>t Reaxys & %= 875 = 5 8 B i* & f~ 4k~ g

i (0]
I H
HNJ\b - N/U\b
5 <P
H
© (0]
cyclo-(Gly-D-Pro) cyclo-(D-Pro-

cis-4-hydroxy-D-Pro)

0 H

HN H

o Wfo HNT N
OH

NH KH/N

O

cyclo-(D-Ala-cis-

cyclo-(glycyl-y-aminobutyryl) A-hydroxy-L-Pro)

(o]
o. HN

O lllj
}J HN HO
HO N0

oOH"

cyclo-(D-Ala-
cis-4-hydroxy-D-Pro)

o._N
\fo
Q N
"=
HO N
O H

cyclo-(Gly-L-Pro-L-Glu)

0 .O\H(o
NH OH W

NH OH

HN ,/\\(
o)

ops—N" "o

cyclo-(Gly-L-Ser-L-Pro-D-Glu) cyclo-(L-Pro-L-Glu)2
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% 8: Halobacillus spp.** Reaxys ‘& % 887 = 5 6 1t & $4k & 4 0!

Q H Q H 5|;|
HNJ\b N \)\:)LNH
)\ \“H“/N \\-%N HNW
\ w\\

(e} (e}

(@]
cyclo(D-Leu-D-Pro) cyclo(D-pro-D-Val) (35,65)-3-sec-butyl-6-isopropyl

piperazine-2,5-dione

N HN
H#
N N NH
. Kﬁﬁ A
cyclo(L-Leu-L-1le)2 halolitoralin C
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# 9: Brevibacillus spp.>* Reaxys & % ¥ £ 7 8 B v & f 44 &)

<" N : :
: I H : :
: : ) E :

O Son A © Son A

HN HN
tauramamide methyl ester tauramamide ethyl ester
OH
OH

cyclic (L-Va-L-ornithyl-L-Leu-D-Tyr-L-Pro-L-Phe-D-Phe-L-Asp-L-Asp-L-Tyr)

H;

H

OH

NI
OHH O B H O R H O H O H O H O H
i ; PR ; ; ;
YT vt . y vy o
o) H O H O H O H O 0 AL
NH,

S/
Bogorol A (1) Ry = j/ Ro= W) Bogorol D (4) Ry = Ro= \{)
i

A
anns

Oser

s
Bogorol B (2) R, = Y Ra= Y Bogorol E (5) Ry = H Rp= \H

wany e

Bogorol C (3) Ry = Y R, = \H

wan

wnne
wnane
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