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A Study on the Relationship between Vibrio spp. Isolated from
Sponge Terpios hoshinota and the Cause of Black Disease in
Corals around Green Island

Jih-Terng Wangl’4, Wen-Ming Chen? and Chaolun Allen Chen’

'Department of Biotechnology, Tajen University, “Department of Sea Food Science, National
Kaohsiung Marine University, *Research Center for Biodiversity, Academia Sinica, *Corresponding
author (jiw@mail.tajen.edu.tw)

ABSTRACT In this study, in total 45 strains of Vibrio spp. were isolated from
sponge infected corals to examine their morphological characteristics, Gram stain,
Vibrio selective agar, biochemical activities, and 16S rRNA. Results indicate that 44
strains were Gram negative and only one strain was Gram positive. All 44 Gram
negative strains belonged to Vibrio spp. Examination of pathogenicity of the dominant
strains (Sponge- 12 ~ Sponge- 19 ~ Sponge- 41) reveal that only when ammonium
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concentration was increased to 0.1ppm and at 25°C, strain Sponge-12 had caused death
of Montipora aequituberculata twice and Sponge- 19 once. High (29°C) or low
temperature (21°C) did not increase the mortality of coral infected by Vibrio spp. An
immuno-histochemical examination showed that almost all including healthy coral
contained Vibrio spp. Moreover, coral tissue close to infecting sponge did not display
higher content of Vibrio spp. Detected Vibrio spp. was found in the digestive cavity but
not inside the coral cells. Results in this study suggest that Vibrio spp. isolated from T.
hoshinota might not be the cause of infection in coral.

Keywords: coral, Terpios, Vibrio, black disease
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formic acid, L-rhamnose, D-galactonic acid
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phenyethylamine, D-sorbitol, D-galacturonic
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putrescine - -
7J<EJ¥F JiR e
Twegn 20,. Tween 40, Tween 60, DNA, starch, 4 4 4
skim milk,
Tween 80 + -
Corn oil w w w
R Bzl Bzl i
o SREVRFE T PRSIV we (SR I T
#* 2. %J“?J?rﬁ (Montipora sp. )i+ = 7E | [ﬁﬁ’f‘&'lﬁf&j s g Sk
SW+ 0.1 ppm NH,"-N SwW
21C 25C 29°C 25°C
Sponge-12 0/3 2/12 0/3 0/6
Sponge-19 0/3 1/12 0/3 0/6
Sponge-41 0/3 0/12 0/3 0/6
ﬁ:t : SW L * 7y~ » NH,'-N<0.01 ppm -
ﬁ:t 20 A Oy R AR EER (e > 3T R [
[t 2. g SRR TR A AR 1000x A SPRRTIEA [
64 B S ST OO 5 1o 31= ]

S

2009/9/28 T4 09:06:22 (



| T T —— (. [ |

B R ALY T IR

#’Spungeﬁ G roup I
Spongetd

V.sp. FLGZA

{'X?ﬂ?ﬂﬁl\"ihlin harveyl

AJI1B187|Vibrio rotiferianus

74692 |Vibrio campbellii

L— XSB578|Vibrio alginolylicus Ye] | oW b ] OTC h

V.sp. YB3122

‘IVISPIYEMH
'y, sp. YBIE
Sponge-34

Sponge-41 Group | I

AJ514916|Vibrio fortis

V.shilonli AK1 \
Bleach

9=y mediterranei CIP 103207

V.coralliilyticus LMG 20984 ""'..-f-“

. tublashii ATCC 191087

Group Il

X76335Vibrio fluvialis

Z98079|Enterobacter cloacae subsp. di.

B! 3. 27E '?ﬁﬁﬁ\‘ﬁ}ﬁ LN s f}”ﬁ?"?_“'ﬁ'ﬂ%ﬂ”@”ﬁ"’ﬁr}iﬁ%lﬂ/%ﬁ%%ﬁ (7 o HIVEAT( phylogenetic tree )
£LI'] MEGA, version 3.1 #4=*fi neighbor-joining (NJ ) 3k 5= & &' 523 bootstrap 5 ({1 ¥
1000 % > AN JE o5 k) P NT %] (Jukes-Cantor 35 f&?ﬁ%&'ﬁl?“ )

(a) control (b) V-12

4.00 .00
2 3.00 .00
3
% 2.00 00
¥ 100 .00

0.00 .00

1 2 3 4 5 6 1 2 3 4 5 6
Days Days
(©) V-19 (d) v-41

6.00 7.00
= 5.00 ~ 6.00
£ 400 E 500

Q

£ i
2 2.00 g >
B = 2.00

. ~ 100

0.00 0.00

12 3 4 5 6 1 2 3 4 5 6
Days

i 4. 2P PO AT A TR B (@ - ATIm{ARS HETHEE)

% HEE T OO - 5T -8

&
I
=

65

W B R /AR .indd 67 $ 2009/9/28 T4 09:06:22 (



W % /AR R indd 68

= I P R

V-12
100 &

80
60 [
40
20

Absorption rate (%)

0 2 5 8 11 24
Time (hr)

120
90
60
30

Absorption rate (%)

Time (hr)

100 - (c) Sponge-41

50

-50 ¢
-100
-150
-200
-250

Absorption rate (%)

0 2 5 8 11 24
Time (hr)

[ 5. e I ) HIRETE = T PR IRE PR R R [ Oh VB 9

q‘?ﬁ' 6. F AP Eﬁﬁ DI Sponge- 12 F1[AI 24 [ [/ AT TV BB ATRE R o Ar BB pu T
THAVSEIHAS © B: Sponge- 12 YN BE pl =" T iE[IV B RS (<400 l'jﬁ)

66 % S 00T+ 5 o8

“_ﬁ
|
=

=
|

S

| T T ] —p— (. T

2009/9/28 T4 09:06:22 (




W B % /AR indd 69

| T T —— (. [ |

B R ALY T IR

il 7. (ko SFIC 1 Sponge- 12 FIBAfIUST fi1F7 - B CD AL T FIMFURRfH - A% C
RLEIGFfO fu o LY~ BSOS B 22 D ALT | Sponge-12 VBT EL ST ALAVEIER
A2 (<400 f)

A1 8. 357 B! E Rl ARG RO AT P TINARA A1 Sponge-12 IX[ARYIS T 1™ - A RLAIE]
fiofia = LY RV ¢ B ALY Sponge-12 BB KLY FRAIVICERR (<200 ()

1% 2 T OO 1o 5y o 67

!
Il
=

$ 2009/9/28 T4 09:06:22 (



W B %A FE S .indd 70

| T T

lu

@?1/ fE

R

A1 Sponge-12 AU T] ?”14 A kLB
(<200 )

S 03 b B R AR e

%ﬂl_?)h

F” i '/ﬁ bk~ }Wﬁﬁﬁ”ﬁ i s B RLIS Sponge 12 BBR T E R BT ﬁ@ﬁ']&uﬂﬁ*

——

ﬁ%ﬁ' 10. FpBtEd Rlz’ighﬁ PR 8 1 Sponge-12 gf'\&lgu;
T3+ B ALI'] Sponge-12 VBT E KL BT BRIV RS

¥ Sponge- 12 |ElfJ$J§]!ﬁF,\I”Ein[‘FJ,IJ T4 N
2 = S B Sponge- 19 FIJFUE ]~ v e
%ﬁ”fﬁ’xﬁ'\' > I R = TR R R

P b S (0-8%) (R 2) iy
FIvg=d puBIRED T 5 N B o FIF]
gE WIS T gftazw%fl;ﬁ [ L
EPW§%W%WEﬂW%$JHH¢yﬁm
T SE[ R T YRR ORE  1 (200 mL
) PRSE 3 TR I
ORI 2 i AL R L
VIR S » FIIR R ORI TP

68

lﬁﬁé/oAf‘\:lz)j@ﬁlJFIfJPd“ r{ﬁ b")J_‘ ﬁL(FE‘FIJtT
(%400 [jf‘}

%ﬂﬁfjwﬁi“«ﬂi‘ﬁiﬁfé Fftﬂi% s PR TG T A
FGRIZIH | o St
I f,ﬁg (Ainsworth et al. 2008 ) -
2. = R AR O )
ARG I T

FIAS 7 Sponge-12 1A 24 7| E\ﬂj‘ Vig o
YAV AR T [ 100 |’3FF', TR RIS
PR 'w%% SRS I RS o o
G4 WL Vibrio shiloi &3 Oculina
patabonia fIfy]+" - (Toren et al. 1998, Banin et
al. 2001) » NIF=A FHEFE S Bt = AR Y

\:ﬁ
I

Bl% CHFE T OO & a1 o8 8= W

7

S

2009/9/28 T4 09:06:23 ’7




| T

24.indd 71

R LA R B B By - 45500 5 AR HH
5 BT > BT Sponge-41 5iIES fREEE I F)
FALHHAIN > Sponge-12 F1 Sponge-19 JIEHS
B REENIRE ST EIFRFLI I (HURFH IS
arzMHER CARFEEEE 83%) » Gt
MR IME R A L EE 5 /INEAAR
#EF R mEE - BUNSE/KHEA Sponge-12
5, Spongel9 JIEERF » SRk M EI A4 4%
i -

W08 B 2 SR FLI A L A9 90 2R S AR
R > A EERFIF Sponge-12 JIE LB R
+ > DUESRFHIHT Spongel2 JIEHIAS » It
PSRRI A &K LA E » &Lty
GEF > ARG nT AR iR & - (H LU
[E et a] LU Spongel9 Bl Sponge-41 HY5I

EHk R Futt > BURILEHE Sponge-12 HYZ KT
BEEE =EIE AR S 2 > B2
TENE A & BT AVAE - £&8H Sponge-12 1
ARG 1Bt Sponge -12 TEFRFLIHARY 317 » 45
FANME 6 Fir o HHIE 6 BURES 24 /NIFZ > 5
G AN EM 0y R E > N

(coelenteron ) H - 72 A B B4 LL I & £l A
mucus HHEEK R RAEYIE REVHIER
AL (Wild et al. 2004 ) o

Vg ~ Sponge-12 5\
ARG A Y AT
TSR S ERY Vi - HFREA4H A% A
BN AT BT B B4 S e o)1 s AL 35 P s Y )
% RIEEAE R DA SR e s Ay oA B e
BRI (B2 2 E 5 R AR RIS ) -
DU BT o B2 B P R S 4 IR I S Y AT P 4 Ui
BUE BRI AR BT » DAME Rs bR
B By T R A D R A A R - S SR
7T E 9 PR o AN ami e B R R AR R
FF LA EAAE 48 - # ] (R %] Sponge-12 JIEEHY
FE > HEENUES ERHRFEKRE
Sponge-12 SNEHAIIE—1% - EEFAEAREF
HgEfsET (25 6) - M RATBARIRILZH
S HLL AR A B Y91 7341 - Spongel2

1 B BT BB R g AR I

BlEAE

pt

BH_OONEHTHNEFE=H

——

Pt YSis e el [\ f syl

SE{EARH SR AT ANE 10 Fos - Vi
b L EHVCIRR B ML E #EE AT
TR AR AR RIS N AR L - TR RIRY
& ZIRRZ V)R VB - B EZAT RS
AR D R B EE R IR LABMREL I
Sy S B AT Y B R R AR YR A
B HIREE N BRI BURFTEERI 2
B B RCBRHTE A ELERESN HEE
FHTE B ok R USSR A I 1T B B SR YA
iﬁmﬁtﬁ% BRI > BRI E— (A

o

AT RN BE =
5% 96 @ A-058 wj}%)

BT HE R (2804
» RLEGH -

5 [FISTRR

Ainsworth TD, M Fine, G Roff, O Hoegh-Guldberg.
2008. Bacteria are not the primary cause of
bleaching in the Mediterranean coral Oculina
Patagonica. International Society for Microbial
Ecology Journal 2: 67-73.

Alker AP, GW Smith and K Kim. 2001.
Characterization of Aspergillus sydowii (Thom
et Church), a fungal pathogen of Caribbean sea
fan corals. Hydrobiologia 460: 105-111.

Banin E, T Israely, M Fine, Y Loya and E Rosenberg.
2001. Roles of endosymbiotic zooxanthellae and
coral mucus in the adhesion of the

coral-bleaching pathogen Vibrio shiloi to its host.

FEMS Microbiology Letters 199: 33-37.
Ben-Haim Y, FL Thompson, CC Thompson, MC
Cnockaert, B Hoste, J Swings and E Rosenberg.
2003. Vibrio coralliilyticus sp. nov., a
temperature-dependent pathogen of the coral
Pocillopora damicornis. International Journal

of Systematic and Evolutionary Microbiology 53:

309-315.

Bryan PG. 1973. Growth rate, toxicity and distribution
of the encrusting sponge Terpios sp.
(Haromerida: Suberitidae) in Guam, Mariana
Islands. Micronessica 9: 237-242.

Cervino JM, R Hayes, S Polson, SC Polson, TJ
Goreau, RJ Martinez and GW Smith. 2004.
Relationship of Vibrio species infection and
elevated temperatures to yellow blotch band
disease in Caribbean corals. Applied and
Environmental Microbiology 70: 6855-6864.

Cooney RP, O Pantos, MD Le Tissier, MR Barer, AG

69

S

m - mnssll

2009/9/28 T4 09:06:23 ’7



| T

—
=

>

&

21,

48

f.indd 72

TEHE - BRSO > BRAE

O'Donnell and JC Bythell. 2002.
Characterization of the bacterial consortium
associated with black band disease in coral using
molecular microbiological techniques.
Environmental microbiology 4: 401-413.

Denner EB, GW Smith, HJ Busse, P Schumann, T
Narzt, SW Polson, W Lubitz and LL Richardson.
2003. Aurantimonas coralicida gen. nov., sp.
nov., the causative agent of white plague type II
on Caribbean scleractinian corals. International
Journal of Systematic and Evolutionary
Microbiology 53: 1115-1122.

Frias-Lopez J, GT Bonheyo, Q Jin and BW Fouke.
2003. Cyanobacteria associated with coral black
band disease in Caribbean and Indo-Pacific
Reefs. Applied and Environmental Microbiology
69, 2409-2413.

Geiser DM, JW Taylor, KB Ritchie and GW Smith.
1998. Cause of sea fan death in the West Indies.
Nature 394: 137-138.

Gil-Agudelo DL, GW Smith and E Weil. 2006. The
white band disease type II pathogen in Puerto
Rico. Revista de Biologia Tropical 54: 59-71.

Grimes DJ, J Stemmler, H Hada, EB May, D Maneval,
FM Hetrick, RT Jones, M Stoskopf and RR
Colwell. 1984. Vibrio species associated with
mortality of sharks held in captivity.
Microbiology Ecology 10: 271-282.

Kanamor K, RL Weies and JD Roberts. 1987.
Ammonia assimilation in Bacillus polymyxa
15N NMR and enzymatic studies. Journal of
Biological Chemistry 262: 11038-11045.

Kushmaro A, E Banin, Y Loya, E Stackebrandt and E
Rosenberg. 2001. Vibrio shiloi sp. nov., the
causative agent of bleaching of the coral Oculina
patagonica. International Journal of Systematic
and Evolutionary Microbiology 51: 1383-1388.

Patterson KL, JW Porter, KB Ritchie, SW Polson, E
Mueller, EC Peters, DL Santavy and GW Smith.

70

——

2002. The etiology of white pox a lethal disease
of the Caribbean elkhorn coral, Acropora
palmata. Proceedings of the National Academy
of Sciences USA 99: 8725-8730.

Richardson LL. 1996. Horizontal and Vertical
Migration Patterns of Phormidium corallyticum
and Beggiatoa spp. Associated with Black-Band
Disease of Corals. Microbiology Ecology 132:
323-335.

Richardson LL, WM Goldberg, KG Kuta, RB Aroson,
GW Smith and KB Ritchie. 1998. Florida’s
mystery coral-killer identified. Nature 392:
557-558.

Rosenberg E, O Koren, L Reshef, R Efrony and I
Zilber-Rosenberg. 2007. The role of
microorganisms in coral health, disease and
evolution. Nature Reviews Microbiology Mar 26;
[Epub ahead of print].

Thompson FL, Y Barash, T Sawabe, G Sharon, J
Swings and E Rosenberg. 2006. Thalassomonas
loyana sp. nov., a causative agent of the white
plague-like disease of corals on the Eilat coral
reef. International Journal of Systematic and
Evolutionary Microbiology 56: 365-368.

Toren A, Landau, A Kushimaro, Y Lpya and E
Rosenberg. 1998. Effect of temperature on
adhesion of Vibrio strain AK-1 to Oculina
patagonica and on coral bleaching. Applied and
Environmental Microbiology 64: 1379-1384.

Voss JD, DK Mills, JL Myers, ER Remily and LL
Richardson. 2007. Black Band Disease
Microbial Community Variation on Corals in
Three Regions of the Wider Caribbean.
Microbiology Ecology. Mar 28; [Epub ahead of
print]

Wild C, M Huettel, A Klueter, SG Kremb, MYM.
Rasheed and BB Jergensen. 2004. Coral mucus
functions as an energy carrier and particle trap in
the reef ecosystem. Nature 428: 66-70.

H_OONFFHHINELE=

e
St
>
b
iz

m - mnssll

2009/9/28 T4 09:06:23 ’7



