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Abstract: [Background] The environmental resilience of scleractinian corals is related to the
associated bacteria. However, it is unclear how these bacteria adapt to the environmental changes.
Studying the biological and ecological roles of these bacteria isolated via pure culture method is a
fundamental approach to decipher the environment adaptation mechanism of corals. [Objective]
To study the diversity and function of the heat-tolerant bacteria associated with two species of
corals and further provide new insights into the environmental resilience of scleractinian corals.
[Methods] We used three media, 2216E, seawater GYP, and seawater R,A agar, to isolate the
heat-tolerant bacteria associated with two coral species (Acropora pruinosa and Galaxea
fascicularis) with significant differences in heat tolerance from Weizhou Island, Beibu Gulf at
32 °C (heat tolerance threshold of corals). The 16S rRNA gene sequencing and sequence
similarity analysis were then performed for the isolated bacteria. Predominant strains were
selected and tested for the heat tolerance, and their antibacterial activity was analyzed by the plate
confrontation method. [Results] The diversity of the potential heat-tolerant bacteria showed
significant difference between the two coral species. A total of 44 strains of potential heat-tolerant
bacteria belonging to 22 genera of 4 phyla were isolated from A. pruinosa, among which Vibrio,
Pseudoalteromonas, and Tenacibaculum were predominant. A total of 28 heat-tolerant bacterial
strains belonging to 11 genera of 3 phyla were isolated from G. fascicularis, among which Vibrio,
Pseudoalteromonas, and Rugeria were predominant. Among the isolated bacteria, 17 strains
shared the 16S rRNA gene sequence similarity below 98.65%, which might be new taxa. The
growth conditions of bacteria were studied at 26—37 °C, which showed the optimal growth
temperature was 34 °C, higher than the optimal growth temperature of most marine bacteria and
coral bleaching threshold, indicating that the isolated bacteria had potential heat resilience. Two
strains of Rugeria had an inhibitory effect on Vibrio, a potential pathogen associated with coral
diseases, and 3 strains of Tenacibaculum did not exert significantly inhibitory activity.
[Conclusion] The diversity of bacteria associated with 4. pruinosa and G. fascicularis is high and
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needs to be further researched. Although the opportunistic pathogen Vibrio was the predominant
genus, the bacteria associated with G. fascicularis had an inhibitory effect on it. Based on the
above results, we hypothesized that the heat resilience of scleractinian corals was related to the
inhibitory effect of the coral-associated bacteria on pathogenic bacteria.

Keywords: coral reefs; associated bacteria; pure culture; heat stress; Vibrio

I3 5 T A T W (F 4G U L A TR
B L B R R ) LIS AR T RE 1A (holobiont)
g Ar el Hdr, anEm 2 RetE Y,
TESE AR R RE BRI . ) BTG P R A 28 1 2 2
Jr i RAEEEAE RS, S FAE, i
R R, R RS, 7E R TR R
HE A B I R T bAl, IR IE 1 R BE Y
RE 7 55 Al R 2 WA OCT R i A v R A
T 3 A AR G A T DA N e TR R B
Ziegler 2 VRN [n] A= 35 vp (8 IXUME F JE #0240
(Acropora hyacinthus)iF1128 X %At , 17 A5
Xt A. hyacinthus JEA TR A , 25 R BoR,
AT T RS PR PR A ) 1 L 22 AR BRI
AT EE AR, XA RE R TN & iR 2
A R PRI R A T A B AR v A A2 M R e
Yo RSN, ASE YA E
BURMEAEAE B 22 5, N BOE S I I L
ORI E2E  & A e T s
ST BE 5 IR0 2 B2 AN B 2 AR e
N, Liang 25U F vy 30 52 00 4 AR X6 5 ifg potk
SIBHEER 0 A R I A L o A 240 T 22 A 1 T A R
S0 2 B A 20 R ) e PR A R G, X PT RE
HHMSMZEERA K, FFE, Yo FUYH
WFFEs AR, TR AR 20 T RV 2H A O AR
ZJ AW+ T4 P (Pavona decussata)
TRV FEE 7 SR T v 30 o 7 P 2 R o AR v
S I P R 0 12 0 5 R E AN TR S A Y AR A TN
AE. NI, 75 2L G0 i 15 37 BAR F BIba 3 fff 2
MR FEAT B S5 E, AU A e e &

1o o PR AR A ik AR b VR R AR A AR A

Xof S L £ 20 T R A T A R A B TR
WF 5 40 7 09 2 RE S A= A AR T o LA 4 A A
Endozoicomonas J& N, ZEHES 516 EFNE
FUTRI K AL A 0 (0 32 S AAE R, Ik A ol
O A S AR e i kT 1Y Ding )
H P 4l 55 3% BRI 3R N 38 Y A T
Endozoicomonas montiporae CL-33 , #{ il SZ7E
WA T AT B A 99T B 42 RL AR ) i B B 5 2
AR DS AR B 2 i R A PR B B . H
i, BERL 20 15 55 57 1) B 90 e 2 200 1 2 e
£ W AE R Y T 1] (Proteobacteria) . J&BE T[]
(Firmicutes) . YU¥F & '] (Bacteroidetes) . BRFF &
Il (Acidobacteria) . P F '] (Verrucomicrobia)
ML ] (Actinobacteria) " AN, 23
HA R DR iy B bk A B T 2R Bl 1 = 3t
B AESAE o6 2R SRR i A TR v e g
Yy, HosodE A K iE K £ 2R (sea surface
temperature, SST) & 25-29 °C, 24 SST 5 T ]
Al LA Z ) BRI EE 1-2 °CH, I A (R R
T BRI B LR, STk, K
AT LA B AT 32 [ 32 °CAE Ry i 36 254, Xof 3
B L B A VT T AN T AT 0 L B

R =R VA R 2R i 9N/ TP S o8 2 G 2
ARAES 5T AV A BT, 20 2D 80 4
AR & ik & B R, A2 retk S
o R, W TR AT SRR,
LU 2 I A A S R i L4 R R A
B, WK AL R AR AR, RO R RCIR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



912 A 2 AR

Microbiol. China

YT RE 7 S 590 00 3 2 S 890 5 ) e A 2 2 5 1Y
ORI ] CEE T . s i ST e R S N 4G A
B2 B2 DRIk, S TR 5 R 3 8
FER ) 2 1] By B0 22 22 5, X AF 552 i) 3 )
TS 32 14 ) G e PR 3% S IR A 2B AR R G A R R R
B AR AR ST B TS R A oy e 3 1 DL
SR, E T ARAT W5 I 40055 57 00 5 AR 38 78 3
AT 32 25 S S AE R IO R, X ZH R
() A= 25 Ty Rt i = T AT A IA

AR5 3 R A0 T I U S S AR R 1y
T S 1 OB R AT A2 4 5 1 A A 25T S kg A
ZEXFGE, R 3 FhEEFREL(2216E ., MK GYP Al
K R A BRI FRAE), TEPUE 32 °CHE SR &%
T R I B A VA AR R AT AR L B
FRHYE, IEar 2R, JiAh, HUGER
B RR AR A T A 52 P A 36 RN T B 06 0 s,
A PG BT FE T $f 2R IR o A S5 i 27 1
P S PR

1 MR5r%

1.1 ##
1.1.1 #&
1Bl Y1 55 (21°00'N, 109°00'E) i T 1 1 Ik &8

RS 155 43 B 1) S B X, 1200 388 A S 38
H22.6 °C, FeARFI IR = A9 1300 43 ) B
16 1 F(15.3 °C)F1 7 H (28.9 °C), 4E -k &K
1380.2 mm, 4FP-IHEHIREN 24.62 °C, 71
AL 31.9%0, MWFKEWIEE R 3.0-10.0 m; i
JK pH fEN 8.00—8.23 . JHIYH 5 A4 & 1k A
RAF IR SCAA, S I B R A 4 it R 4
A7 S

AUV BTV 52 S DA DX R 4 7 R A 338
MMAEZIEIS 1 (& 1), MEKRNAH
20 cmx20 cm. B RAE P IHAFE 4TS T 24 h
P2 % 28 ) PG R 2 I B R A v 0 1) 5 B T
N, T KIRZE 26 °C, 2 h 5 I il T 1802 1%
S, REELR ST E RN —
1.1.2 &Etk

% W81 5K & (Vibrio  coralliilyticus) ATCC
BAA-450 FER ST GO # (Vibrio owensii) LMG
25443 WAL B ARAT, BRI 2 PRI B 5T R
PU PR P D 2 I Q3R TR R A A S B 4 5
PN
1.1.3 #EFE. TELFIFNE

2216E B 1 75 R AR 7K RoA TR 5 I 5L
T 5w BHE Tk b e A R A R A F] O

1 AW ZEARERY 2 s
Figure 1
Galaxea fascicularis.

A: FREEMIMY]. B: MNEZIEIN]

Two species of scleractinian corals with different heat tolerance. A: Acropora pruinosa. B:
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F1 FAMEHMM M A T BB AT A E 16S rRNA EFFHILEX 4R
Table 1 Comparison of 16S rRNA gene sequences of potential heat-tolerant bacteria associated with two
species of scleractinian corals
(3773 J& ARARL T il GenBank B35 4Bk FRALPE
Representative ~ Genus Closest strains GenBank Origin of isolates  Similarity
isolate accession No. A G (%)
GE002 Vibrio Vibrio owensii NR_ 117424 2 99.78
GGO005 Vibrio tubiashii NR 118093 3 1 99.34
AE014 Vibrio profundi NR 164983 99.64
GE008 Vibrio maritimus NR 117551 1 98.89
ARO007 Vibrio hepatarius NR 025491 1 99.49
GE004 Vibrio alginolyticus NR_113781 3 99.71
AE005 Vibrio coralliilyticus NR 117892 1 99.36
AGO006 Kordia Kordia jejudonensis NR 126287 1 97.70
(GiEz3)
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HREHE Ja& AR BRI b GenBank %3¢ 5 7 BRI AR
Representative ~ Genus Closest strains GenBank Origin of isolates  Similarity
isolate accession No. A G (%)
AEO11 Shimia Shimia marina NR 043300 1 98.67
AE006 Olleya Olleya algicola NR_157624 2 100.00
GG001 Bacillus Bacillus iocasae NR_ 158045 1 2 99.93
AGO007 Bacillus kochii NR_117050 1 99.63
GEO10 Ruegeria Ruegeria conchae NR 109062 3 99.92
GG008 Ruegeria profundi NR 159175 1 99.53
AE009 Ruegeria arenilitoris NR_109635 2 1 99.23
ARO001 Pleionea Pleionea mediterranea NR 135696 1 100.00
GRO06 Amphritea Amphritea spongicola NR 135881 1 98.00
AE004 Lacinutrix Lacinutrix venerupis NR 145942 1 96.86
AE001 Lewinella Lewinella cohaerens NR 112672 2 96.69
AGO004 Altibacter Altibacter lentus NR 126240 2 94.85
ARO15 Aquimarina Aquimarina litoralis NR 116703 1 99.93
AGO003 Paracoccus Paracoccus zeaxanthinifaciens NR_025218 1 97.48
GRO003 Alteromonas Alteromonas oceani NR 159349 1 99.92
ARO16 Alteromonas australica NR 116737 1 98.89
GRO004 Alteromonas macleodii NR 037127 1 99.70
AR004 Oceanicaulis Oceanicaulis stylophorae NR 108907 1 98.63
AEO010 Tritonibacter Epibacterium mobile NR_115921 1 99.92
ARO005 Robiginitalea Robiginitalea myxolifaciens NR 041514 1 99.48
AE002 Erythrobacter Erythrobacter longus NR 041889 3 100.00
GE006 Halobacillus Halobacillus dabanensis NR 042860 1 100.00
AEO013 Marinomonas Marinomonas atlantica NR 151936 1 100.00
AEO012 Thalassotalea Thalassotalea euphylliae NR_153727 1 97.66
GG007 Thalassotalea litorea NR 157659 1 92.98
AGO008 Tenacibaculum Tenacibaculum jejuense NR_116704 2 98.36
AE008 Tenacibaculum mesophilum NR 024736 1 99.93
ARO12 Tenacibaculum skagerrakense NR 025229 1 99.79
ARO008 Tenacibaculum holothuriorum NR 145845 2 97.88
GRO08 Flammeovirga Flammeovirga aprica NR 041394 1 98.81
GRO009 Microbulbifer Microbulbifer variabilis NR_041021 1 99.04
GEO11 Microbulbifer echini NR 156859 1 99.04
GG004 Thalassomonas Thalassomonas viridans NR 104564 1 99.00
AGO11 Pseudoalteromonas  Pseudoalteromonas hodoensis NR 126232 1 99.93
GEO001 Pseudoalteromonas rubra NR 026223 1 99.93
ARO11 Pseudoalteromonas marina NR_042981 1 99.93
ARO13 Pseudoalteromonas spiralis NR 114801 1 99.93
ARO10 Pseudoalteromonas piratica NR_157758 1 99.85
AGO012 Pseudoalteromonas phenolica NR 113299 1 1 100.00
GEO005 Pseudoalteromonas luteoviolacea NR 026221 3 99.63
AGO005 Acanthopleuribacter — Acanthopleuribacter pedis NR 041599 2 95.48

A: FEREMAMH. G: ML

A: Acropora pruinosa. G: Galaxea fascicularis.
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Figure 2 Phylogenetic tree based on 16S rRNA gene sequences of potential heat-tolerant bacteria associated
with Acropora pruinosa. Closest strains accession number in GenBank; Isolates from this experiment
accession number in national microbiology data center; Values at branch nodes represent bootstrap value;
Bar=0.02 is nucleotide divergence. The same bellow.
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Figure 3 Phylogenetic tree based on 16S rRNA gene sequences potentlal heat-tolerant bacteria associated

with Galaxea fascicularis.
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Figure 4 Venn diagram of the potential heat-tolerant
bacteria associated with two species of scleractinian
corals based on genus level.
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Figure 5 The histogram of the potential heat-tolerant bacteria associated with two species of scleractinian

corals based on genus level.
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Table 2 Inhibition effect of tested strains
& Btk S MR RO RN

Genus Strain No. Vibrio Vibrio owensii
coralliilyticus

Ruegeria GEO007 + +

GG006  + -

GG008  — -
Tenacibaculum AEQ008 - -

AR008 - -

ARO12 - -

+o BAEPUEM; - JCRHUEN

+: With antagonistic activity; —: No antagonistic activity.

7 HEAHERE A BAKE GE00T7 X
Vs B S ER  F5 PLVE . B B R R GE007 X Rk
SO PRI S BLVE L. C: BN IR GG006 X 7
WO E B BCVEH . D: Tenacibaculum sp.
AEO008 X ¥ I I i A 45 e 4

Figure 7 The picture of the antimicrobial effect of
the tested strain. A: The inhibitory effect of
Ruegeria sp. GEO07 on Vibrio coralliilyticus. B:
The inhibitory effect of Ruegeria sp. GE0O7 on
Vibrio owensii. C: The inhibitory effect of Ruegeria
sp. GGO06 on Vibrio coralliilyticus. D: The
inhibitory effect of Temnacibaculum sp. AE008 on
Vibrio coralliilyticus.
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