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Identification and Characterization of Agar-degrading Vibrio sp. GNUM08123 Isolated from Marine Red Macroalgae
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An agar-degrading bacterium, designated as the GNUMO08123 strain, was isolated from samples of red algae
collected from the Yongil Bay near East Sea, Korea. The isolated GNUMO08123 strain was gram-negative,
aerobic, motile, and beige-pigmented, with Cig9 (25.9%) and summed feature 3 (comprising Cq¢107c/iso-
C15.02-OH, 34.4%) as its major cellular fatty acids. A similarity search based on the 16S rRNA gene sequence
revealed that it belonged to class Gammaproteobacteria and shared 97.7% similarity with the type strain
Vibrio chagasii R-3712T. The DNA G+C content of strain GNUM08123T was 46.9 mol%. The major isoprenoid
quinone was ubiquinone-8. The results of DNA-DNA relatedness and 16S rRNA sequence similarity analy-
ses, in addition to its phenotypic and chemotaxonomic characteristics, suggest that strain GNUMO08123 is a
novel species within genus Vibrio, designated as Vibrio sp. GNUMO08123. Agarase production by strain
GNUMO08123 was induced by agar and sucrose, but was repressed probably owing to carbon catabolite
repression by glucose and maltose.
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Fig. 1. Phenotypic characteristics of the GNUMO08123 strain.
(A) Detection of agarolytic activity on an agar plate. The strain
was cultured on an ASW-YP agar plate and was incubated at
28 C, and the plate was stained with Lugol’s lodine to detect the
product degraded by agarase. (B) Transmission electron micros-
copy (TEM). The strain was grown on an ASW-YP plate at 28 C for
2 days and was negatively stained for TEM analysis. The polar fla-
gellum is indicated by the arrow. Bar, 0.5 um.
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e FA HRE ZH=th(Fig. 1).

GNUMO08123 #3F9] Al54 B4

GNUMO08123 #39] 16S rRNA $-AX} QL V. chagasii
R-3712T (97.7%), V. fortis LMG21557" (96.6%), Vibrio
jasicida TCFB 07727 (96.6%), Vibrio sagamiensis LC2-
047" (96.6%), Vibrio hyugaensis 090810aT (96.6%), Vibrio
diabolicus HE800T (96.5%), Vibrio splendidus ATCC33125T
(96.3%)% 7HY =2 SAH3S B3th 16S rRNA §-44 A
dofl 7123t ZAJg NJ A5 a4 21, GNUM08123
o oxdF oz A& 747 V. chagasii R-3712T8 v 235
o2 T4 FEEHE 2elE FAsHATH(Fig. 2). ol=e A
£ GNUMO081237} Vibrio &4 EIE G H &E 45
= 02 MEL TY AYE AASHT.

GNUMO08123 3#59] |33t 54

GNUMO08123 #3= A 2= Mot 2% 15-40C, pH
4.0-9.0, 0.5-7.0% NaCl (wiv) H$]o|A] A3t 4= glom 7
R 8742 25-30C, pH 7.0-8.0, 2.0-4.0% NaCl (wiv) ¥

96
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Qojt}. E3t, o] #3 & chloramphenicolo] &= ZH4AS 2
o] A9t kanamycin, neomycin, ampicillin, apramycin,
nalidixic acid, thiostreptonol= A& YelTH

GNUMO081239] 2 3} isoprenoid quinone- ubiquinone-8
(Q-8)%1H] ©ls=, Vibrio &9 &3h= B2 g gjotofA 9 B
19} X3kt (Table 1). GNUM-39] §AA G+C TqF2
46.9 mol% = YukAd ° 2 X 1 E L= Vibrio 2 G+C aH&F ¥
913851 molvyoll 431, ATLAH ABAZL Y S
V. chagasii R-3712" [22] Hth= 2.3%, V. fortis LMG21557"
(23] Bt 1.3%7F 2UTh 2235 AZ WA >5%)
summed feature 3 (34.4%, comprising Cig.1 ®7c¢/is0-Cys:0
2-0H), Ci60 (25.9%), C15107c (8.4%), Crao (5.9%)0]T}.

GNUMO08123%= AFH o2 71 717k V. chagasii R-
371279} vl PL o, YA L%, melibiose T= mannitol
g 58 SoA 2o]E B G tHTable 1). E3F GNUMO08123
+= indole, esterase (C4), lipase (C14), leucine arylamidase,
glucosaminidase, nitrate reductase, urease 52| A} &
a2 SANME V. chagasii R-37127¢} T2 Ut} o
ol 3 27 Alole] SHEH BAE Faaiolr

Vibrio jasicida TCFB 0772 (AB562589)

Vibrio hyugaensis 090810a (LC004912)
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ledonicus NC470 (JQ934828)

Vibrio campbellii CAIM 519 (AMDG01000189)

Vibrio

is LC2-047 (AB428909)

58

_79'7 Vibrio atypicus HHS02 (FJ009624)

Vibrio diabolicus HES00 (X99762)

Vibrio xuii LMG 21346 (AJ316181)

Vibrio cortegadensis C16.17 (HF955037)

Vibrio HDD3-1 (AY426979)

Vibrio crosai CAIM 1437 (JQ434120)

Vibrio europaeus PP-638 (AY792622

Vibrio tapetis subsp. Quintayensis QL-9 (LN846938)
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P
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93 l
Vibrio chagasii R-3712 (AJ316199)
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{ Vibrio sp. GNUMO08123 (JN226109)

i[

0.01

80 ,— Vibrio fortis LMG 21557 (AJ514916)
Vibrio pelagius CECT 4202 (AJ293802)
Vibrio ianus ATCC 35048 (X74689)
Vibrio mediterranei CIP 103203 (X74710)
Vibrio hipp i BFLP-4 (FN421434)

Fig. 2. Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences showing the relationships between the
GNUMO08123 strain and its related Vibrio species. The bootstrap values (>50%) based on 1,000 replicates are shown at the branch
points. The nucleotide sequence accession numbers are given in parentheses. Bar, 0.01% estimated sequence divergence.
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Table 1. Phenotypic and chemotaxonomic characteristics
that differentiate strain GNUMO08123" from Vibrio species.
Strain: 1, strain GNUMO8123; 2, V. chagasii R-3712" [22]; 3, V. fortis

LMG21557" [23]. Symbols: +, Positive; -, negative.
Characteristics 1 2 3
Motility +* +* -
DNA G+C content (mol%) 46.92* 446 45.6
Growth at:
9% NaCl -* -* -
4T -* +* -
40T +* -* -
Enzyme activity:
Agarase +* -* -*
Alkaline phosphatase +* +* -
Indole production -* +* +
Esterase (C4) -* +* -
Lipase (C14) +* -* -
Leucine arylamidase +* -* -
Acid phosphatase -* -* -
B-Galactosidase -* -* +
N-acetyl-B-glucosaminidase +* -* -
Nitrate reductase +* -* +
Urease +* -* +
Fermentation of:
D-glucose + + +
D-maltose + +* +*
D-galactose +* +* +
D-mannose -* -* +
Mannitol +* -* +
Amygdaline -* -* +
Melibiose +* -* +
Sucrose +* +* +
Utilization of:
D-mannose -* -* +
Mannitol +* -*

*Data from this study.

DNA-DNA hybridization £4]

GNUMO08123 @39} V. chagasii R-3712T FFAto] <]
DNA hybridizationg 3 DNA A4S 58.6%% . dut
2o g T FF Abo]9] DNA hybridizationS £33 DNA &
B o] 70% o3} X 16S rRNA AR Ad $AHA 0]

97% o]sto|H F NA = A E2 thE F(species) &2 A7F 37
th24,25]. o] &} Z-& ALAS Zhete uf, GNUMO08123% V.
chagasii R-3712T9}= THE= 22 2o wotdnh 2
22402, 16S rRNA #32F A E 9] FAMI T 444 DNA
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Fig. 3. Cell growth (A) and agarase production (B) of the
GNUMO08123 strain in ASW-YP broth containing various
carbon sources (0.1%) depending on the cultivation time.
The optical density (ODggo) was measured at 600 nm to plot the
growth curve. Agarase activity was measured using the colori-
metric method (ODs40) employing 3, 5-dinitrosalicylic acid (DNS)
solution. All data shown are mean values from at least three rep-
licate experiments.

®—o, ASW-YP;, O—O, agar; m—nm, glucose; O0—0O, maltose;
A—/\, sucrose.

9] ATA, ure A@ﬂﬁ].z‘ﬂ-x—l ERo A9 2ol AEL 1T
o), GNUM08123 L Axsxoz 7% 7t V.
chagasti R-3712T9}— He= AFEog AR5

AZAY % ophalol= At 54

GNUMO08123 #Z2] A& Ehu%lgi Iy pl o
ool AFEIYS o th2ZASW-YP vja)e] Aol vl
o 2,68 Qo] Z7HEUTL, obrt Ei Aol AFHUL
wolt o 2009 AE 4Y F717F BAH AckFig. 3A).
GNUMO8123 #57} MZ 932 BAsHs opheol 2t @
A AZY WA 7 B BHHEZY Lase] B
FE L, 3 AFIHY 534710 AYsH A7)
o AALE o] HA717HA kA 0 2 ArE lTh(Fig. 4B).
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E3 Aol gAY o R AFE viR|o A= oprtgo]| = &
go] th=to] wlsf oF 1.28) F7hetgich 22, T2 9
Holto] Bt o2 AlFH wjA| A= 2ol Bl of
7H o] = &/ o] A 8] RA HEHUT o= T=F H
Holrro] ThE o vls| W] A LEN F79] WE A
A& =G AL, of7lg| o] = A Atoll= carbon catabolite
repression (CCR)E S 2L Ao 2 godn) gutzy oz
CCRL =9 T 22 e thatE = &9y &4 Al
o2} 7kA] At THE ALY Hdo] A== A
AP eoh Y Aol T2A1HE A s (P A 7] ¢
o8h R E 9] o] AHEo] CCR @A o] At HA], of
Zhelo|= B H|eHA YEhts AR ALRETH

o|#3 CCR @2 AHdH o s F-83 a4, FAA, A
B EE 5Y AAtolA A HIED, cAMP, glucose
kinase, sugar phosphotransporter 5of 2J3jA w7/} &=
Ao 2 Bago] girh26]. HHHAE 2o #AH CCR &
T+ Streptomyces coelicolor7} S+ 43, A|ZJEZ AYAF
e 7 9 pB-ob7tElo]=(DagA H DagB) % -9 HF
A= ZHEL A AL B {HA S 2EHE 2R
Z=dol| ofafAl HAREA FHAF wEo] A Heh27].
whA], o]9f Z-& CCR @4l GNUMO08123 Al Z ol A=
Ues Aeg AdEd

2 A7ZL 2, AFE ARk koAl Eelgh R
u| A& Vibrio sp. S47} B4tst= WEA of7hd o] =of
8 ®argt up §lr}[28]. o] #E THE HUIsHA] F2 H
folo| o] ofrfol= AALE wlokato, 0.1% BHE A
7 A AR E 12420 AE SRS ot o] B
o HTAE Yo, ortdolx BHE BHE WA
&2 29 258U F7HskITh. o] 2|3t AMEE T Vibrio
F7(GNUMOS123%+ S427)0 4 9] of7kelol = §-77 4t
ol BHAl] 98 BFEHe 2 $EHM, fEHE Yt T
% oh} Apol7h STkl ARG AASHRL Gtk
a4 B

GNUMO08123 == of7h o] = A4t #F2 A tfgtil=
St YRt et AAlSte R FERE E = A
GNUMO081232 13-4, 37|14 HH 2jolZ Ho| A M F
W, Cigo (25.9%)2F summed feature 3 (Cq6.10m7c/iso-Crs.02-
OH, 34.4%)7} 2.3t A| A 44k A Ho|t}. 168 rRNA <
AR A E B4 95, GNUMO08123+= Gammaproteo-
bacteria®l| &34, V. chagasii R-37127¢} 97.7%4] 714 &=
2 FAAE Zt=th. GNUMO081239] DNA G+C F
46.9 mol%°]™, 323} isoprenoid quinone ubiquinone-
80|t}. DNA-DNA hybridization 23} % 16S rRNA -FZA}
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d 5
GNUMO081232 7}& 243 £&EF32 V. chagasii R-
371279 LR B Vibriod o] AlEo 2 o™, Vibrio
sp. GNUMO081232 2 3t GNUMO08123¢| 23t of
7H o] = AR of7tet Aol YA FEHAT 2=
T oo o= AAIH=Tl, o] CCRe &3t A
o7 wodd

HE SAH, A stety B4 o 7] Zstel,
¢}

Strain deposition and GenBank accession number
The type strain GNUMO08123" (=DSM25249"=KCTC23757")
was isolated from red algae, Callophyllis crispate, collected
from Yongil Bay near the East Sea of Korea.
The GenBank/EMBL/DDBJ accession number for the
16S rRNA gene sequence of strain GNUMO08123"T is
JN226109.
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