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This article reports an agar-degrading marine bacterium and characterizes its agarase. The agar-degrad-
ing marine bacterium, KC-1, was isolated from seawater on the shores of Sacheon, in Gyeongnam province,
Korea, using Marine Broth 2216 agar medium. To identify the agar-degrading bacterium as Agarivorans
sp. KC-1, phylogenetic analysis based on the 165 rRNA gene sequence was used. An extracellular
agarase was prepared from a culture medium of Agarivorans sp. KC-1, and used for the characterization
of enzyme. The relative activities at 20, 30, 40, 50, 60, and 70C were 65, 91, 96, 100, 77, and 35%,
respectively. The relative activities at pH 5, 6, 7, and 8 were 93, 100, 87, and 82%, respectively. The
extracellular agarase showed maximum activity (254 units/1) at pH 6.0 and 50C in 20 mM of Tris-
HCl buffer. The agarase activity was maintained at 90% or more until 2 hr exposure at 20C, 30 Cand
40C, but it was found that the activity decreased sharply from 60C. A zymogram analysis showed
that Agarivorans sp. KC-1 produced 3 agar-degrading enzymes that had molecular weights of 130, 80,
and 69 kDa. A thin layer chromatography analysis suggested that Agarivorans sp. KC-1 produced ex-
tracellular (3-agarases as it hydrolyzed agarose to produce neoagarooligosaccharides, including neo-
agarohexaose (21.6%), neoagarotetraose (32.2%), and neoagarobiose (46.2%). These results suggest that
Agarivorans sp. KC-1 and its thermotolerant B-agarase would be useful for the production of neo-
agarooligosaccharides that inhibit bacterial growth and delay starch degradation.

Key words : Agarivorans sp. KC-1, B-agarase, marine bacterium, neoagarooligosaccharides, zymogram

M E

34 (Agar)E FE7HAHIY A
A EH o A8t OEFoltt. 3% <
ose9} agaropection®. & Hof low, 4F 44} kA, F
A T2 B A AHEHALTS, 6] =Y, FH L @
23] O FEA HoloE 4F9] dERE AHEHY 3T,

1, B, H% Ao AMEH, 7hed e EAA
st Ag oy v = A de ALEH A UTH4, 14]. 31
sz g e Fevste Fadd AFEdA
Aol o g eI AT F 65% ARt 7t HHE
AHEE I AL, U A= g R A3 96, 12]. Agar-
oset 1234322 AZAH B-D-galactosed EHFA 0|1,
agaropectione 1424302 A4H 3,6-anhydro-a-L-gal-
actose?] A o] t}[1, 2]. Agarase= agaroseS #3l|3tE E

P
=
X

o O o (R

*Corresponding author

Tel : +82-51-999-5624, Fax : +82-51-999-5628

E-mail : slee@silla.ac.kr

This is an Open-Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http:/ / creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Ao, g-agarased} B-agarase® T ET. Neoagarooligo-
saccharidest™ B-agarase® ©]-&3 7 o] #ajitEoln K
a3, A E 28, AdAA A, P Es 2ga A2
=3 A 59 BE §83% 7150 ATH10]. a-Agarases
agarooligosaccharides& A Ash=dl ol= &% 243 4t
3t A5 7P Q8] dutg o2 7] do] gel FEHI R
sol FEiAIA EAiol whgo] dFatr, FH 2 40T o]t

LR A E A(gel) AHNE AR 40T o] 4o LEA
AT kg Aol Qe AR ELE Lol & Bast
ATH18]. BA7HA] agaraseE AAtete #FE2 ol Bzt

5o} 9l 0.1, B-agarase’} a-agarase BTk H Bo] Bz} o
AT YA Bud #5552 Marinomonas 416],
Flammeovirga %[4], Maribacter %8|, Simiduia %[13), Thalasso-
monas 4[10], Agarivorans %[5]. Cellvibrio 4[1], Cytophaga %
[3] & olth. olo & AFoAMe mu Faiete sj+ERH
40T o] 1A dHe T + & 8L 7/HA
A Es 2o 2 FAUL, o WA E] Aitste
AEH ALY AP o] & 7S AL A5eHy EA4

& ANSA 9T



A2 7t
™, Marine broth
2216 (Difco, Detroit, USA) A o]l 1.5% ¢ L:% 2 7}3F Marine
agar 2216 Hj A o] A S H-& Toet & 27°C oA o} 3t HA
L3 A O E Marine agar 2216 WA & F=47]= KC1
FE 3 ol e dstd dEsdn. esEdd ¢
A ZFE Wizard Genomic DNA Isolation Kit (Promega,
Madison, WI, USA)E 8314 genomic DNAE ¥ 531,
165 IDNA #3074 & & SE317] 913 PCR WH&-9] +3 2o
2 A3 PCR primerZ & 1492R (5-TAC GGH TAC
CTT GIT ACG ACT T-3)& ¢ 27F (5-AGA GIT TGA TCM
TGG CTC AG-3) A3} 0.0, 22 DNA §#H& PCR/
Gel Combo Kit (NucleoGen, Siheung, Korea)= % A 3t %1 T}
DNA @714 B42 Cosmogenetech (Seoul, Korea)ol A <7
dotglth. 4% 971492 BLASTE Adte] R w5
3 FAEE HAESY oY, Clustal Z2T# (ClustalW2)<
o] &3t ThF @)l G (multiple alignment)s FHg ¥
Neighbor-joining method®} Bootstrap method (n=1,000)%

BAsel AFERIE 902 Retsg

n&ﬂl

SHMES #Fol Y

Marine broth 2216 4 mlol <&&¢ KC1 ¥
27T, 250 rpmol A 87 FQF R ok &,
agar’} A7} Marine broth 2216 Hj A
stal 27°C, 250 rpmol A 79 <

HSAIZIO 2 MRS 2O WD EAEM 5F
9

2238444 (3,000x g, 4°C, 30 min) #A & A A
%9 15 mlE Snake Skin Dialysis Tubing
(Thermo Scientific, USA)el 23 1,000 ml Hl# e 20 mM
Tris-HCI (pH 7.0)5 900 ml 3 7}3taL, 4T WA o 243t
AAsE A 29 wbEE 3 AR E 1243 o]} BAE
Nyttt F4o] $h5H Z2HE AN membrane filter (0.45
um, Milipore, USA)E FHAIZ] Fof 4T A WA i3S
=3

SAEN £

Agarase &4-& DNSH & o] &3t 434 th. DNSH >
3,5-dinitrosalicylic acid method®] Mg o2 & AFE =4
st W ol th2]. DNS solution& NaOH 132 g, 3,6-dini-

trosalicylic acid 7.07 g, sodium sulfate 5.53 g, potassium tar-

Journal of Life Science 2018, Vol. 28. No. 9 1057

trate (Rochelle salt) 204 g, phenol 5.07 g= %< 1,000 ml
o 54 AzsAT AFEE 02%w/v)<] agarose7} ZF
H 4589 s TR ML F e L 2A WastaL vt
£E o] &dt] 2EE FAHEA 7]@*‘10“ 1mle =
05 ml& H7ksked 3023 BHEAIZ F EA8A S 57
o1 mle Ea4 #5Ho] 3 ml9 DNS solutions #

100Col A 1083 7FE 3 3 550 nme] FAol A FFE
At EEH G FM 02 D-galactoses AHE-3H T
= 3 1 uM] galactoses A=
23 £49 4& 1 unit (V)2 YA

ml
Qb B o
B e 2 xR 12

2
N
—_
ol
-

r$£ r;'h i

o |-|'|
=2
i
o
(3
HI
%
foh
b
1o
(ko
0z
I
0

B
12
o
=
4
=
2 rlo
|o
-3
=
r\m
r°i'
r-{m
=)
ok
>,
lo
gk
i

/ )«l agarose7}
:3: ]%0}9&‘4 714
2 > gadg

=
ki
Ql',
52
o
k4
Ay
O
ofo

b
i
N
o
—
=

?

an
a

I
IS\
32

o@
=

s

Ao

rlo

b

e e A

$92 39 199 ¥ 2
B =439,

pHOl 2 SHHEd 40 SNHEA

pHol ThE #HEd B4 B4E 2487 sk 20
mM sodium acetate ¢%8 % (pH 4.0-5.0), 20 mM Tris- HCI
4584 (pH 5.0-8.0), 20 mM GTA (3,3-dimethyl-glutamic
acid, Tris (hydroxymethyl)-aminomethane, 2-amino-2-meth-
yl-1,3-propanediol) %% &9 (pH 8.0-9.0)= o] &3ttt 2+ ¢
S8d HFFE 02%(w/v)9 agaroseE H7}sta 50T o
A EagAHE ZAEAT

SHEEs §40 HOMEM EH

28495 o] &stoq 25 RE AT WE FHLAE
29 HEEHS MusHth £E A EHORE 02%(w/
v)9| agarose”t E3HE 20 mM Tris-HCl (pH 6. ) $F &S
ol g3tk 224N 05 mE A 7}6}04 7 25 E 05, 10,

ZEA
dAgs F, 50CHNA 2T S %@3}3511:}_
g dAgAY g*%uur 23]

—_
12
N
o
X
B A

e
o
i

SHAEE22 Zymogram
FHLHELY LAFS Gt 43}04 10% polyacry-
lamide 29| SDSE #H7bstAl & 0.1%(w/v)e] agarose

(LMP, Promega, USA)E #7}ste] A7]|95< Adsit
[14]. Zymogram®l AH8H MEZFZ2EL 45 HFY 4 mle
HA 2 (14,000 g, 4T, 5 min)sto] FF A& A AL 047]
ol 50 mM Tris-HCl (pH 7.4) 458 1 mlE #7tsto] &

gt &, Sonicator (Sonic, USA)E o] &3] AXH & 14 0}3—’
A4 E8(14000x g, 4T, 5 min)3te] FF NS w2 Bol Az
stk AEFEE 10 plol SDS7F A7HEA) e NE $5 4
o 5 1 A7+3ke 0.1%(w/v) SDSE T3 rumning % &

F

(e}

m[m mlo

=
E



1058 BB ULRIX| 2018, Vol. 28. No. 9

@ Agarivorans sp. KC-1

100| Agarivorans albus AP84 <HE584804>

0.02

93| | Agarivorans sp. HJ6 <FN554606>

Agarivorans sp.JAM-A1m <AB426125>

Agarivorans sp. HS <JX070040>

Agarivorans gilvus WH0801 <NR 117238>
Celerinatantimonas diazotrophica J-G2-2 <DQ913889>
Alteromonadaceae bacterium HSML-FTL-9e <KF148602>
Vibrio sp. Vcl 198 <KX279484>

Shewanella gaetbuli TF-27 <NR 029070>

Psychrobium conchae BJ-1 <NR 134146>
Aliidiomarina sp. YAG10-17 <KX548074>

Escherichia coli DP170 <JF895181>

Bacillus subtilis DSM10 <AJ276351>

Fig. 1. Neighbor-Joining Phylogenetic tree based on almost complete 165 rDNA sequence comparing isolated Agarivorans sp. KC-1
strain with other bacteria. The numbers at the branch node are percentages of bootstrap values (n=1,000) and numbers in

parenthesis are numbers in GenBank.
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Fig. 2. Cell growth and agarase activity of Agarivorans sp. KC-1
with culture time. ([ agarase activity [units/L], Il cell
growth [ODgg)).



120
100
— el
X
> 80
=
=
© 60
o
Q
2 40
& S
«
20
o T T T T T I

20 30 40 50 60 70
Temperature (° C)
Fig. 3. Effect of reaction temperature on agarase activity. The
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