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Isolation and Characterization of a Marine Derived Bacterium Glaciecola sp. SL-12 Producing -
agarase. Dong-Geun Lee, Ok-Hee Lee, Hyo Jung Jang, Min-Kyung Jang, Ki Hwan Yoo and Sang-Hyeon
Lee*. Department of Pharmaceutical Engineering, College of Medical Life Science, Silla University, Busan
617-736, Korea - A novel agar-degrading bacterium SL-12 was isolated from seashore of Kijang at Busan,
Korea, and cultured in marine broth 2216 media. Isolated bacterium SL-12 was identified as Glaciecola
genus by 165 rDNA sequencing with 98% identity. The optimum pH of the enzyme activity was 7.0
and the optimum temperature for the reaction was 30°C. The enzyme hydrolyzed neoagarohexaose
to yield neoagarobiose as the main product, indicating that the enzyme is f-agarase. Thus, isolated
bacterium and the enzyme would be useful for the industrial production of neoagarobiose.
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Fig. 1. Agar degrading activity of the isolated bacterium SL-12
on a marine broth 2216 agar medium.
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Fig. 2. Phylogenetic tree based on almost complete 165 rDNA
sequence comparing SL-12 with members of Glaciecola
sp. and related genera. The numbers at the branch
node are bootstrap values and numbers in parenthesis
are access numbers at NCBI.
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Fig. 3. Effect of pH on agarase activity. (C] 100 mM sodium
acetate buffer, pH 3.0-5.0; ll 20 mM sodium phosphate
buffer, pH 5.0-8.0; A 50 mM glycine NaOH buffer, pH
8.09.0).
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Fig. 4. Effect of reaction temperature on agarase activity. The
reaction was carried out at 20, 30, 40, 50, 60, 70 and
80°C with 1 mi of 0.2% (w/v) agar in 20 mM sodium
phosphate (pH 7.0) buffer and 0.5 ml of enzyme sol-
ution for 30 min.
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Fig. 5. Heat stability of agarase of Glaciecola sp. SL-12 at 70°C.
Agarase activity was measured with the crude enzyme
exposed to 70°C water for 0, 15, 30, 45 and 60 minute.
Reaction was carried out at 30°C with 1 ml of 0.2%
(W/v) agar in 20 mM sodium phosphate (pH 7.0) buf-
fer and 0.5 ml of heat treated enzyme solution for 30
min.
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Fig. 6. TLC of the products of neoagarobiose hydrolysis by
agarase. The reaction was carried out at 40°C in 20
mM sodium phosphate (pH 7.0) buffer and 1.0% neo-
agarohexaose (NA6) with enzyme solutions (1 day, 1
day reaction; 3 days, 3 days reaction). The reaction
mixture was developed by TLC. Gal, D-galatose; NA2,
neoagarobiose; NA4, neoagarotetraose; NA6, neo-
agarohexaose; NAG+E, hydrolyzed products from
NA6.

837171 A& Fig. 69 e T NeoagarohexaoseE 7]
2 A3} p-agarase
& A/931 w-agarasew agaropentose$} agarotrioseS A A
$tH1,12,20]. Glaciecola sp. SL-12 #39] S+d B gho B
AHES TLCE #2493 A, 39 U)o necagarohexaoseS

B5 B35t FZ neoagarobiosed AJAH3}i(72.7%) U
@46};:(27 3%) AoE2 YE} o] 54
A FAH U (Fig. 6).

neoagarotetraose$} neoagarobiose

neoagarotetraose’=
7} B-agarased] £3le

BE Glaciecola sp. SL-12 759 gulol

AW 7A) Glaciecola sp.& 0.2 st AT HAAZE o-
agaraseE AAbste AT BHiH o] 9loj[12], ¥ A1 B-
agarases A3t A9 Glaciecola sp. #55 SR A
Jd & 9guE & F v &9 B-agarase #3452l neo-
agarooligosaccharide= M #4% A, A& =3 ¥, g4
AE 843, Rean, vy, isas, 34l 5
of B sl 1oj[1,812,20] FFF A} Ao oFitde &
Az 2849 7bs40 2tk £ A7 £ 970 ojn] &
B3 pagarase B4 | IA dF< Agarivarans sp. JA-1
[13], Thalassomonas sp. SL-5 [10] 53} &7 Glaciecola sp.
SL-12 @ ol A AAE = p-agarased o] 4-31H FF Fell
uz} 2+ B -agaraseQ] HAH 229 pH 5 EAo] 2 ga2r
2, o] 58 x3sto] G A3l B33 S o] gaw
ARZPNA] 715 L nF AAF AL A5 A
A A Egol d 5 dS ALE AYsta Yot



62 ‘3B AIX| 2008, Vol. 18. No. 1
2 %

71 #REEnF A AHEE F e fAAd
grat7] g3t 5t 717 Aol AR EHES B
€ % Al SL12E #8813 165 1DNA 47) 1%
Baog 3%7199 Glaciecola 43 74 A #F YL
sttt SL-12 #5371 A she ¢ &8} & 4 (agarase) 2]
# 3 pH¥ pH 7.0 (20 mM sodium phosphate $+% £ 9)o] 31
34 &x v 30°CE vebyth. ¥2% Glaciecola sp. SL-12 7
F7t Aete dHENEAY BadE o TLC 44
3, 7154 ¢ALYnGE AABlE PagaraseE ¥ E o]
HE &8 b5l & AR JYdrh

o mlo

l

< o] R21ALY] Y - ST
AT Z]-%J% Tol FHFHPFUD

References

1. Araki, T., Z. Lu and T. Morishita. 1998. Optimization of
parameters for isolation of protoplasts from Gracilaria ver-
rucosa (Rhodophyta). |. Marine Biotechnol. 6, 193-197.

2. Do, J. H. 1997. Extraction and purification of agar from
Gelidium amansii. ]. Korean Fish. Soc. 30, 423-427.

3. Duckworth, M. and W. Yaphe. 1970. Thin-layer chromato-
graphic analysis of enzymic hydrolysate of agar. J.
Chromatogr. 49, 482-487.

4. Duckworth, M. and W. Yaphe. 1971. Structure of agar. L
Fractionation of a complex mixture of polysaccharides.
Carbo. Res. 16, 189-197.

5. Groleau, D. W. and Yaphe. 1977. Enzymatic hydrolysis of
agar: purification and characterization of f-neoagarotetraose
hydrolase from Peudomonas atlantica. Can. J. Microbiol. 23,
672-679.

6. Jean, W. D.,, W. Y. Shieh and T. Y. Liu. 2006. Glaciecola
agarivorans sp. nov., a marine agarolytic bacterium isolated
from shallow coastal water of An-Ping Harbour, Taiwan,
and emended description of the genus Glaciecola. Int. ].
Syst. Evol. Micro. 56, 1245-1250.

7. Joo, D. S, O. 5. Kim, S. Y. Cho and C. H. Cho. 2003.
Preparation condition of agar oligosaccharide with organic
acids. |. Korean Fish. Soc. 36, 6-10.

8. Kato, 1. 2000. Antioxidative and antitumorigenic properties
of agaro-oligosaccharide. Bio Industry 17, 13-19.

9. Kim, B. J., 5. H. Hwang, H. ]. Kim, Y. 5. Kang, S. D. Ha
and J. Y. Kong. 1999. Characteristics of p-agarase pro-
duced by marine bacterium Bacillus cereus ASK202. Korean

10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

J. Biotechnol. Biceng. 14, 96-102.

Lee, D. G, N. Y. Kim, M. K. Jang and S. H. Lee. 2007.
Isolation and characterization of a marine bacterium
Thalassomonas sp. SL-5 producing B-agarase. J. Life Sci. 17,
70-75.

Michaux, J. R., R. Libois, A. Davison, P. Chevret and R.
Rosoux. 2004. Is the western population of the European
mink, (Mustela lutreola), a distinct management unit for
conservation?. Biol. Conserv. 115, 357-367.

Ohta, Y., Y. Hatada, M. Miyazaki, Y. Nogi, S. Ito and K.
Horikoshi. 2005. Purification and characterization of a
novel alpha-agarase from a Glaciecola sp. Curr. Microiol.
50, 212-216.

Park, G. T., D. G. Lee, N. Y. Kim, E. ]. Lee, J. G. Jung, J.
H. Lee, M. S. Heo and S. H. Lee. 2005. Isolation and char-
acterization of a marine bacterium producing thermotoler-
ant agarase. J. Life Sci. 15, 884-888.

Romanenko, L. A., N. V. Zhukova, M. Rohde, A. M.
Lysenko, V. V. Mikhailov and E. Stachebrandt. 2003.
Glaciecola mesophila sp. nov., a novel marine agar-digesting
bacterium. Int. ]. Syst. Evol. Microbiol. 53, 647-651.
Schafer, H. 2007. Isolation of Methylophaga spp. from ma-
rine dimethylsulfide-degrading enrichment cultures and
identification of polypeptides induced during growth on
dimethylsulfide. Appl. Environ. Microbiol. 73, 2580-2591.
Sugano, Y., I Terada, M. Arita, M. Noma and T.
Matsumoto. 1993. Purification and characterization of a
new agarase from a marine bacterium, Vibrio sp. strain
JT0107. Appl. Environ. Microbiol. 59, 1549-1554.

Suzuki, H., Y. Sawai, T. Suzuki and K. Kawai. 2002.
Purification and characterization of an extracellular «
-neoagarooligosaccharide hydrolase from Bacillus sp.
MKO03. ]. Biosci. Bioeng. 93, 456-463.

Vera, J., R. Alvarez, E. Murano, ]. C. Slebe and O. Leon.
1998. Identification of a marine agarolytic Pseudoalteromonas
isolate and characterization of its extracellular agarase.
Appl. Environ. Microbiol. 64, 4378-4383.

Yamaura, I, T. Matsumoto, M. Funatsu, H. Shegeiri and T.
Shibata. 1991. Purification and some properties of agarase
from Pseudomonas sp. PT-5. Agricul. Biol. Chem. 55,
2531-2536.

Yong, J. J, S. J. Park, H. J. Kim and S. K. Rhee. 2007.
Glaciecola agarilytica sp. nov., an agar-digesting marine
bacterium from the East Sea, Korea. Int. J. Syst. Evol.
Microbiol. 57, 951-953.

Yoshizawa, Y., A. Ametani, ], Tsunehiro, K. Nomura, M.
Itoh, F. Fukui and 5. Kaminogawa. 1995. Macrophage
stimulation activity of the polysaccharide fraction from a
marine alga (Porphyra yezoensis): structurefunction rela-
tionships and improved solubility. Biosci. Biotechnol.
Biochem. 59, 1933-1939.



