Korean J. Microbiol. Biotechnol. (2014), 42(4), 324-330
http://dx.doi.org/10.4014/kjmb.1410.10009 KJ M B

pISSN 1598-642X elSSN 2234-7305

Korean Journal of Microbiology and Biotechnology

old Folla A& ‘g1hol= ol Y OIE = SH-12| Z2| 2 548 &4
OIRHSH, Ol
REEEERET D

g th ot A g ok}

Received: November 3, 2014 / Revised: December 4, 2014 / Accepted: December 5, 2014

Isolation and Characterization of Marine Bacterial Strain SH-1 Producing Agar-Degrading Enzymes
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A marine bacterial strain producing agar-degrading enzymes was isolated from a mud flat in Jeboo-do (Korea) using a selective
artificial sea water (ASW) agar plate containing agar as the sole carbon source. The isolate, designated as SH-1, was gram-neg-
ative, aerobic, and motile with single polar flagellum. 16S rRNA gene sequence similarity analysis showed the isolate SH-1 had
the highest homology (96.5%) to marine bacterium Neiella marina J221. Cells could grow at 28-37°C but not at 42°C, and the
agarase activity of the cell culture supernatant was higher when grown at 28°C than when grown at 37°C. Cells could grow when
concentrations of 1-5% (w/v) NaCl were added to the growth media with the best growth observed at 3% NaCl, and the agar-
degrading enzyme activity of the cell culture supernatant was best when grown at 3% NaCl-containing growth media under the
conditions we examined. The crude enzyme prepared from 48-h culture broth of strain SH-1 exhibited an optimum pH and tem-
perature for agar-degrading activity at 7.0 and 40°C, respectively. Zymogram analysis of the crude supernatant and cell extract
showed that strain SH-1 produced at least 3 agar-degrading enzymes with molecular weights of 15, 35, and 52 KD. Thinlayer
chromatography (TLC) analysis also suggested that HS-1 produces [-agarase to degrade agarose to neoagarooligosaccha-
rides.
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Fig. 1. Agar-degrading activity and transmission electron
micrograph (TEM) of the marine bacterium SH-1. (A) Zymo-
gram plate assay result as a function of cultivation time of the SH-
1. The strain was cultivated on ASW-YP agar plate and Lugol's
idodine solution was overlaid to detect reducing sugars, degraded
product from agar by agarase. (B) Transmission electron micro-
graph of SH-1. The bacterial cells were removed from ASW-YP
culture plate and examined by transmission electron microscopy
after negative staining with 2% uranyl acetate. Bar, 1 um.
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Marine bacterium SH-1
Neiella marina 1221

Photobacterium ljpolyticum M37

Pseudoalteromonas arctica A37-1-2

Pseudoalteromonas agarivorans DSM 14585

100 Pseudoalteromonas distincta KMM638

99 | Pseudoalteromonas elyakovii KMM162
Pseudoalteromonas paragorgicola KMM3548

[ Shewanella denitrificans OS217
100  Shewanella gaetbuli strain TF-27

Fig. 2. Phylogenetic tree analysis of strain SH-1. Tree was constructed from the nucleotide sequence of 16S rRNA gene using the
neighbor-joining method [26]. The scale bar indicates a genetic distance of 0.2. The number shown next to each node indicates the per-

centage bootstrap value of 1,000 replicates.
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Fig. 3. Effect of growth temperature on cell growth and aga-
rase production. (A) Comparison of cell growth in ASW-YP at the
different growth temperature (42°C, A; 37°C, e; 28°C, m). (B)
Comparison of agarase activity produced by the cells grown at two
different growth temperatures (37°C, o; 28°C, m). All data are the
average of three parallel replicates.

December 2014 | Vol. 42 | No. 4



328 | Lee and Lee

>
N
S

Cell Growth (ODgoonm)

12 24 36 48 60 72 84 96
Time (hour)

120

100 o

60 -

40 -

Relative Activity (%)

0 T T T T T T
12 24 36 48 60 72

Time (hour)

Fig. 4. Effect of salt concentration of the medium on cell
growth and agarase production. (A) Cell growth in ASW-YP
with the different NaCl concentration at 1, 3 and 5% (w/v) (1%, A;
3%, o; 5%, m). (B) Comparison of agarase activity produced by the
cells grown at the different NaCl concentration (1%, A; 3%, e). All
data are the average of three parallel replicates.
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Fig. 5. Effect of pH on agarase activity produced by SH-1
strain. (A) Enzyme activity on the different pH (pH 6-7, A; pH 7-
9, e). (B) Enzyme activity on the different temperatures. All data
are the average of three parallel replicates.
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Fig. 6. Zymogram assay of the agarases produced from SH-
1. Lane 1, crude enzyme extract of cell supernatant; lane 2, crude
enzyme extract of the cell. Size of protein markers are indicated
on the left (in KD).
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Fig. 7. Thin layer chromatography analysis of the hydrolyzed
product of agarose by agarase produced from SH-1. The reac-
tion was carried out in 50 mM sodium phosphate buffer (pH 7.0)
containing 0.2% (w/v) agarose and enzyme extract at 40°C for
8 days. The reaction products were analyzed by TLC using silica
gel 60 plate with an n-butanol-acetic acid-water solution (2:1:1, by
volume). G, galactose; Reaction time (0, 4, 6, 8 days); Standards
(neoagarobiose, neoagarotetrose, neoagarohexose) [29].
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