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ABSTRACT: As an effort to utilize alginate, 103 bacterial isolates that were positive for the alginate lyase activity were isolated from
various clams and seawater samples collected in Incheon coastal area. Among them, 3 strains (M1-2-1, M6-1, and C8-15) were finally
selected for further analysis based on their activities at higher levels than others. These isolates were all Gram-negative and rod shaped
halophilic bacteria with motility. According to their physiological and biochemical properties as well as DNA sequence of their 165 rRNA
genes, M1-2-1 and M6-1 were identified as a member of genus Pseudoalteromonas and C8-15 belonged to genus Vibrio. They exhibited
the alginate degrading activity at the maximal level when they were cultured in APY broth for 6-8 h at 25°C. Both their growth and the
enzyme activity were greatly enhanced when NaCl was added to the growth medium. The crude alginate lyases from the supernatants of
the bacterial cultures showed the highest activity at 45°C and pH 7.0-8.0. M1-2-1 and Mé-1 produced 2.723 and 1.976 g/L of reducing
sugar from alginate, respectively, suggesting that they have potential for commercial application.
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A7AL Bl FRELS APY HAH}2][0.8% (W/v) sodium
alginate, 0.5% (w/v) peptone, 0.2% (w/v) yeast extract, 0.1%
(W/v) MgSO; - H20, 0.1% (w/v) KH2PO4, 2.0% (w/v) NaCl,
pH 7.2]0l HE3F th3 30°Col A 24 AIZE ZIEHH)eR(230
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P25 Z-230°C)0f| A TAIZEHEGAR o, HhG-oll=
HAIEF|(4°C, 12,000 rpm, 55 35}0] AF5<H 200 ul2} DNS £
oN[0.63% (w/v) 3,5-dinitrosalicyclic acid, 2.14% (w/v) NaOH,
18.25% (w/v) Rochell salt (potasium sodium tartrate), 0.54%
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(v/v) phenol (p=1.071 g/ml) 5.375 ml, 5 g Na,S,0Os (Sigma-
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(bioMérieux Co.) 2 & 5}3?\11}
A Eelte59 fA A 581 Al S

Aol 242 913l A4 A DNAE &2 5ko] 16S rRNA F-71 4}
o] th3t Universal primer [fYU2, 5-TAACACATGCAAGT
CGAGCG-3;1YU2, 5-TACGGCTACCTT GTTACGAC-3']
= Yoon £(2003)2] {2 H o] Z=a A AR 4
Y5t S5 16S rRNA F-32F T o] 714D 27
3l 3(Solgent Co.) National Center for Biotechnology Institute
(NCBI) 2] Basic Local Alignment Search Tool (BLAST) search
£ 53to] ST A3t ¥l = EzTaxon-e
(Kim et al., 2012)2} MEGAG6 (Tamura ef al., 2011)2 A}8-3}
&, neighbor joining methodo]] Wz} evolutionary distance
matrixE A3 A 545 24 5Ho] 241619 th(Saitou and Nei,
1987).

Table 1] :.Q1 v} o] vhefel sl 7o) Wi s~ A=
£ STl Al of] vl et A3k 1214 . 2 687 7§ 2 wtfl o]

e, olE2 BT A Eafiste] A 4 3l

&3 el Al Als1d Al4%

Table 1. Alginate-degrading bacteria isolated from various marine samples

Sample Number of Number of
colonies  positive
Common name Scientific name obtained  isolates
Comb pen shell  Atrina pectinata japonica 166 37
Manila clam Rudlitapes philippinarum 89 15
Razor clam Solen corneus Lamarck 33 0
Mussel Mytilus coruscus GOULC 119 28
Abalone Haliotis gigantea 94 12
Spiny top shell  Batillus cornutus 73 8
Small ark shell  Barbatia stearnsii 66
Sea water 15 0
Total 687 103

Fig. 1. Agar plate assay of the alginate degrading activity of the isolates.
Clear zone around each colony represents degradation of alginate in the
PSA medium.
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Fig. 2. The amount of reducing sugars released from alginate by the
isolates.
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0.9-1.3 umo| ¢l & H(Fig. 4), &5-do] 2= et A2
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ol = WAFo] 7=t o] S 0] A WAL E 1 25°C 2
A TS o 4= QYT 3 FF BT 1-13% NaCl 5=
H Qo] A o] 7153t TPA A& O-nitrophenyl- 3
D-galactopyranoside 353} oxidase A2 H AL
polymyxin B2} gentamicino] thsl] A Bk ®3F
M1-2-13}F M6-1-2 A -3 3 Aehe 2ol Ll e 24,

ol W A8 B2 7F31 Q)= = Pseudoalteromonas <5

Pseudoalteromonas atlantica ATCC 192627 (X882134)
Pseudoalteromonas prydzensis MB8-11T (U85855)

Arctic seawater bacterium Bsw20400 C12-7

100

93

-Arctic seawater bacterium Bsw20400 T2-8

Vibrio sp. C8-3

0.02 Vibrio pelagius CECT 42027 (AJ293802)

100 Vibrio alginolyticus NBRC 15630 (CP006718)

o1 | Vibrio sp. C8-15

741 Vibrio azureus C9-1-17

Fig. 3. Phylogenetic relationship among the isolates and type strains of closely related taxa on the basis of the DNA sequence of the 16S rRNA gene. The
dendrogram was established by the neighbor-joining method. The bar stands for 0.02 accumulated changes per nucleotide.
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Table 2. Characteristics of the isolates

Characteristics MI-2-1 Meé-1 C8-15 Characteristics MI-2-1 Mé6-1 C8-15
Cell shape Rod Rod Rod Susceptibility to
Gram staining - - - ampicillin (10 pg) - -
Motility + + + gentamycin (10 ug) + + +
0OX + + + polymyxin B (300 U) + + +
ONPG + + + streptomycin (10 ug) - - +
ADH - - - tetracycline (30 pg) - - -
LDC - - - Growth at
ODC - - - 5°C + +
H,S - - - 37°C +
URE - - - 40°C - -
IND - - - Growth in NaCl
VP \% \Y ND 0% - - +
Hydrolysis of 1-12% +
Cellulose - - - 13%
Gelatin - - - Growth at alginate
Lipid + + + 0% - + +
Protein + + - 0.52.0% + +
Starch + + - Growth with
GLU - - + 1% Fructose - - +
MAN - - - Galactose - - +
INO - - + Glucose - - +
SOR - - - Starch + +
RHA - - + Sucrose - - +
SAC - - + Growth with
MEL - - - 1% Peptone + + +
AMY = = + Urea + - +
ARA - - + (NH.)2804 + + +
CIT + + A\ NH,Cl + + +

+, negative or positive reaction; ND, no data; V, variable; N, negative

Abbreviations: OX, oxidase; GLU, glucose; ONPG, O-nitrophenyl- 5-D-galacto-pyranoside; MAN, mannitol; ADH, arginine dihydrolase; INO, inositol;
LDC, lysine decarboxylase; SOR, sorbitol; ODC, ornithime dedcarboxylase; RHA, rhamnose; H>S, H,S production; SAC, sucrose; URE, urease; MEL,
melibinose; IND, indole production; AMY, amygdalin; VP, Voges-Proskauer; ARA, arabinose; GEL, gelatinase; CIT, citrate

(A) (B)

Fig. 4. Transmission electron microscopy of Pseudoalteromonas sp. M1-2-1 (20,000X, left) and M6-1 (20,000X, right).
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A o] 52 5 275}l A1 20 4171 vjoyShE A 24]7F B vy
Fole 51l tha] wABckFig 5). 1 Ak 37E B
WOk A1EF 10412 5 A1) o] 23], M1-2-13 Mé-1
FE Ti47] W] 8417k o] LRIAF Hals-S 74AL ol
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Fig. 5. Effect of culture time on growth and alginate degrading activity of
the isolates. The isolates were cultured in APY medium at 30°C for 20 h
with shaking at 230 rpm. Relative enzyme activity is shown in
percentages, taking the highest activity of M1-2-1 as 100%. The black bars
represent the relative enzyme activity produced by M1-2-1; grey bars,
M6-1; white bars, C8-15. The graph marked with circles represents the
growth of M1-2-1; squares, M6-1; triangles, C8-15.

2= Bk o] W C8-15 5= M 50| B4
AL i §- w21 gro] SAF o, H o) I3 e &

M1-2-1 3F5=9] /9] 15% A= Hioll 4] AT, B.
licheniformis AL-577 5= 144-150 A1 7F vl 32 X
9 QF7IAL 2o S4do] )= Lehgteh W s g
et al., 2006b), Streptomyces sp. MET 05152] 7-9- 72 A| 7} vljoF
& oF71AF Baj E4Jo] H a1 Ao o]2F th= K I(Kim et al.,
2007)e} H| -2 off, & Lo A] BelE FFEE2 Ak o
214 a2 0] 10412k o] o] Zeh2 pehto.m 2 Akl
o ggsh] B4l 5 A0 /lthH sirk

HHF2=0l| [E

Pseudoalteromonas sp. M1-2-11} M6-1 w5 9 Vibrio sp.
C8-15 F5=2] vjjoF o] wh2 YA 3} U714k Baj e
15-37°C ¥ {0l Al APY °”7<ﬂHHX] of| 343t 84 F<E230
rpm C.F el oA A EA51 I tH(Fig. 6). 31 =5 25°C
7h AAAA Sra Sl M1-2-13}F M6-1%= 20~

30°Col| A AR5} AL, Vibrio sp. C8-15 w-5-=20-37°C2] H]
27 -2 W9lol A Aol Zhsatelen, The F gkl v]
SfjA FA gho] sk ich 3L, 919 2= koA F ATt
£71 0 2 vl FStHA] 45N FI5ke] 30°Col| A L7IATE-af
TS S A=t C8-15 5= 25°CollA] S off 7

Sajgzso| Maint 7N HEHEH

10.0
L 8.0
3
2 3
= L60 =
2 =
=
2 IS
= g
= L40 =
[
2.0
0.0

Temp. (°C)

Fig. 6. Effect of culture temperature on growth and alginate degrading
activity of the isolates. The isolates were cultured in APY medium at 30°C
for 8 h with shaking at 230 rpm. Relative enzyme activity is shown in
percentages, taking the highest activity of M1-2-1 as 100%. The black bars
represent the relative enzyme activity produced by M1-2-1; grey bars,
M6-1; white bars, C8-15. The graph marked with circles represents the
growth of M1-2-1; squares, M6-1; triangles, C8-15.
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A RS BEA-0- AAFSEG] T, M1-2-13F M6-1=30°Cof| 4] ulj ok
WS o 7Y W2 S-S AR =T, 25°Col| A = F o) &
7321 90% =g SIS o] F A FES T 9o 2
Aolld= &
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sp. C8-15 3= 15-30°C ¥ 9] Yol A= Z i g4 9] 9k 80%,
35°Cofl A= oF 48% A &m0 BAS HGIT Wbk, Vibrio 4
A|ate1 C8-15 w+5= Pseudoalteromonas <5 w550 B|3l &
1Ak BafleAd AArE -2 IQFRAINE, Pseudoalteromonas 155
Ho} g2 ¥ 91o] 2ol s, A1k Eells2 A 2
A sHA Wl sh= 2 02 e

NaClO| 22[#32| Walt S42Hd0]| 0|x|

& Aol A £ AT ol fEt St E
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ARE 9 =7t EElRTEY A H At &
Aol vjA = Y SASHATHFig. 7). & Aol A Al
3952 NaClo| 3£3E A] o= ulj A of| A] s
A QFQEIL, 1.0-12.0% (w/v) 2] NaCl 3= 9] ol A ket 4=
Ao} EHA FF2 TG H v} Jch(Table 2). £3] 2.0-5.0%
(W/v) 9ol A] 2 A8 TE. C8-15 T35 2% (w/v) NaCl
ol Z¥sli e wf 7P A E=TE = 8kAL, Fet Skl wet
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11.0
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Fig. 7. Effect of NaCl on growth and alginate degrading activity of the
isolates. The isolates were cultured as in Fig. 6. Relative enzyme activity
is shown in percentages, taking the highest activity of M1-2-1 as 100%.
The black bars represent the relative enzyme activity produced by
MI-2-1; grey bars, M6-1; white bars, C8-15. The graph marked with
circles represents the growth of M1-2-1; squares, M6-1; triangles, C8-15.
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