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Abstract: The research was purposed production of
oligosaccharide from alginate hydrolysis the main composition
in cell walls of sea weed. We was isolated 252 strains from sea
water and mud flat, the highest alginate lyase activity was
selected, and identified as Sanguibacter keddieii NC9 by 16S
rDNA sequence analysis. In this study was select the sodium
alginate concentration, pH, temperature for the production of
alginate lyase activity. Alginate lyase activity was confirmed
from plate assay with 10% cetylpyridinium chloride. The
optimum culture conditions for the production of alginate
lyase were sodium alginate 10 g/L, peptone 5 g/L, 40°C, pH 9
and 36 hours incubation time. Sanguibacter keddieii NC9, its
alginate lyase would be useful for the production of bioenergy
and biofunctional oligosaccharides from sea weed.

Keywords: Alginate lyase, sea water, enzymatic activity,
brown algae
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71.2%%= 1915 A48k glom f-glveh= AlA 3919
Ao 2 A ] 4.06% 5 BAFSEL 9lTh. 2008
SHTAAET2 oA FAlOl W SufellA Ak
B sl dxRrell ok mldo] TR W ks A
sh= A o= yEpton, tgalute)l 7o) 1 tg o ® Hol
A= A0 YERT) thAme) w9 e AR
ST mE Yersas AR Ao 67%7H
shatal Stk o]2f st & AJitelli= alginate, laminaran 2
mannitol 5| EAISFH, ©] F alginate”} 7P B> Z 02
deiA SATH(].

Alginate= D-Mannuronic acid$®} L-guluronic acid”7} o-
1,44% = 1,443 02 o] Fo)X heterod THdHolH,
TR AR Mg 38 [2,3]. AEA] Wstel] wet
2] ko] G shu AT oF 40%°l &
sh= A% dvkar delA Qlow, dxFe] A7, 5,
9] 5wt vkt AdmlE 7T [4-6]. B3 alginates
A HellA vekst e dakal ZHIAHE A
s, A T2 5 A7, SR 52 okE A
2 7157 AR SEHAY ook AR S8
T AT [7.8].

Alginate lyase [EC 4.2.2.3] 4, 5 unsaturated nonreducing
2ete] AzukSoll 9J8) uronic acid A2 B-1,4-glycosidic
Aghs Feligit). o] Eae oy 7k 9] n=el o
24 #] 9lt}. Alginate lyase 1= L-guluronan lyase 2} D-
mannuronan lyase”} SIth 2] S 2 Fbrhg
A, FEUAEE a9, &6 A8 T vFe A
z4d 7ol Wg A7 Bawa Qlo] a2 e e
alginate =23l A|zzel ¥Hplo] szobA|ar Qlok [9]. 1evh
alginate &] THdFrollx] THEolA]= S7]a1d<> alginate lyase
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£ AU PIBEE5H alginate lyaseE % vk ABAlst
= Zlo] 7hsallAok Aljl4 o= o]go] 7hssltt. ©] alginate
AR ok EelE] el 19, A B
AP oz gt A7 Eelehs WY Al o] Tk
el o] 8sk= Wile] BarE|ar Itk [10-12]. 12 sz
e gerskE ool Al deelel vlaA] {Pdet
o FE/Ad ol ofeleo] vk wbA alginate &2l
& Artell shelA FellRrks g4 Fallol] tigh At 1
aE AL gl [13].

ki T sl Re] A ARge e o st
AT+ 2dskel AR 2 FAPF s olo] A gy A
off st o] ol glom, AFAANA A &HH o=
AR vlo] @uAE o] &3t vlo| Q. ofu#] AAF A+RE0]
= a1 Qlrk [14]. 53] AiAleh BAAE o] &-st ol e
oA ke = At el 73k} A ak Fo AR
< TEeb] flgh tijkoR Flxwrt FERaL gloem [15],
B2 FolX T alginate $0] & A27E o8-St vlo] e
offf=] ks $18l FHof alginate lyase”} 2. 2sh A7Jo|ct,

wEbA] 1 Aol = AE2R[Y T8 AWl alginate s
o3k nfo] @ oA Jat ook A, ook AE
28 7153t alginate =] @A 02 AFsl] $IS
A2 3ol 22lSt Sanguibacter keddieii NCOE ©1-8-
3lo] alginate lyase®] 5738 Yot} sigich.

1o

2. 45 R 9y

2.1. Alginate lyase 84 43 &g

Alginate lyase &= A 75 B f1al el W@
7 (A% 128 11 138, 9% 34 153 :157)3 B9 nlst
(4% 28 126 130, Y5 34 : 48 : 56)°lX dFE sampling
sHSltt. AF S g Alss @AM R 3145k alginate ]
A] (sodium alginate 8.0 g/L, peptone 5.0 g/L, agar 15.0 g/L)
of 100 pLA Z=gsto] & Flasivh. =sh wiA=
30C HiF7olA] 3~4U43T vijekslgint. wieke o= Hate
velvet 2 ©]83}1] replication$t § HAH HiX|E T}A]
3~44 59t vljeFlo] plate assayS #*] alginate lyase 3
5 sl

2.2. B #39] alginate lyase &4 91

T 228t 52 alginate lyase Y9S- EQ151] $14 plate
assay= ©]-83}3It}. =, sodium alginate 10.0 g/L, peptone
5.0 g/L, agar 15.0 gLE X3t Ao 22l v=s
77} Tkslo] 48 h 59k 30°C 7oA vkl
ey - wl=]ef] 10% cetylpyridinium chloride (Sigma-Aldrich
Co., St. Louis, Mo.)E *]2J5}aL, 10 min 3<%t - & 557
= K]l 3718t cetylpyridinium chlorideS A71$F - clear
zone AYJ o3l w2} alginate lyase G4 /S ERISIITE

2.3. Alginate =] 2 §484 4 A2 27

Plate assay= -3l alginate lyase /Jo] 32 Z1 02 3l

¥ Sanguibacter keddieii NC92] alginate lyase Ed 4! Al|3Z
LS 18] $13) alginate ¥4 (sodium alginate 10.0 g/L,
peptone 5.0 g/L)°ll 5 FE3t] 30C, 150 ipm .=
e wjoFelSitt. vk A7kl whE alginate lyase &4 243
2 12 h Ao Fgslon, 2ast wddS 4T,
14000 rpmoflA] 5 min F<F YR & JS5de ol8s
ATt ZEAE alginate 5 g/L 297} 1122 31519 30C
G220l 30 minE<t WH-EE §- DNSH & ol-8ato] 44
SIS SH3ICE DNS= F WSS A9 500 L
] DNS€<4 2 mLE 75t ¥ 10 min -5<} 713510 540 nm
A FE=E SIS

2.4. ] F2Zd 452 47 9 alginate lyase 4 373
Alginate 558 A3l Ho] 4848 22 alginate Hl
A1E olgslo] G4 W pH B 250 wE I WskE
RISt a4 Aol vA= pH P& pH 5~9 ®$iel
] Eol51%] 1, pH= GTA buffer (3,3-dimethylglutaric acid
16.02 g/L, Tris (hydroxymethyl) aminomethane 12.11 g/L,
2-amino-2-methyl-1,3-propanediol 10.51 g/L)& ©]-&35}
Za13) om Z124e] bufferol] alginate S 5 g/L &5 37F
sfo] @4 RES- Aol ARSIt kel e aAEAde
Za9) alginate 5 g/LE X3S pH 9] GTA buffers
1:2% E§81o] 20~60C 2] F2Fol4 30 min &<t W&
A7 DNSH = Saisitt. aAgde] 7Hd %8 259}
pHelH @40 PdS ERIsk] 218l 40°C, pH 90l A7E
of wZ a2dE DNSHE ©838191 30 min 7HH0% =
ool aage] RiskE eklsisitt

3.8% 4 1%

3.1. Alginate lyase RJAt -3 22 4 53

el B A T vl sigE A3 ste] alginate
HiA] oA Eefaigint. 1 A el W ZAHelA] 200 oFF,
E9 el 52 oFe] w7t el EelE v
= plate assay = ©]-23}° alginate lyase 84 &S 54
ST}, Alginate lyase &4~ €4 2] €11 cetylpyridinium
chloride 10%E *2l3F31S ™ colony %1l clear zone
A o5 Elste] IhHSIGITH (Fig. 1). 72 47 10 oF
o] 57} alginate lyase /0] =2 71072 ERIFITh
(Table. 1). 16S rDNA 71D w413 A3} 852
7} Pseudomonas stutzeri?l 102 1% o™, NC8Z} 9
o Flavobacteria bacterium®} Sanguibacter keddieii”}
74z 154 23kE o] 9l AlR ElEQln). gl 4
= v o R Sf|okRee] alginate lyase ikt T2
Pseudomonas sp. 7= 1% oM, o= oln] & =&
NXNE g4 o] Barse] It} [16,17]. Alginate lyase
ardy 542 AEE 1052 I 5 plate assay°llA
colony 7912} clear zone2] W7} 53] S NC9 5
o] &-3}3lrh. NC9 52 16S rDNA #4143 7|44
1445715 A3k 3L (Fig. 2) blast searchs =23t Az}
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Sanguibacter sp.°ll 3= Sanguibacter keddieii DSM
105429} 99%°] FAMd = %EMJO*D} Fig. 3& 7 &
¥ NC9 9] 16S tDNA $7|* Q& Neighboor-joining
Method = WERH A5~ (phylogenetic tree) = 2| =
i Sanguibacter sp. % W5} o H2 AWIMAIE B
o= A& & 4 Qo] FE$ NC9 o577} Sanguibacter sp.
201 215 BRISE 5= Q)glt}. WA © 2 168 tDNAS] FA}
HO] 97% owom TYUs FTORE FHITE [13] welet
5 HEA O Sanguibacter keddieii NC9=. Uﬂtﬂ&ﬁi‘jr.

Fig. 1. Plate assay for the identification of alginate lyase activity.
Cells were isolated from sea water on the alginate medium and
enzyme activity was confirmed in the plate containing 8 g/L alginate.

1 CAGGACGAAC GCTGGCGGCG TGCTTAACAC ATGCAAGTCG AACGGTGATC
51 TCAGAGCTTG CTCTGGGTGA TCAGTGGCGA ACGGGTGAGT AACACGTGAG
101 TAACCTGCCC TTGACTCTGG GATAACTCCG GGAAACCGGG GCTAATACTG
151 GATACGAGAT GCGACCGCAT GGTCTGTGTC TGGAAAGTIT TTCGGTCAAG
201 GATGGACTCG CGGCCTATCA GCTTGTTGGT GGGGTAATGG CCCACCAAGG
251 CGTCGACGGG TAGCCGGCCT GAGAGGGCGA CCGGCCACAC TGGGACTGAG
301 ACACGGCCCA GACTCCTACG GGAGGCAGCA GTGGGGAATA TTGCACAATG
351 GGCGAAAGCC TGATGCAGCG ACGCCGCGTG AGGGATGAAG GCCTTCGGGT
401 TGTAAACCTC TTTCAGTAGG GAAGAAGCGA AAGTGACGGT ACCTGCAGAA
451 GAAGCGCCGG CTAACTACGT GCCAGCAGCC GCGGTAATAC GTAGGGCGCA
501 AGCGTTGTCC GGAATTATTG GGCGTAAAGA GCTCGTAGGC GGTTTGTCGC
551 GTCTGGTGTG AAATCTCAAG GCTCAACCTT GAGCTTGCAT CGGGTACGGG
601 CAGACTAGAG TGCGGTAGGG GTGACTGGAA TTCCTGGTGT AGCGGTGGAA
651 TGCGCAGATA TCAGGAGGAA CACCGATGGC GAAGGCAGGT CACTGGGCCG
701 CAACTGACGC TGAGGAGCGA AAGCATGGGT AGCGAACAGG ATTAGATACC
751 CTGGTAGTCC ATGCCGTAAA CGTTGGGCAC TAGGTGTGGG GCTCATTCCA
801 CGAGTTCCGT GCCGCAGCAA ACGCATTAAG TGCCCCGCCT GGGGAGTACG
851 GCCGCAAGGC TAAAACTCAA AGGAATTGAC GGGGGCCCGC ACAAGCGGCG
901 GAGCATGCGG ATTAATTCGA TGCAACGCGA AGAACCTTAC CAAGGCTTGA
951 CATACACCGG AATCGGCCAG AGATGGTCGC GTCTTCGGAC TGGTGTACAG
1001 GTGGTGCATG GTTGTCGTCA GCTCGTGTCG TGAGATGTTG GGTTAAGTCC
1051 CGCAACGAGC GCAACCCTCG TCCTATGTTG CCAGCACGTT ATGGTGGGGA
1101 CTCATAGGAG ACTGCCGGGG TCAACTCGGA GGAAGGTGGG GATGACGTCA
1151 AATCATCATG CCCCTTATGT CTTGGGCTTC ACGCATGCTA CAATGGCCGG
1201 TACAAAGGGC TGCGATACCG TAAGGTGGAG CGAATCCCAA AAAGCCGGTC
1251 TCAGTTCGGA TTGGGGTCTG CAACTCGACC CCATGAAGTC GGAGTCGCTA
1301 GTAATCGCAG ATCAGCAACG CTGCGGTGAA TACGTITCCCG GGCCTTGTAC
1351 ACACCGCCCG TCAAGTCACG AAAGTCGGTA ACACCCGAAG CCCGTGGCCT
1401 AACCCCTTGT GGGATGGAGC CGTCGAAGTG GATTGCGATN  GATAT

Fig. 2. 16S rDNA nucleotide sequence of Sanguibacter keddieii NC9.

Table 1. Isolation of microorganism from sea water and independent
16S rDNA analysis

Number Closest species in GenBank
NC1 Pseudomonas stutzeri
NC2 Pseudomonas stutzeri
NC3 Pseudomonas stutzeri
NC4 Pseudomonas stutzeri
NC5 Pseudomonas stutzeri
NC6 Pseudomonas stutzeri
NC7 Pseudomonas stutzeri
NC8 Flavobacteria bacterium
NC9 Sanguibacter keddieii

NC10 Pseudomonas stutzeri
Sanguibacter sp Everest-gws-55
< 9 Py PSR — 1 ST50
—Encultumd bacterium p-3370-23
Sanguibacter sp Enf10
— uncultured
Sanguibacter keddieii ST14
Sanguibacter keddieii DSM 10542
Sangibacter keddieii NC9
-{j uncultured bacterium nbw119¢02
uncultured bacterium nbw120f07
Sang sp Everest-gws-78

Sanguibacter antarcticus KOPRI
glacial ice bacterium G200-C18
P
0.002 Sanguibacter sp WPCB193

Fig. 3. Phylogenetic tree generated via the neighbor-joining method
showing the phylogenetic relationships of the isolated Sanguibacter
keddieii NC9 strain based on the analysis of ca. 1445 bases of
aligned 16S rDNA sequences. Bootstrap values generated from
1000 replicates are shown at each node. Sanguibacter keddieii in
the Domain Archaea was utilized as the outgroup.

3.2. Alginate 5= -2 FF AA 7} alginate lyase 84

Fig. 4= Sanguibacter keddieii NC9 =7} A% T} alginate
ol ol AFAILS Uehlhs Asjolc). AF S
alginate §5=7F 10 g/L1 WiA|ollA 48 h wiek & ) 7178
=S4T} 8 g/l ©]3}9] alginate &= 48 h 7FA] ME
4g0] vla] Sje7}as h oREREl 271 Sl o, A
ol 10 g/L g0l 9} Blawstels el oF 10%= vi-¢
siorct. olelst Av= B. licheniformisﬂ 20 g/L9] alginate
oA AM3Ed7gdo] FHSlal [7] Yonemoto 5©] 10 g/L 7k
Tk 2] 3ol *7]'3} Haehk= 2polE ®Glrt. o]egt
alginate 550l WS A|3EAJAE] 2Jo)= alginated] 557}
Fopgle] wheh vix o] HErh smobx|an 4 el o=
eiM= A e Asfisl] wleel 1o ® Barwo] 9l
oF [19]. wWEbA, 2 A= HA alginate 55 10 g/LE
AxJslo] AFS XS Fig. 5% Sanguibacter keddieii
NC9 7} A= U= alginate 5504 Holi= G4 S-S
A o= vepd dajo|t), 4843 10 g/L 29 alginate
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oA 36 holld 7Hd & B3-S LRI, 8 g/L ol
alginate -55CollA Kt} 24)) ool 48438 Heltt o]
3+ A3R= 144~150 h Ale]o] alginate lyase 20| ZthE
Hol= B. licheniformis AL-577 2] A3} [18], 72 h
oA gadAdol Hulgl= By Streptomyces sp. MET
0515¢] A2} 20] H|wsl| & ) Sanguibacter keddieii NC9
T HulgsgAo] whE ARE ol vehhr e Akl 4]
s87Fs7do] =tk A

—%—— Alginate2g/L
o Alginate 4 gL
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Fig. 4. The effect of alginate concentration on cell growth of
Sanguibacter keddieii NC9. Culture conditions were 30°C and 150 rpm.
Relative activity are shown as percentages of the enzyme activity
observed at 30°C.

120

—a——  Alginate2 g/L
s Alginated gll
100 f ———"—— Alginate6gl "
A Alginate 8 g/L
~ — = —  Alginate 10g/L P
£ s} /N
g 20N
= !
F / '
Z /'/ A \\
T 2V N
o~ s N ™
20} i )
oL

Time (h)

Fig. 5. The effect of alginate concentration on enzyme activity of
Sanguibacter keddieii NC9. Cell were cultured in sodium alginate
10 g/L, peptone 5 g/L and cultured at 30°C and 150 rpm. Relative
activity are shown as percentages of the enzyme activity observed
at30°C.

3.3. pH ¥ & of W-£ alginate lyase 84

Fig. 6+ alginate lyase /ol Y& v|x|:= pHS| A=
UERA Zlo]c), ¢80 GTA buffer (3,3-dimethylglutaric
acid, Tris (hydroxymethyl) aminomethane, 2-amino-2-methyl-
1,3-propanediol, pH 3~10)& ARSISITE a48dE pH 8
T 2 2folE KolA] odth7t pH 99 T7kshk= 2o
2 YERTE. o] st pHell W alginate lyase2] £/d->
Methylobacterium sp. HIM27%} B. licheniformis AL-755

77} pH 90l GA4gA o] 7P 58 2107 Harwo] g
©m [13,18], ©] Hr} & O W& pHollA & S48 e}
U= Streptomyces sp. MET0515 w<== pH 7.5°I4 7F8 =
< alginate lyase 95 UER= Z1o0% Ha1E]o{qlt} [20].
Alginate lyase®] ] a48/d2 74719 vt th=
ARE R k] Joolld Huldl Zle® yEehdtt o)=
pH 3 oJ3}ellA] alginate”} FA = 212 ¥ Q= Flow
KRtk Fig 7 F=l149] alginate lyase®] €J¢l g7
= GRIsk] f18l 40°Cell] AlRtel] whE w480l Wist=
2RISISILY. GTA bufferE: ©1-831] pHE 9= A5kl &
29} alginateS &350 30 min 7402 H-E-o1-S- DNSH
= o]gslo] gAagdo] viskE SISt aae] S
HE8- 60 min7kA= 719 ®sP7E glglont 11 o5 52s
ashs Z10 R vEbdT 90 min E3F NSRS w 27
Zg 40| 249] 78%7H] EAo] Z4siSi o, 120 minol
M JBago] gl 2le 2RI = Q) o]del Bard
alginate lyase EJ2 = 7

2221 25-30CelA] 7P =&

100 -

80

60
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Relative activity (%)

7 8 9
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&
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Fig. 6. The effect of pH on the activity of extracellular alginate-
degrading enzyme of Sanguibacter keddieii NC9. Used buffer was
GTA buffer (pH 3~10). Relative activity are shown as percentages
of the enzyme activity observed at 30C.
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Fig. 7. The effect of reaction temperature on the activity of
extracellular alginate-degrading enzyme of Sanguibacter keddieii
NC9. Culture condition were 30°C and 150 rpm. Relative activity
are shown as percentages of the enzyme activity observed at 40°C
for 30 minutes.
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o7 AHA Ut [7,13]. UIFEY] alginate lyase &4 43
o] AZolA Huil A2 F= allollA frafigk w0]7]
ool sie] =9k Hléd FelA &do] Hrlf &4do]
Uehs Ao Azt 2eu a7t obd EqkelA
T3 o FollM= 70T & el aiddo] 71
= 4R 55 Ut [20]. 8420 o] 70T A=
O] 3122 o x|RE whilEl Wido] ARt = 2521 40°Cell
A% 90 min -§%F REgSh= Z10= Kol 2o thgh M4

o] T} alginate lyase MU= 3 Z10& HQIT}

b

r

2
A9+ alginate lyase E4J0] =& 5 gRska 44
% T70] Gk} EAde] 3 vlA)= lgmateJ 55,
2%, pH 5= Feletarzt sigiet. waf W3l A 54
upsk7Ee] el A st 252 o2 %L"?Oﬂ/ﬂ alginate
lyase &4Jo] 953 10 oIF2] 55 welsidla HF7
O = Sanguibacter keddieii F-212] w55 733} 16S
DNA 7MY #2402 X% (55 Sanguibacter keddieii
NC9.° = grga}Sitt. Alginate lyase 43 sodium alginate
10 g/L, peptone 5 g/L 2] vlR|elx] 7Fg =90 36 h Hlj%F
P& ol Aol Huol Egshs Aoz gl HQlrh
222 270 nfE 484 Azlodelel pH 9 HAQ
74—E UeRgor, 2= w55 EEd slgre] 2R

< 40CollA Huiel Zlew ‘/}E]r‘ﬁ\’q e s} o
%L—.*J alginate lyaseE ©|-8-3to] sx7E vlo| e T4,
Hlol @ oflgkE 5o nlole AnE &8 ¢ oS Hlow
Ko, AR A2 &8 3 F Qs ZoR dddnt

AR

2 ATE AXNAEAT AA AR 7S AR o] dgt
(No. 20093020090020)°.2 3= 2l5UT}.
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