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Optimization of Conditions for the Production and Properties of Alginate-degrading Crude Enzyme from Shewanella
oneidensis PKA 1008. Sunwoo, Chan', Koth-Bong-Woo-Ri Kim?2, Dong-Hyun Kim', Seul-A Jung’, Hyun-Jee Kim', Da-
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An alginate-degrading bacterium, identified as Shewanella oneidensis PKA 1008 by 16S ribosomal RNA sequence analysis,
was isolated from the green alga Ulva pertusa. Optimal conditions for the alginate-degrading ability of its crude enzyme were
then determined. The optimal culture conditions for the growth of S. oneidensis PKA 1008 were pH 9, 2% NaCl, 30°C, and 24
hours incubation time. The crude enzyme produced by S. oneidensis PKA 1008 showed the highest alginate-degrading activity
at pH 9, 30°C and produced 1.001 g of reducing sugar per liter in 3.5% (w/v) sodium alginate for 1 hour.

Keywords: Alginate-degrading crude enzyme, Shewanella oneidensis PKA 1008

ek
59
[
2
rir

2L 7154 22 B @F7} o Fof
SATHE o2 B A4 S HxF
JETHE G2 QYUY 2R F9T A
o) ol xR FRI I A
o w3ty g 4 9]

Rn)

i

. 0l

I'”-] Jlm lil
ox ¥2
ox [r
o
-

XN

¢

oo
)
=

ﬂd

%

N

ek

1o o

A Mo
N
1o

o

n

o

Ho

o

ol

|o

u
N
ro,
R

=

7154 AEL S5Z2F(green algae), T2 H
(red algae) % 27 (brown algae)®] 24, 74 % A% o
SRAA Wol e £ glov, gEAA AL
(Laminaria japonica), ZYe] (Ecklonia cava), U] ¥ (Undaria
pinnatifada) W 22 Sargassum fulvellum)it & 74z

N

*Corresponding author

Tel: +82-51-629-5831, Fax: +82-51-629-5824

E-mail: dhahn@pknu.ac.kr

© 2013, The Korean Society for Microbiology and Biotechnology

http://dx.doi.org/10.4014/kjmb.1212.12002

e

ol 2= Sl F7AteIt SR Z2F AlxY
A OFREZA 2229 uronic acid?] D-mannuronic acid2}
L-guluronic acid7} th%¥3gt B &2 1,4 glycoside A< 3}
3L % polyuronide©]th26]. YA BANE, A A,
o Fzo w2t gt AP T, A= 5, 7 TS
235 4 45 4% 7Y B3 S /A, o
EAE AEFAYAA A, BEA &
QUTHS]. EZF G714 dAHY EAS
EA HH] 2R[3], BT AA 5 FAH A AELE 7]
e Jem4], S5 ¥
ol RaEa Ivh9
o] &} T thakdt 7] 5 Aol WE A A &4 o
jul

iy

ol

oy
=L
fu
o)
oo
il
R ok

iy
e
iy
)
[
,
i
iy
olrt
1o
ol

—

ot

u)

o

N,

Ho

b

=)

rlo

re

-

)

o

i

9

)

=

30

)

5

ox

fo

é emd
= oo

oo flo

8 A7bol A3 2t oldel whet 1HE 54
1A o] go] ATHA oIt} o2 A5t 913 ¢
B8} o] ANHT glow, el ool et o



L oAE felel 2 2
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oA SIeH18). AL R B A, 4%, 4% 5 o
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Azotobacter vinelandii [7], Vibrio sp. [27], Pseudomonas

p. [17], Klebsiella aerogenes [13], Flabobacterium sp.

[ 1, Alginovibrio aquatilis [24] S|4 AlelE Aoz &
A QARE G4 Hof a4AE TAEE BAete vAE
of #E BiE ofF U]H] *e ol

M=

H A3 o)A alginic acid sodium salt from brown algae
(Aldrich Chemical Co., USA)E A}&3}%1 2™, marine
broth (MB, Difco, USA) ¥ marine agar (MA, Difco, USA)
2 A8

U7IA 25K

FAEY] 34 Aol A E3lF<l 2 F Ulva pertusas
QA & HH#E 2% NaCl phosphate buffer (pH 7.4)<
o]-gsto] 3 Askict. 3| AN MA vjA| o] &5 - = gt
T 30°Coll A 24A17F viFstE2H, A E colony FollA B
gHo=2 E]- colonyS A B3}t A A colony= &7l
A B2 Folsly| 9af 4% 714 10° cfu/ml HE 9]
%HH%“’—“‘E 1:1 &3} 8k¢f 30°CeollA 24A17F ¥hg & %‘JE 4
AT TS AU o] F G4 Bl &
colonye (F)utaZ Ao ¢ 23}4 16S rRNA sequence
analysisZ HA3}GT o]F 16S rDNA H7|AEL
National Center for Biotechnology Information (NCBI;
http://www.ncbi.nlm.nih.gov/) 2] blast serverE A}-&3}o]
A7 BS Ha BT 2ES BRI

old=el 22 { 33

0
NaCL, Wt %z 9w AI7He el om H"H MB 1%
2 )% A2 ALSAL, FL 10° chuml BEZ BE}
A 24014 W F 600 nmol | FHEES 24
A,

pH &0& 93] MB #iAE 0.1N ¥ 1N
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HCIZ} 0.1 N 2 1 N NaOHZ pH 2-100.2 2A3s}gom,
#Z HAF T 30°Co| A 24A17F v gFstlet. A NaCl 5%
£ glstr] Yal 24 pHQ pH 98 273 MB Hjx] 9
NaCl 528 2-8%2 243 & F& AE3T 30°Co A
24X 7F v Fstgith. 24 pH % NaCl 5%=¢1 pH 9 ¥ 2%
NaCl2 243 MB vjA] o] #& HF T wj 2= & 10-
50°C2 Z£8kaL 2447t v gste] 24 2% 213 EQls)
A, pH 9, 2% NaCl 9 30°C ZA o)A F& 36A7H7HX
vjoFsl A7 HA 0B FAFS SAE M wjF Al
274 g

=49 '%;ﬁf’j‘ A4 EoltS A WS 24 EH 9, 2%
F 24X 7he 2 g viFst gl o, ulek
23 7] (SUPRA 22K, Hanil Science Co., Korea)
2 12,000 X g, 30 min, 4° C }_ﬁ_ 2 YA BEslo] A=l

3} PEe ¥

oH.Q. J/u

A B pH, £E, 74 BE 9 U Az 20 Salsh
7 918 HE L AT ST WE 25 A=A

(LVLTDV-II, Brookfield Co., USAYZ ©|-&3}% Richard 5
[21]¢) W& F313te] 25°C, 52 cP L 0.5 rpm XA of| A
AYE Y5t FUT 42 Somogyi-NelsonH [19]2
2 520 nmo| '] E: F(glucose) O 2 ZHAISH AT A0 Z
YUY S AFSIET. A4 1 units 139 1 umole?]
2ave pone 2o Fo.2 YA, % 49 28
A Y B4E 2 A& 100%2 st g §4o=
et 24 pH 248 21517] 99 01N 9 1N
HCIZ} 0.1 N ¥ 1 N NaOHE o] &34 pH 2-1071A] A
stoH, G 2845 111 EF T 30°Co A 24417t
IHSAZ T pH 9 24 0111\1 225 10-50°CE Z2sto] &
A4 284 1:1 EFES 244 HEE A 3 33 2
242 Bosrgon, A AN SEES BAsH] 9 1.
9% =9 LS 2HEA 1:1 THI F pH 9 % 30°C
z WS AT B3 WS A7 HE 25
29 A7 BaleS elstr] Y3 pH 9, 30°C 27 ol A
1

1 BT T 0N TA WA

5 Ulva pertusa
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Fig. 1. The alginate degrading ability of isolated marine bac-
teria measured by viscomerty and reducing sugar assay.

1 TATATTTTTT TTTTTCTCAG ATTGAACGCT GGCGGCAGGC CTAACACATG
51 CAAGTCGAGC GGCAGCACAA GGGAGTTTGC TCCTGAGGTG GCGAGCGGCG
101 GACGGGTGAG TAATGCCTAG GGATCTGCCC AGTCGAGGGG GATAACAGTT
151 GGAAACGACT GCTAATACCG CATACGCCCT ACGGGGGAAA GGAGGGGACC
201 TTCGGGCCTT CCGCGATTGG ATGAACCTAG GTGGGATTAG CTAGTTGGTG
251 AGGTAATGGC TCACCAAGGC GACGATCCCT AGCTGTTCTG AGAGGATGAT
301 CAGCCACACT GGGACTGAGA CACGGCCCAG ACTCCTACGG GAGGCAGCAG
351 TGGGGAATAT TGCACAATGG GCGAAAGCCT GATGCAGCCA TGCCGCGTGT
401 GTGAAGAAGG CCTTCGGGTT GTAAAGCACT TTCAGTAGGG AGGAAAGGTT
451 ATTGCTTAAT ACTCATTAGC TGTGACGTTA CCTACAGAAG AAGGACCGGC
501 TAACTCCGTG CCAGCAGCCG CGGTAATACG GAGGGTCCGA GCGTTAATCG
551 GAATTACTGG GCGTAAAGCG TGCGCAGGCG GTTTGTTAAG CCAGATGTGA
601 AATCCCCGGG CTCAACCTGG GAATTGCATT TGGAACTGGC GAACTAGAGT
651 CTTGTAGAGG GGGGTAGAAT TCCAGGTGTA GCGGTGAAAT GCGTAGAGAT
701 CTGGAGGAAT ACCGGTGGCG AAGGCGGCCC CCTGGACAAA GACTGACGCT
751 CATGCACGAA AGCGTGGGGA GCAAACAGGA TTAGATACCC TGGTAGTCCA
801 CGCCGTAAAC GATGTCTACT CGGAGTTTGG TGTCTTGAAC ACTGGGCTCT
851 CAAGCTAACG CATTAAGTAG ACCGCCTGGG GAGTACGGCC GCAAGGTTAA
901 AACTCAAATG AATTGACGGG GGCCCGCACA AGCGGTGGAG CATGTGGTTT
951 AATTCGATGC AACGCGAAGA ACCTTACCTA CTCTTGACAT CCACAGAAGA
1001 TTGCAGAGAT GCGATTGTGC CTTCGGGAAC TGTGAGACAG GTGCTGCATG
1051 GCTGTCGTCA GCTCGTGTTG TGAAATGTTG GGTTAAGTCC CGCAACGAGC
1101 GCAACCCCTA TCCTTATTTG CCAGCACGTA ATGGTGGGAA CTCTAGGGAG
1151 ACTGCCGGTG ATAAACCGGA GGAAGGTGGG GACGACGTCA AGTCATCATG
1201 GCCCTTACGA GTAGGGCTAC ACACGTGCTA CAATGGCGAG TACAGAGGGT
1251 TGCAAAGCCG CGAGGTGGAG CTAATCTCAC AAAGCTCGTC GTAGTCCGGA
1301 TTGGAGTCTG CAACTCGACT CCATGAAGTC GGAATCGCTA GTAATCGTGA
1351 ATCAGAATGT CACGGTGAAT ACGTTCCCGG GCCTTGTACA CACCGCCCGT
1401 CACACCATGG GAGTGGGCTG CAAAAGAAGT GGGTAGTTTA ACCTTCGGGA
1451 GAACGCTCAC CACTTTGTGG TTCATGACTG GGGTG

Fig. 2. 16S rRNA nucleotide particle sequence of Shewanella
oneidensis PKA 1008.
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2 BE FYH o= tE 59 colonyE 25 oH, 1
Z 474t -E—’GH% ] —’F?. colony Sk WA ko] 418
pg/mlo|l, 99% H= HAES BATh(Fig. 1). B o] 75

9] 16S rRNA ¢ 7] AL E’S} 3} 2 (Fig. 2) NCBI blast
searchE £33 &3t A3}, Shewanella oneidensis strain
(NCBI accession #; AB447987)2} 99% SAIAS Ho
Shewanella oneidensis strain® 2 54 ¥ 9 21, Shewanella
oneidensis PKA 10082 ®HH3s}gch
QTN HsHTO| M S Hol

S. oneidensis PKA 1008¢] & pH 24 &<13 A1}
(Fig. 3), pH 6, 7, 8, 9 X 1094 TF=ZF-2 0.279, 0.309,

05

Absorbance at 600 nm

Fig. 3. Effect of pH on growth of Shewanella oneidensis PKA
1008.

Absorbance at 600 nm

NaCl (%)

Fig. 4. Effect of NaCl concentrtaion on growth of Shewanella
oneidensis PKA 1008.



0.355, 0.442 T 0.2080. 2 =T gl o pH 994 THE
kol 7V =4 &A= o] S. oneidensis PKA 10082 pH 9
NA A& Gl 7MY & AL FIFHI

S| ool A E2|3t S. oneidensis PKA 10082] NaCl 5=}
ASHAES Lol 2(Fig. 4), 2% 3% FEoA FF=
ol 22k 0.449, 0.385% UEHEL, 4% oA e 3=
ol F43] Eolte ALz SAHUL. Y 7 =
o A9 NaCl 527 8% tele] el 4 52 4% 272
o Aew dHA gom(14], oA EF LA £3
22l Bacillus licheniformis [29]1%} Methylobacterium sp.
HIM27 [11]2 2%} 2.5%7} 2Z] NaCl =2 Aoz 4y
A Slth. E3F Joo F[5]9 AtollA ol Tt 459
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Fig. 5. Effect of temperature on growth of Shewanella
oneidensis PKA 1008.
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Fig. 6. Effect of incubation time on growth of Shewanella
oneidensis PKA 1008.
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A 228t 159 #5+= 0.85% NaCl o|stof| A E3f &40l
Eoha Hught gk o]d A0E v|Ro] E W, ¥ &
Ao A B2 A% L LU 2o Bl NaCl 5
£ 20 ool A B AR AREHol A8, & ATo)H 2
g3t <714 B3l S. oneidensis PKA 1008 9A] 2%
NaClolA 7} =2 A& A4S BA. S. oneidensis
PKA 10089] 24 A& =& gRIgt A3(Fig. 5), 10, 20,
25, 30 W 35°Col| Al &Z= Zko| Z+zF 0.153, 0.203, 0.313,
0.497 ¥ 0.2942 30°Co| A #F &Aool Hidl A& &
skt ol et A= s R WA= o] 20-30°C £
oA A& EAo] & AT FARE Aoz lEi

S. oneidensis PKA 10082 A|7HE LA =E delst 2
I(Fig. 6), ¥ 24X AR = F57F F718k= 54171
2 ZlE e, wjof 24X7HEE 36X A = 47 &
kA SVt AA 72 ey 2 A= 2447
S. oneidensis PKA 10082] & A& A7 A OS2 3Tt

o]At 0 2 S. oneidensis PKA 10082] & A& AL
pH 9, 2% NaCl, 30°C ¥ HjF 24A]7k¢] Ao 2 FQlx|gle
o, o3t f|oF Fafe LA B2l Vibrio crassostreae
PKA 1002 [25]7} pH 9, 2% NaCl, 30°C 18] X Bacillus
licheniformis AL-577 [29]7} 2% NaCl, pH 7.5 @ 30°C2l
Ao} FARSE AE A 4= U™, S. oneidensis PKA
1008% &Z-2|(pH 9) ¥ 5-2(30°C) G HolAl g vl okt
of #AY A4E I5T 5 S ALE AR H X

U7 B3 TEAC| £ I

S. oneidensis PKA 10080] AI3F 714 B3] 2849
22 pHE &3t 2¥}(Fig. 7), pH 8, 9 % 109] 2] 4
oA 24 Bells B0l #%en 53], pH 994 &£
3 &Aool 7H w2 ALE FAHUY ol A=
Pseudomonas sp. SM0524 [16]Z} Agarivorans sp. [12]9]
27t o) 9ol pH 8.5 % kel 9o pH 10 %
oA LI Bal a4 4ol el Aol fAKE A
oz yehgt.

zase] A7 Ba AT LEolo] 4BUAE Bl
g AH(Fig. 8) 10°ColAl= &3 &Aool 43| T,
Balabgol 20°CHE F7kske] 30°ColA Aol F7hshe
omn, I o]Fo= &Yoo) Aadste Aoz Y A=
4 Ao A%, 30°CollA 110 cPZ 7HE @¥& & e
ol 2E40] Y74 28] YA A2 Bl £E9} Y
23ttt o]t Ail= Azotobacter sp. [7], Enterobacter
cloacae M-1 [20] Y Alteromonas sp. strain H-4 [22]7} A}
e mae] 23 34 L2} 300030 Aok YA AT,
E5 2 Q7oA Beld 250 H7 4% 27} 30°C2)
AoR n)o] nop uEe] A4 o] Bulshe 529
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Fig. 7. Effect of pH on alginate degrading activity of crude
enzyme measured by viscometry and reducing sugar assay.
The mixture of alginate and crude enzyme were incubated for 24 h
and viscosity was measured at 25°C, 52 cP and 0.5 rpm. The rel-
ative activity was shown as percentages of the enzyme activity.
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Fig. 8. Effect of temperature on alginate degrading activity of
crude enzyme measured by viscometry and reducing sugar
assay.

The mixture of alginate and crude enzyme were incubated for 24 h
and viscosity was measured at 25°C, 52 cP and 0.5 rpm. The rel-
ative activity was shown as percentages of the enzyme activity.
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Fig. 9. Effect of alginate concentration on alginate degrading
activity of crude enzyme measured by reducing sugar assay.
The mixture of alginate and crude enzyme were incubated at 30°C
for 24 h. The relative activity was shown as percentages of the
enzyme activity. Means with different letters, displayed in figure,
are significantly different (p < 0.05).
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Fig. 10. Effect of reaction time on alginate degrading activity
of crude enzyme measured by reducing sugar assay.

The mixture of alginate and crude enzyme were incubated at 30°C
for 72 h. The viscosity was measured at 25°C, 40 cP and 0.5 rpm.

Hota 3% Yonemoto 5[31] ¥ Uo 5[29]9 A+t &
ARgE 21 0.2 vl 2] 9] alginate FE7F EOotAH FHA ol AA
agko] A= 5]7\] ot vz o] 2 A4 &-go] 2 o] R0
A A 7] W&l Ao g AlRE o] ATt E3F pH 9, 30°C &
3.6% G714t 2704 60A17t7kA] ¥HE-gt A xk(Fig. 10), &
AF ABATFo] Whg OAIZHREE BHE 40AZH71A] HApH o=
Z7tet g o, ¥h-g 48X 7Ho= 1681 ug/ml= 7H T
o, HEo] 79 w3 0AIZkell 17146 cPollA] HE3- 48X 7]
£ 1843 cPE 7MY @2 32 YE .
wbA] S. oneidensis PKA 10080 AAgH 4714F B&f =



a4t pH 9, vl¥2 = 30°C, 3.5% &AL, Hl
7k 27X EAE 7MY ARH o 13
et}

oJge] Az o B
oneidensis PKA 1008 -2
Thiang 5[28]0] tfF&2
429 F& pH ¥ 2% A0 pH 7.5-8.5 XU 25-50°C=}L K
gk up Q= (28], ol 3 Akt fA Ao R e
t}. T3t Methylobacterium sp. HIM27 [11], Vibrio sp.
AL-145 [6] @ Bacillus licheniformis AL-577 [29]7} Z+Z+
AT Aol WS 117l 1.217 g/l, ¥ 504&0] 0.355
9 0.899 g2 AHH ol §7h5 A0l STk s o
2 AollA & - 8% Y714 E8lat S. oneidensis PKA
10089] BT AEL 9 1A12k0] 1,001 g2 FelEly
o} w2t 335 S. oneidensis PKA 10087} A Atst= &7
A 23l a4F FAIst G714 ARAS ) o] 8 7T A

o2 ApgEo] At

2 o

A 24 Ao B35 xFR2EEH &4 £
nAES 28 - 53 L nAEY S 21 9 njEo]
AT 2aho] 714 B3 EAFS A5t Ulva
pertusa2R¥ EIg ¢4 EBAdS FAHS A
Shewanella oneidensis strain® 2N =} 0.0, S. oneidensis

gl Qltt. E3 S. oneidensis PKA 1008 &
3 A AE pH 9, 30°CollA] £3f E4o] 2
, 3.5% Y71 AH(working concentration)o| A 1A|7F ¥F<
Al 1.001 gN¢] SPFS WA= A= SIS

27L& 8elgt 23, pH 9, 2% NaCl, 30°C 2 HjSF 244]
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