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Separation of Alginate Lyase from Shewanella
oneidensis PKA 1008 and Its Potential Industrial

Applications

Si Woo Bark

Department of Food Science and Technology,

Graduate School, Pukyong National University

Abstract

Alginate is a linear polysaccharide composed of B-D-mannuronate
and ao-L-guluronate, arranged in three different ways: poly—B
-~D-mannuronate, poly—a-L-guluronate, and hetero—polymeric region
in which there is random arrangement of the monomer. Alginate
oligosaccharide has many biological functions including antioxidant,
anti—inflammatory, and anticholesterol activities. So, numerous
studies are going on to improve the use of alginate, and one of
them 1s lowering the molecular weight through alginate
degradation. Thus, alginate lyases have attracted much attention
as biocatalysts for preparation of functional oligosaccharide from
alginate. This study was conducted to separate alginate degrading
enzyme from Shewanella oneidensis PKA 1008 and investigate its

biological activity. The optimal conditions of crude enzyme for



alginate degrading activity were pH 9, 30TC, concentration of
alginate 7% concentration and 48 h reaction time. Alginate
degrading enzyme was purified by ammonium sulfate salting out,
DEAE-sephadex, sephadex G-100, and ond DEAE-sephadex column
chromatography. The total activity and specific activity of purified
alginate degrading enzyme were 106 U and 25238 U/mg,
respectively. The optimal conditions for the purification of enzyme
were pH 9.0, 30C, and 0.05 M NaCl concentration. The activity of
enzyme was Inhibited by Ca2+, Mg2+, Ba2+, and Fe”'. To measure
biological activity of alginate hydrolysate by crude enzyme from S.
oneidensis PKA 1008, alginate and crude enzyme was incubated for
0-60 h and antimicrobial, antioxidant, and antiinflammatory activities
were 1nvestigated. The degraded alginate was 1dentified by thin
layer chromatography. DPPH radical scavenging activity of alginate
hydrolysate at 36-60 h was higher than that of alginate. In
particular, the alginate hydrolysate at 60 h showed the highest
DPPH radical scavenging activity of 82.10% at 5 mg/mL. The
alginate hydrolysate showed significant anti-inflammatory effects.
The production of NO and pro-inflammatory cytokines (IL-6, TNF-
a, and IL-1B) was significantly decreased without cytotoxicity. In
particular, NO level of alginate hydrolysate at 36 h were reduced
by 55% at 100 ng/ml. and the ILL-6 and IL. 1B production was

decreased to 40% and 55% by alginate hydroysate at 60 h of 100



g/mL. The edema formation in the ICR mouse ear was also
reduced compared to that in control. These results indicated that
alginate lyase from Shewanella oneidensis PKA 1008 can be useful
for the production of alginate oligosaccharide and the alginate
hydrolysate by alginate lyase has significant antioxidant and

anti-inflammatory effects.
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AT A, 3%, ARbs, 319 o 553 AA8A 2o 9
st S FYE TE S]]l 2 giAb AHEE A4S (Fenical,

1983), o] 2z PARAES & (Kim et al, 2012), 32F3H(Yoon et
al., 2010) 2 T A=(Lee et al, 2011) 5 v}z 7|TAHES 7R = A
o= 4HA dvk o3 MEF HEAQ Ve =dEE MEIT

of Alaxde] &4 4 % HddAd =49 Adnd i vk aA

SHAAZ ARREHIL dow, &
WAL B2 A9 wE, Fd2EHE ASHKIm et al, 1984), ¥ 2
Hu] WA g5 (Sato et al, 2002), €94 H Tk ol & (Suetsuna
et al, 2004)7F &= Aoz dHA St

4714+ B-1.4-D-mannuronic acid®} a-14-L-guluronic acid”’}
AP AFEFRR olFoH Qi @Y FFA FE E polymannuronate
(M) ®& polyguluronate (Q)FEHZ EAAY, o]F=dA (MG
Bz AT 2T S5, Ad 92 xA9 o wet My G

A5, Ax D i F55Y 9 YA EAo] WS AoR ¢y
A Yt (Horn et al, 1999; Moen et al.,1999; Zvyagintseva et al.,
2005).
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AA7EA PAEERY fFdE G4 B EaE Pusedomonas
sp.(Lee et al, 2009), Bacillus Ilichenifomis (Uo et al, 2006),
Streptomyces sp. (Kim et al., 2007), Erwinia tasmaniensis (Kim et
al.,, 2012), Vibrio sp. (Joo et al., 1995) o] LA glom & UdrAy
= i G Falaae A pH 69, A &5 30-50T, A
20-90 kDag! Ao = e THKIm et al, 2011).
oo B Aol A= Shewanella oneidensis PKA 1008°0] A4tsle= &
AE AA B 249 5A4E FQleta e Yl
e

o= AEAS A

ARAs A G, F9F 5 ADBEL S50 2
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=

(Ulva pertusa)=5-¥ &53F  Shewanella
oneidensis PKA 1008 (Sunwoo et al., 2013) ¥5E ©] &3}t

1-2. A ¢}

Marine broth (MB)+ DifcoAl Als&9¢]™, alginic acid sodium salt™
Sigma  aldrichAle]  AlF&  AFESAT. T3 Ao ALES
ammonium sulfate ((NH»)2SO4)E JunseiAle] #|Zolm, FAu-(M.W.
12-14  kDa)€  Spectrum  LaboratoriesAte] A&  AF&3Y T
Chromatogrphyoll 5] AF83F 7 A9 sephadex G100 GE
healthcare life scienceAle] A2 AL-83F3 21, DEAE-sephadexT
Sigma aldrichAte] A& AHE&3FA T

PR 7 2 #d Al A 8FF e 4 ICR FH-AE 2
2 gl Evfo] O (Seongnam. Korea)ol A 3t Ap&slsom, nf9-2

H
=5 20+2TC, §5% 50+10%, 12417 BE5-717F A HE 52 A

rlr



FA oA 15U v Al53t & Ao ALE3ST B Aye FA
fetul sEAY FAHI=FY T2 S0 wol 83kt
(=213 2014-01)

2. %

2-1. 84599 Ax

Shewanella oneidensis PKA 10085 &3 pH, NaCl &%, <% %

AZE 2dez2 gi® Mg & AAEE 7] (Supra 30K, Hanil Sciecne
Co., Korea)Z ©]-&3}o 4TolA 10,000xg= 30%3F 94 E&ste] 4
Ho = 3Tt

k>

2-2. 8% 54
2-2-1. A4 pH
2.5% NaCl phosphate buffer (pH 7.0)& ©]&38te 412E& 53} 3
Roew 01N %2 1 N2 HCI NaOHE o]g3dto] a4 9 &2te]
pHEZ 2,4, 6,7, 8 9 9 1002 ZA3ITt 254 2 7S

1
T F 30CelA 24 h gt & H2 9 geld dEE S5

2-2-2. A 2%
01 N % IN¢ HCI#} NaOHE o]&sto] 84 3 404s HH

pHE ZAsAth 849 dUAE 1il= £33ke] 10, 20, 25, 30
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2-2-3. 44 7|14 &%

1-9% %9 &e Az st AP AFEstdon, 01 N 2 IN
o] HCI# NaOHZE o] &3dlo] a4 % 4704S H3 pH= A8
vl 1-9% Fxo A 2gAE 112 E£38e, HF 24

24 hr W3 5 st shas =H skt

#7 pH, €% % 714 % 20& vgo® 0-60 h 7HA Z4 9§

2-3. 824 AA

Shewanella oneidensis PKA 10089 % A& 7oA wjkst &
DA FE2](10,000xg, 30 min, 4TC)3t] HAE F83taL, FF5NE X8
A2 ¥ FXEAT  ammonium  sulfate  salting  out, F2,
ion—-exchange % gel filtration chromatography¥4-S& #Xm A A3
Fom(Fig. 1), st 72 F8d &4 42 98] 4% alginic aicd(0.5
mL), 205 mL)& 12 £3@ske, 30Tl 24 h v 5, seld
= SA3ATH

2-3-1. Ammonium sulfate G4



FEAE 60% R 80% 3} ammonium sulfate &N o= =3}
g g om, 10,000xg= 303 94 st AEda A

E2 Tyt 80% X3 ammonium sulfate &4 o2 A3 3

)
o
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2-3-2. ¥4

80% 3} ammonium sulfate 94 HAEE 30 mM Tris-HCI
buffer (pH 7002 E3AFHOH, 4TCoA 6, 12, 24 Aoz Fd
bufferg nASFHA FAL AASHT F4 ¢35 % 10,000xg, 10

min, 4CollA AL st AAdES A7 st 4SS A&l

2—-3-3. Ion—exchange chromatography
DEAE-sephadex (@16 c¢mx165 cm)T® 30 mM Tris-HCl buffer
(pH 70002 Hg3FAH o™, 0-1.0 M NaCle] FETmM= g4 5or

g&3kgth HE FARAH L 4CHA AAs T

2-3-4. Gel filtration chromatography

Sephadex G-1002 30 mM Tris—HCI buffer (pH 7.0)= 3 stA]AH A}
&3t en, DEAE +38 < @4o] 43 F+& w5t Astd
sephadex G-100 (@14 cmx55.0 cm)o] €& %2 E 3y T3t
sephadex G-1009] 24 F & 23 DEAE-sphadex chromatography

= AAlsklon, e G2 4TAM DA



2-3-5. BCA ¥4 sx =4
zF BEd gz =r= BCA ¥ 5% =AY o] gstdon,

A& 20 ulel BCA-E< (Coppersulfate : Bicinchoninic acid = 1 :
50) 160 uLE 7Fste] 37Ceol Al 1A1ZF WA $- ELISA (Anthos Labtec
Instruments GmbH, Salzburg, Austia)E ©]-&38lo] 765 nmolA SF
S5 =H3HY. AL bovine serum albumin (BSA, Sigma
aldrich Co., USA)E ©°]-&ste] AFEFIAE AT 5 & Aol &

&3kt

2-3-6. Ao FF
3] A wS Nelson(1944)2] Somogyi-Nelson® &= 5743} 31t}

AE 05 mLY FEAF 05 mLE test tubed Z7)
batholl A 203+ 713t Cu0O& A A 7]3L, AP 273 oA B B

H

S}al, water

da & 1 mLE 7hsky ZAAIZL v, 520 nmol Y {3 E=E 54

FEEdR Jto] de HAHEFITHA(Fig. 2)S o]-&3+9

2-3-7. SDS-PAGE

Sodium  dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE, 5~12% gradient gel)¥ Laemmli(1970)2] *WHo| u}z}
7t AAGAE FgEe WEE AT AFEEAH markere

Bio-RadA}2] prestained molecular weight marker (250, 150, 100, 75,



50, 37, 25, 15 ¥ 10 kDa)& AF&3}%ith.

2-4. AA R4 5A

2-4-1. A4 pH

AA &4 025 mLel diste] 20% &314F 025 mLy} 7 pHE 458
of (pH 4.0-6.0 ; 0.1 M sodium acetic-acetate buffer, pH 6.0-8.0 ;
0.1 M phosphate buffer, pH 80-10.0 ; 0.1 M tris-HCl buffer) 0.5
mLs &3t 30Tl 24 h WH&AZ 5 Sdde 545k, FH A

pH =35 g1l

2-4-2. H4 &%
AAEA 025 mLol 20% &2 025 mL, 4 pH &42&9 05
mLg EFate] ¥hE X 1040CE 2este] 24 h ¥ A7 F

AT SAT] GoUY HHLED st

o 20% ¥74F 025 mL¥ HAEA 025 mL, H% pHEZE 05
B3kt

mLE EE F A4 Lxdd 24 h N F EABAHL

JN

Uo 5(2006)¢] W& arste], Ag=(ChE9 1, 27F ol &3 A



NaCls =g 71dQl 2.0% L3054k E@ste] aae WA Hs o &

}3t =4 & thin-layer chromatographyZ ©]-&3}

o st om, Silica gel Fxu plateE ©]-&3st 242b A Expskd

1l
™,
[-'>~
~
Y,
1o
2
~
N

sample 3 uL® S spotting $F ¥ 1-butanol : acetic acid : water(2 :
101 v/v/v) ARBE o]&ste] A7) £ silica gel platee] 10% 3¢
A e gole BRI $ 110TC, 2087 7F4E8 . Standard
mixturet cellooligosaccharideE AF-83}% 21, cellobiose, cellotriose,
cellotetraose, cellopentaose, cellohexaosex= Megazyme (Megazyme

Co., Wicklow, Ireland) ¥ glucose= Sigma Chemical Co. (St. Louis,

MO, USA) A +3te] AREeF3ivt



2-5-2. AWA &4 FAksta

DPPH radical scavenging effect &~7 &3+ Blois(1958)¢] WS W
gato 438tk AlE 05 mLel 02 mM DPPH &9 05 mL& %
a0 JAgske A2 A 30 WAL ¥ UV/visible
spectrophotometer® 517 nm¢ F#H=olA A W+
(ControDE A& 4l &9= 718}o] radical al+9] BEM-S =438}
KL, AR AAY S FA-38E] % AP Blank)dl= 0.2 mM
DPPH &9 tiil S75E 7teto sS4kt

A Z ] g

Murine®] WA A X RAW 2647 AlXx+ M X728 (KCLB
A007D) ol A Egrkol AFESFH o™, DMEMel| 10% Inactivated fetal
bovine serum3 1% Penicillin-streptomycins 27}k sl A& v
O % 37C, 5% COz Aol A wieksiart Ad#4ge e Axs 80
~90% AHxe Uiz xgk& o Alg sfYsldar, 20 PassagesE ¢

A e AT AESAT,

o}

%4

Al
Nwel MEEAL Hrbe7] 918 Park 5200000 HEL o)
3ol MTT assayES AASATH RAW 2647 cell 1x10° cells/mLE

e
M\
ol

—_—

il



well plateo] #3F3L 20A13F A i 5 1 ug/mLe] LPSeF <314k
AlZbE A EARsE Al 810, 50, 100 ng/mL)= H7tste] 37T, 5% CO:q
incubator (MCO-15AC, Sanyo, Osaka, Japan)ol 4] 24A] 7t vl 23} & o}
¥ % 5 mg/mL %2 MTT Aleks& H7bsto] 2413 &<F A vl
&slal o] 47T, 2,000 rpmol A 10+3F 942 (UNION 32R, Hanil
Co., Incheon, Korea)slod F&5H& AAsATE 2 5 2 welld
DMSOZE #7}3}al  o]E  microplate reader(Model 550, Bio-rad,
Richmond, USA)E o]&3te] 540 nmolA S 3= (optical density
(O.D))E SAHsAT AEF2 5 v Aol o Ailstdtt

Proliferation Index(%) = (sample O.D./ control O.D.)x100

Nitric Oxides A A %

o
ol

NO9 F&ET v e nitrite &% E griess ¥He-(Lee et al,
20000& o] &3t A 3Hh RAW 264.7 cell> DMEM MA & o] &
ako] 25x10° cellsy/mLz 248 5 24 well plated] HFst3 5% CO-
incubator (MCO-15AC, Sanyo, Osaka, Japan)olA 20A17F A wj<k
Gt AlEe] 1 pg/mLe LPSeF 10, 50, 100 pg/mlLe Tz &
AP A2 st Al RE A4 APkl 24413 A skl vk
o] AFHE d2 F, T griess A% sulfanilamide + 0.1%

naphthylendiamine dihydrochloride, 1:1)= Z7}sle] Ao A 1053+

P~
RS

o
2

HE-8-A] 7] 31, microplate reader (Model 550, Bio-rad, Richmond, USA)
g o] &3l 540 nmolA FHEE SASIATE AEZ g U NO9



%+ sodium nitrite (NaNO9)9] F=®¥ T =413 v]ulsle] 43S}

I,

2

A% #A4A cytokines ¥H|%F A
A5 Fd cytokined] WS A3V Y RAW 2647 cells

DMEM A & o] &3t 25x10° cells/mL= 243 F 24 well plate
of H%E3Fal 5% CO- incubator (MCO-15AC, Sanyo, Osaka, Japan)ol
A 18A1ZF A wi SR T Ao 1 ng/mLe LPSeF 10, 50, 100 u
g/mLe] 44 A ARASE AJRE AP eke] 12413 A v gekd

b A EZujked el TNF-a, IL-6 2 IL-1B cytokine? &H|#H<

t

ELISA kit (Mouse ELISA set, BD Bioscience, San Diego, USA)E
o] &3t =AH3HTE olE 98 ELISA microplate®] capture

antibody® anti- mouse TNF-a, IL-6 ¥ IL-1B & &EF3o 4TCA

ol

F=5 5<F coatingA A th ©]E 0.05% Tween 20°0] ¥3t¥l PBST=
A A3k 10% FBS 4922 blocking aF%ith PBST® A=Ak H, 7
microplate®] W A5 He BTl Aol A 247 ¥HSA AT o
Al PBST=® A& gk % 34 g biotinylated anti-mouse TNF-a, IL-6
detection antibody$} streptavidin-horseradish peroxidase conjugates
HI7Vste] A oA 1AZE HESAIAT IL-1Be] “49-, biotinylated

anti-mouse I1L-1B  detection antibodyZ #7}3sFaL 1A]7F ¥H3 3
streptavidin—horseradish peroxidase conjugateZE #7}sle] 30% yk$-
A AT 1 3 ol thA] PBSTZ A F 3% vk, OPD €92 #7}s)o

Ao A 308 BoF ke AJATEH 2N HoSO4= ¥H8-8 =8 A 7 3



microplate reader (Model 550, Bio-rad, Richmond, USA)ZE o]-&3}<

490 nmel M FH=E 54U

iNOS, COX-2 ¥ NF B ¥3d%F =

ol

AEA U AAEE INOS, COX-2 ¥ NF-kB9 @3 #o mx+= o
S ool H 7] 93] RAW 264.7 A XS wjkslg o njeko] &y A

b
il

38ty 33] phosphate buffered saline (PBS)o.z Al Z 3k 3
Sheeba®t Asha(2009)2] W wrgl INOS % COX-29 A $- cytosol
lysis buffer 50 mM HEPES (pH 7.4), 150 mM NaCl, 5 mM EDTA,
1% deoxycholate, 5 mM phenylmethylsulfonyl fluoride, 1 ng/mL
aprotinin, 19 Triton X100, 0.19 NP-40< o] &3t 2", NF kB
749 nucleus lysis buffer (10 mM HEPES, 100 mM NaCl, 1.5 mM
MgClz, 0.1 mM EDTA, 0.1 mM ditiotreito) S % 7}38ked 3043 4°Col
A lysis A1 3 15520xgol A 205-3F YA EE St AExe AR 5
S Al 738kt BCA protein assay kit (Pierce, Rockford, 1L, USA)<
Abg8fe] Tl A S Al om 30 ple lysateE Laemmli(1970)9]
WS ARSI 10% SDS-PAGE=Z  #2ssith &E8d gude
Towbin et al. (1979)¢] "WHE F3138ko]  polyvinylidene difluoride
membrane (Bio-Rad)dll 1A%t &<t AAMAA 5% skim milk7F Z3¥
tris buffered saline (TBSS, pH 75) £H oz A2oA 24 7F Fof
blocking 3ttt INOS, COX-2 ¥ NF-xBe| ¥d=IFE HESY] $3
A 2+ anti-mouse INOS, COX-2 % NF kBE AME3Fo] 1:5000. %
slAshal Aol A 2412 REEAIZL & TBSS®E 33 AlAgstaivh 23

(

O

_14_



A2 horseradish peroxidase’} ZA&¥  anti-mouse IgG

R

anti-rabbit [gGE 1:2,0002.= 32X sl oA 1A]2F ¥h-g-A1 %]
& TBSS= 33] AAstel ECL 7] &3 1-3&3F g 5 Z4zhe] o
2 Wl=% Gene tool (GeneGnomeb, Syngene, Cambridge, UK)S ©]
&3] 7HA kST

A5 543 2L =4 aF

A5 8F# o] A, ICR mlg-2o &AF 0411, 36A1%F A &4ks) A
25 10, 50, 100 mg/kg body weight %= 200 nlL® 72-F%Fols)aL
g Al ¥ 2 EE Flo 25% croton oil& 20 ul/ear FLE2 = %
A FAE FA3FA AL croton oile] A2 7 T
<9 A2 PFekdvh A =4 ##LE ICR vt
F-22 2 BZE o A7 A EAE AJEE 100 mg/mL 52 20 u
LA EXstal 158 H, 5% croton oil= 20 ulL® =38k tE 6A1%F
F, diethylether®2 ®}HAF Al71aL, A ZF2AS A3 10%
formaldehydedl] 72413t 34kttt 314 § oA =52 OEo
A& #2331 hematoxlin-eosin % toluidine-blue & A& 3t =4

= BEsT

Edema formation(%) = Sample®] A 57 / Control® # +7 x 100

2-6. T4 A



Al Ao sk TAA = SAS software (Statistical analytical
system V8.2, SAS Institute Inc., Cary, NC, USA)& ©o]-&3}of FEALE
Ag stgloen, XA s e #F94 HAL p<00b FToA

Duncan’s multiple range test Hol w} 439t}



Cell culture (30°C, 24 hr)

- Centrifuge (10,000xg, 30 min, 4°C)
Ammonium sulfate salting (supernatant of cell culture)
- Supernatant of cell culture

- Fractionate with (MH1)2504 in 60% and 809 saturation range
- Centrifuge (10,000xg, 30 min, 4°C)
Dialysis (ammonium sulfate 80% saturation range)
- Dialysis for 24 hr against 30 mM Tris-HC| buffer (pH 7.00)
- Centrifuge (10,000xg, 30 min, 4°C)
Chromatography
—— DEAE-sephadex (#1.7 x 20.0 cm)
- Eluted the column using 30 mM Tris-HCl buffer (pH 7.00)

- The enzymes were eluted with a gradient of 0-1.0 M NacCl in 30 mM Tris-HC| buffer (pH 7.00)

- Collection of the alginate-degrading positive fraction

Sephadex G-100 (#1.4 x 55.0 cm)
- Eluted the column using 30 mM Tris-HCI buffer (pH 7.00)

- Collection of the alginate-degrading positive fraction
2nd DEAE-sephadex (1.7 x 20.0 cm)

- Eluted the column using 30 mM Tris-HC| buffer (pH 7.00)

- The enzymes were eluted with a gradient of 0-1.0 M MNaCl in 30 mM Tris-HC| buffer (pH 7.00)

- Collection of the alginate-degrading positive fraction

Purified enzyme

Fig. 1. Procedure for purifying the alginate-degrading enzyme

produced by Shewanella oneidensis PKA 1008.
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Fig. 2. Standard curve for determination of reducing sugar.
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1-1. pH

pH 97} 874 z79< Selstqdry. o= Tohru 5(2009) 2 Li %

v}

(2011)8] Aol A Agarivorans sp. 2 Pseudoalteromonas — Sp.
SM05247F AAbe= G 70AF Baflgart 34 pH 2740 242 pH 9.0
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Fig. 3. Effect of pH on alginate degrading activity of crude
enzyme measured by viscometry and reducing sugar assay.
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Fig. 4. Effect of temperature on alginate degrading activity of
crude enzyme measured by viscometry and reducing sugar assay.
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Fig. 5. Effect of alginate concentration on alginate degrading
activity of crude enzyme measured by viscometry and reducing

sugar assay.

“*Means with different superscripts are significantly different (p<0.05).
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Fig. 6. Effect of reaction time on alginate degrading activity of

crude enzyme measured by viscometry and reducing sugar assay.
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A 60% supernatant
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E C :60-80% supernatant
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g
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Ammonium sulfate fractions

Fig. 7. Alginate—degrading activity of 60-80% ammonium sulfate
salting out fractions for purifying the extracellular enzyme
produced by S. oneidensis PKA 1008 measured by reducing
sugar assay.
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2-2. Ion exchange chromatography

o

Ammonium sulfate 60-80 A FAH-E& DEAE sephadex anion
exchange chromatography& ©|-&3lo #8339 th (Fig. 8). 0-1.0 M
NaCls®em  ©@A4% &EHe& ol&sted F 55789 fractions
g5stH e, NaCl 04 M -F%9 249¥  fractionolA &4
w&dol Hou o] fraction® Ko} FHFdto] Thy A9

chromatography A& = A}-&3}

2-3. Gel filtration chromatography

DEAE sephadex chromatography®] 24 fractions Xo} F=3}¢]
sephadex G100 grl filtration chromatographysS 2 A8ttt (Fig. 9).
30 mM Tris-HCI buffer& o]-&3}ed F 1007§9] fractions AU W,
o] T M =& &4 A E Bl 359 fractiong F5 5k

" DEAE sephadex chromatography 2 2 A 5143t}
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2-4. 2nd Ion exchange chromatography
Sephadex G100 35W fraction ¥Z3le] 2™ DEAE sephadex

anion exchange chromatography® 2833tk (Fig. 10). 0-1.0 M
NaClE=5E = 942 229 o83t = 55719 fractions

gE3t9om, NaCl 03 M %9 198  fractionol A  &714k
el g o] Hoju o] £FES o83k SDS-PAGEE A A3ttt

AAAA F<HY AAEEE AP 23 (Table 1), HE 22 DEAE
sephadex chromatographyA] &4  total activity %  specific
activity7F 1.06 U % 25238 U/mge| 3 o.m, yield ¥ fold7} 22 1.1%
2 995.24-fold ©] AT}
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Fig. 8. DEAE-sephadex chromatography
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ammonium sulfate solution in the range of 80% for purifying the
extracellular enzyme produced by S. oneidensis PKA 1008. The
enzymes were eluted with a gradient of 0.0-1.0 M NaCl in 30 mM Tris—HCI

Concentration of NaCl (M)
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Fig. 9. Sephadex G-100 chromatography of purified fractions by
DEAE-sephadex fractions purifying the extracellular enzyme S.

oneidensis PKA 1008.
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Fig. 10. pnd DEAE-sephadex chromatography of the saturated

ammonium sulfate solution in the range of 80% for purifying the

extracellular enzyme produced by S. oneidensis PKA 1008. The

enzymes were eluted with a gradient of 0.0-1.0 M NaCl in 30 mM Tris—HCI
buffer, pH 7.00
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Table 1. Summary of alginate-degrading purified enzyme
production by Shewanella oneidensis PKA 1008
Total Total Specific )
L . T . Yield
Purification step protein activity activity Fold
(%)
(mg) (U) (U/mg)
Crude enzyme 3800 96.36 0.025 1 100
Ammonium
sulfate
L 70 57.82 0.826 32.57 60
precipitation
(60-80%)
DEAE sephadex 2.58 19.277 3.453 136.15 20
Sephadex G100 0.164 3.85 23.2504 926.83 4
2nd DEAR 0.042 1.06 20.238 995.24 1.1
sephadex

YOne unit of the enzyme activity is defined as that amount required to yield 1 n

mol of reducing sugar per min under the defined conditions of assay.
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3. AA5AL 54

3-1. #4 pH

AxvtETHNE Tl FAE &4 FHA pHE Eolrnr] ¢fshd
AA 7183 HAAEALE 112 ¥HAIZl F acetate buffer (pH
4.0-6.0), phosphate buffer (pH 6.0-8.0), Tris-HCl buffer (pH
8.0-10.0)% #H7tstod FA& 49 HA pHE &3t A3} (Fig. 11), 4

A L0 Fejgss dRYgdel as gl Holwte

dTE grgAo] Tade AE ST 9 #BE= Kim %
(2007)2] ATl A Streptomyces sp. MET 05157} AAtst= A9
G &7 pH 80914 A4 ZaddE Btk Aok #4

B
)
ol
DX
i
o,
o
2
o,
rlr
Y,
lo
W
i/
_V&i
30
i)
3
w2

D

=

w®

@

f&
—t
o]
o]
A

5 e e S48yl A 10-40ColA vheAl AT
o mE g4 @A (Fig. 12)& 30CelM oy &4g4dS v

(200009] AFNA BIE AFFe v PTo] Rulse G BAR
sol Hewst 25 HCAN FHen 242 nolvhe ddsh f4
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_35_



120

—il— Acetate buffer
100 L —O— Phosphate buffer
—@— Tris-HCI buffer

80

60

40

Relative activty (%)

pH

Fig. 11. Effect of pH on alginate—degrading activity of purified

enzyme measured by reducing sugar assay.
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Fig. 12. Effect of temperature on alginate—degrading activity of
purified enzyme measured by reducing sugar assay.
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3-3. 44 NaCl 5%

Z
Q

e
1o
off
Y
2
k=)
i
ol
DX
g
oX,
tlo
A

olB7] 95t A pH 7o
2T d0A NAd3 FAAEGAE 1R s NaCle] 5%
00-1.0 Mo® %43 % Hz 2xdx A ATt 1 A3 (Fig.
13), NaCl 0.05 M F=oAx &4 FAo] 7 =4 SAHEAoH,

NaCl &% 02 M o]dollr &4 &Ado] w43 Haste As &g

[
F&ol2o] mE JFS LolR iz HF pH ¥ NaCl vz 243
M A} AAEAE R @t 10 mMY g&ol=& 7t

5 HA exwoA weAAT 1 A3 (Fig. 14), Zn* ol 2ol A &

2 2 2 2 . =
' Mg®, Ba®, ¥ Fe* o]& SoiME i

il
o
o,
of\
N
_l__l
oli
o
8
o
=)
@
&

st o] aste AS AT 5 ATk o] A= Agarivorans sp.

27t Zn” o] 2atel| A &

fo

(Tohru et al., 2009)7} AAitst= &714F &3
Aol ZE7 skt Baret AR o™, Uo 5(2006)9]  Bacillus

licheniformis AL-577¢] AAtsl= 4714 23 a7t Ba®', Mg™, Fe*'
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13. Effect of NaCl concentration on alginate—degrading

activity of purified enzyme measured by reducing sugar assay.
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Fig. 14. Effect of metal ions on alginate—degrading activity of

purified enzyme measured by reducing sugar assay.
a"Means with different superscripts are significantly different (p<0.05).



4. A4 o] g7 A

4-1. AEA & 714 Thin layer chromatography (TLC)
Shewanella oneidensis PKA 1008 w57} AA3E @A NS
Abell AR & Al ElAte] FEEjE o] S ardo]l AHdEeAE g9l

3F7] 93} thin layer chromatography (TLC) F41& A8t L

e
)

A3(Fig. 15), &0 g4 vh-8 12417 7A€ &x12ke] &3]
HA] Fekort whg 24X ZRE EeivF 2o 36A1 ZHA = tri-
saccharide®} pentasaccharide® #3f¥ o HES- 48A]7F o] FH-H
+ monosaccharideZ7} A 38l & 2139t} o] A3+ Falkeborg &
(2014)¢] Aol A Sphingobacterium®©] AstE EAaE o] &3] H

et dxiqkel A TLCA I OAZFel A= xlqto]l &8s A sk

s

15
O} whEAIZbo] AGgE ALY dlboe] A IEAbe] LxI4E &AL
Mz R Eom 23A7ko]% HES-Eo] FHFHOR dimer, trimer,
tetramer w8l E ATl Harslal E Aol Ayele FHFTEIEEe
A= golstdnt. ey ol EXIAE I E Ao iAo mE
zko]Ql Ao m AR HET whebA
o

S
9 ¥ egugor REHAIE AL B
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Monomer

Dimer

Trimer

Tetramer

Pentamer

Hexamer

I Z J 4 3 6 7 1

Fig. 15. TLC analysis of alginate hydorlysate by crude alginate

degrading enzyme with various incubation time. Reaction time : lane
1, standard; lane 2, O h; lane 3, 12 h; lane 4, 24 h; lane 5, 36 h; lane 6, 48
h; lane 7, 60h.
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Table 2. DPPH radical scavenging effect of alginate hydorlysate
by crude alginate degrading enzyme with various incubation time

hr DPPH radical scavenging effect (%)
0 34.18+0.70¢<V

12 w2

24 18.03+4.564

36 48.23+2.09b

48 79.73+0.822

60 82.10+£2.407°

"Means in the same column (a-d) bearing different superscript in samples are
significantly different (P<0.05).

- @ Less than 5%.

Sample concentration : 5 mg/mL
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RAW 2647 A > tha] MTT assays HAA Tt A 7HdE A EA443t
AFEE 10, 50 2 100 ng/ml %2 Artslo 2A8s A3 (Fig. 16),
RAW 2647 MEe] F25o] HE A FZolA PBS HE+9 9
A3l zbolE Holx| ol ME HA4E& /A @S s u
2hA o] %] RAW 2647 AXE o] &3 JdF &3 AP 06043
o a7Al AREAE AEE 10, 50 2 100 ng/mLe] FE2 A g s
2% & 3 A T

of\
011

>
oli

KR
= =72 2

Nitric Oxides A A &

i)

O

0-60 h &< &FaAzl @st &8y Aol oz NO A4 A
T3S A EY] 93] RAW 2647 Alx2E LPS®2 @43 A7t 1
G0N S AEE 10, 50 2 100 pg/mL FE= A3l A
NOE griess A oF& ©]-&3lo S (Fig. 17).PBS A 2 4l
1+ 588+0.13 pM= % #HHE HIou LPS A= o)
55.31+1.22 pM= &vl#o] <F 10v] F7Fetehdbe Al Fd NO 4]
F2 24 h A o]F-of, 50-100 pg/mlL F&xoll A &74F (0 h) A&}

oX, —M'
i

S

I A SR eEdon Aastt A% BASAT 53, 36 h v
Azl 4 £y AJE7HO00 pg/mL =4 30.93+0.88 uMe]
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Y S Holm LPS @ A2 o vld] 44% A &S el s
2 NO #4H] 9A &35 7R & A AL oj]= 24 h ol %
A4 7Ako]  trisaccharide®t  pentasaccharide®, 4847+ o] R

monosaccharide®= <714FE-2l319gto] WENO AdAAEH=E AlR
Ak oleh AR A3 E Yang® A (20100014 F1EAF FH 2
ago]l Aol v Fs W NO #¥] AA&H7E Hojuyrkal Balst
of & A AR A29E BT
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Fig. 16. Effects of sample on the proliferation of RAW 264.7

cells.
*Proliferation index (%) = (sample O.D/control O.D )*100
ND ; Not significantly different
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2 0r
=
Z
20_
10F dFg
O ll |
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Time of enzyme reaction

Fig. 17. Inhibitory effect of samples on the production of nitric
oxides in RAW 264.7 cells.

Words mean with different superscripts are significantly different (p<0.05).
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0-60A17F &< 3 AIZ] LA A @23 Ase] FdF T v
of dolr7] 9t dF ¥HEe] F8 AR &= cytokine ol
wHlo] Uig dAEHNE FAHRUT TNF-a, IL-6 2 IL-1B¢] &1
< 5743 A% (Fig. 18-20), &4k A &4 3k AJ8& 10, 50 ¥ 100 1
g/ml TEZ HYA FEJEH SR 747t cytokine®] #H[7E 9]
Aoz AAEE FlstArt

TNF-a2] 4% 0-60 h A/1Z°] 10-50 ng/mL FXZol e 8] JA
2 &37F glgdoy 12-36 h A&7 100 pg/mL %44 LPS @&
A et vlal Al oF 30% ARR BH oA &3t b =ZA e
=3

IL-62] 3% LPS ©5 A A| 5575241848 pg/mLo. 2 HH] ko] =
Zbetdal, RE AR A o &8 A E3E HEAAL
24-60 h A& Al F¥)F A v EH}E HeERUR o, 53], 48-60
h Al&7F 100 ng/mL F=olA oF 60% d=e #a &35 e
=3

IL- 189 A$ole 0 2 12 h AlgolA s &4 oA a7t a4 &k
o1}, 24 h o] &5 ol Zeoz bWl 100
ng/mL = AE 24-60 h AZo] Fo2Ql Aot qllen 36 h
AE7F 10 2 50ug/mL FXxollA thE Al & &FH] oA gL

¥

=

ol
=
o] el g9E

Feo FdEs &4 A+ A3 (Yang et al, 2010)°4 %=
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Fig. 18. Inhibitory effect of samples on the production of TNF-a
in RAW 264.7 cells.

Words mean with different superscripts are significantly different (p<0.05).
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Fig. 19. Inhibitory effect of samples on the production of IL-6 in
RAW 264.7 cells.

Words mean with different superscripts are significantly different (p<0.05).
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Fig. 20. Inhibitory effect of samples on the production of IL-1B in
RAW 264.7 cells.

Words mean with different superscripts are significantly different (p<0.05).
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Fig. 21. Effect of alginate oligosaccharide (36 h) on LPS-induced
INOS, COX-2, and NF-kB p65 expression in RAW 246.7 cells.
The levels of INOS, COX-2 in the cytosolic protein and the p65
subunit of NF-kB in nuclear protein were determined by a west-
ern blot analysis. RAW 264.7 cells were treated with the indicated
concentrations of alginate oligosaccharide (10, 50, and 100
g/mL) and LPS (1ug/mL) for 18 h or 30 min and the proteins

were detected using specific antibodies.
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Fig. 22. Inhibiton of alginate (0 h) and alginate
oligosaccharide(36 h) against croton oil-induced mouse ear

edema.

Means with different letters above the bars are significantly different (P<0.05).
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Control Prednisolone Oh 36h Non-inflamed

Fig. 23. Photomicrograph of transverse sections of mice ears
sensitized with topical application of croton oil 5% (v/v) in
acetone or vehicle acetone stained with hematoxylin—eosin and
toluidine-blue examined under light microscopy (magnification:
x200). Treatments: vehicle 2% Tween 80, prednisolone 0.08
mg/ear, Ohsample 20 uplL/ear, and 36h sample 20 pl/ear. The
numbers 1 and 2 indicate dermis and epidermis, respectively. The

arrow indicates mast cell.
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