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Alginate Degradation Patterns by Crude Enzyme from
Shewanella oneidensis PKA 1008 and Anti—inflammatory

Properties of Sargassum miyabei Extracts

Hyun—Sik Na

Department of Food Scinence and Technology,

The Graduate School, Pukyong National University

Abstract

Alginate lyases have gained significant attention as biocatalysts for the
preparation of functional oligosaccharides. Alginate lyases have become
the focus of numerous studies aimed at the efficient utilization of alginate,
with one approach being its degradation into smaller molecules. Crude
enzyme was prepared from strain for further research. Sargassum miyvaber
belongs to the brown algae and contains various polysaccharides, including
alginate, fucoidan, and mannitol. This study aimed to elucidate the alginate
degradation patterns of a crude enzyme extracted from Shewanella
oneidensis PKA 1008 and examine the characteristics of extracts
prepared by incubating this enzyme with S. miyaber To determine
substrate specificity, alginate, polyM, and polyG were incubated at 30° C
for 0—48 hin a 1:1 (v/v) ratio with the crude enzyme, and changes in
reducing sugars and thin—layer chromatography (TLC) of the reactants
were measured. The reducing sugar of polyM showed the maximum
increment, reaching 171.72 g g/mL at 12 h, while polyG increased slightly.
In comparison to alginate, the activity of polyM was observed to be 76
times that of alginate, while the activity of polyG demonstrated a value of

2.9 times that of alginate. After 12 h of incubation, polyM was mainly



degraded to trisaccharides, while polyG degraded to a mixture of di—, tri—,
and tetrasaccharides. To confirm the precise degradation patterns,
purified alginate oligosaccharides (DP2—6) were reacted with the crude
enzyme. In the case of mannuronic acid oligomers, hexamer (DP6) was
degraded to a trisaccharide. In the case of guluronic acid oligomers,
tetramer (DP4) was degraded to disaccharides, pentamer (DP5) to di—
and trisaccharides, and hexamer (DP6) to di—, tri—, and tetrasaccharides.
To characterize the brown algae extract, .S. miyvaber and the crude enzyme
were mixed and reacted at 30° C for 0—72 h. The reducing sugar of S.
miyaber increased significantly to 2421.60 gg/ml at 72 h. Significant
decreases in pH and viscosity were observed at 72 h compared to initial
measurements, and TLC revealed that di—, tri—, and tetrasaccharides
were the primary products. These results indicated that the crude enzyme
from Shewanella oneidensis PKA 1008 exhibits specificity for polyM and
partial activity against polyG. The minimum substrates that could act were
M6 and G4 also G5 and G6 could be degraded, suggesting that guluronate
may have a broader substrate selectivity. It can act on both types of
polysaccharides and be effectively degraded polysaccharides contained in

S. miyabel.



214171 =0 =HlAaSe] Fuiyo] A o] FHUWA 1w,
H3a, 53] AW (well-being) &3H7}
b A 7k 3 vk (Sloan, 2002). &
o T A W Eo] FrkstHA Aoldfa
TudorHA sixF7E FHEYIL th(Han et al, 2002). s
AEANY, PEEANY, gAY T o8 AYe dsE olg¥a
O™ (Gacera, 1988), sllz7F Ais 2% Aol &3t 18l
gAF3}H(Kim et al., 2013), 9% (Lee et al., 2011), ® Z2 (Cho et al.,
1990), &< (Cumashi et al., 2007), #nto]e] A (Nakashima et al., 1987)
5 A AU &8 JYHT ot SEFe Na AES 24
w2} 24 %5 (brown algae), =% 5 (red algae) X

vk dlxwe Vled =22 AEHY =4, 74, A7 Rl

1 %55 (green algae) &

H

A7 24 GEAR o]FojA ¢low, B —D-mannuronic acid’}

8 FA)E Aest deQl polymannuronate (polyM), «—L-—
guluronic acid’7} a—1, 4 Z¥IAE A3 FE el polyguluronate
(polyG) =+ B —D-—mannuronic acid?} ¢ —L—guluronic acid’7} wt)=
WAE polyMG FH|Z &A%ttt (Gaserod et al, 1998; Wong et al.,,
2000). €314k A, M/G Hl&, M3 G 3719 wid sol weh A
AR " SR 35, wsks Y =dsed 54l Weke
How dHA th(Gaserod et al., 1998; Horn et al., 1999; Kim et al.,
2011). olAd vkt Edsterd 5S4 7hA #F3kA, A, A,

—_



BEA Fo FuE AE, SAE, oJokE ok dE ARSHI
2AtH(Rehm et al., 1997; An and Lee, 2000; Goh et al., 2012). 181}
A7 oA galEEd e dyd, sx vEdos FEvt
Fobxl A om  o]gel gAZE vk olEst EAE sAstuA
diFs AAststs A7 1aEa 9tk (Rehm et al, 1997). H3t
A71AS AR A3 sl AAksE d1xk el e v WE o A (Terakado et
al., 2012), 99274 (Zhang et al., 2008), A¥ 52 3 4 A5
474 x4 (Yokose et al.,, 2009) 59 7|5+ 7Fdth dA7MA] o729
AwArst W o R ZhdzbEEE, ket el WAR 2AE mael o

¥ 5ol 4EHA tH(Song et al., 2007). &ho 9% HaHe w

Mg A g, td AN SE B9 we gou Biew st
seuge MExow B3l 2 49T £ du PAE YL FY 5

A71AF R @sE g —elimination WAUES Hs] L7
Y IAE ATS Fallsta vk Ude)] o] A4S PASHHEA XS
TS A LAk BE a4 718 5ol Wl polyM-—
5ol &4, polyG-5°]4 &4, polyMG-50°]4 542 uHH, 24§
el wep dA FEA WHE sk endo—type, €W WS
&= exo—typelZ FFHE 4 At (Gacesa, 1988; Wong et al.,

2000; Zhu and Yin, 2015). Endo—type &4+ EX3 £ 13 (0]FF
A AR S AWAE T (Kim et al, 2012), exo—type &4
=Y Be 233} dFFE A9 (Park et al, 2012).

ol A7 (Sunwoo et al, 2013 AMe ZHxF FHETH (Uva
pertusa) TF-E L7AF 73 &4do] = 7S 16S rDNA MY #4351
=A% A3  Shewanella oneidensis AEQS TFAL el
Shewanella oneidensis PKA 1008°¢]g}1 sy, &47AF B3] a4

AR FHA z2dd 50 dis] Raskgivh SAF E8 ade] g3

i
o,
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ANzE A L8 dd= 3 (Kim et al., 2015) ¢} Shewanella
oneidensis PKA 1008 Z@aAids o|g3t AU T+EEAN(Sargassum
muticum) X AR 2NF(Sargassum patens C. Agardh) FalE 2

EAY FA95 a9 (Lee, 2021), 98 (Undaria pinnatitida Root) X

FRARE(Sargassum fulvellum) F3l&=2 543 945 94l 23Xy,
2019), ZARANF(Sargassum coreanum) 320 EA4 4 Hol=x
w29 5 AT JAEAZ A7 AESHTL Uk
v oW AW (Sargassum  miyabenS Q¥ &k g E X3
ZFolm (Umezaki, 1983), wlops| L apgke] =il ul x4 G-A4Jof o st

- (Kulikova and Khotimchenko, 2000) % wjok| R A}4E  of gk
FEE0) ast @39 (He et al, 2022), 3¢t &3} (Surits et al., 2020),
g a3 (Kim et al, 202000 #A3sF AF7F HaEo] o}

o

w2 AFeM = Shewanella oneidensis PKA 1008
a2l V1A 5ol 474 Laude ddd 9%, TLC, ESI-MS
Ale Eal grrgsta, vokH R ShfEo] Sl ERE ExIAb
o AFAstste] SAS dotR iy FdF AAEHA AFG A o]

7% Bl shevk

ofo



1. A&
1-1. A #5

B A oA AVRSE 55 S oneidensis PKA 1008 (Sunwoo et al.,
2013)0lm, FAF Ad FA  dnirelA  Falrh XA FA o HZ2F

T A (U pertusa) ZHE 853 #35 ol &3%ih

1-2. A9A% & A%
oA do A AFE3F Alginic acid sodium salt from brown algae
(sodium alginate, M/G ratio 1.56)+= Sigma Aldrich (St. Louis, MO,
USA) 9 A|#&, polymannuronic acid (polyM, M/G ratio 12.56) 3}
polyguluronic acid (polyG, M/G ratio 0.11), D—mannuronic acid
oligosaccharides (DP: 1-6, purity: over 96%) and L—guluronic acid
oligosaccharides (DP: 1-6, purity: over 96%)+ Qingdao BZ Oligo
Biotech Co., Ltd. (Qingdao, China) oA +¢l38}o] AFE-3F3 Tt
v) ok R AMNF (Sargassum — miyvaben < 20154  FAMA] G
BEFoA AF st @z 3ol FAEAH. sHFEt Addx
Azsto] Eust W I EZYEHE -20CoNA Agste ARE-aHlTt.
Marine broth (MB)+= BD Difco (NJ, USA)°lA, Sodium azidee
Junsei Chemical Co., Ltd (Tokyo, Japan)olA st AFE3FA T}
T AleF A Az AFE¥E sodium carbonate anhydrous, sodium
bicarbonates Samchun Chemical Co., Ltd. (Gyeonggi—do, Korea) ©| A,
potassium sodium tartrate tetrahydrate Sigma Aldrich (St. Louis, MO,
USA) A, sodium sulfatex= Junsei Chemical Co., Ltd (Tokyo,
Japan) oA F-§ste]l AREERgith FE]Alek B Alxel AREH Copper



sulfate pentahydratei= Yakuri Pure Chemicals Co., Ltd. (Kyoto,
Japan) oAl TQ18Fe] AF&-&FA )

2. 9
2-1. a4 Ax

S. oneidensis PKA 10085 #Z ujek 2742l pH 9, 2% NaCl &%
ZkE MB  HiA|eA 30TC FHC®E 24A1%F g dickeSith
A2 7] (Supra 30K, Hanil Sciecne Co., Korea) & ©]8-3}0] 4ToA
10,000xg=  30%xF A4 wEgsiel  #AE EEstn ASdAs

ZaArNo R 3

i

2—2. &304}, PolyM ¥ PolyG &4 &2 Az

10 mM phosphate buffer (pH 9)&E o]&3slo] A 714 7] 4 (sodium
alginate, polyM % polyG) <= 2z 0.5% sxZ AxsAH. S
oneidensis PKA 1008 ZaANS H#Z4 &4 pH 92 257] 93 1 N
NaOHE o] &3¢ttt 0.5% sodium alginate, polyM % polyGE S.
oneidensis PKA 1008 Za 4Ny 1:1 Hv&/v)E Z+Z Z35+313 )
olw v HE AS WAF] Yl sodium azide 0.02%E FH7}skdt}. z+
A8E 30CelA 0,12, 24 B 48417 FoF wrkelhe wH-g-A| H T

Somogyi—Nelson ¥ (Nelson, 1994)% o] &3t 3tddS Awssin)
Te Aok AsE FElA ek BE 25:19] BlE (v/v)E AlZste] TElAIoF DE
AR5 T 15 mL conical tube©l] A& 0.15 mL2} 78]A]¢k D0.15 mLE
g o 100ToAA 2083 7143t copper(I) oxideE AAAI7],

2 st A 2B dAE &9 0.3 mLE H7beksith 1 %, UV &%



I 5= A (Genesys 10SUV, Thermo Spectronic Rochester, NY, USA)E
o] &3ko] 520 nmoA FHFEE 543 L, glucose AFF 4 (Fig. 1)<
o] g3sto] 2AeS AZFsrh. e standard curves glucoses O,
6.25, 12.5, 25, 50, 100, 200 pg/mLe wE= =74sto] TGS

st

2-3-2. ARA © A7 BaAE e}

0.5% sodium alginate, polyM ¥ polyG 71d ¥} agids 111 HE&E
Egstel 30Tl 0, 12, 24, 48A%F &Rk AESAIZ EelEe] EAE

Ed43A17171 98l 100T Eefl 102%F 7Fdsta @422 (10,000 X g,
30 min, 4C) ¥ &, A& FAAx 83

PKA 1008¢] el 7122 rst7] el thekst DPe &8id=
AFE-3F%th. 10 mM phosphate buffer (pH 9) & ©]-83t°] D—mannuronic
acid oligosaccharides (DP: 2-6), L—guluronic acid oligosaccharides (DP:
2-6) 714& 247t 0.5% (w/v) &%= AZ3STh. S, oneidensis PKA
1008 x&ANS HA &4 pH 92 %F7] 98l 1 N NaOHE
o] £33t} 0.5% D—mannuronic acid oligosaccharides (DP: 2-6), L—
guluronic acid oligosaccharides (DP: 2-6) & S. oneidensis PKA 1008
Faadqy 111 BlEW/vE A4 et old wAE 9=
W25L7] 98 sodium azide 0.02% %5 H7FstHth ZF A|2E5 30T oA
ABAIZE FQF mNksh gEg Al T

AEArs 2@ dxak EejeE seks 918 TLC  (Thin Layer
Chromatography) +4-& x133t3ith

TLC+ Silica gel Fas4 platedl] AZFE=2 £31¥ sample 10 pLA

spotting 3+, A7]& = 1—butanol : formic acid : water (4 : 6 : 1

v/iviv) Z AZste] ARESEATE 1AIZE 203 AU 10% SAateleE
fas BIEE F 110C, 3087 7tdste] A ZEskgith. Standard

mixture+= alginic acid oligosaccharides (DP: 1-6) & A}&3}%t}.



a4 BIES AEAs EAS #4367 918 ESI-MS (Electrospray
Ionization Mass Spectrometry), TGA (Thermogravimetric Analysis),
DSC (Differential Scanning Calorimetry) & %3] 3} %t}

ESI-MSe dAazvteddy 14ds 39 d-FEA7] (maXis HD,
Bruker Daltonics GmbH & Co. KG, HB, GER) & AMg-3te] #2139t
EAAZ3 alginate F3lE AE 1 mgS 0.1% formic acidel] €33 &
e gato] Az A7) A3 Fdaain. A= AH9EHS 7] 9l
Sol&3 RE® 50-1000 m/z9] A7 Mo E S8

TGAS} DSCx= sAISHLEEA7](SDT 650, TA Instruments, New
Castle, USA)E A}&3ste] #A8AT. 540 x3 alginate w3l& A&
1 mgs dFHY Erhe] FdsiAl BEAIR F A2elA 800T7HA

10C/ming &+ £LE& 714313t}

2—4. vlop A B4 FIHEY AX

10 mM phosphate buffer (pH 9)E& ©o]€38}lo] wv|opdA}HH(S.
miyvabel) < 20 mg/mlL =% A FsFUTE S, oneidensis PKA 1008
Fasds HA &4 pH 9= %57] 918 1 N NaOHE o] &3l 20
mg/mL FEZ A X2 v|opH| AN A|SE S oneidensis PKA 1008
AN 111 BEW/VE ZZdT ojn mAdE 29s WA
&l sodium azide 0.02% %5 F7Fekith. 2 Al55 30CelA 0, 6, 12, 24,

48 4l 72413t Et wnkeby Rk A Z T

2-5. 54 &Y EA
2—5—1.pH
n]obW] HAFRE &

Kobe, Japan) & A}g3le] 34HE =459}
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2-5—2. AT
ol ZaRE §4A EEE A%

FH3e 3 AAA (JC801, Color Technosystem Co., Tokyo, Japan)E

v

e AgS A A2E celld

AFE-3Fo] % (lightness, L*), A% (redness, a*), & X (yellowness,
b¥) 5 FHa 53 o] wbE FAskAvh ofw AMgE EEATe] g
L*=98.76, a*x=0.22, bx=—0.62°] % t}.

2-5-3. 43 4 Jx

Somogyi—Nelson ¥ (Nelson, 1994) 2 o|&3lo] kS 313 o)
Tl Ak FElAloF BE 25:19 Bl&(v/v) 2 AlFse] FEAlek DE
AFE-3FSI T}, 15 mL conical tube®l] Al& 0.15 mL$} F-8]A]eF D 0.15 mL&
2 T 100CoAA 2087 715t copper(D) oxideE AAA 7)1,
ZAsA EAdAk &9 0.3 mLE H7bstsith 2 ¥, UV 3%

S A (Genesys 10SUV, Thermo Spectronic Rochester, NY, USA) &
AFE3EY] 520 nmollA SFE=E S48 1, glucose A X4 (Fig. 1)<
o] g3to] skATS ARSI 9T standard curve: glucoseE 0,
6.25, 12.5, 25, 50, 100, 200 pg/mLe FvE= =74sto] TGS
sttt

a4 2= A= F42 HA=ADMVNXLV, Brookfield Co.,
Middleboro, MA, USA)E AH&-3F3ith. Stevens®} Levin (Steven et al.,
1976) 2] WS Faste] 40 cP spindles ##s H 25T, 30 rpm?]

xow FAskqh.

> o
oX,

o

2-5-4. AwAS Bl AL 54 4
ook AR A 2E ZgANS 1:] HE2 T3ste] 30CeA] 0, 12,
24, 48 W 72A17F FoF HES A BEEES 44 E2](10,000%g, 30 min,

4C)3E &, ASdAS FH4Ax 9t 411" Al5EE 20 mg/mLE



A2 ¥, 99.5% Ethanols& A8 4.1uiwkE FH7lste] 4TeA
220X g, 4TCA 3087t
gt s Aty Fdn F2ATAA ARSI

AEAsE A g4 FEY Azt S-S w4387 #18 TLC (Thin

o
>,
L
offl
2
BN
ofl
ftlo
o
rﬂ{i@
52
T
BN
ofl
o
i
ot
[@))

Layer Chromatography), ESI-MS (Electrospray Ionization Mass
Spectrometry), TGA (Thermogravimetric Analysis), DSC (Differential
Scanning Calorimetry) #242 X33}t

TLC: Silica gel Fasq plateo] AlZFE=Z £&¥ sample 10 xLA
spotting 3+ a1, A7) €9 1—butanol : formic acid : water (4 : 6 : 1
v/v/iv) 2 AZsE] ARESRRlTE 1AIRE 20 AN F 10% SAteleEE
EAE ¥ F 110TC, 30w3F 7tdsted AlZskskgivh. Standard
mixtures= alginic acid oligosaccharides (DP: 1-6) & A}&3}%ith.

ESI-MS dAAazvte 9] 14ds EFd dFE47] (maXis HD,
Bruker Daltonics GmbH & Co. KG, HB, GER) & A}&3}o] #498}3i ).
EAAZE ok EANE BlE Al 1 mg2 0.1% formic acidell &3l
S dYdeto] dF FA71 AR Fdein A% AFERHS 2
A8l Fol&3t RERZ 50-1000 m/z9) A2 WHE A5t

TGASE DSCx= 5A15% €w4171(SDT 650, TA Instruments, New
Castle, USA)E Apgsto] #A ettt #4240 xs v|opH|EARE Faf &
AlE 1 mges €794y Zridel ddetA FZA & ARA

800C7HA] 10C/ming] +< &%= 7198ttt

2-5-5. 8% &%
QAR

mouse <] A M EQ RAW  264.7 (KCLB 40071 &
St M| 32528 (Seoul,  Korea) oA Eofdol  AR&stgiom,  10%

inactivated fetal bovine serum (FBS)2} 1% penicillin—streptomycin



(PS)E %718t DMEMS ®|goz o] 37T, 5% CO: incubator
(MCO—-15AC, Sanyo, Osaka, Japan)°ll4 wioFal3ich A8 g nE
MiEeE 80~90% UEE AstE A5 Adl wleFstelal, 20 passages
o]alo] AW AF el ALgsFSAT.

AT 54 573

RAW 264.7 Ao st mjorw|2apyl Bajl&o MxEEAS Hrtsl)

H(0, 0.3125, 0.625, 1.25,2.5,5 ¥ 10 pxg/mL)E Z}ZF A& ste] 3

5% COz incubator (MCO—-15AC, Sanyo, Osaka, Japan) o4l 24 A%t
ekttt vl & 5 mg/mL MTT reagent (thiazol blue tetrazolium
bromide, Sigma—Aldrich)S 20 L H7Fst % 2A17F Aujeksidoh
2A17F 3 AEdS AASa DMSO 100 xLE EF3 5 233t
20++7F shaking 3F%t}. ©]& microplate reader (Model 550, Bio—rad,
Richmond, USA)E A}&3ke] 540 nmeolA <S35 (optical density

(0D)E Ptk AEFA 5L thg 2% ol gatol HEssieh

al
20A17F Aujekstgdtr. 0.1 pg/mL LPS$F wlopu| 2 il BEa&Es ¢
T,
=

""ﬂ

Proliferation index (%)= sample?] O.D/control®] O.D * 100

Nitric oxide B &4

o] BNl HalEe] FHS aRE gyl flal RAW 2647
M A el NO (Nitric oxide) Aol tist A g 3= Griess HE-g (Lee
et al., 2000)& o]&3t] &3ttt DMEM uiA]o] RAW 264.7 AlXE
2.5x10° cells/mL9 %% 24 well plateoll HF3aL 20417 Aujek 3
PBSE AlH 3tk Al wiA]ell 0.1 pg/mL LPS¢} wloks 2 Apqk H-3)& 0,
0.3125, 0.625, 1.25, 2.5, 5 ¥ 10 pg/mLS Z+7} A g dto] 24A3F 2

1

10



sjeFatalct. o] 94w (3000 rpm, 10 min, 4C)3te] A& AF A
E%O griess Al9F(0.1% naphthylendiamine dihydrochloride + 1%
sulfanilamide) ¥ microplateol] &7 H7}&te] 37CeolA 10E7F wk$-3+
% microplate reader® AFE3tY] 540 nmeolA SIFEE ST T,

1
kS sodium nitrite (NaNO2) 0] ‘=¥ ZTFH3 vBlwsto] A=3s1%th.

A=A cytokine £H|E =74

njopu| A FaEel & =47 98l pro—
inflammatory cytokine?l TNF—-e«, IL—-69% #H]%S ELISA-kit
(Mouse ELISA set, BD Bioscience, San Diego, CA, USA)2 o]&3}o]

o[\
fol
=
il

sandwich ELISA (enzyme—linked immunosorbent assay) ¥ (Enavall
and Perlmann, 1972) 2.2 =483ttt TNF—a, IL-6 585 98] RAW
264.7 MAES 2.5x10° cells/mL HEZ plateo] HF3do] 1843+
Avjekataitt. o] %, 0.1 pg/mL LPSS} mloks] Rapgl &85 (0, 0.3125,
0.625, 1.25, 2.5, 5 9 10 pg/ml)& 247t Agjste] 18 A7k 2 wiFst
= wfoklo] AkZolS. FHAtE Anti-mouse TNF— e, IL—6% capture
antibody®  microplate®]  Z}Z}  #538kal 4TCeA  sHERE H9t
coatingA At 0.05% Tween 20 ©| 3¥3%r%l phosphate buffered saline
(PBST) 2.2 coating buffers A|Astx2 10% FBS £He EF31
1Az &<E blocking 3Fth ©]& PBSTE ol&ste] AAe %
microplate®l] 2} 4TS 58] 2417 RESAIZH thA] PBST=®
M 3Fal biotinylated anti—mouse TNF— «, IL—6 detection antibody 2}
SAv-HRPE #7tst & AolA 1A3F BEgAIZH o]& v PBST®
A gF t}S, O—phenylenediamine Dihydrochloride (OPD)-€9 7} &
307 A dHESAIAY. 2 N HoSO45 H7Este] vH-5S F85A17

S microplate readerE ©]€3}%] 490 nmolA O0.D#FS =433t

11



2-6. A A=

A A st EAAg+= SAS software (Statistical analytical
system V8.2, SAS Institute Inc., Cary, NC, USA)& &3l Duncan's
multiple range test Wof wg} BEAHEA S o, qEE 719 F2 7

A4 p<0.05 FFEAAM A e

12



1.2

1.0 - y=0.005x-0.0101
. R2=0.9988
S ost
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Q 06
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—&— D(+) glucose

0 25 50 75 100 125 150 175 200

Concentration (pg/mL)

Fig. 1. Standard curve for determination of reducing sugar.
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1—1

%

43} g
1. 4714, PolyM, PolyG #3159 54
1-1. 714 So|A
S. oneidensis PKA 1008 & & A NS alginate ¥ polyM, polyG
1A 77 E3tsk & 30TCelx 0-48A1ZF FF WEEAIZ T WhE &
A RelEe] #dd 54 A3E Table 1-3¢ YEA I
Alginate ®al=9 AT FA4 Ay, FdF  FFo]  RkE
AOAZD A 1442 pg/mLE Bl A wgkn whg ARbo] Frtd=
fFoAow  dntetAl  Frhekel Wb 24A4%F F 16.82 pg/mLE
S, o] F ARPeM = {924 &Aoozt ISith polyM &l E 9
g 54 Ay, ke AOARD AN 56.72 pg/mlz SHEHNL, W
12812y & FAs] Z7tste] 171.72 pg/mlLzE =3 HG O o] %
AlZbM = el A el o]z flSlth polyG Fal=9 @dd 54 A3
B A OAITD A 96.12 pg/mLE BlA w9kt WHE AZEO]
THETFE FOH0R &% TUhsto] WhE 2441 ¥ 102.82 pg/mLE
SAHEAL, o] F Ao = o] ARl Aol 7k g1l
74 714 9] AdiA S EE Blaste] 2ak Rall a4l 7 Solde
A% A7 Qtf. Kam 5(2011)9 dAFolAXE Pseudomonas sp
strain KS4089|4 H&3t @i+ polyM Eo]F ol polyMGE 4
M= &dol A9 e Aor Bt
Sphingomonas sp. MJ—3°4 ®g]3t
3l w7 e 7T
Streptomyces ecolicolor
AT A=
Vibrio sp

g4= 7HAARE polyGell

Park 5(2012)¢] <AFolx=

At polyM 5oldolH polyG, polyMGel s

B3t Cheng 5(2020)9 AoAe=

A3(@2)elM Eedt &4 polyM SeolHe]H  polyGi:E

HAow HUFAT Wang (2023) &) AFolAM=
14

A =



W24 g3 ahE polyG EolAFoln polyME A4S 7Kt a

o= alginate EHFAHES 100%=E 71Fo=z 39

e

o,
polyM2 &AM L2 alginate?] 764, polyGe &AL alginate® 2.9u=
YERY polyM, polyG, alginate £°0% F& A4S HAY. wepa S
oneidensis PKA 1008 & & 4% polyM E9o]&o|H polyG 7] &=

A% BYS e o s
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Table 1. Changes in reducing sugar of enzymatic extracts of sodium

alginate with incubation time

Time (h) Reducing sugar (xg/mL)
0 14.42+0.28°Y
12 15.92+0.42°
24 16.82+0.28°
48 17.32+0.99°

UMeans in the same column (a—c) bearing different superscript in samples

are significantly different (p <0.05).
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Table 2. Changes in reducing sugar of enzymatic extracts of

polymannuronic acid (polyM) with incubation time

Time (h) Reducing sugar (xg/mL)
0 56.72+0.42""
12 171.72%+0.99?
24 172.02%£0.85%
48 172.22%0.28?

UMeans in the same column (a—b) bearing different superscript in samples

are significantly different (p <0.05).
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Table 3. Changes in reducing sugar of enzymatic extracts of

polyguluronic acid (polyG) with incubation time

Time (h) Reducing sugar (xg/mL)
0 96.12+0.42°Y
12 100.52+0.14"
24 102.82+0.57¢
48 103.12£0.214°

UMeans in the same column (a—c) bearing different superscript in samples

are significantly different (p <0.05).
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1-2. AEA s 9 4 Zajsd oot

S. oneidensis PKA 1008 Z@& A NS o] g3 alginate, polyM, polyG
welEe]  ARAstE AlAdHer FQlEr] 918l Thin Layer
Chromatography (TLC) 45 AAlstlom, 7 A¥iE Fig. 2-4°f
e AT

Alginate &3ll&E2] TLC w4 A3, dbg A (OAIZH o= AFAs7t
wEE A grow, whg 12A%F o] FRE] trimer® AEAsE A&
I8ttt polyM walEe TLC 4 Az, {bE A (0AIZD oA =

2A 3 o] 3R trimer 1%l

1709 spotS ERIETE polyG EEES TLC A4 Ay, wke
AOAID A= A7 #ZEA ggrow, whg 1243 ol F
trimer, tetramer® 3l AL, WES 24A17F o] FF-E] dimer, trimer,
tetramer® w3 E AT polyM, polyG ®3l&° TLC Ad}:= s
1243 o] &7 El = & W3} glo] s Ao AFI dA|sATh

Kam %(2011)¢ <AF*elX+= Pseudomonas sp. strain KS408¢] 4
wgst a4E olgst FIEe TLC 4S5 st A, alginate,

o

i

polyM, polyMG 3| &2 dimer, trimer, tetramer= A&A+3} O,
polyG = ATASEA e As AT 5 v Li
5(2011) 8 AFelAM = Pseudoalteromonas sp. SMO0524°0A4 2]t
A4E olg3t #alEe TLC #4S &3k A3}, alginate?t polyMe]

Qo Ha AWAHEL dimer, trimer©] 3, polyGel Fo Hal YAHELS
trimer, tetramer@tal X 313} T}

B A4 A= alginate, polyM, polyG 71Z&e| tjdt S oneidensis
PKA 1008 x&ie wadds TLCEZ ®#A4s o polyMd F&
& AHYES trimerd o™, polyG: dimer, trimer, tetramer®
AdAstd ¢ das ST 4 Ql]lvh. alginatei= M block¥ G
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gAo=m HaHo]
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Ionomer

Dimer * 4
Trimer %
Tetramer 1’5
Pentamer i’f
Hexamer fx

' a0 4
1 2 3 4 5

Fig. 2. TLC analysis of enzymatic extracts of sodium alginate by

alginate—degrading crude enzyme with various incubation time.

Reaction time: lane 1, standard; lane 2, O h; lane 3, 12 h; lane 4, 24 h;
lane 5, 48 h.
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Ivlonomer

Dimer .
Trimer .
Tetramer *
Pentamer &
Hexamer

..)- ‘ |
-

-

-

Fig. 3. TLC analysis of enzymatic extracts of polymannuronic acid by
alginate—degrading crude enzyme with various incubation time.
Reaction time: lane 1, standard; lane 2, O h; lane 3, 12 h; lane 4, 24 h;
lane b, 48 h.
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Reaction time: la

lane 5, 48 h.
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S. oneidensis PKA 1008 Za A2 <74 FalaldS &lstr] 23]
D—mannuronic acid oligosaccharides (DP: 2-6)2} L—guluronic acid
oligosaccharides (DP: 2-6)& 7|& = 3to] Z}Z} 30TCo|A 48413 &<t
HES-AlZ T ©o]%  Thin Layer Chromatography (TLC) EA42
AR on, 7 A¥E Fig. 5-6°] eI

D—mannuronic acid oligosaccharides #3]&2] TLC ¥4 A}, M2—-
58 At &4 AYE sx= AFEASIE dEA ekgtom M6+
&l
el TLC ®4 A3, G2-39 Af= axed s 27t A
Aotom G4e A AstEC] dimers SIS AL, G+ &= dimer,
trimers A3 G6= EaEo] dimer, trimer, tetramer®
A skl

Liang 5(2023)2 Ao X= Pichia pastoris GS115 & <714k
el aae] 7jdEsNEe D1-4, Gl-4% ARAsiEA okota, D59}
Go7F mavt AR + QU+ 7 &S 7140l al monomer, dimer,
trimer, tetramer@ | H Uty B 1EATE  Zheng S(2023) 2
A= Rubrivirga marina 8 <4714 Bajgsol 7|AE S
D2, G2+ AEA 3= 9¥skir, D3, G329 - monomer® dimer®
el Hdou maHow FafstAl T webA D4l G4t a4t

i)

o] trimergs A Y. L—guluronic acid oligosaccharides

a

M

2-g8 = Qe 7P #2 71" ol3al dimer B monomer % trimer®
=al7F "= T2 dimer® w37t = $lth D5, G5& dimer ¥ trimer
= monomer ¥ tetramer® Fa7} H v FE dimer % trimer®
i AR e = S AR A A=

B AT S oneidensis PKA 1008 ZaA7F 288 £ Jde Hx
714& gpoksta 1o mE FalAbES ¢olR gktl. D—mannuronic acid
oligosaccharides #al&=2 7 M6o] FHA <12 7[Ho|glon, FQ
EAEL trimere] Qtt. L—guluronic acid oligosaccharides #3aj%& 2]

3 GAZE A4 14 V1delglon, o FelatES dimero]3lHh G5t
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G6%E A&xstE 4+ ANo™, G699 A trimer 2%AF T+ dimer %
tetramer® a7} HA=d, G47F dimer® EaE AOo® Hol G6

el 2HEQ) tetramer® F7b whEo] dojdtidl dimerz & W U

=32 F e AT 4 Ay, ®E3k D—mannuronic acid
oligosaccharides®tt o F 42 7|8 AadA4S 714 F ASs

A AFETE, ol#1E A9} polyM, polyG TLC ZA#sl £3s] @S o
polyM  7]de]  thslrE trimeryt Aol Hglom=w  H|SHY

Go HE  trimer YR AEE exo—type aAYL FATd F

=}

, polyG 7]&e] thalA+= dimer, trimer, tetramerZ7bA] T3k
Fog 2R="F endo—type &
a7 5&E Q= a4 EAY F UM B9 aav)

Ho] e AR AL HH

o %O
o 3Q
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] S o 2=
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DP 2 DP 3 DP 4 DP b DP 6

-Enz +Enz -Enz +Enz -Enz +Enz -Enz +Enz -Enz +Enz

Monomer : *  Monomer
Dimer - . & % Dimer
Trimer & i @ Trimer
Tetramer & ’ ’ 3 % Tetramer
Pentamer & “ “ % DPentamer
Hexamer & R @ Hexamer

1 2. 773%¥Irto —6—7T—8%=0 Ff 0N 1 12

Fig. 5. TLC analysis of the degradation products of D—mannuronic acid
oligosaccharides (DP: 2-6) for determination of substrate
binding sites of alginate—degrading crude enzyme.

(—=Enz: enzyme free; +Enz: enzyme added).
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DP 2 DP 3 DP 4 DP 5 DP 6

-Enz +Enz -Enz +Enz -Enz +Enz -Enz +Enz -Enz +Enz

Monomer - #  Monomer
Du.nel , . -» gt * Dimer
Trimer . Y ¥ ‘ Trimer
Tetramer ‘ ¥ @ Tetramer
Pentamer : ‘ Pentamer
Hexamer ® Hexamer

A
#
a

1 2 _SeMPN" 66—~ 389 FIP-]1 12

Fig. 6. TLC analysis of the degradation products of L—guluronic acid
oligosaccharides (DP: 2-6) for determination of substrate
binding sites of alginate—degrading crude enzyme.

(—=Enz: enzyme free; +Enz: enzyme added).
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a4 BaEe A 54 2487 Sl alginate #31E O h, 48
1% formic acide] &3d 5 e st A=F A7 A
Tkl A7) 45 o]&3t A% #A (ESI-MS)E 353t

Alginate #3&¢ ESI-MS A, EF @A dst Foleo]
AZH RS, monomeri: 175.02 m/z ([4DP1-H] ), dimer+ 351.06
m/z ([4DP2-H]") % 373.04 m/z ([4DP2—-2H+Nal]), trimer:
527.09 m/z ([4DP3—H]"), 549.07 m/z ([4DP3—2H+Na] ) % 571.05
m/z ([4DP3—-3H+2Nal] ), tetramer: 703.12 m/z ([4DP4—H]),
pentamer+ 879.15 m/z ([4DP5—-H] )2 A=Y}

Alginate ¥H& A (O0AI7H EaE29 A9, =7]1%H v monomer2}
dimer%H pentamer7}#] thekst & ago] HEHIJAT. HES 48A17F
o|F trimer7t HZA3] F7Fetlom, o= &IAFS] FAJe] guluronic
acid®.t} mannuronic acid’} 22 3} polyM 5ol]# <l Axfef 7|13}
olg g Airh dEhd AOo® ALREH botrimer  $1Xel 1719
spote] A% alginate TLC Ay LAt} sAl tetramers FlF
skl dimer= ofb F7bekgledl ESI-MSO =4 #AE7F ot
TLC A= YeEA] @2 Zo 2 FAHHET Monomers 27| B2
Fo] AE¥SEY, Zhang F(2006) 9 Aol w2 ESI-MS 574 Al
monomer?] T Cho| X EItE B3 doju 175 m/z ©]=°]
A2 ks A vk A OARH EaAlES zh-g-o] dojitr]
Ae] AdejelE R, Jmael &%k o] ofd Zlo® AR ® vt Monomer7}
AEY ESI-MS ZA¥9 t24 TLC %3 Aol = monomer$] %9
spote] YERUA] ¢ot=dl, ol= 10% ateghs
A% 3t v =233t R F YEuHRE B33 dF(DEH ¢ 4-
deoxy—L—erythro—5—hexoseulose uronic acid
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Intens.

<105 Monomer “MS, 5.0min ui';@
17502 [ADP1-H]
20
1.5
1.0 Dimer
[ADP2-H] 7
= é [ADP2-2H+Na) Trimer TetsiisE
o = [ADP3-2H+Naf" [ADPA-H] Pentamer
& ] [ADP5-H]
8 5 ippsamezna :
MDP3-HI & m[ . I o n
0.5 o X 2 2
| | &
‘ 5
L e o
0.0 -
200 miz

Fig. 7. ESI-MS analysis of enzymatic extracts of sodium alginate by
alginate—degrading crude enzyme with O h incubation time
(prior to enzymatic reaction).

The oligosaccharides are described by their degree of polymerization
(DPx).

Unsaturated oligosaccharides are denoted in this study as 4DPx.
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Intens.

S A 3-H]~ 527 MS, 3.7min B#215]
x10 Monomer [ADP3-H]~ 527.09 o
[ADP1-H]~ 2 2+ IN ]
o [ADP3—2H+Ma)- %5 [ADP3-3H+2Na]
‘1‘3 M B
1.5 = = l
=
w0
]
1.0 .
Dimer
[ADP2-HI "

[ADP2-2H+Na] -

Tetramer
[ADP4-H]~

l Li-l.a‘h.. L.::oll sk JLl l?io L o

70342

¥ e .

900 miz

400 600

Fig. 8. ESI-MS analysis of enzymatic extracts of sodium alginate by

alginate—degrading crude enzyme with 48 h incubation time.

The oligosaccharides are described by their degree of polymerization
(DPx).

Unsaturated oligosaccharides are denoted in this study as 4DPx.
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shelsl ot o]F oA WEe A7t A ASkth Soares
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Exo Up Temperature (C)

Fig. 9. DSC thermograms of enzymatic extracts of sodium alginate by

alginate—degrading crude enzyme.

32



°
WalE 0 h, 48 hs A7 &Fvu ool ddstA FEA0 %
deeld 800CT7HA 10T/min® & £HEZ  JIEs  dFH
T (TGA) & A 3ystgitt.

Alginate #3lE29 TGA A3}, WA A<l

£

F 224.447Col|A, 48A%F FElES] AF 193.42TCoA w4 FF

&40l dolwttt. Pathak 5(2008)¢] Aol m=d %7] 5 &4E
MZ oA o] Fukst Aolm, 200~300T Fete T £4o] 713

W= ar AAAEAR el o gt ZlofEhal shSivh. ERk Wu 5 (2016) 9
Aol mEW p-0-4 SYIAE Ao s v A= Fe
3+el13l7] 93l cellulose, cellobiose ¥ glucose? A& EALS &<l
A3, 3 WA 2% glucosed AF 213T, cellulosed A%

276 CE TH =7t S7Hskel wet S7kskittar ®arskgie,

kA HEg 48417 FElES wEIVIAIR =T WS " (0A17h)
WalERo o e e axel o8 &xiake] ARAsE WA FEET}
WS SElage] AAE olyst Ayt vEhd AoR Azt =%
200C HF-ollA = 7Me &etole FElE FFo] hashed ol thekst
sEjado]l AAw wet oy e dAA FEF AT dojd Ao
Abs ¥

olggh dIA ARz LAito] AFASEUSS AT F AT
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Fig. 10. TGA thermograms of enzymatic extracts of sodium alginate by

alginate—degrading crude enzyme.
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2. mlopEAN S 54 W FAZF =A
2—1. u]opH| EAE EajE2 54
2—-1-1.pH

v ops] E2pHF B3 10 mM phosphate buffer (pH 9)& &3t3sto] 20
mg/mL FE 2 AF3STE o]F S. oneidensis PKA 1008 Z& ANy}
L1 Hj& (/w2 Zgete], as] H4 &4 271 30TM 0-7241%t

ok g AT WS ¥, Az RaiEe] pH 54 A3E Table 4°]

vlopH| B ARk Rl = pH F4 A, WhE (0417 pH 8.47°4]
HbS AlRbol kRt s freHo® fgastglan, vbg 24A1%FA pH
6.95% s uhe- fh= L ER A E o] & gt A=
F AR (Sargassum coreanum), " 9¥8 (Undaria pinnatifida roots)
W AR (Sargassum  fulvellum) 3 A& R AR (Sargassum

muticum) 2 Aol B XINF(Sargassum  patens C. Agardh)S S

oneidensis PKA 1008 &AMy} 9-3AIZ] 3 &2 pH7F BB AJZ1HO]
ThErE fadshe Ad(Lee, 20215 Park, 2017; Xu, 2019)

o] 2] 3} T} 714k B8 —1,4—glycosidic ZAglo] 714
F3l & 4 (alginate lyase)ol & p—AA Hbgoz2 EaEo] o-L-

guluronate ¥ A —D—mannuronate®] A ¥t} (Garron et al.,, 2010).
weba w3 AlZRo] FrRgRe] wEy ZAxR AlEHe Fo FAAAER
ekl JmA o8 FalEWA A S W= mannuronate$}
guluronate”’} =7}sto] pH7F 7343t 102 Alg Et},

o]Z Ro} ulopw| 2Rt ke S oneidensis PKA 1008

zg2d
=qToEH xmiol s wopwEAEe] iAol A EAFstE &
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Table 4. Changes in pH of enzymatic extracts of Sargassum miyaber

with incubation time

Time (h) pH
0 8.47+0.01*Y
6 7.78+0.01°
12 7.66+0.01°
24 6.95+0.01°
48 7.10+0.01°
72 7.10+0.01¢

UMeans in the same column (a—e) bearing different superscript in samples

are significantly different (p <0.05).
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7k AEE YERSITE  ol#d A= A Fol(Sargassum
thunbergi) EawdE3 v (Undaria pinnatifida roots) 9
o= Mt whE Ao
FAE = F7tsk= A3 (Bark et al,
2015; Xu, 2019) 9 Attt slx=Fells 33 22l chlorophyll?
carotenoidsZ] MA7} FHsH, E3] 24X 5o+ chlorophyll a%} ¢, 8 —

Z B2V (Sargassum — fulvellum)

carotene, fucoxanthin -s¢| &% 3tk Fucoxanthine carotenoids
xanthophyll =22 24 = F348 "Wy (Beppu et al., 2009; Peng
et al., 2011; Poojary et al., 2016; Garcia—Perez et al., 2022; Din et al.,
2022). Chlorophyll AF, <bzbe], 2%, Wl FHKol2 2l a4 Fol o3
a7 2 o+ fdew, #A A e madls ool FiAdAR

thA o] gl A = A4S u]i= pheophytin® 2 W3t} (Canjura et
al., 1991; Ahmed et al., 2002; Ambra et al., 2023).

webA AR el 2aA Aol e AERF AEH F9 AR

et Abo]l BalEo] AlE WH9 fucoxanthing X3H3E ojg] AMAE0]
o=

9} AL o] ZFytE= AX B —carotened
A

s
.
T oy, FF9 A Fol fucoxanthin ©] B2 HEE
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Table 5. Changes in color value of enzymatic extracts of Sargassum

miyaber with incubation time

Time (h) Lx* a* b*
0 68.90+0.02°Y 3.09+0.07" 48.90%0.16'
6 71.49+0.08" 6.74+0.10° 58.89+0.12¢
12 69.79+0.15" 8.32%0.10¢ 60.87+0.18"
24 66.66+0.02" 10.52£0.07° 63.18+0.10°
48 62.21+0.02° 12.59%0.08" 60.05+0.03¢
72 54.77+0.05" 14.90%0.27° 53.24+0.08°

UMeans in the same column (a—f) bearing different superscript in samples are

significantly different (p <0.05).
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Table 6. Changes in reducing sugar and viscosity of enzymatic extracts

of Sargassum miyabei with incubation time

Time (h) Reducing sugar (ug/mL) Viscosity (cP)
0 211.10+11.31% 2.31£0.01°
6 876.60+2.12° 2.24%0.01°
12 1114.60+38.89¢ 2.21+0.02°
24 1389.60+9.19¢ 2.09£0.01¢
48 1859.10£43.84° 2.05+0.01¢
72 2421.60+45.96° 2.01+0.01"

UMeans in the same column (a—f) bearing different superscript in samples are

significantly different (p <0.05).
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g AlZre]  FUMEES ARAS7E AdEo] whg 23X olF
HZEAO0F dimer, trimer, tetramerz w3lE ATty HI3HA T Zhu

oy

(2016) 9] AFolM+=  Cellulophaga sp. NJ—1°] AAst= 4714k
245 ol&ste] ARAstdE daks TLC 48 Ay, w3
SAIZHEE AEASZE AlZE] 3641 HES F HFHOE  dimer,
trimer, tetramer® <3l ¥t X313}k
A e} vl A3E Bl

w2t S, oneidensis PKA 1008 Z& A9 v|ofu] L apike] - o]

)
2 syugos ARARE 5+ dvhs AL FA @

%

L

32
o
o)
H
[
l-lO
-
rir
ri
2
-

A= HE -
Jon, Feo R YA EL dimer, trimer, tetramerdS 13}t
AZPER AZAstE Helee o8-8k ESI-MS, DSC 9 TGA +4&
At

43



Monomer

Dimer

Trimer

Tetramer
Pentamer

Hexamer

Fig. 11. TLQ analysis o ts of Sargasswﬁ miyaber by

algma{\— e@{gﬂmg crude enzyme %var ous incubation

time. .

Reaction time: lane P .sran(!;’!-lane 2,0 h lane 3, 12 h; lane 4, 72 h.

44



a4 wellEe AR 54 FAe] fla mlopH| B 3= O h,
72 h& A7 0.1% formic acidell €3is $ Ay Pato] A= #47]9
A% FYsto] A7) 5 ol&st A% A (ESI-MS) & 3 sl
olopH RARRE &S] ESI-MS A, EF 9Y dsp Fol&o
HAEH 92, monomeri= 175.02 m/z ([4DP1-H] ), dimers= 351.06
m/z ([4DP2-H]") % 373.04 m/z ([4DP2—-2H+Nal "), trimer:
527.09 m/z ([4DP3—H] "), 549.07 m/z ([4DP3—-2H+Nal] ) % 571.05
m/z ([4DP3—-3H+2Nal "), tetrameri= 703.12 m/z ([4DP4-H] )=
AZH AU
njobd| Z2RE RS A (01 3l
monomer, dimer, trimer: S7}8h=
A7 AT Monomers= WE =gjar@ol wHle] BlmA W kol
AEHA=H,  ESI-MS 54 Al monomer?] Tl
G272 8457 dojud 175 m/z o]=°] AAE F Utk A (Zhang
et al., 2006)%} Saccharina japonicaZ%-¥] FZ3%+ fucoidan® “gA
HgollA dojxl EEES ESI-MS 54 A3 175 m/z ol&°] ¥AH
A3 (Jin et al,, 2012)2 H3AS o, v]opsRANEE A2/ dFo|nE
2HETE oly2l fucoidan, laminarin 5 TFFSH thdRUE S o
ZAoRE F5T F lon, & AFoA ARES Eav A 13
ol zl vpeksl g4avF EdEl Fa A (crude enzyme)o|EE
monomer? AL PKA 1008 Faiol o3 Zojgta H7|= o,
Minghou 5 (1984)% Ao w=2W Sargassum mivabei®l 3+ M/G
H| &2 0.76°]9 21 polyG B]E&9] ZF U =o} dimer% trimer7} 8
QA F7hst Aow AlgHT) Alginate A 39} mhz7FA]E Monomer 7}
HAE¥ ESI-MS Ast t2A TLC 54 Aol A= monomer 93/l
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Fig. 12. ESI-MS analysis of enzymatic extracts of Sargassum miyaber
by alginate—degrading crude enzyme with O h incubation time

(prior to enzymatic reaction) (A—D) and 72 h incubation time

(E-H).
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Fig. 13. ESI—MS analysis of enzymatic extracts of Sargassum miyaber
by alginate—degrading crude enzyme with O h incubation time
(prior to enzymatic reaction) (I—K) and 72 h incubation time

(L—-N).
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Fig. 14. DSC thermograms of enzymatic extracts of Sargassum miyaber

by alginate—degrading crude enzyme.
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2-2. F4<5 54
2-2-1. ¥95 &
Ax 54 573

kS skt}(Higuchi et al., 1990).

O o
a3 =1
B Ao A= mjokH| gl 2 E 4 Bl Eo] thA A XS RAW 264.

o] obH] B ARRE B &S 0, 0.3125, 0.625, 1.25, 2.5, 5 2 10 xg/mL<]
EEE Azl Aglste] vt Ay, WAES AHsA 42 dxTe)
H] W 3FL& BE A LPS AzZlel #AGe] EE F
RAW 264.7 Al3e]] ths] AE F250] F7lske= 3e gelstilt (Fig.
15). ol Aty v S AN JqEe FEEo] i3l J
A, AE 54 YA dston s& o7
S7Feks Aok AR (Kim, 2012).

upeha] wlopWEANE a4 FEES RAW 264.7 Al 54 wX]

%okom o]F RAW 264.7 AXEE o] &3t ujop| R a it &9 IAF
a3 Ag¥e z+7 0, 0.3125, 0.625, 1.25, 2.5, 5 9 10 pxg/mLe %
Ho 2 skt
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Fig. 15. Effect of enzymatic extracts of Sargassum miyabei with
incubation time O h (A) 12 h (B) 72 h (C) on the cell viability
in LPS—induced RAW 264.7 cells.

Cell viability (%) = (sample O.D/control O.D) X 100.
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Nitric oxide 8% 7%
Nitric oxide (NO)= NO synthase (NOS) @&l 93] L-
arginine © 2 AQE= wHgAel e AfEHEE, wenke,
A=, ARG 9 daolgk & s Az AHe T3

s

Asks st g AlZE &89 HQ Al inducible NOS (INOS) & W& s}of

sk, ol XA &AM WY AAl oldoerE ood
31tk (Korhonen et al., 2005; Xie and Nathan, 1994).

nlopH RARRE 2EA RBaEe] LPS = % wiZiAlQl NO<l Agel
n X = GFS Flst7] $8l MTT assay ot d3s 5522l wjopw] 2yt
TilES s&EE (0, 0.3125, 0.625, 1.25, 2.5, 5 % 10 pgg/mL)
Agste] AdE NOE griess AleFS o] &3lo] Skt

ARAE LPSE Agsidle #W NO  AAZe]  Frksiiia
o Ak el m Al oa Aage Fdd 4 ST (Fig. 16).

kg A OAZH) el A

bt
=2
>
rlI
olo
2

10 pg/mL & OAIZH) #3fl= thy] ¥hg- 1
oF 26.67%, Whg T2A1Z FElES o 23.33%2 JAEHE HS
AAAoz REE 12417 sl & NO A4 oAss HS
olget A= vlopEANE g FEEC #F AT (Kim et al,
2016), AAEARE ogkE FEEo] w3 A7 (Kim et al, 2017) A
H NO AN oJAls At fAaketch. Zxfol 23 3 3
<l fucoidan®] LPSE #f5% RAW 264.7 AE4 NO 243
iINOS vl waS oAsttt= ® i (Kim et al., 2008)% nlgo =

L wmlopH|EAE] NO A4 AAae] JIF= mF Feo=

55



f_ﬂ) 0O -LPS

m PS5
= T
=
Q
=
0 0.3125  0.625 1.35 25 5 10
Doses of sample (ug/ml)
(B) O -LPs
m +LPS
T
Z
oy T
G F‘I d I
z rI_A
0 03135 0.625 1.25 25 5 10
Doses of sample (ug/ml)
© O -1PS
m +LP5
50
45 1
4.0
— 35 T
= 30
2 s T
Q 20
< 1s
10
0.5
oo . . . . .
0 03125 0.625 1.25 25 5 10

Doses of sample (ug/ml)

Fig. 16. Inhibitory effect of enzymatic extracts of Sargassum miyaber
with incubation time O h (A) 12 h (B) 72 h (C) on production
of nitric oxide in LPS—induced RAW 264.7 cells.
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A4 cytokine #¥)F 3

LPSe 2 g A=ol & &dsted didMxEs IL-6, TNF—«

N

©
Zb7bA S dge] a<Qlo] I (Kim et al, 2014). IL—6+= HAIE, HEZ A,

)
>,
>
“
oy
)
o2
o
=
kel
=
>
M
e
rlr
)
=5
Y
r o
@]
st
o
.
5
1)
-
2
oX,
o

FHESE #H9, A2% 59 ApEgds 9w oA TR FIA
A3 ket (Kishimoto, 2006).

uwpeha] wlobM B A EElES LPSE fE¥ RAW 264.7 Ao W&
AIZFE (0, 12 % 72 h), ¥%4 (0, 0.3125, 0.625, 1.25, 2.5, 5 % 10
peg/mL) 2 gl AFA cytokinel TNF— e 9 IL-62 A4 A9
nXe S FAsHATh AAAES LPSE AHEstlE W TNF-«

Aol F7FesFA L AIZHE wlopH|EARE FalE A2l o3 wk

SJEAOE ATE AT F SUAUTHEig 17). ¥ A (0A17h), HHE
1271, 9bg- 72A12F #allE 5 22 °F 85.67%, 85.88%, 86.01%%
=2 JATE 7HAE Fo® YERTh IL-69] A5 oAl mjopu EApnk
BalE Ao e vE gEHow AP on(Fig. 18), WS

Z}zy ok 95.84%,

ol Ay v|opH|EAHE oeke FEE| st 9354 cytokine
A oA A3 (Kim et al., 2016) ¢} §AFSIch &4 o0 2 w|opu]| E 2Rk
ZaAs walEo] LPS A=F2% 5% RAW 264.

2]
7
IL-69 & 9354 cytokined S AHAoRZ A ste] 43t
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Fig. 17. Inhibitory effect of enzymatic extracts of Sargassum miyaber
with incubation time O h (A) 12 h (B) 72 h (C) on the production
of TNF— ¢ in LPS— induced RAW 264.7 cells.

The levels of pro—inflammatory cytokines in the supernatant were

measured by ELISA.
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Fig. 18. Inhibitory effect of enzymatic extracts of Sargassum miyaber
with incubation time O h (A) 12h (B) 72 h (C) on the production
of IL—6 in LPS— induced RAW 264.7 cells.

The levels of pro—inflammatory cytokines in the supernatant were

measured by ELISA.
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<=7 YeillY el polyM > polyG > alginate £ 0.2 &/d o]
Hojuk polyM Sol#elm AR polyG ol theh &4

bt
i
38
oo

— S oniedensis PKA 1008 3 Z&a4o A4 Eagd s
stel3t A3}, D-mannuronic acid oligosaccharides® 7-%-,
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mjopH EARRE ZefEe] TLC 24 43, whg A (03D oAM=

AEAstE F38E spots A 4 Qlla, WES 12A]7HRE

AxF A &2k E o] dimer, trimer, tetramer® ¥ S &g 4

AT WS 7T2A17 A= H o] monomer®z9 = UL

spot?] %7t 9T delde selaslt).

0

oW EARE &4 R ES AREast EAS B4 98
ESI-MS #4& A3yst Ao, wkg 7223F o] Fo AHES
trimer 2™ 527.09 m/z ([4DP3—H] ), 549.07 m/z ([4DP3—
2H+Nal ") % 571.05 m/z ([4DP3-3H+2Nal )2 AZH Ut

T3k dimers 373.04 m/z ([4DP2—-2H+Nal] )olA <kz+
Z7 sttt mlopu] A ko= 71 AN L ol thekst bR}
FrEo] s ALl®E oiEe] © Ags FAES fl& ad A,

ook R &FHEe] Tk AR BA NMR, FT-IR¥ & FxEA

T FtAT7F Mo Aow AlgEr

it

ol 2R B & JEA Al DSColA veERd 80T H+
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12417 B &9 HF 50%, HHg 72A1%F EaEe] A$ ok
47.73%° AAEYES Bl =3k vk A 7E A aHE v-S
AOAIZH E3E o] 9% 124)7F BIES ok 26.67%, B2

TNF-ae 8 IL-6 A= Ag, B

Aol - g B oEHow  raEor Wk 7247F
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