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Characterization of extracellular polysaccharides from polar microalgae

Tae Kyung Hwang

Department of Chemistry, The Graduate School,

Pukyung National University

Abstract

Arctic sea ice algae are known to produce essential proteins to prevent freezing in the ice to survive.
However, research on sea ice algae extracellular polysaccharides (EPS) is lagging behind.
Microalgae have been reported to be about 30,000 species currently exist in the world. The polar
region is an area where the environment change can happen rapidly. As a result, structural change
of sea ice will affect the ecosystem, thereby causing a large ripple effect. Therefore, reduction of
the ice according to the global warming has become a very big issue. However, research on EPS,
which is secreted by sea ice algae is currently very limited. So I analyzed the production of EPS
due to changes in the environment (temperacture and salinity) and the characteristic of secreted EPS.
As a result, microalgae EPS is abundant of fucose, rhamnose, xylose and the degree of sulfation is
40%, so that is sulfuric acid fucan. Analyzing spectroscopic characteristics of the EPS using a FT-
IR, NMR showed similar results to the chemical analysis of the EPS. Further sea ice micro algae
EPS has few or no ice recrystallization inhibition activity. Also this study showed that the EPS’s
antibacterial activity is very high. EPS produced by algae and bacteria are considered different.
Therefore, If the experiment is proceeding more, it clarifies the detailed structure of each of the EPS
and perform research on various physiological activities, that provide an important basis for

identifying the role of EPS in sea ice.
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1.3 Exopolysaccharide (EPS)
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Fdth ole Z nAEe] AW 44 9 FAA AL T 5 AE @
ZAR=Nnie=

olelgt MEe Y RFEE FFHIF (homopolysaccharides), &3 tHd -+
(heteropolysaccharides)7} 1T}, & EHE-7ol+= levan, pullulan, curdlan 5 ©] 312

1

™, E3 oo & xanthan, succinoglycan 5 ©] )

Levan< U9 d-fructofuranos 7| E0] B-2-6)Z2 &l 23] 4w Ao
2, M QoA A HEC Levane Zymomonas mobilis =<2 Bacillus subtilisS}
22 saccharoseE 7| A Z ALE-5l= Mol Aol o3| A ET Levand F
/]2 levansucras (sucrose 6-fructosyl -transferase, p-(2—-6)-fructosyltransferase)©] 2} &

= AlEAE Lo g8 Ldojtrl

Pullulan> glucose® ©]Foix A3 sFudFoltt. Pullulane 7
&

maltotrioseSl t], ©]& 0-(1-4)-Glu-0-(1-4)-Glu-a-(1-6)2] AAZE o] Fojz AtgtiF
2 o]FojAQtt. EYE pullulan®] 3 S 2 E maltotetraose = o-(1-4)-Glu-o-

(1-4)-Glu-0-(1-6)-Glu-a-(1-6)2 AZH AlGFEX ZA3t} Levandt= e,

cytosolol] A g o] A E ez Hul g’

~
N

Curdlane -84 43 sFtdFoltt. ©o]+= D-glucose”} B-(1-3)-glucosid
Azgloll 93] 400~50071¢] 7= o] Fo{x At} Curdlan Agrobacetrium <5 2]
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Agrobacterium radiobacter, A. faecalis var myxogenes 9} -2 54 & A A
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1.4.1 Phyto-PAM (Pulse Amplitude Modulation)

=4 FF2 phytoplanktyon®] F R DAL SH o] 7hsste] A
Ao Fae Ax7t HaAdtH Phyto-PAMS G540 FF U o]59 &
& F7437] S8kl ALE AT Phyto-PAMS Thi F20] o3 334 &8

o
N|\"
o2l
_?L
u

Fv/Fm = (Fm’-Ft) / Fm’ = dF / (Ft+dF)

;

Ed)

rlo

o

Pulse Amplitude Modulation (PAM)2] 2= W] s FAXRE uf

S
rod

A% HEHoR FEslel, o5 FF AEE Y AL JNoR

o|N

T}, Phyto-PAM< light emitting diode (LED)E &3l 470 nm (3}%), 520 nm (%5),

645 nm (¥H-E W7, 665 nm (01 WA S| 4744 oS E S
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Synedropsis sp., Porosira pseudodenticulata ©] 73-5-, 7] WA 9 =¥ 5}
W2 EPS FEH vl AFoA 72 wj A= A} T} Seed culture: 2 °C,

34 % 0.2 A

Table 1 f2 ¥jA] ZA

Stock Per liter Medium Per liter

1) | NaNO; 75 ¢ D
2) | NaH,PO,2H,0 | 5.65¢

NaNO; 1.0 mL

2) | NaH,PO,-2H,0 | 1.0 mL

3) | Trace elements

Na, EDTA 4.16 g 3) | Trace elements | 1.0 mL
FeCly6H,0 3.15¢ 4) | Vitamin mix | 1.0 mL
CuSO45H,0 0.0lg

ZnS047H,0 0.022 g

CoCl,6H,0 0.0lg

MnCl,'4H,0O 0.18 ¢

NazMOO4‘2H20 0.006 g

4) | Vitamin mix

Vitamin B, 0.0005 g
Vitamin B, 0.1g
Biotin 0.0005 g
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M LFZEAF (57), Korea) R & 7]19137] (GSA Co., Ltd., Korea)E &3}o]

21 Uil WA § 20 L PET 7}5.©] (NALGENE, USA)Sl dB¢® 9533718 F
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Ao ALE-3 s w M ZF<Q Synedropsis sp., Porosira pseudodenticulata
g AP AlzFdoR A S5 2 °Co o]HTh e 252l -3 °C

]_

off

oA B@stel Belel 23 urt o AeolA FulHE EPSE 27 Hw

FN

STt

323 9% (NaCl)

Synedropsis sp., Porosira pseudodenticulata °] 7359+, + =7 272 44
st 3 5 A3 1)34 %0, 2 °C I 2) 34 %o, -3 °C, 3) 70 %o, 2 °C, 4) 70 %o, -3 °

CE AWy ddsqlt

33 EPS % B 54

rlr

EPSFZolli= Ethanol A HP), A= PSA (Phenol-sulfuric acid)H""<
AFE-SF AT

Ethanol X W2l 79, v S AAE2] (10,000 rpm, 30 min)dFo] g5 <t

S 343 U2 0.45 um filter 2 filtrations 2 Al 819 filtrate S 3] 5731 T ©]
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o
e,

sample 50 mLol| cold ethanol= 3¥}] (150 mL) X 7}slar, 5 °Ceoll 3417 Whx]
A% (10,000 g, 30 min)E A AEH T o5 FFHSFO 11 IARR ZmolFE

MWCO 12,0002] dialysis bag©. = dialysiss} ! T}

PSAW 9] 7d-9-, Dialysis *] 2] ¥ sample 2 mLoll 5 % phenol solution 1 mL<} 95 %

ZFab 5 mLE H3aL vortexdto] & 4o vk gte ¥e W do] TAstE

)

2 7 x5 xFsbele] HdAE doFRlo 1 F, 3083 WAL
SpectrophotometerE  ©]-83}9] 490 nmol| A FF =5 F435At}. ©]E standard

curve (glucose ; 20, 40, 60, 80, 100 pg/mL)ol HYst] =& A3

542 b= o] st Tryphan Blue 1 % stock

I

mAEFe AEE

solution 3 mL¥} PBS 7 mL& <3§}35}9] Tryphan Blue working solutions A %3+,

o

A ERF (2~5x10° cells/mL)el &3 2] Tryphan Blue working solutione & &

Tgslt), FAE A EHEF NS Neubauer chambero] Al|-9-31 2to}gl+= A|E9}
AP AMEE 3E oo E Algste] AE AEE %E U HA F
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3.5 Phyto-PAMS ©|&& F3d4 g4 54

HjeF AlZbe] w2 mAZRFe FFAHAE (Fm/Fv)S Phyto-PAM (Walz,
Effecltrich, Germany)S AF8-3to] SA3IAT 54 A HA 1583 MAZ/FE
AH-&A1Z1 ¥ Phyto-PAMS] ZE & 8, 16, 32, 64, 90, 120, 210, 295, 350, 435 pumol
photons m > s ' & A Ao} 20% AR AT FFAHAEES vS 2

o2 Artstitt

oft
HE

3.6 i o =4

5 g5 dge

=

=4 D-glucoseE AF&3}o] Phenol-sulfuric acid
Ho 2 490 nmell A FAATG. e Al 7]EskE AlE 2 mLell 5 % phenol
solution 1 mLE A7} & vortexslF . o 7] 95 % 32F 5 mLeS H7Fsta
vortexS ¥ U5 Aol 30 WASAT. 1t 490 nmel A 0.D.& A5}
Attt EFEE A glucoseE ©]-&sto] 9o TAdI W OoE Fedste] %
gatlth @A o] FeFS Bradford W o2 s T Bradford €Y (G-

250 50 mg, methanol 50 mL, phosphoric acid (85 %, w/v) 100 mL, <5<~ 850 mL) 1

-12 -
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T o 1 mge B0 ALEEATh AEE 1115 °C AR m2oA 4t3)

rol

T A E AA EAERE HESVE 94 TR FEFE AT

!

i

Aot Aupdolulo] = (sulfanilamide) & E+E 22 A& EPSO 2F&
B9 77 azvEadYE AXFE AZrEIHIE AMEsglen §EFE

o] 77| ¥A1S 93] Multi-Angle Light Scattering= ©]-83} S t}.

o] §-3to] 23S, acetic anhydride® AR} ¢ & EASATH. A2 E
HP-5MS capillary column (30 m x 0.25 mm X 0.25 um) (Agilent Technologies, Santa
Clara, CA)°|l Y43 5 7|4 azvtEady]-dzk F47] (6890N/MSD5973,

-13 -



botet.

off

Agilent Technologies, Santa Clara, CA)E ©] 83} &4

1 % EPSY ZFYIAY ATS Ciucanu ¢ Kerek (1984) Fle] wpio
2 Feetla, ool FuE 241831tk Hakomori (1964)°Ye] W& oFzk W
dato] FPsA T AR 2~3 mgS A471A dtel A 0.5 ml dimethylsulfoxide
(DMSO)°ll <1 $ CH3I 0.3 ml¥} % NaOH=Z WE 33l 73] wesls
A2 E 4 M trifluoroacetic acid= 100 °Col| 4] 6A]F &<t HE-g-5lo] AF 7F3-5
st FiEAow vdsty drE ofAHOEE Azt JteEs AbES
NaBD,E ©]&3}o] 315} 9] AL, acetic anhydride= o}A|E 3} 3}t Hit4 o=
W e 3ty ]S ol EH o] Ex= HP-5MS capillary column (30 m x 0.25 mm x 0.25
um) (Agilent Technologies, Santa Clara, CA)°ll T4t & 7|A] A=2wlE 13-4

2 E417] (6890N/MSD5973, Agilent Technologies, Santa Clara, CA)S o] &3}o] &

off

btk

A
&

S|
ax

Hm

3.9 EPS &3t 2 24t o

EPSS] #AF 322 barjum chloride gelatin WH o2 AA3A P Fg=
A"l HP-5MS capillary column (30 m x 0.25 mm x 0.25 pm) (Agilent Technologies,
Santa Clara, CA)°|l FY3 F 7|2 ZA=ZvEdgy-dz  2A7)

(6890N/MSD5973, Agilent Technologies, Santa Clara, CA)E ©]-&3}o] &2 3}t

14 -



3.10 EPS?] FT-IR 54

Az% EPS A& °F 2 mgS 100 mge] KBri} &§H3F 3 7 kg cm™9] ¢HE
o7 Fr3t MG A 23 vl AJEZ Nicolet 6700 FT-IR spectrophotomer
(Thermo Scientific, USA)oll &3t ~FAEHS 7| =3t} Hloly &3 =7
2 spectral region 4000400 cm™, resolution 2 cm™, 25 °C ©|lt}. ~HAEHL 10-
point LE] st wlo]x e wAUY. THE e FerE AAS)

7 HAste] 2AEYY o) EH5E AL

NMR 2 &2 60°Co| 4] JEOL JNM ECP-600 spectrometersS Al-&3}o] =43}

A%
i)
Z
<
=
5
e
3
B
o
@
lo
N

| ¥ F34= Z2E (1H)600.13 MHzO| t} EPS Al &
W 237158 GAAE 25 (D0)E 23] FAARE A F5EAR X
3

gttt HAE AEe A AR °F 10mgs 99.9% D,0 0.5 mlo] o] A %3}

At} 383 o] F TMS (tetramethyl silane)S xS A= dto] Hhd o=z
UENASITH DOH A& ol ¢ 5t We Ao Axg 2AgozH o
A8kt 1D 1H NMR A E# 2 JEOLAM A Al Féhs FATaa3e AL

ste] A shaAr,
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3.12 EPS9| &4tsl 34 A

3.12.1 DPPH A &dZ A2A%F

F

DPPH A &tz 27% =4S Xiong et al. (2013)P7¢] 7]<d WS
FA ko] AFREF T 500 pL (1 mg/ml¢t 0.5 mg/ml) EPS & 913 500 uLe] DPPH
(0.1 mM)°] ol gts &Hof FH7}skth. &= ascorbic acid (JUNSEI, Japan)
(10 pg/ml2} 8 pg/ml, 4 pg/ml, 2 pg/ml, 1 pg/ml)2} xanthan gum (SIGMA, USA) (1
mg/ml¢} 0.5 mg/ml)S A& 1023 A43HA 28¢5 £N8 25 ml
cuvette (Kartell, Italy)°ll %7]3L, EPS®] DPPH #}t]Zt 47154 BioDrop Touch

Duo (BioDrop, England)< ©]-83}4] 517 nmol| 4] 743}t DPPH #HZ A7

off

o ofd AN om At

DPPHANZ 2AF(%) = 1—(4—A4,)/ 4,1 x100

-16 -



Farslea oz 27% AL Xiong et al. (2013)P70] 7]&E WS
TAE ] A}LEAUTE SAHo AR E AlEE Na,HPO,-NaH,PO, & Mo 50

gl AR ALRsIG T =4 AJ8&E EPS S9 EPS PE 7+ 1 mg/mly} 0.5
mg/ml=Z =H] AL, =2 M ascorbic acid (JUNSEI, Japan)E 600 pg/ml<}
400 pg/ml, 200 pg/ml, 100 pg/ml, 50 pg/ml= 4] 3} 3L 3L, xanthan gum (SIGMA, USA)
o] 4% 1mg/mle}t 0.5 mg/mlS =H|S}FSIT)

42 A& 400 Ll hydrogen peroxide (SAMCHUN, Korea) 1 uLE % 7}3}¢]
< &3t AlojFAH vbg $ =42 BioDrop Touch Duo (BioDrop, England) &

AH&-3ste] 230 nmell Al A8 AL, TS B AAGS ofy WA o=

Al xkat i,
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3.13 EPSY]
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E AE "Hz2ad g
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3.13.2 A A ZEAS A

ok 0.1, 0.01,

X(—)]'o‘

=
=

splat assay©]-8& 3}

-
s

Al

EPS<]

go] ofo]

=

0.001 pg/ml= 3k &< 10 pLE °F 2 ME FololA

T
NI

o 574 °F 20 um ©]3},

)

e

ol

A @olAq T el

2

iy
<]
<H

]

o

°F 1 em®] ¢k dlol¥ PJEjrF frt o] o]

FwEA 8 ocE nAHE F= Ao Ao &

5|
“

AW =k Apole] Wil Aol

o

¥ o< ¥ (annealing) A1t} 18] 3L 60~120+

A}

KeN
=

gx4g ghvgt2 7] 53tk g2 52 /2, xanthan gum

ﬁo

of Zt AlgelA =27]7F H i<l 1074 €]

Az} A7) (MGS)

2 o=

A

bol g oz mwstgch

S

719} W

-
s

TdA 2717 A

o

Lol
e
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Ed ggne +3 Adden dehch gt A8Ads, 20 % 29
M| &, xanthan gum=- AF-&3F3Th ¢F=31H, E.coli DHSaE LB Wl A]ol] HE3F &
37 °Coll A 3FFH &t st o] 1:1002.2 3] A sto] sdujA e F

%33 0.D.600 = 1.29] o= ul 7}x wjLstATt. #S APAASE 1070

totr

S| A&ttt 84 e i 100 pls 1.5 ml vlo] AR FH BF5a HF F57}

7 F LBHA WAl AP S2F F 37°CNA SF B wpFatgict.
7 Ame FRUSE e st duHor ey

=22 -



4, Ay 2 iz

41 FA A VAT 0

FN

Ao 2 EPS Ak

R

1

4.1.1 3" A AZRF 229 AF

i

A v A ZF T F (Synedropsis sp., Porosira pseudodenticulata) S O] %0l &
Al=Elo &2 2 uj#] 20 L ol 2 °C, 34 %o, 2000 lux ol A 23 L7+ wjfstaltt. 1
A3} Synedropsis sp.= 2.4E+6 cells/mL (Figure 2), Porosira & 1.4E+4 cells/mL

(Figure 3) Wl &= it
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3.E+06 24E+6

2.E+06

2.E+06

T (cells/mL)

1.LE+06

r O~

I
.

A

0 5 10 15 20 25
Hl} & 7] 7H(day)

Figure 3 Synedropsis sp.2] ¥l g Lo u}& A X5

2.E+04 L4E+4
1.E+04
1.E+04
1.E+04
8.E+03
6.E+03

3.7E+3
4.E+03

A 3= (cells/mL)

N
W

0 5 10 15 20
i} <F 7] 7H(day)

Figure 2 Porosira pseudodenticulata®] W FQol w& M E5F
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412 W wAEF S wE EPS A

ol

MH mAZFe 2% 2 dxo wE EPS AAHNHFSE 259 dxE F
A A EFIF ASstE AEsE 2 °C 9F 34 %S 7|22 A AHA ~EfYA

MR 3 °CS 0% Frse] B 47k 2UOE 1497 AP FAT

>
jaii)

rieh

a3 F 2F EF @44 2Eds gz’ 3 °C ¢ 70

%0°l A = EPS

i

7

Lo

A8HA AW A= EPS & /3383 Th (Figure 4,5, 8,

9). 29

lo,
rod

A5 -3 °C o =7 Synedropsis sp.= A= THE Gl
EPS & A9 AAsIA &+ A& A5 aL (Figure 4, 5), P.pseudodenticulata
14 A2pell A A2 EPS & A8k A& <18tk (Figure8,9).

e ol o3k Aol (34,70 %)= T FFH BT 14 APl A 34 %0©] 70
%l Hl3] °F 2 wje] EPS & U ATt (Figure 6, 7, 10, 11). o]& W2
2xo 93] EPS & Aste @A EAo] yolA oy AE YEUE

Ao w Helt}
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(1) Synedropsis sp.©] =% B QXo] W& EPS A HF
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Figure 4 Synedropsis sp. -3 °C, 34 %02] EPS Al A=
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10.0
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Figure 5 Synedropsis sp. -3 °C, 70 %02] EPS A A=
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(2) Porosira pseudodenticulata ©] =% 2 @A&xo| W& EPS A ZF
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Figure 8 Porosira pseudodenticulata -3 °C, 34 %02 EPS A ZF
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Figure 9 Porosira pseudodenticulata -3 °C, 70 %02 EPS A ZF
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Figure 10 Porosira pseudodenticulata 2 °C, 34 %0<] EPS "J} ’é =+

EPS & E(ug/ml)
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Figure 11 Porosira pseudodenticulata 2 °C,70 %02] EPS A=
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4.13 i Az @40l wE FAdEE
iy wAERe] &E % 9E @A mE FFHEES SHE
flstel Phyto-PAM= °l &3ttt 54 A ZFS 15w dASAN F

2R 0m, 2L 8, 16,32, 64, 90, 120, 210, 295, 350, 435 pmol photons m > s~

fr
il

2
o
2
[\ ]
S
P
)
Y
o
i

N'
O_|_4

Aot 7 =7 BT ddo dx=sAE 34
%ol X B3 agol 7H =A HErR e (Figure 12, 14, 16, 18), 373 4]
2EY 2 Wz 70 %ol A= AiA o ® UE FAE YEr AT (Figure
13, 15, 17, 19). 18 o= Fad 2FolS Holx &odt} o= -3 °C

3 FeAdel dHE mao @40 "oXA 7] Wi Aom Helth
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(1) Synedropsis sp.2] <%= % Axo] w2 F3A yield

S AARa NN

oA 29X sAF 7®EAE oA A 13K 15K

Figure 12 Synedropsis sp. -3 °C, 34 %02 33A yield
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Figure 13 Synedropsis sp. -3 °C, 70 %02 J3A yield
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Figure 14 Synedropsis sp.2 °C, 34 %02 3A yield
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Figure 15 Synedropsis sp.2 °C, 70 %02 334 yield
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(2) Porosira pseudodenticulata ©] <%= 2 Hxo wE FFA yield
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Figure 16 Porosira pseudodenticulata -3 °C,34 %09 334 yield
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Figure 17 Porosira pseudodenticulata -3 °C,70 %09 334 yield
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Figure 18 Porosira pseudodenticulata 2 °C,34 %02 334 yield
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S|
&

Al

422 W WAZ=F] EPS A 2 54
() A 94 4

" M| Z=F Synedropsis sp.2} P. pseudodenticulata®l| | &3+ ML TS
Z}7} EPS_S¢} EPS_P= "™ alqlth. %3k EPS_S, EPS PO U] 7}A] A&
EAS AASFATH EPS_S€F EPS P Z4719] - B 263 %% 6.25%, T4
= 3.88%%} 1.96%, HAE 1.57 %9 0.09%, T2 543 %2} 7.9 %% Th (Table2).
o] A= F EPS EFo sHibel Lweo] EAdvs A vy shA Rt

EPS PO 7% the gRAi7t P EFHe g dEux Ytk weba
o

Table 2 EPS_S$} EPS P9 94 ¥4

ELement ,p.pasiton (% wiw) Compostion (% wiw) Composition (% wiv
Sulfanilamide EPS_S EPS P
% C 41.81 26.3 6.25
%H 4.65 3.88 1.96
% N 16.25 1.57 0.09
% S 18.62 543 7.9
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=]

@) FEA} e FF L TG =Y L EAY 57

ij|\

Table 3¢l 4 EPS_S°] 7t A& #4& A skl th EPS_S& 59 % &4,

GdFe £AS AHHEW fucose, thamnose, xylose’} T8 AR oz 7+7}
36.2 %, 27.9 %, 23.2 %= AA3tH galactose, glucose’} W& Aoz 717t

11.2 %, 1.4 % =A3c}h mAZ2FolA AEe] g o2 fucose, thamnose, xylose

Se Fa TAYoR dAAYLHY FA FUAH FEFRI Synedropsis’t
$AFE T AERoR ARAY A e Russ Ao wuE,
Be i gl ugRe PAL B W Synderopsis7h Blsh AES] oy

(EPS_S)> S}4F 377 (sulfated fucans) o= A3 7} T}

2

EPS S9] ¥ A28 MALS (Multi-Angle Light Scattering) Tl €] ¥ 7} 215
HE ARvtEaH v 2 FA3S ) Figure 233 o] 2F=%E< EPS S& =

ZrtEafo A AA 5 e ek dEbssdE A A S9-Els 35-38

¥ Apolol, F wlA Bt o 48-51% Abolo] £EH. ol 2FEE
of #AF AR} ohlehs A om@tt 7 B9-eel sYsh: EPS AR

S MALS dle|B = A3 & A3, 247} 83 x 10° Da, 7.9 x 10° Da®] vt B3
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Table 3 EPS_S 24, 34t &= € #4443 =4

Components EPS
Uronic acid(%) 5940.1
Sulfate(%o) 40.4+0.7

Monosccharide content

Rhamnose(%o) 27.9
Fucose(%) 36.2
Xylose(%o) 23.2

Mannose(%o) 0.1
Glucose(%o) 1.4

Galactose(%0) 11.2

-39 -

ul

ok
QF



€V

HO
CH N
Ho I oo o) HO o
OH OH OH OH OH OH CHs OH
OH o OH OH HO OH

D-Fucose D-Galactose  D-Xylose L-Rhamnose

12.169
12737

18,742

L 1&!72'8'

n 17’0 170 14'mn

15 RN 170 1’ 1a'n

Figure 22 EPS_S9| 2 743¢ 38 7= (A) B EPS_ S AT 249 && Z=HYB)
YZXE rhamnose, fucose, xylose, mannose, glucose, galactose
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Figure 23 EPS_S9| A% I=2viEdd v e §& Z=299Y
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423 EPSO| &34 4

(1) FT-IR &4

%3k EPS S, EPS P9| FT-IR 2~ EH S Figure 249 YEFH AT Al 59
FT-IR 2~ E"] 34 AL #dS Fasigof@i Foje) ~dEQS B
™. 1219 and 1211 cm™ IFro] Z38ta 51& A oM wjEo] Hol= dH), o= 3}

2B Al 2H 9 0=S=00°l <]t v AH A A% 53 COH, CC, CO HEFE°] 7]
oets Aoz di4 & = k. o] e Fxrt a3l Aol u g g

3 840 cm™ ¢ A& = galactopyranosyl &7]9] Ak o ~E7} & Wheko w &

ed

off

3 AL WAoHB 2w 840 cm™e] 2157} AL T o7 Fio]
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oY

A

M

=)
i
o
(0]
Qi‘
o
(e}
o
o
w2
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o)
S
=
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w2
=
5
o
o
(OS]
(@)}

anhydrogalactosyl 9]l 2-sulfate ester
awel A Ve AdS &dd mAE 5 el 5869 587 cmo] A oA o]
= sulfate 0=S=02] W& ¥ thd W] <oJgt} 1g]al 1200-970 cm™ 2] A

9 mEe F2 Igrolt 1 CC, Co AT FElzmAY Ao coc

off

A Ao olat), RE tgFE= 53] o] KA A HEHA T4l
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Figure 24 FT-IR spectrum. (A) EPS_S, (B) EPS_P
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(2) AA7]EFH (NMR) 4]

Figure 25¢] EPS S 1H NMR ZHE# dHolHE E4& HW fucose,

e

L

2

rhamnose, xylose®] 54 & TOR

%
17
>
M
1%
o
o,
M
ofl
jin)
-
o,
i
X

Aa Fh 7 g3 G2

Lo

ol S A= 5.0ppm FF (A)lA LERLH,
T3 7t o d" FEo] 1.2-L4ppm A9 (B)ol LFEhETHOI gaislE H,
H3, H4, H5 A 552 4.10914 4.66 ppm (B AAhol A yehd v 3kxk31 5 %]
¢r o H2, H3, H4, H5 21352 3914 42 ppm Ale] (C AApolA vepsttt &

3 oMEs 15& D AAdA T2 e
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X : parts per Millioa : 1H

Figure 25 EPS_S¢] 1H NMR 23 EF (600 MHz, 99.9 % D20). (A) & A& 39 ol=2n FAA,
B) F2tstE T H2,H3,H4,H5 (C) ¥|3AtstE B¢ H2,H3,H4,H5 (D) B9 HE1F ¥4
7} (H6)
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T UM (Figure 26).

Porosira pseudodenticulata Bt} 32| &=Fo] = Yk Synedropsis sp. 2]



A S EPSE 1 mg/mlS W

ully

I o]E 343 0.1 mg/ml, 0.01 mg/ml o] &
Zol A FA4ETE EPSE =9l 99 AS 45 AAo A He S
717 FEN A, F2 2ERAE JAdgHd e o2t §aEHY|E §Is

71= sk Ees Btk wEkd 27 fel EPse] gl 2k o 24

2 Synedropsis sp. Synedropsis sp.
02 1494}

Figure 26 WY 3 EPS A 89 9% ©@2R Y
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(2) EPSe] daA124s qA &4

ol

X9

of A77F AAEA Al

deAdgst JAA=

T 78 %

|

b

o
Chy

}3l, EPS PO

=3k

EPS S0.1%2] 2% 100+4.4%% {29 5

%

oA R W S2skAl UER T (Figure 27). B AlmClA

=
()

2 37HA

ol

7A
o
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Figure 27 Xanthan gum¥} EPS A9 A-3AZ2A3 A &4
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(3) EPS9] d&F2 #A

EPSS] A5 fA AFS F=374 FAE At A49S FY53A
o} (Figure 28). 7} Al&o] did] &3t A3S 33 wHEste] AAs3Th 1g
3 EPSO d&-&F Ao EPS AR R A Z EPS S wow AAES
b tx7"= xanthan gume AR&3QITH D G & EAeE S
5ol mAE 7] witel Feo] Keffs g2 3 120 2ok 2 AgeA 2
2 A g2 A AR Keffsi= 0.44 + 0.0135S R ATE (Table 4). ©] %k
2 Ewert®} Deming (2011)P%o] #1218 039 +0.012 A<l dA g} B3 A

Ee vty g SojdE= A fro ETE A Fo Ao Keffs 4

%
m\

HA Aow o3 5 At oA viel o] A x4l Aale] o
= H3 A2 A3 A vl A= A xanthan gum ¥} EPS S+ ZH7; 042 +

0.029} 0.44 +0.025 B9t}

Table4 @2EF A.- 5o o B

Salinity (%o)
Solution > s ¢ Kegts
Initial Ice Unfrozen
F/2 35.5+0.5 15.6+0.3 44.7+0.6 0.44 +0.01

Xanthan gum  35.7+03 153+0.6 413+1.2 0.42+0.02
EPS S 35803 15.7=+0.38 453+£0.6 0.44 +0.02

‘Initial = B4 Ao =7] F8
leets FEIAE B A A&

‘Unfrozen & €A ¥ 8 FESS 9|



AL tdo] A5 A F2FEA oot A3 AR Keffe @
B Aolar whek Fzbo] HTIH Keffe #ho] Keffs Bl & 3otk S0 57
= 1 A3 oA xanthan gum¥} EPS S¢| Keffet™= Keffs®} A9 w3t z+z}
041 + 0.012} 042 £ 0.015 XHSITh (Table 5). Xanthan gum<> Xanthomonas
campestris7t RSk A E L] thFolojA e FastEE AS53 7 A

ol Ael flv Ao®m Ao = = ARSIl Ay gl et A

Zpo] o] FojA A ¥ Aow e 4 9lth Xanthan

A Aol o

r
o]

gumol| T3k Keffs9} KeffeH], < Is& HW AL 19 & yeldy. ol

rlr

xanthan gumol4t ¢ B A5 A 22 ARE aAdgE AS vtk
< xanthan gum< & F&o] o]Fojx|x] && Aoz & 4 vt Ewertd}
Deming (2011)P%& s WA vl @]o}el Colwellia psychrerythraea®] EPS-Z S
2 A¥S F8 EpSUt Aoz I FaREATE oAE AASAT
W w M ZF2 Synedropsis 42 EPSE AS3to] FFo] ol HE7} QS
Ao ogd & At sANE o3 2 EPS S+ AAl I3 ARA 42

T2 o4 2t o 49 A% wang
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Table 5 53 A-F9 F9 =

Carbohydratecontent (ug/mL)
Solution

offE I
Initial® Ice®

F/2 0 0 0

Unfrozen®

Xanthan Gum 62.9+0.8 25.71+04 777109 041+0.01 0.97=+0.05

EPS S 633+08 265+05 76.2+1.1 0.42+0.01 0.95+0.08

“nitial & S A 7] FEAE ou]d},
leets FEFIAE T AEIT 4SS vt
‘Unfrozen< €A ¥ 589 FE2SS& vt}

Figure 28 EPS9] ¥&&Z #-%
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432 EPSe Al &A

3

(1) sts &4 54

ged 2= gy gakskAl vt

-

a efrizol @

915t

il

Z¥

1—>

-
KL

1

g, & = dud LAl Frtelen,

8 pg/mle] A EolA 50 %ol gz 2458 WAt} xanthan gum¥} EPS

Age Btz 2759 4% Xiongetal (2013)°79] Z Ao A= xanthan gum-

=R

T

1 mg/mlol A 50%4 =2 S48 Ve o=

A 3ol A3} (xanthan gum

-
1

v

ol 4% 1 mg/mloll A 2 %2}t 2to]E ®PE=d L o]FE  Xiong et al. (2013)F7

}1\1_ o 7

o A% A3 GE o 49

8-3}o] xanthan gumS oligo FEZ 3] 51

S 7] witoletar Aztstth, -8 gk polymer @ Eje] EPS®} H|ul3}7]

F%

915ko] xanthan gum= polymerdEjoll Al 238ttt Xanthan gum¥} H]uld}o]

o

EPS®] 749 1 mg/mloll Al EPS S; 8.31 %, EPS P; 5.17 %= KU} =2 ZuZd &
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5S HAY (Figure 30, 32).

=72 AFE3SE ascorbic acid®] FAFsF #HZ AA Sl A ascorbic acidi=
400 pg/mloll A 50 % ol e F4bst Hyzd A7sS ®elow DPPH vz
AAT BRus asEdA €48 B AT (Figure 29, 31). xanthan gum¥} EPS A
w29 FAkst g7 450 Al xanthan gum-> 1 mg/mlol A 15.78 %= DPPH
Hod 2ATRY =2 A4S BT EPSY A$ 1 mgmlolAl EPS S;
17.46 %, EPS P; 27.66 % % xanthan gum®. U} R5% =& A4S ey
EPS_S¢} EPS P9 7d-¢- DPPH €@tz &7sHT F4k3t gz &7 5o ¢

=t} (Figure 30, 32).
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Figure 30 Xanthan gum(XG)® EPS A|£¢] DPPH FHdZ £A4%.
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Bolom, EPS SO - At 0.4 (0.1 %, 48A13h)e] @ x}7} dAEgl o W
0 %7F WAL, EPS POl - Fimel whH ek Adh uEbst
(Figure 33, 34). o] A¥ = w]Fo] Hol EPS S¢ EPS P9 49 &+

7}2l EPS7F EFo] ® Ao =® AZEY EPS PO AS- daEHAE UM

#7F mw) gk EPS7E A
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i
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Ol
X
M
00,
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fol
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ftl
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e
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v
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esl
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W
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1o
o
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Figure 33 Xanthan gum¥} EPS A E& 3718 E. coli®] AEE 24470
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