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Study of cold-adaptation of sea ice microorganisms
under Arctic environmental changes
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Application research and adaption mecanism of sea ice meiofauna on the Arctic
ocean environmental change.

Purpose and Necessity of R&D

In terms of impact on technology, now sea ice is on the decrease and the rate
of decrease also accelerates. This resulted in the decrease of salinity of surface
layer water. The inflow of the North Pacific surface layer water and the increase
of fresh water from the river of surrounding continent that has a relatively low
level of salinity causes the Salinity Decrease phenomenon. Because of this,
global thermohaline circulation is directly affected.

Because of environmental change in Arctic Ice-covered Waters, the analysis of
effects on the sea ice ecosystem by a sea ice microalgae and a formation of sea
ice will be an essential research to understand the Ecosystem Change in Arctic
Ice-covered Waters.

In terms of impact on economy industry, if the decrease of Sea ice in the Arctic
continues, It will be expected to cost at least 400 trillion dollars by 2040s. A
scientific evidentiary material is strategic platform that will be utilized in

accordance with these Climatic Change.

Contents and Extent of R&D

O Sea ice microorganisms culture

- Securing of EPS and/or ice-binding protein-producing sea ice microorganisms

- Sea ice microalgae culture system constructed bulk



O EPS and ice-binding protein extraction from culture media of microorganism at
various conditions

- Comparison of EPS and ice-binding protein production at various conditions

- Collection of reference material about EPS composition from microorganism

O EPS extraction used Ethanol precipitation and analysis
- EPS extraction at the optimal culture condition
- Ice-binding characterization of EPS though the temperature history activity,

ice-recrystallization inhibition activity and ice absorption test

IV. R&D Results

O EPS composition and characterization of sea ice microorganisms

- Exopolysaccharides of Synedropsis sp. is sulfated fucans because that is largely
composed of sulfur(5.43%) and sulfuric ester(40.4%).

- Component sugar analysis and microscopic analysis show that main
polysaccharides is fucose(36.2%) and rhamnose(27.9%), xylose(23.2%) and minor
polysaccharides is galactose(11.2%) and glucose(1.4%).

O Ice-binding characterization of EPS

- Ice-crystall shape of extracted EPS from the algae culture media is similar to
xanthan gum and that from the bacteria culture media looks like bacteria culture
media. But all EPS doesn't show temperature history activity and
ice-recrystallization inhibition activity.

- In ice absorption test, Is values of xanthan gum and EPS_S are 0.97%£0.05 and
0.95+0.08. Because there is similar 1, we think that EPS doesn’t bind to ice.

O Bioactivity of EPS

- Hydroxyl radical scavenging activity of EPS_F is similar to that other of EPSs,
while DPPH radical scavenging activity is a 15-fold higher activity compared to
the xanthan gum used as a control.

- EPS_F 1% showed very high survival rate (24hours; 70.66+5.4% and 48hours;
66.13+2.0%), while EPS_S and EPS_P showed 0% survival rate. These result are
not as expected. Thus we concluded that EPS.S and EPS_P have antibacterial
activity from the results.

V. Application Plans of R&D Results



Utilization as basic data to culture technology secure of sea ice microorganism in
the Arctic Ocean.

Search for the useful genes through the analysis of environmental dielectric and
research for excavation of cold-active enzyme that is related to adaptation
mechanism.

Supplying preliminary data to investigate the role of sea ice EPS by analyzing its
components and physiological activity.

Correspondence possibility for numerous economic loss caused by the decrease
of sea ice and the global warming in the future.

Expectation that is helpful for industrialization of exopolysaccharide that can be

used for food and dietary supp



R T T A B e 10
Al 1T A QA o 10
R 2 A B A e 11
A B A Q] e s 11
A 2 FA UL FIETAPEE FABF c-vovveemseesesenssensionsscnsscmstintisstisstisstusstusstusstussssssimssinssisssisssisssinssisisstisstisstssstisstssstsss 12
A 1T A FEQ] Z]ZTNEE FIBF v 12
A 2 A S Z]ZETREE BB v 13
Al 3 A FEFE ZIE e 13
A 3 A ATANEFEE] UJR T Z T o s 14
Al 1T A GTFINEE GEB U R et 14
A 2 A STFINEE GEB] T I e s 20
A4 AFEMDBEE DAE D QA eIt 50
A 5 A ATAMDATL] BREA T] -oonrrermrerserserstrstssstitistisstusstasstsstrser sttt 51
A 1 A AFATIE] BTREHEGE coonsiensienssersististustistusstististusstisstusstnssonssssssssssssssssssisssisssssssinisstasstusstusstssstssstssstsss 51
A 2 A VAT W TFFE BT oo 51
R 6 T TL I G e 52



A oA

A 1A e

=
Z T
N

A

7]
O 20129

ﬁo

ar

Boarol ojstd, A

e

[——g
"o

S

o

Aol wlaste] ok 40 %7}

=}

o}
ojn
oV

o
)
M
T
o

Mo

g

7hE ke o] 2007 99 o] F X 5

A177 km’®

4339 km’=2 oo 29 & &) o]

3

BES

164

. 2007d 94

As
2011 9¥Y 159

&t

A

o

-
T

o
e
Mo
MJ
ﬁ

7
Nlo

ZO

&
BR

T

9]

ZO

-
st

3

SEE

ks

oA A stel 4

1o
=

ox

)

:.mﬂo

o)
~

Bl

171 | (45 2, 2012)

jn
A

A A =

A Al v

‘Zr!

ol

N
o

alo
®

ﬁo
%

~
o

z‘ﬂl/g S|

O AF Azge

)

VTEE

£ o5y 9

, olol

=

o

2040 7k A A 4 400% <9 715 E ng

37k A%E A

il

]

(Whiteman, G. et al., 2013)

e A A
B

o
T

3} 2

Fol g3

o

|2 Wz
o9} el

29, %4

ﬁo
W
"o
0

ey
T
ﬁo
o
o)
N
Mo

o
&4

el

|

Z] o
)

o thzpajelm A A

7

.

= ol Aer

10



gomyn =

=

o}

oy

oo

A AR o

]
S

shgoz A4

=
=

3 o] A

iy

A 2 A

g o ok Al

3

o]

o] thAl

3] A olv o

r- L
T

o] A A

hya
s

o) A

IR R B

S

O

BRI

s

}1\_]_,

A

=
=

X

weba Al

et 24

EEERE

o] #@wslel wzk A

—
=

Wala ol

ol

o
oy

=)
1=

A 3 A He

AL
00

o

g
g

U3 o

P EPSe| @

S
pud

4w 2o FR

N

O

SR

k

0

v ¢

O

No
T
R
£

Y

9] &1

B

Al

ol
=

3

N

O EPS9 %

O Small-scale cold-finger *

11



T

o

ol O

(¢

H 2 & =de [

s grobgol Wl o

A1 A =2 7leid @

Calanus hyperboreus ¢ C. glaciali 7} ™A %

i

8

|

| C finmarchicus & WX %A

Ry

JaEe

Hjn

o

o

M
ity
=

<

o)

N7~ Arctogadus glacialis = Ul

olFQ Gadus morhua & V71l 91 (Shiermeier, 2012)

=0
o

F)e)

Ae

5 )

-
.

A7

o7 43 F<9 (Krembs et al., 2011)

v Al 252 Melosira artica 7} A

EPS7} &j

-
T

2

o

A wrsv] wehd 9 Aate] ol

S

H7bs

[e;

HA o2 A

&gl EPS7t

S

9

o

w

I}

—~
o

il

o))

g

5= 4

fym

=

- EPSQle AZe] ehu

sH
hin

vl = dlvto g ©] Raymond L7}

-

-

ofA) w2

SE

T

1

-
)

h8A

a
Tol th?

uﬂé_,

=

v o

2 3 F<Y (Raymond, 2011)

i

o
Wi

B

glgfokel w A

1

il

—_—

Hl:l

J

An

=

4% &

o
=

15 n A z59k vrelg ol A

3]

SEERR

3

U
N
oY

R

ol
oy

L

;OL
a3

R
7K
ol
o)
oy
mo
o
0
‘Wo
._i

DMS 2 o]

T

-

i A el Al o] R st

12

9|

TE
243,

7141?21 DMS

2 o] A

A

7] %
J o

S
~

A
Pl

2

R A b7

3

o] Az}

0 53



s %

Al 2 A S 7]

kel ey A= T el sl A A e

(o]
-+

1.

o
o
ol
i)
=
o
=K

o

o

B!

or

™

zel
il

B
TH
e

Mo

o)
)

i

o

i
)
N

o
700

1

EE

O H¥

==
3

]

W Aedael =

ol M s A =

=
|

EEEL

2.

ATl A F

Eis

3 BTE ok A 24387t 7Hs

=
°©

K

—
o

olp

%

o

0

o

A3E FHEE

| BN AT

o] Tl WA=

7} 24

sholl utet efrd el Tx= A
e

o

op

e

L
s

-
o

= A DA I AEjAel v A

o

)

g Ads vgew dA g4dwste] u

ﬁo
B

I 2 volzh Aol wA

K

Wt 5

Ho

13



H 3 & daidsd HE & 22t

A1 A dFNE 38 g

1.8 2ALE 3 AT &4
7}. Bacteria©l /] EPS 2 glycoprotein AAd ol sk Aa A
. EPSE Aitste mAE

5+ Synedropsis sp.2} Porosira pseudodenticulata®©|t}. Synedropsis sp.&= 7|
2 oux] 2 dAxwisle w2 EPS &5 vl AEdA] /2 ¥A] (Guilard R.R.L. et al.
1962) & AFE3}9th. Seed cultures™ ¥ 7 EF 2T, 34% o2 AA &R, Eujoke
seed culture 7S 103cells/ml= ]2 ste] F Ul7bA] &4(D27TC,34% @27, 70% -
3T, 34%0 @-3TC,70%)oN A Al HA A A3} ok

(2) 3 ‘9}5]3] o}
A& 5+ Flavobacterium frigoris PS12.2 18k SAto|y W= WE okujr} o]
el A e d drel g ololtt. 71 WX = Marine broth(Difco 2216)& AF-&31% 1, 9
% (NaCh®Wglel] u2 EPS F=%F vlu Aottt A% Fx4do] 7153 Luria-Bertani
brothE AFE3FA T Seed culture™ 5TCAA Bl Yaar 2 vl Y2 seed cultureE 1:100
3 3te] 5CAA 200rpme 2 AA st EZT 2 Colwellia psychrerythreaes Al-&3)

o viagEe HA 4, Sdd 24 9 EPS At =4

A7 AEE SAL g5 #Zo] ¥, Tryphan Blue 1% stock solution 3mL
3 PBS "TmLS £%3}o] Tryphan Blue working solutione Az 3t} A EHF<f
(275x106 cells/mL)°ll & %2 Tryphan Blue working solution< % %<& E¢3kct, A1
H MEFFALE  Neubauer chamberdl A|-¢-31 2olols= Az e} APE AEE 33 ©
of A AFsle] ME AEE %E T HA F 2007 ol MEE A v
Hlglole] A2 595nmeoll 4] Optical density® 274 5l t}.

Ay
ol

(2) phyto-PAMS o] &3F 334 &4
vk Alzhe] whE w A xFe 3

o

3 & (Fm/Fv) Phyto-PAM (Walz, Effecltrich,



Germany)2 Abg&sle] 248 A, 24 A Ha 15870 WAZRFZE gLz &
Phyto PAM®] A¥ Z%+ 8, 16, 32, 64, 90, 120, 210, 295, 350, 435 umol photons m—
2 s—1 = AAse 0% Aoz 2. FFHELLe g8 Aow Aasgr)
F (F, —F,)

v m
= Fm= HUEFEE&, Fo= HALPFE&

F F

m m

(3) ¢5 2 gxol hd HFIA, FFH B 2 EPS 43

e gme) Wl Adste Bulg £x9 208 FX8T, L T ¥

de 2 AAste] 2000luxe] FHFE SHREFFT. F7GF7(AMLFZHAHF), Korea)

371917} 71(GSA Co., Ltd, Korea)g &3to] W44 dFel H A 20L PET 7}H o]

(NALGENE, USA)el "it#l o5F371& Fdste] 71w g éAlé}%ﬁ zddBE
35 7} proluld dWiFv| 7t HAdEA FEHEA 2H

Zdsk9

H>
g

o] ol X £ 5%

(2) ‘3H H]) H]—Eﬂg]()]—
v} X = Marine broth (Difco 2216)& AF£31t). seed cultures= 5 C, 200rpmol A 724
7HS w2 e seed cultureE 1:1002.% A8 HFstz 5 T, 200rpmell
A T2AZEE g, 5 T 5 TR &% 2 Wk § oA A wider 21 Wl

SEE 19A, 293, 3LdA7EA 9] wjgA S HE AFAE MEHSAT e AEHEE
I gl geke skl
1. EPS #%
s wAlEFol BtEElele] EPS 52 sdS WS AHEste] stk s
AAEE (8,000rpm, 40min)ste] AFAE 378t rh. Crude EPSE  wREsHAAl cold
ethanol 3 vol& #H7lstal 4 ColA sE9aet WA 5, 9422 (8,000rpm, 40min)3}t
of A& FAGAT. A AA F Foid= dH %‘ TE %S’iﬂr GHE FAY

(MWCO 1,000)0] @i AFLo]x T8
of ¥ & &AE FAY sHAHxE

= B3E e 75 F D-glucose= AFE3}e] Phenol-sulfuric acid W 2.2 490
SA3A T (Dubois et al, 1956). FteFelAl 7|=slH AlR 2mLol 5% phenol
solution ImLE A7} & vortexs &3ttt ol 7)ol B2k (95%) 5mL<S A 78k vortex
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E ¢ v Ao 308 WASA T 1 v 490nmel A ODE SAsH deeEd =4
= glucosee ]%3}04 At sds WRHor Fdsto st dwze g
Bradford ¥ el gt (Bradford 1976). Bradford €< (G-250 50mg, methanol

50ml., phosphoric ac1d(85/ w/v) 100mlL, distilled water 80ml) 1mLet A& 20ulE &
ek oS A2olA 5EIF WA ST olE 595nm IHHANA FHEE SAHTC FEEZ

=42 BSA(bovine serum albumin)E ©]£3}e] 24 51 o}

2t EPSe] A2 4 4 2 A7|uA 2=vtE2 Y
EPSO) WA, Sa, Ak, A4 # 5 A9 A% Mpg 2
(Elementar, Germany)g ©]-&3le] F3stdtt. dxd EPSE s & A
of Al&sAth AEE 1,115 °C AR m2oA 2t #8d & FdAAS AR dA=
L AE7I2 4 Ti9 dFe S48 n. dydolriol = (sulfanilamide) & &=
Aw AREslglt. EPSe 2F:5&9 A7 ArviEdfy s AYSF AmvtEI2g9E A

3o &5 AV BAL 98] Multi-Angle Light Scattering< ©]-83} 1 t}.

vl EPS @8 B S 3AY A4
EPSe] & A4S #4445 fs EPS ¢F 10 mgS 4 M trifluoroacetic acidell =<1$ 100
°Col A 6A17F &t 7hEs] stk 7hk TL‘H TE& ML NaBD4E ©]-&3to] 9,
acetic anhydride® o}A2 3} sl th A5+ Bao ¢ You (2011)WH oz BEA&%T. A&
£ HP 5MS capillary column (30 m x 025 mm x 0.25 pm) (Agilent Technologies,
Santa Clara, CA)el +3 = 7|4 azuteEadgy-d= E47] (6890N/MSD5973,
Agilent Technologies, Santa Clara, CA)E& ©]&3}¢] #2433}
EPSe] =2l ZAY A2 Ciucanu 9 Kerek (1984)2] WH o2 F3Pst¢ a1, ko] HH =
A8k th Hakomori W& oFgF Wi sto] 8ttt AR 2-3 mgs HA7]A shelA
05 ml dimethylsulfoxide (DMSO)°ll =<2 & CH3I 0.3 ml3} &% NaOH= H 43}t
43 wEsd AFEE 4 M trifluoroacetic acid® 100 °ColA 6A|7F <ot Hb-g-slo] 4k
7} -3l sk 3‘5‘@. oz wWEHstd duE olAEHIlEE Axsitt. sbgiE] AbES
NaBD4& o] 83lo] 39389, acetic anhydride® o}AME 3}t slAch. FEH o2 vesis
Adt]E opAH o] Ex= HP 5MS capillary column (30 m x 0.25 mm x 0.25 um) (Agilent
Technologies, Santa Clara, CA)dl FYs = 7] A=ZvlEagy -z 2247
(6890N/MSD5973, Agilent Technologies, Santa Clara, CA)Z o|&3lo] #4383t}

vl EPS ﬁ‘rﬁ g B 24
EPSe] &4F sFekS bharium chloride gelatin W o2 ZAAE AT} (Souza et al. 2012). =

g FZAY  HP-5MS capillary column (30 m x 025 mm x 025 um) (Agilent

Technologies, Santa Clara, CA)dl FYa = 7]A A=zRvlEady-AHE FA7

(6890N/MSD5973, Agilent Technologies, Santa Clara, CA)E ©]-&3}o] 433t}

QQ{;
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Ak EPS9] FT-IR &4
Azx% EPS A% 9F 2 mgs 100 mge KBr#} &3tk & 7 kg cm—2¢] g8 o= Frst
Aes APt (Yu et al 2007). AEZE Nicolet 6700 FT-IR spectrophotomer
(Thermo Scientific, USA)dl BAlstz ZHEHL 7|5t dHolH 3 12
spectral region 4000 - 400 cm-1, resolution 2 cm-1, 25 °C |t} A2FEH L 10-point
Ay P wol~ gelE wASAT THE s FeTE 4GS fste ~HAE
gl oA w=i4E ARE S

ol. EPS¢] NMR 4
NMR 2382 60°CollA] JEOL JNM ECP-600 spectrometers Ap-&3lo] =
spectrometer®] 7|2 F3+= ZZE(1H) 600.13 MHzo|t}h. EPS A& U
A= T D20)2 23] sd10xE AAste] TaiaE A HAE
2 9 10 mge 99.9% D20 05 mloll o Az §3+74 ols> TMS (tetramethyl
silane) & FTEAE sto] A4 go= Yetdilth DOH A5+ o]ghs & ok w2 A
Hol A5 Ao 2R AASEAY. 1D 1H NMR ~HEH L JEOLAA A&t &
2z 2a9g o] gty g5t

4319tk NMR
AT G
A&

p-
[}
= A

Al

2k EPSe] a7 14

EPSe] QlmR A& Malvern AFQ ZS 908 o] & A3t EPS, Xanthan Gum Zf

zh. EPSe] gAkst @4 4
(1) DPPH 2tHZ 275
DPPH = @9z 24 % =4S Xiong et al. (2013) o 7|9 WHS FAsA AL
4359 ok 500ul(Img/mi¢t 0.5mg/ml) EPS &< 500ul®] DPPH(0.ImM)<2] ol gk-& 8-}
of H7letgdtt. WERTE  ascorbic acid(JUNSEL Japan)(10ug/ml®t Sug/ml, 4dug/ml,
2ug/ml, lug/mD¢}t xanthan gum(SIGMA, USA)(Img/ml¢t 0.5mg/ml<E A3ttt 10
Z7F AgeA T & g8 25ml cuvette(Kartell, Italy)oll 7)1, EPS¢ DPPH
2] 7 424 %S BioDrop Touch Duo(BioDrop, England)S ©]-838}¢] 517nmolA 43}
@Attt DPPH 2}z &AA52 o] WA o= Ailstglt.
DPPHT Z 2715 (%)= [1— (A — 4,)/Ay] X 100
A; AE9 DPPH WH$ & F3%
Ab; AR F3=

(2) Hakstra Bz 2A%S
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HAbs A BHYZ 2 AT S-S Xiong et al. (2013) o 7]&sd WHES =430 ALE
Atk FA4l AFEE AlZEE Na2HPO4 NaH2PO4 &9o] o F8o ez ALE3)
At 54 A5T EPS_P% EPS_P, EPS_FE Z7F Img/ml¥} 0.bmg/mlZ H| 8% A,
=524 ascorbic acid(JUNSEI, Japan)E 600ug/ml$} 400ug/ml, 200ug/ml, 100ug/ml,
50ug/mleS 4|3} 2, xanthan gum(SIGMA, USA)2] 4% 1mg/ml®} 0.5mg/mle FH]
2L A#7 400ulel hydrogen peroxide(SAMCUN, Korea) 1ulZ A 7}sle] 1087F A
oA wkg 5 FA ok REEAIZE EQF 3024 F 63] pipettings Fote] 4 o]FU
o ¥ % =42 BioDrop Touch Duo(BioDrop, England)& AF-&3}¢] 230nmelA A
St L, FAbS eteZ A% ol WA o® ALtstAt
Fast e u a7 (%)= [1-(4—4,)/A] <100
A; A&t H202 WH8 & 3=
Ab; AR F3=
A0; H202¢] §3%

k. EPS9 d& A 54 B4
(1) &% oy A
EPSel <Jst dg4dAe e wa+= dAE JiWarl AFd yxyg A5G

(nanoliter osmometer, Otago osmometers, New Zealand)® ¥#zralsich. oF 1, 0.1, 0.01
mg/ml EPS &9 2 ulE A% t2ayg 3o FYd¢ o, AR giaaE F= 2o
Ao gAety, F = 2EHo|X9 EEE -20°CE FH o2 g & Av|e gAaAA

o3

A
T WED o 2TF & 5 AR 7EY 459 dEE wdstuA 25 20X
TEE -20°CA A dEe e A X A wedd BaelA dee]
d AAe] wFHW oMol E Wi s £xE duA d Txe] wsE #F
b Ao F9 2ot spdelE de AdAo] AA ¥ dAR FHE
frAsks 2e #2d F s, g9 2t o= otz gt vt |4
Al A& Aol AHEe AE & 5 . WETE 2 WA B SHFE AHEE

2) d=AARst A
EPSe A& AAAst AA= splat assayol&ste]l A%t 0.1, 0.01, 0.00lug/ml<
SHrgk 890 10 uls oF 2 VH FololA =ge] ofo]xE o& -80°C7HAl WZhAIZl
AdFHE EE 9o "ojmArt ojn "ozl §He &4Fny RWH FEIIE =i 9
ofEw=d FA ¢ 20um olsh, A7 ¢k 1 cme] ¢k deoln Fert Hrt o] HolHE
ZAZ=HA wolA F hY AW Fok Afolo]l ¥ Hujgk w27 -8°CE uAHH
= zHolX o] &7 odd(annealing) A1ZIth 183 60-120% &L €59 Av] Ws
= gujdor #zen gxd sHvets 7|E28g Y. ETE /2, xanthan gum= A}
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E}. EPSe| 54RE &4 =4
TARSAZA EPSO €48 FAHAT (Jiang et al, 2011). s24EE L& qw<d
E.coli DHbaoll dA =l EPSE Y -20°Coll A 24A17F, 48A17F s4Ast & A<E3sE o) et

o Ao et dxTE 4ARE, 200 FRAANE, xanthan gumE A

43ttt obEdlw, Ecoli DH5aE LB WiXol HE& F 37°Coll Al 853k Bt el sl

f% olEy¢ 1110022 A sl FAdujAol] HFs OD600=1.2¢] ©]& wf 7}x] H] L3}t

th o wE AEAAFE 1049 A sA T A% T 100 wE 15 ml vpo] AR FH &

Faln HAF 57 424 1 mg/ml, 10 mg/mle] HE= EPS &8 Hrlaqdrt. Ad4d
P

& &% } itk 2%E # ARE -
Adla 2ol A sl ezl & LBEHA
H%k%}‘ziﬁ}. 7t Algel FRYFE dx

e o]slo}oq HE F97F 500 ul7b HES 3 &
20°Coll Al 24X 7F, 484 7F p_ﬂa} A=y p_ura ==
Hj <) eloll A g =2ek & 37°Col A sty Fet
7ok Blalste] oA e w YER AT

jus)

Al 2 d dFNE 8 23

L3 248 58 ARAT 24
7}. Bacteriaol A EPS % glycoprotein Aol #3ak Al
Isolation and Characterization of Biofilm Producing Bacteria from Arabian Sea, Nidhs.
P, 2014
O o Aol ol EPSS @l m wjek AZL pH, £xol 93 witha oA
A
O Hl%F AIZHY pHeE S @o] W HbdHo| %o = nn| sk xpo|rlo] &3}t
O C. psychrerythraea 34HS} F. figoris PS1 S A] %o A Aol+= YAAw wn3t A
2o, dr AA w2 Aol flg Jow o

o
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W 24hr m 24hr

m 48hr m 48hr
W 72hr m72hr

m 96hr

6 €5 7 75 8
W 96hr

Total
Carbohydrate{mg/
L)
= =
o8 8 &
Total
Carbohydrate{mg/L)
o= 85388

pH

150

100 W 24hr

W 24hr

= 48hr m 48hr

m72hr m/2hr

§ 65 7 75 B 6657758

W 96hr B 9%hr

Total
Carbohydrate{mg/L)
L
o o
w —_
o & 3
g U
b

Total
Carbohydrate(mg/
L

pH pH

(¥ 1) Total Carbohydrate. A; Crude EPS, 37C, B; Dry EPS, 37C. C; Crude
EPS, 27C, D; Dry EPS, 27T

A B
_ 150 80
= 3 50
o
P 10c ek E y = 24hr
c c
E 30 H 483hr 'E 20 N 48hr
[=] Q
a a ®m 72hr £ ¢ B 72hr
g 6 65 7 75 &  gogny  B© 8 83 T 2% B magh
pH BH
C D
150 __ 80
- —
= = 60
B 100 maahr 49  24hr
s 50 meghr 5 20 m 48hr
g b
t [=}
£ 0 wizhr & O = 72hr
8 6 65 7 75  moghr g2 = & F B S G
fid
pH pH

(19 2) Total protein. A; Crude EPS, 37C, B; Dry EPS, 37C, C; Crude EPS,
27C,. D; Dry EPS, 27C

. EPSE A4tste v =
Microbial exopolysaccharides: Main examples of synthesis, excretion, genetics and
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extraction, F. Donot, 2012

O o] =88 a1 39S v, microalgaes CO2Z substrate® 7FA ™ bacteriay @97
£ substrate® 7}Z ),

O Bacteria®l 7% celluse, alginate, dextran, curdlan, gellan, xanthan %<

exopolysaccharides = 4] 8¢ t}.

(3% 1) Principal exopolysaccharides produced by microalgae and bacteria.

EPS
Microbial G i
Microorganisms Exopolysaccharides 1cro. 2 Substrates concentration ro?v.mg
strains conditions
(g/L)
Prophyridi H=7
Microalgae ophyrdm COq 0.1-0.3 P 5
cruentum 20C
Bot, H=7
0 ry(icoccus Co, 95 b )
braunii 25C
Amph
(Diatoms) mpora CO, 0.027
holsatica
Navicul
aviena CO, 0.026
directa
Melosi
=, O, 0.0022
nummuloides
Acetobacter Fructose/ H=4-5
Bacteria Celluse Ce, fof] 7—23—6 P 5
xylinum glucose 30C
Acinetobacter Ehanol/ AT pH=7
sp. diesel ' 30C
Pseudon .
Alginate omOnas 1 Xylose 0.4 30-37C
aerugina
Glucose/ pH=7
Azobacter sp. 1.1-7.5 .
fructose 35C
Dextran and Leucomostoc pH=5.5
o Sucrose 8.17 .
derivatives Sp. 35C
, Glucose/ pH=7.5
Curdlan Agrobacterium 5.02—76 .
sucrose 30C

2. 81 V2B Wi &) wE EPS A4 2 gl Asw 7R
7 Sy MAZRe EPS A4

(1) W MAzFe B0 wE BFYES

Y mAzRe eE R 9E B4 %

Phyto PAME ol 8algith %4 1 272 1587 44842 F Z4sdon, zut

8, 16, 32, 64, 90, 120, 210, 295, 350, 435 umol photons m—

Aoz ZAsAY. F 27 257 ddle A=A 34%olM FedE

d

f

=
N E
(i
ot
%
oX,
fol

")
%)
|
[a—
fru
e,
o ox
ol
O
&
[N~}
(@]
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et ow, 44 LEds wjdzad] M0heolM= duides w2 A2 HES]
o a2y 2Rl Ms FAE AolE HolX & ol -3C EY Fedel #dd
Fae gAdo] "WolA A V] WEQd Aem Bl

1.000 -

S

o0

o

S
1

0.600 -

0.400

EI SleI' QOIxI. 11% 130Ix|. 150Ix|.

(19 3) Synedropsis sp. -3C, 34%2] 334 vield

Photosynthesis Yield
(=]
[
[=]
(=]
1

1.000 -

e

o0

o

=3
|

0.600 -

0.400 -

Photosynthesis Yield

e

[y

=}

=3
|

0.000 ' ; - ; - - ; i

0¥ At 2% %L 5K} 724t 9¥Al 1A 13K 15K

(¥ 4) Synedropsis sp. -3C, 70%< 34 vield.
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Photosynthesis Yield

(=]

[

o

(=]
|

(29 5) P.pseudodenticulata -3C, 34%, 2 #TA vield.
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Photosynthesis Yield

e
[
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|
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0”A %A s¥AR 7¥AN 9¥AF nA  13¥A 15

(19 6) P.pseudodenticulata ~3°C, 70% 2] 334 vield.
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(29 7) Synedropsis sp. 2T, 34%% 334 vield.
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(18 8) Synedropsis sp. 2C, 70% 2 334 vield.
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Photosynthesis Yield

(=]

[
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(29 9) P.pseudodenticulata 2°C, 34%% &34 vield.

1.000 -
T 0.800 -
2
-
n
‘n 0.600 \
[}
L
e
5. 0.400 - )
20 1
) —
2
o 0.200 -

0.000 T T T T i T L T T 1

0”A %A s¥AR 7¥AN 9¥AF nA  13¥A 15

(19 10) P.pseudodenticulata 2°C, 70% ¢ A vield.

(2) X mAlEFe A e EPS A
A MAEFY &5 ¥ dxd wE EPS AA#EHS Lx9 o
7t "g%é} ol Agek 2T 3% e 7122 $44 = =
F7tele] F 47HA 2o ® 14U 7 Ag skl
AfdAN F 27 BF $AH 2Ef s gzl -3TC9 0% E EPSE A9 A
AetAl @&AY AL EPSE AASIATE Xl og A§ -3Te xelA
Synedropsis sp.i %ol #AGo] EPSE Ao AASIA &v S A5,
P.pseudodenticulatat= 144 z}oll A] 28 EPSE A st AL g<ls 9l
w3k o o3k o] (34, 0% F X5 BT 14U xpol A 34%.0] 70%0l Hl & ok 2u)
o] EPSE © AT o+ w& X o8 EPSE At a4 &Ado] o}
A oolE g AdE Yehdle o Hlth

= F oAy MAET
|

-
2EH 2 WA -3T 9 70% <
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40.0 -
E
W 30.0 -
2
H
Ho 20.0 -
2
(18]
10.0
0.0 : : : e
oAt 2% a¥AF e®AN s¥X 10¥A 0¥ 1%

(19 11) P.pseudodenticulata -3C, 34%,2] EPS A &,

50.0 -

no w B~

e e e

o =] =]
1 1 1

EPS & = (ug/mlL)

=

=

o
I

oYX} 2%} V-IPN 68 At 8K}

(19 12) P.pseudodenticulata -3C, 70%.2] EPS A &,
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EPS S E(ug/mlL)

0.0

(2% 13)

50.0

=
(=]
o

EPS 5 = (ug/mL)

0.0

(24 14)

| | I| || ||ﬁ
1094 12¥X% 14K

0¥A 2R 4¥AX e¥A s8R

Synedropsis sp. 2C, 34%,2] EPS A A %,

1024 12¥% 1Yk

oA 2%AF 4¥A e¥A s¥A
[e}

Synedropsis sp. 2C, 70% 2] EPS A Al =,
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50.0 -

40.0 -

30.0 -

20.0 -

10.0 - I
0.0 | i

0 Xt 24 %L ARt 6% 8¥Xt  10¥AL

EPS S = (ug/mL)

(29 15) P.pseudodenticulata 2°C, 34%,2] EPS A =

50.0 -
40.0 -
30.0 -

20.0 -

EPS 5 = (ug/mL)

10.0 -

T .

oYXt 29 %} V-IPN 68 At st 10¥A

(19 16) P.pseudodenticulata 2°C, 70% 2] EPS A .

1

u s Bt Elobe] EPS At
() ¥l we EPS At

=5o] wE EPS B glycoprotein® /3% Hlal 292 Marine broths AHE-3F3th
2 A 5CelA b4 @ EPS(455 ug/mL)E AAStR, 15T 7HE AL
EPS(9.44 ug/mL)& *3“ o} At SHAIRE #Fe] A E£EE I5TAA s Wi o
T2 A ol = Fo Hz A L= EPS AL HF 2xoE Aol gl
ov 1 o4t EPS7H %TJ Aol ndaAel asw EAFHZT A A w
gt Qo] oste] AAdstE =AEM EPS B5E 91 HA 2x&E 5Tt
Glycoprotein 9 Al 5ColA 3.87 ug/mLE 7FF 2& ko] Ao 15TaA 2%
Rho] A = At

O

l

—_
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w
o
]

26.87

N N
o w

Concentraction(ug/ml)
[y
[#]

B Crude EPS
M EPS extract
10
5
0
H3} 5°C Ak 5°C H4b15°C
(298 17) F. frigoris PS19] %o w2 EPS A4 =
12 -
10 9.64
8 -
B Crude EPS

M EPS extract

Concentraction(ug/ml)
(3]

2 1.26
M -
0 - ;
&3} 5°C HAF5°C & Ak 15°C

(29 18) F. frigoris PS19] %] wE glycoprotein A %

(2) d=o & EPS A4t

Axo] W& EPS ¥ glycoprotein A% vl 232 LB broth& AF&3te] 5TCelA
w sttt 1 A3 0% 5.46 ug/mL, 10%; 6.31 ug/mL, 20%; 6.68 ug/mL, 30%; 8.25
ug/mL, 40%; 6.90 ug/mL 2 FAHAG. AH= BokS wf ftEo =9 7P A
g 30% 1A 7Hd e EPSE AASAIL 0%olA 7HE A2 ko] EPSE A9t
Glycoprotein @Al 30% 14 531 ug/mLE 7Hg B2 & AT 0%lA 0 ug/mlL
= 7P A2 &l glycoproteing Ad kit

A F 30%A 7HE B2 e EPS8.25 ug/mL)E A =d o] #2 Marine
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brothol Al WF@E @ Biks He Folth 21 ol @H7h Wl o EPSE U
= e A%l dYMARN TG

o] ®HFsle] Marine broth+—=

JFES FHHT Qo] FFF AFehd ofelgol gk
BRI fAE JYROR ofF b GPES Fisn AW FRAE 2 o
d ool 2 Qldte] = LBEY MBolA B % B EPSE A vl & ¢ Utk

25.03
25 -
22.90

20.25

15.83 16.09
H Crude EPS
M EPS extract

10 +

Concentraction(ug/ml)

5.46

0% 10%o 20%o 30%o 40%s

(19 19) F frigoris PS19] @ %ol wE EPS A

8.69
8.07 8.11
- 7.59
1 531
5.03
M Crude EPS
4.05 M EPS extract
] 2.46
0.000.00
R T T

0%o 10%o 20%o 30%o 40%e.

-
(=]
]

Concentraction(ug/ml)
(=] = N w = o (=2} ~l co w
|

(198 20) F. frigoris PS1¢] 9 %o wE glycoprotein A &,

b S m A Z2Fe] ke Alawl =
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(L 21D s m A = g Al =FL
OE714%71, @12 571 37], @22 &7] 7],
@Synedropsis sp. W% 7R o], ©®P.pseudodenticulata V)%
7} 5. o]
3. 8% vAAEe EPS 5 9 54 4
7F @l v AaAEe] EPS &
(1) 3l wAlEFe EPS ¥ 7eF A A=

Bthanol& ©| 4% EPSE &t a4y % 4% 492 okl 1eZel vheby
922 23). 2 A9dE B o FEE 1S Hol} wE wuge)
ZolES ¢ 5 Atk 2L AYske B ALde] NS A $5E

97 WEel el ¥E7 /9 Aew wuHEth FA F wuo] ZojE AL
ujstel @ulde] a7k Ay] gRe] FA sk Bob el @ude] Puaes
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70
50
E 50
o
T 40
a
£ 30
=
2 20
[=)
L}
10
0
Sl E4H E4dz
(719 22) Porosira pseudodenticulata®] EPS % 34 & A%
me miHEm
700
6500
E 500
g
= 400
L2y
S 300
=
S 200
3
100
0 T
208 =4 H FH9=F
(29 23) Synedropsis sp. & EPS F#= #}4 & A
(2) a5 =g glole] EPS ¥ 7]e} AR A=
dhglgole] W3 gl A AEE Jd AES FA
broth o)W, 72417 wjokel & %o wel 1dx}, 293}, 3A A=
4 = 0D600°] k2 1.73 o] STt
2] 79, PSA (Phenol-sulfuric acid) W& AFE-3slo] A28l o},
ol A 7 we sk (98.36 ug/ml)e YERWCH 1 3 A 7ho] x|
2 Fo7te AE BHYY. 5 T A7 o=+ Ao wdkg -5 Toll A
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oy 1o
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o
fjr
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T
rr
P
tlo
e
4
¥

Ul

45 197904 0D600S] Fkol 256993, 5 C

At o= 5 T 5 T oA w59 4 &£=71
T2
A= 2dzake)t 3dabdl AR H] =g OD6009] #F (2.689,

el et
C

N =2

Col A& Z7balE 7t (2452, 2527)8 KT}t o]& nFo] & o
Fo AAZE AAEAUDE A7oA = AP G FHRO dAhYdeR ARy 9
ko] © W A Bojus Ao E AR 9o dRU} AAeE Yo grn

Ao 1d 24).
@l o] 4 Bradford WS Algsldon, 93 2
v KX

of EouAY FEolme Uehlie Aol we e

[e] 5 .
Te 5 T, F A5 ZFolA 2dakelq 7H 82 & (20.70 ug/ml, 40.89 ug/mheo] =
AEdar, 5 TR, 5 CellA o @e] APk Fo] 5 Celld ¥ @& F2 B A

of mls] @wAEL -5 TolA ¥ A Yetstth(2d 25). o] Aol w
A JBAHXIG B YF FAolM = o] whEojX AL, v A AELS ol
$7F Bk oA AEAE Aol o dsE HAs A7 A8

et al. 2008; Deming et al, 2002; Nichols 2005; Marx 2009). 5 C2] A= 21
e g do|] AdHor H7| witel wuldo] yet= ArE o] o7 Aoew R
of zlt

120

Moo W oo

100

60

ab

Concentration {ug/mL)

20

DAY 1 DAY 2 DAY 3

(2" 24) A AE T A"

g
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W5 W5

Concentration (ug;/mL)

5 [

DAY 1

DAY 2

(1" 25) A1 AE duad A

%3 EPS_S, EPS_ P9 U 714 A2 4 48 28kt EPS_S¢F EPS_P 77}
o] A BAE 263%9 6.25%, TAE 388%9 1.96%, A 1.57%9F 0.09%, 2
543%%F 7.9% 9t (& 2). o] A= T EPS EFd 3d aFo] EAstE AE 9
nj gt} SHA| T EPS P9 A% g2 AEd94art g &3Eo d5 vEd v ot
A EPS_Poll thgh &Y 24, £ &4, 34 2 F24 3¢ 24 52 Fd8HA
ofu 3} At
(% 2) EPS_S¢} EPS_P9] 94 #4
Theoretical Experimental Experimental
Element composition Composition Composition
(% wiwl) (% wiw) (% wiw)
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 5.43 7.9
(2) FEAT Gk ok B AT A
¥ 3ol EPS_S¢| 7} AR 2A4& A stk EPS_St 59% 84k, 40.4% o 24t o]
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2HE 24 §Hreta Slvh o] dolH = o] Alxeride] wig SibstE thEelE Ko
o, el do] 40% 7FeE gakstd tdoltt (Witvrouw and De Clercq 1997). o]+
bE T vdi E49 A3 ‘?—Jxlf?ﬁjr E 33 Zol, 7 diie £Ae Ay
B fucose, rhamnose, xylose7} T2 AET oz 727} 36.2%, 27.9%, 232%% Z}X] 3f
Zk2b 11.2%, 1,4% SA gk, v Al 2ol Al Al

H Galactose, Glucose”l W& Aoz 77}
¥ ot o & fucose, thamnose, xylose 52 T8 FAToR dHAJ=d (Gugi et al.
2015) =+X] YA TFF 572 Synedropsis Absl A AdEdos A" Axerh

) [e]

= a7
g THles JloR dddn. =2 b gEE @i A& & 9 Synderopsis
7} EH)Et e Al XL (EPS_S)2 24k 5771 (sulfated fucans)o & A ZFE T}

(3 3) EPS_S #&4h &4F g ¢ 74
g x4
Components EPS
Uronic acid(%) 5940.1
Sulfate(%) 40.4£0.7

Monosccharide content

Rhamnose(%) 279
Fucose(%o) 36.2
Xylose(%0) 23.2

Mannose(%o) 0.1
Glucose(%) 1.4

Galactose(%) 11.2
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(A)

s HO

CHs 0 o

HO o) O (0]

oH OH @OH @OH OH  SamOH
OH OH OH HO OH OH

£ -D-Fucose D-Xylose L-Rhamnose D-galactose

(B)

LT

12169

12,737

pom i

1] 17m 1% 14 15 N 1w

17 1R 140

(14 26) EPS_S9 8 7499 stst +&x (A) 3 EPS.S A&9 &
o &5 Z23d(B). ¥EH5H rhamnose, fucose, xylose, mannose,
glucose, galactose

EPS_Se| EAx#S MALS (Multi-Angle Light Scattering) ©®E7F Fzad A d5F
AgvtEau g FAS AT 29 273 Zo] £FEHEQ EPS_SE ARvE A
A F e B5ErF vEd = ol %
st} zb B2l dldste EPS &S MALS deolgH=z A48 2 Ay zhzF 83 x
105 Da, 79 x 105 Da°]tt. gt Z|
(polydispersity index)& X ¢F 117130 %
EFSE T

o
e
o
29
4
)
<t
>
kil
N
L
L
i)
rr
P
o

lo

=
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o

Relative Scale

0.0+

200 250 300 3k.0 40,0 45.0 50.0
time {min)

(2 27) EPS_S¢] A% azvEadye] &5 Z29,

3 WA B9El 35388 Abelol, T WAl ¥ o 43518 Abolo] §EH U

ot EPSe] #3384 £4
<1) FT IR &4
=3 EPS_S, EPS_P, EPS_F¢ FT IR Z=¥"9E®E& I3 28 et A5

FT-IR 2=¥Ed 34 AL #dS Zasr}t (Sekkal and Legrand 1993; Sekkal et
al. 1993; Synytsya et al. 2003; Pereira et al. 2003; Qiu et al. 2006). 13 289 ~HE
8 By 1219 and 1211 cm-1 350 2t W oA wEo] Kol d, o= ¥
Ab el 2~E 8] 0=S=0°l &g H A2 A7 53 COH, CC, CO sE°] 7|3t A
o A & F Ut o] WEe Awrt FAkst A=t v H g (Pereira et al. 2009).
3k 840 cm-19] A&+ galactopyranosyl Z+7]2] 34k 01]/\1517} = Weko w2 &%t Ao
VERATE (Qiu et al. 2006). 3FAIFF 840 cm-19] A&7 G & o] Flo] EA3}7]
w30l galactose ©9lol 6 sulfate®} 3,6 anhydrogalactosyl ©¢ el 2 sulfate ester L
o] A& 7hsAdE s mMAY F glth (Falshaw et al. 2005). 5867 587 cm-19] &
9] 93+ sulfate 0=S=09] A Hld|A WP &gt 28 1200-970 cm-19] &
M WEL F2 Hxol= mEe CC, CO AFH} =gamAle 2 COC Aol
ottt BE Uy F= £3] o] XAo|A] ZEA F5 8} (Synytsya et al. 2003).
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(¥ 28) FT-IR spectrum. (A) EPS_S, (B) EPS_P, (C)
3 b
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(2) #7123 (NMR) 24
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EPS_S¢| 1H NMR 2=#lE# dlo]H & #4138 BW fucose, rhamnose, xylose?] 54&
ZF Hogo g oA A AT HolHE XA & Fok (29 29). 7t T3 FEAY
ofrem ¥4 A= 5.0 ppm FZ(A)olA vERYY, BERE ZF 7o WY 150] 1.271.4 ppm
A9 (E)ell YeERgtE (Chevolot et al. 1999; Saboural P et al. 2014). #2tst® H2, H3,
H4, H5 A% &2 41094 466 ppm (B dxPolA yErd vbH At %] gk& H2,
H3, H4, H5 A5 &2 3014 4.2 ppm AFe[(C APl Al eyt 53] obAldst 15
< DAY F= e

X : parts per Million : 1H

(29 29) EPS_S¢ 1H NMR =¥ E=# (600 MHz, 99.9% D-0). (A) Z} 432
olmw kA=t (B) akstdl wel H2, H3, H4, H5 (C) W &Akslsl we] H2, H3,
H4, H5 (D) 32 WE1HF XA (H6)

EPS 943243 2 Aeas 54 24
7k EPSe] 4529 54
(1) EPS9] &% o] &4

dukA o g fAHL ==y of=Ho] Hol, 2 2EAA S} F37F Zo] dojd
o T Aol A Aolrte AEe] AS F¥ Ao 2E7F wEr] uitd, 1o A&
st7] 918 dle=dE U e 224E AT S Ao Alx e Aol Ak
g o] A A AFE AGE AsiEr] wied, @4 wek EHI A=A
= 93 AAol AAFsHA ¥e EEe YERY I RERY YolA = Ay 3484 d
2ol AAE AL #ZE 4 A}t (Hackwon Do et al. 2012; K.S. Park et al. 2012). U}
7R ARG 20 A9 A, A Aol AVE A 3 glol AAE AXE
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Synedropsis sp. Synedropsis sp.

0 =}

b

S A ; i
A = L

| .

il ' |

F.f DAY1 (57C) F.f DAY2 (5C)

F.f DAY3 (5C)

1\

(29 30) vl EPS A ze] A5 A B

e

(2) EPSe] deAdAst oA 24
ASAAAs) AA G4 =40 5o BFo2AN dF4A ] AFE Welsty] o
of Yehvhe &4dolrt. o] 2 #A4S 7zl I
ATh FFo] AAE W AAe a7]7

3L
addo]l Wol ARG, ASAAAS AAAE HItsl T AFor IE Alx &
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S s F dY (Kim et al. 2015).
4% xanthan gum¥ EPS A|5¢ d{AAAs AdAsE 17 319 YeErdSith

EPS_S 01%9] 72§ 100:4.4%% f/29} %29k, EPS F 0.001%¢ 724 51.81£3.7%%
7 2 Aolg WYk EPS_PS A% Wi 18%E 3744 FEM F wzed e
stk RE ARGA 2 AL et ot 4] B34S BF AXa 9
o 7 ol o,

100 -

=
T 80 1
.2
=
2
£
£ 60 -
c
5]
bt
©
N
= 40 -
i
el
o
Q
20 4
(1]
g
0 i
0.1% |0.01% ‘o 001%| 0.1% |0.01% ‘o 001%| 0.1% |0.01% |0.001%| 0.1% ‘u 01% (0.001%
XG EPS_S EPS_P EPS_F

(1™ 31) Xanthan gum¥ EPS A g9 d34AA3 A A

(3) EPS® 4853 #4
EPSe d&53 FA+ F83A AAe Adste] dd& s (29 32A). 2
|5e s A APE 33 wHEste] Attt 28l EPSe 4553 d@S
EPS A& x| FAZ EPS.S oz AAsAY. gz 2 Xanthan Gum< A}-8-3}
At A5 JGA Ede EAlstE G2 ool viAE 7] witol de] Keffs gt &
A 1R Znh 3E 49k o]l E AR A 22 AXEE txa AN E Keffst

0.44+0.017F B2 (AR 32B). ©] #2 Ewert?} Deming (2011)°] A A gk 0.39 + 0.01
I AL dAGT. g AlEu &odo] EoldeE A% 20 E3HE dH e AL
9] Keffs #t& HY Ao odd 5 ot o gk viel o] F8He] A F#gl
of 4 AT AR IS4 MAEJT (% 4). Xantham Gum¥ EPS_S+= 747}
0.42+£0.029} 0.44£0.0258 H At}

>
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4) 4=

=
oo
D

A-7el ol FE

Salinity(%o)

Solution . h . Kefts
Initial Ice Unfrozen
F/2 355405 15.6+03 447106 0.44+0.01
Xac_}”ljrr‘r?" 35.7¢0.3 15.320.6 41312  0.42+0.02

EPS_S 35.840.3 15.7+0.8 45.3+0.6 0.44+0.02
a; Initial> A&4F Ao 7] &4 v
b; Iee= 2E4AE Sl AT daS vtk
¥

= =
c; Unfrozene €A &2 F8d RESS onsir)

_-—

Azerige] 45 AFA F29A gdevtd 93 FAE Keffe 7he B Aoz wh
oF F&o] Hrtd Keffe #ko] Keffs Btf & Aol v HAE 2 H3oA Xanthan
Gum3} EPS_S¢| Keffer= Keffso} A2 Ws2gh Z4zp 04120019k 04240015 E St
Xanthan Gum< Xanthomonas campestris’} 1|3} AXEZerpdoloj A W F-Hs)
e AdEEFE Jhsdel AY e AR A 7—} of fxT= AR&eAar A el A
el A" dgol ik F& o] o] Fojx|A & o @@ 4 vt Xanthan
Gumoll gt Keffs®} Keffer], < yErdlt}. o]+ Xanthan
Gumely o EF d5 AEA 22 AxRE diAdEvs e v gtt. S Xanthan
Gume dg Fzo] o|FoX XA &= Aow B 4= 9t} Ewert®l Deming (2011)+= &
Wyl ey gl o}l Colwellia psychrerythraea®l EPS-49g &7 A3 & 53 EPS/F AH
Aow dgol A= AdE AR 3 v AlZFSQ Synedropsis 49 EPS
T daHe FFo o ARIVF e Ae=m ogET £ Q. AN ot g
EPS_S+ A 453 A44 48 oA &+ slo= 43 A3 it (F bH).

Jm
7y
il
[
e
k¥ |
fo
(S
o
ﬁ}‘_,
Mo

Carbohydratecontent(ug/mL)

Solution — 6 . Keffe Is
Initial Ice Unfrozen
F/2 0 0 0 - -
XaGnJrr}]an 62.910.8 25.71+04 77.71£09  0.41+0.01 0.97+0.05
EPS S 63.3+t0.8 26.5+0.5 76.2+1.1 0.42+0.01 0.9540.08
a; Initial> 547 de 27 &AL ongir},

by Ices 2275 S8l 43 48 gngn.
oF )]

¢, Unfrozen=-

rlo
ne
N
lo
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L. EPS9] A &4
(1) st &4 54

gz 2AE oz FaksA st gk w FaksiAe] Fagxtd o& 2l zho]
gdgozn dojdt, ofrld= datslA el 88l #g3 i oFAI} 7
A g% Fast a4 gt oy of R st FHAY AF TEEolA
Aol F7tale] o] Aol WolX B & ascorbic acidet & EAETH whgo] HHd] A
oJubA "k (Y. Wu et al. 2016).

DPPH®| ]z S517nmol A AN FHEE BTy JikstA L whgsd F3

_1

[e]
=7 ZFAskh a9 339 g2 ARE$E ascorbic acid®] DPPH #HH]Z &~AH %5 A&
HEHUISlTE =7 S7HE S gz AAFol SUFsES e, Sug/mle] Al s Eoll A
50%°) 4ol #ozt AA TS Bt 19 340+ xanthan gum¥ EPS Al&9] #ozt

AASS e A Y. X Xiong et al.(2013)¢] A A+ xanthan gum® 4% 1

oM 50%AE=e ZA4L YeERTE ol ® Ade ZAzl(xanthan gum®] 7-% Img/ml
ol A 2%)¢} Zol= HlEdl I ol X. Xiong et al.(2013) A $ 4tz 471 = o] &3}
o] xanthan gum< oligo FHE Faste] A& 97 wwelztar g, 2+
F=3% polymer FEj ] EPS$} HluLslr7] #]sle] xanthan gum< polymer’d e el Al A3
319 th. Xanthan gum¥ HlW3te] EPS9] 4% Img/mlolA EPS_S; 8.31%, EPS_P;
517%, EPS_F; 30.11%% Rt =& oz AASE HAv. 53] EPS_Fo A%
xanthan gum® Aol 15Wo] siF3t= 7 =& A48 Bt
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A2 AT, Fe2+ HF= Cu2+s} ¥Eg3le] F4kst oz
(X. Xiong et al. 2013). o]gA AAHHA FAits) gy ¥

L2 ol &tk oold & FHelE B AY BE F
Aste] g EFAES oW ol & sty 9% dAkst #& o

g% 350E tiERTR AFES ascorbic acidel F4bE Bl Z 2AFS UERAL
Ascorbic acid+¥ 400ug/mloll A 50% o]4te] Fakst #iozt 2 A TS Heew DPPH &
Uzt A2A% Hoes 235 oA G448 Bor. 13 369+ xanthan gum3} EPS Al &=
o] FAkst #HoZ 2AFS YERY ?;Ujr. Xanthan gum< 1mg/mlol A 15.78% % DPPH
goz 2AFEYG L ZAE B9 EPSY A$ Img/mlolA EPS_S; 17.46%,
EPS_P; 2766%, EPS_F; 2357%% xanthan gum®.t} EF &L A4S vehgdot
EPS_S¢ EPS P9 4% DPPH #uZ 27 SEY 43 sy z 750 ¥ E9hth
EPS_F¢] 7% DPPH #tt|Z &£AFo] ¢ & o= ety oy, & A H|sho
= T @4E& Btk

100 -
80 -
60 -

40 |

Antioxidant activity(%)

20 4

10 8 4 2 1
Concentration(ug/ml)

(19 33) Ascorbic acid®] DPPH @u)z A2A%
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40

w
o

1
—

Antioxidant activity(%)
g
(=]

[
o
1

OJ.I- . .

EPS_S EPS_P EPS_F EPS_S EPS_P EPS_F
lmg/ml

O.Smg/ml

(19 34) Xanthan gum(XG)¥ EPS Al:¢] DPPH )z 4245,

<2}
o
1

40

Antioxidant activity(%)
S
ol

: | | .

600 400 200 100 50
Concentration(ug/ml)

(¥ 35) Ascorbic acid®] #ibstea Bz A%,
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40 -

il "

‘ EPS_S ‘ EPS_P ‘ EPS_F | XG ‘ EPS_S ‘ EPS_P ‘ EPS_F

w
o
1

Antioxidant activity(%)
= N
o o
L L

Img/ml 0.5mg/ml

(19 36) Xanthan gum(XG)3} EPS A 2¢ #Aakste4 gz AA%.

TARS T SA Ay a9 37@2ANH I L 38(48A1 7)ol YERIe. AEso] u

BE ABAAME Azt wep AEso] HAadke A4S AW, EPS_F 1%
24N ZET 48A1Ze] AEER Aol7b 4522 Mg AA JERYH EdE AEgoA R
EPS_F 1%7} 24X 7H(70.66£5.4%) % 48A17H(66.13+2.0%) HFolA 7Hd w2 AE&S
Btk EPS_F 0.1%°1 4+ xanthan gum 0.1% Xt} @& AEEE HYov EPS_F
1% += F435 A8 S71E xanthan gum 1% B 2 FXE5 YeR Y. o]
kel EPS_S9] 4 Hdl 0.4(0.1%, 48X 7H)e] 227} ‘ﬂ“ﬁ stR oy 25 0%7F Ve
i, EPS_PY 4% s&kol ®hujdlsl= A37F vEst o] A3 E v Fo]H ol EPS_S9
EPS_Pel A% 3 aE 7k EPS7F X e] | o= Azttt EPS_Pe A ¢ a4t
23 7F EPS7F E3to]l Hof glovt 1 oFo] AAY & EHVE v g EPSTE &
A} st 01/01] 1” AEL] Yy RAow dudc shxnt EPS_S A% Aol
0.1%°l A = o] YA & Fow Hol FatAdo]l g EPSY o
EPS7} i%O] %_ Ao w A7ZAC

e
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(19 37) Xanthan gum¥} EPS A 82Z #H7I3 E colid] BEE (244
7).

100 -

Suvival rate(%)

o

(¥ 38) Xanthan gum¥ EPS A 85 AH7I3 E coli®] BEE (484
7h).
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