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I. Title

❍ Application research and adaption mecanism of sea ice meiofauna on the Arctic

ocean environmental change.

II. 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.

III. Contents and Extent of R&D

❍ Sea ice microorganisms culture

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

- Sea ice microalgae culture system constructed bulk



❍ 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

❍ 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

❍ 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%).

❍ 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.

❍ 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
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Microorganisms Exopolysaccharides
Microbial

strains
Substrates

EPS

concentration

(g/L)

Growing

conditions

Microalgae
Prophyridium

cruentum
CO2 0.1-0.3

pH=7

20℃

Botryococcus

braunii
CO2 2.5

pH=7

25℃

(Diatoms)
Amphora

holsatica
CO2 0.027

Navicula

directa
CO2 0.026

Melosira

nummuloides
CO2 0.0022

Bacteria Celluse
Acetobacter

xylinum

Fructose/

glucose
7-23-6

pH=4-5

30℃

Acinetobacter

sp.

Ehanol/

diesel
4.7

pH=7

30℃

Alginate
Pseudomonas

aerugina
Xylose 0.4 30-37℃

Azobacter sp.
Glucose/

fructose
1.1-7.5

pH=7

35℃

Dextran and

derivatives

Leucomostoc

sp.
Sucrose 8.17

pH=5.5

35℃

Curdlan Agrobacterium
Glucose/

sucrose
5.02-76

pH=7.5

30℃
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Element
Theoretical
composition
(% w/w/)

Experimental
Composition
(% w/w)

Experimental
Composition
(% w/w)

　 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















f/2
Synedropsis sp.

0

Synedropsis sp.

14

MB F.f DAY1 (5 )℃ F.f DAY2 (5 )℃ F.f DAY3 (5 )℃

LeIBP F.f DAY1 (-5 )℃ F.f DAY2 (-5 )℃ F.f DAY3 (-5 )℃

Xanthan gum EPS-S EPS-P EPS-F





Solution
Salinity(‰)

keffs
Initial

a
Ice

b
Unfrozen

c

F/2 35.5±0.5 15.6±0.3 44.7±0.6 0.44±0.01

Xanthan
Gum 35.7±0.3 15.3±0.6 41.3±1.2 0.42±0.02

EPS_S 35.8±0.3 15.7±0.8 45.3±0.6 0.44±0.02

Solution
Carbohydratecontent(µg/mL)

keffE Is
Initial

a
Ice

b
Unfrozen

c

F/2 0 0 0 - -

Xanthan
Gum

62.9±0.8 25.71±0.4 77.71±0.9 0.41±0.01 0.97±0.05

EPS_S 63.3±0.8 26.5±0.5 76.2±1.1 0.42±0.01 0.95±0.08
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