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PART 1

moisture flux in the frontal region during the
first rainfall period. The thermally direct
circulation associated with the AMF lead to
the midtropospheric saturation, which
enhanced the precipitation of the first rainfall
event together with the orographically forced
convection at the low level above Gangneung.

Climate Change Sciences
1-1

Baek, Eun-Hyuk, Gyu-Ho Lim, Joo-Hong Kim,
and Jong-Seong Kug. 2014. “Antecedent
mid-tropospheric frontogenesis causedby the
interaction between a tropical cyclone and
midlatitudetrough: a case study of Typhoon
Rusa (2002)”. Theoretical and Applied
Climatology, 118(1-2): 9-24.
doi: 10.1007/s00704-013-1045-3

1-2

This study examines antecedent
mid-tropospheric frontogenesis (AMF)
resulting from the interaction between
Typhoon Rusa (2002) and a midlatitude
trough over the Korean Peninsula. In this
event, the AMF contributed to the first peak in
the time series of rainfall in Gangneung
(37.75°N, 128.90°E), occurring about 12 h
before the time of the extratropical transition
(ET) process of the tropical cyclone (TC).
Using observations and high-resolution
model outputs, we showed that the AMF
contributed to the antecedent rainfall in
Gangneung during the first rainfall period
when Gangneung was located outside of
Rusa's sphere of direct influence. A Weather
Research Forecasting (WRF) model
experiment was conducted to diagnose the
frontogenetical features and associated
precipitation processes in detail. The
experiment revealed that the AMF was mainly
forced by the horizontal deformation forcing
(HDF). The direction of the HDF was oriented
from southwest to northeast in the middle
part of the peninsula. The HDF increased
positively due to the confluence of the
southeasterlies from the TC and the
northwesterlies emanating from the
midlatitude trough. The experiment also
suggested that the mid-tropospheric moisture
originated from the subtropical ocean and
deposited into the frontal region by the
southerlies on the eastern periphery of the
TC, which enhanced the convergence of

Bak, Young-Suk, Kyu-Cheul Yoo, and Ho Il
Yoon. 2014. “Late Quaternary climatic
changes around the Elephant Islands,
Antarctic Peninsula”. Geosciences Journal,
18(4): 495-501.
doi: 10.1007/s12303-014-0011-0
Sixty-seven species of diatoms of 28 genera
were identified in Core GC03-C2 acquired
from the north slope of Elephant Island,
Antarctic Peninsula. The number of diatom
valves per gram of dry sediment ranged from
0.2~17.3 × 107g-1, and these were dominated
by Fragilariopsis kerguelensis (65.8%).
Diatom assemblage analysis reconstructed
the Quaternary paleoclimatic change the
Elephant Islands. Four diatom assemblage
zones were identified according to the
frequency of critical taxa as follows: zone I,
from 830 to 710 cm (Antarctic Cold Reversal);
zone II, from 700 to 550 cm (Deglaciation
zone); zone III, from 540 to 260 cm (warm
period; Holocene); and zone IV, from 250 to 0
cm (cool period; Holocene). The high
abundance of reworked species includes
Actinocyclus ingens, Denticulopsis hustedtii, D.
praedimorpha, and D. dimorpha appeared in
Zone I by turbidity currents and ice rafting in
the area during the glaciations-deglaciation
event.

1-3

5

Burn-Nunes, Laurie, Paul Vallelonga,
Khanghyun Lee, Sungmin Hong, Graeme
Burton, Shugui Hou, Andrew Moy, Ross
Edwards, Robert Loss, and Kevin Rosmana.
2014. “Seasonal variation in the sources of
natural and anthropogenic lead deposited at

2014
ABSTRACTS

9903-9916.
doi: 10.5194/acp-14-9903-2014

the East Rongbuk glacier in the high-altitude
Himalayas”. Science of the Total Environment,
487: 407-419.
doi: 10.1016/j.scitotenv.2014.03.120

We report on one year of high-precision
direct hourly radon observations at King
Sejong Station (King George Island) beginning
in February 2013. Findings are compared
with historic and ongoing radon
measurements from other Antarctic sites.
Monthly median concentrations reduced
from 72 mBqm-3 in late-summer to 44
mBqm-3 in late winter and early spring.
Monthly 10th percentiles, ranging from 29 to
49 mBqm-3, were typical of oceanic baseline
values. Diurnal cycles were rarely evident and
local influences were minor, consistent with
regional radon flux estimates one tenth of the
global average for ice-free land. The
predominant fetch region for terrestrially
influenced air masses was South America
(47-53°S), with minor influences also
attributed to aged Australian air masses and
local sources. Plume dilution factors of 2.8-4.0
were estimated for the most terrestrially
influenced (South American) air masses, and
a seasonal cycle in terrestrial influence on
tropospheric air descending at the pole was
identified and characterised.

Lead (Pb) isotopic compositions and
concentrations, and barium(Ba) and
indium(In) concentrations have been
analysed at sub-annual resolution in three
sections froma < 110mice core dated to the
18th and 20th centuries, as well as snow pit
samples dated to 2004/2005, recovered from
the East Rongbuk Glacier in the high-altitude
Himalayas. Ice core sections indicate that
atmospheric chemistry prior to ~1953 was
controlled by mineral dust inputs, with no
discernible volcanic or anthropogenic
contributions. Eighteenth century monsoon
ice core chemistry is indicative of dominant
contributions from local Himalayan sources;
non-monsoon ice core chemistry is linked to
contributions fromlocal (Himalayan),
regional (Indian/Thar Desert) and long-range
(North Africa, Central Asia) sources.
Twentieth century monsoon and
non-monsoon ice core data demonstrate
similar seasonal sources of mineral dust,
however with a transition to less-radiogenic
isotopic signatures that suggests local and
regional climate/environmental change. The
snow pit record demonstrates natural and
anthropogenic contributions during both
seasons,with increased anthropogenic
influence during non-monsoon times.
Monsoon anthropogenic inputs are most
likely sourced to South/South-East Asia
and/or India, whereas non-monsoon
anthropogenic inputs are most likely sourced
to India and Central Asia.

1-4

1-5

Choi, Yong-Sang, Baek-Min Kim, Sun-Kyong
Hur, Seong-Joong Kim, Joo-Hong Kim, and
Chang-Hoi Ho. 2014. “Connecting early
summer cloudcontrolled sunlight and late
summer sea ice in the Arctic”. Journal of
Geophysical Research: Atmospheres, 119:
11087-11099.
doi: 10.1002/2014JD022013.
This study demonstrates that absorbed solar
radiation (ASR) at the top of the atmosphere
in early summer (May-July) plays a
precursory role in determining the Arctic sea
ice concentration (SIC) in late summer
(August-October). The monthly ASR
anomalies are obtained over the Arctic Ocean
(65°N-90°N) from the Clouds and the Earth's

Chambers, S. D., S.-B. Hong, A. G. Williams, J.
Crawford, A. D. Griffiths, and S.-J. Park. 2014.
“Characterising terrestrial influences on
Antarctic air masses using Radon-222
measurements at King George Island”.
Atmospheric Chemistry and Physics, 14:

6
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from North Atlantic to Pacific. In contrast, a
subtropical wave train from North Atlantic
Ocean to Indian Ocean (IO) is evidently
enhanced in post-1997 epoch, and
accordingly the IO plays a dominant role in
memorizing and extending the influence of
spring AO on EASM. This subtropical route of
spring AO-EASM teleconnection is a new
finding. The strengthening of the subtropical
wave train in post-1997 epoch could be partly
attributed to the strengthening signals of
spring AO over North Atlantic Ocean.

Radiant Energy System during 2000-2013.
The ASR changes primarily with cloud
variation. We found that the ASR anomaly in
early summer is significantly correlated with
the SIC anomaly in late summer (correlation
coefficient, r ≈ -0.8 with a lag of 1 to
4months). The region exhibiting high (low)
ASR anomalies and low (high) SIC anomalies
varies yearly. The possible reason is that the
solar heat input to ice is most effectively
affected by the cloud shielding effect under
the maximum TOA solar radiation in June and
amplified by the ice-albedo feedback. This
intimate delayed ASR-SIC relationship is not
represented in most of current climate
models. Rather, the models tend to
over-emphasize internal sea ice processes in
summer.

1-6

1-7

Gao, Miao-Ni, Jing Yang, Dao-Yi Gong, and
Seong-Joong Kim. 2014. “Unstable
relationship between spring Arctic Oscillation
and East Asian summer monsoon”.
International Journal of Climatology, 34(7):
2522-2528.
doi: 10.1002/joc.3849

Geng, H., H. Hwang, and 3 others. 2014.
“Investigation of aged aerosols in
size-resolved Asian dust storm particles
transported from Beijing, China to Incheon,
Korea, using low-Z particle EPMA”.
Atmospheric Chemistry and Physics, 14(7):
3307-3323.
doi: 10.5194/acp-14-3307-2014
This is the first study of Asian dust storm
(ADS) particles collected in Beijing, China, and
Incheon, Korea, during a spring ADS event.
Using a seven-stage May impactor and a
quantitative electron probe X-ray
microanalysis (ED-EPMA, also known as
low-Z particle EPMA), we examined the
composition and morphology of 4200 aerosol
particles at stages 1–6 (with a size cut-off of
16, 8, 4, 2, 1, and 0.5 μm in equivalent
aerodynamic diameter, respectively)
collected during an ADS event on 28–29 April
2005. The results showed that there were
large differences in the chemical
compositions between particles in sample S1
collected in Beijing immediately after the
peak time of the ADS and in samples S2 and
S3, which were collected in Incheon
approximately 5 h and 24 h later,
respectively. In sample S1, mineral dust
particles accounted for more than 88% in
relative number abundance at stages 1–5; and
organic carbon (OC) and reacted
NaCl-containing particles accounted for 24%

The relationship between spring (March to
May) Arctic Oscillation (AO) and East Asian
summer monsoon (EASM, May to July) on
interannual timescale has a remarkable
decadal variation in late 1990s, and their
correlation coefficient abruptly turns from
+0.77 during 1979-1997 to -0.62 during
1998-2007. In the following summer after a
spring positive AO phase, the
lower-troposphere over East Asia (EA)
features a cyclonic anomaly before 1997 but
an anticyclonic anomaly after 1997, which
results from different simultaneous air-sea
features imposed by spring AO and distinctive
evolution from spring to summer. In
pre-1997, the spring AO-associated signal is
mainly memorized and persists over Pacific,
because the spring AO-associated wave
activity prefers the high-latitude propagation

7
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others. 2014. “High resolution climate and
environmental changes of the northern Japan
(East) Sea for the last 40 kyr inferred from
sedimentary geochemical and pollen data”.
Palaeogeography, Palaeoclimatology,
Palaeoecology, 414: 260-272.
doi: 10.1016/j.palaeo.2014.09.001

and 32%, respectively, at stage 6. On the other
hand, in samples S2 and S3, in addition to
approximately 60% mineral dust, many sea
spray aerosol (SSA) particles reacted with
airborne SO2 and NOx (accounting for 24%
and 14% on average in samples S2 and S3,
respectively), often mixed with mineral dust,
were encountered at stages 1–5, and (C, N, O,
S)-rich particles (likely a mixture of
water-soluble organic carbon with (NH4)2SO4
and NH4NO3) were abundantly observed at
stage 6 (accounting for 68% and 51% in
samples S2 and S3, respectively). This
suggests that an accumulation of sea-salt
components on individual ADS particles
larger than 1 μM in diameter occurred and
many secondary aerosols smaller than 1 μM in
diameter were formed when the ADS
particles passed over the Yellow Sea. In the
reacted or aged mineral dust and SSA
particles, nitrate-containing and both nitrateand sulfate-containing species vastly
outnumbered the sulfate-containing species,
implying that ambient NOx had a greater
influence on the atmospheric particles than
SO2 during this ADS episode. In addition to
partially- or totally-reacted CaCO3, reacted or
aged Mg-containing aluminosilicates were
observed frequently in samples S2 and S3;
furthermore, a student's t test showed that
both their atomic concentration ratios of [Mg]
/ [Al] and [Mg] / [Si] were significantly
elevated (P < 0.05) compared to those in
samples S1 (for [Mg] / [Al], 0.34 ± 0.09 and
0.40 ± 0.03 in samples S2 and S3, respectively,
vs. 0.24 ± 0.01 in sample S1; for [Mg] / [Si],
0.21 ± 0.05 and 0.22 ± 0.01 in samples S2 and
S3, respectively, vs. 0.12 ± 0.02 in sample S1).
The significant increase of [Mg] / [Al] and
[Mg] / [Si] ratios in Mg-containing
aluminosilicates indicates that a significant
evolution or aging must have occurred on the
ADS particles in the marine atmosphere
during transport from China to Korea.

1-8

A High-resolution lithological and
isotope-geochemical results of a well age
constrained sediment core was raised from
the northeastern Japan (East) Sea recording
10 dark layers (DL) over the last 40 ka BP.
Pollen analysis of the core allows us to
reconstruct the history of surrounding
landmass vegetation and to determine
pronounced vegetation/climate changes. We
found that DL 10 correlated with a
DO/Chinese interstadial 8 was forced by
increased East Asian humidity and influx of
the nutrient-rich water into the sea. DL5
formed during cold the Heinrich event 3 (HE),
30-31 ka BP, was most likely to be initiated by
the global sea level descent and reduction of
seawater exchange with the North Pacific.
High resolution of δ18Opf records reflect a
unique sensitivity of the Japan (East) Sea to
input of the North Pacific water through the
shallow Tsushima and Tsugaru Straits. This
led us to the important evidence of the
eustatic-sea level changes during the last 40
ka BP. Since 29 ka BP, δ18Opf curve shows a
continuous descending sea level interrupted
by sharp drops of HE 2 at time with a
following rise of DO interstadial 2. A sharp
δ18Opf increase since 18.6 ka BP is consistent
with coral results which indicate abrupt
termination of LGM lowstand by a rapid sea
level rise initiated at 19.0 ka BP.

1-9

Gorbarenko, Sergey A., Seung-Il Nam, and 4

8

Han, Yeongcheol, Youngsook Huh, Sungmin
Hong, Soon Do Hur, and Hideaki Motoyama.
2014. “Evidence of air-snow mercury
exchange recorded in the snowpack at Dome
Fuji, Antarctica”. Geosciences Journal, 18(1):
105-113.
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The presence of diploptene was identified,
and its concentrations in the two cores
exhibited spatiotemporal variations, ranging
from 1.7 to 632.1 ng/g (average, 87 ng/g) in
core 06GHSA P6 and from 1.4 to 42.2 ng/g in
core 06GHSA P1 (average, 20.1 ng/g). In both
cores, δ13Cdip exhibited significant variations,
ranging from –22.3 to –61.3‰. In core 06GHSA
P6, extreme δ13Cdip depletion was evident in
the sediments deposited under glacial
conditions, whereas relatively enriched
values were determined in Holocene
sediments. High diploptene concentrations
correspond to depleted δ13Cdip, indicating that
carbon was, in part, derived from
methanotrophic bacterial activities, whereas
low diploptene concentrations may reflect a
mainly cyanobacterial origin. The presence of
depleted δ13Cdip and its fluctuation may record
the dissociation of gas hydrates and methane
seepage during glacial intervals for core
06GHSA P6.
The release of methane hydrate release may
have been triggered by the collapse of the
stability zone. Several factors associated with
the hydrate stability include sea-level
fluctuations. Lowered sea levels during glacial
periods may cause the collapse of hydrate
stability zone, which could be the source of
dissociated of methane hydrate and methane
seepage. This study documents the evidence
of methane hydrate instability, inferred from
compound-specific analysis, of the Japan
Sea/East Sea sediments.

doi: 10.1007/s12303-013-0054-7
Measuring the mercury content in shallow
Antarctic snow pits is useful for
understanding the mercury dynamics of the
Antarctic Plateau and the global mercury
cycle and for interpreting ice core data. We
determined the total mercury concentration
(HgT) in snow samples successively collected
at 5 cm intervals from two 4 m deep snow pits
at Dome Fuji. The measured mercury
concentration varied between 0.32 (the
detection limit) and 2.93 pg g-1 (n = 160) with
depth and was lower than that of
summertime surface snow that was sampled
simultaneously. This finding is consistent
with previous observations that a
bidirectional exchange of mercury between
the snowpack and the atmosphere led to an
increase in HgT in the surface snow during the
summer. However, the contribution of the
air-snow Hg exchange to the net Hg
sequestration was offset by the intense
re-emission of deposited mercury over the
past ~50 years. Our results demonstrate that
the Antarctic Plateau snowpack is a
temporary reservoir of mercury rather than a
permanent sink.

1-10 Hyun, Sangmin, J.-J. Bahk, Un Hyuk Yim, M.
Uchida, S. I. Nam, and K. S. Woo. 2014. “Carbon
isotope variations in diploptene for methane
hydrate dissociation during the last glacial
episode in the Japan Sea/East Sea”.
Geochemical Journal, 48(3): 287-297.
doi: 10.2343/geochemj.2.0305

1-11 Jee, Geonhwa, Han-Byul Lee, and Stanley C.
Solomon. 2014. “Global ionospheric total
electron contents (TECs) during the last two
solar minimum periods”. Journal of
Geophysical Research: Space Physics, 119(3):
2090-2100.
doi: 10.1002/2013JA019407

Two piston cores (06GHSA P1 and 06GHSA
P6) taken from the Ulleung Basin of the Japan
Sea/East Sea were examined for the presence
of an organic compound, diploptene
(hopanoid 17α(H),21β(H)-hop-22(29)-ene).
Carbon isotopes of diploptene (δ13Cdip) were
analyzed to determine their origins and
relationship with methane hydrate
dissociation.

The last solar minimum period was
anomalously extended and low in EUV
irradiance compared with previous solar

9
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Interferometer for the mesosphere and
thermosphere, which are no longer in
operation. In 2002, in collaboration with York
University, Canada, the Spectral Airglow
Temperature Imager (SATI) was installed to
observe the temperature in the mesosphere
and lower thermosphere (MLT) region and it
has still been producing the mesopause
temperature data until present. The
observation was extended by installing the
meteor radar in 2007 to observe the neutral
winds and temperature in the MLT region
during the day and night in collaboration with
Chungnam National University. We also
installed the all sky camera in 2008 to observe
the wave structures in the MLT region. All
these observations are utilized to study on the
physical characteristics of the MLT region and
also on the wave phenomena such as the tide
and gravity wave in the upper atmosphere
over KSS that is well known for the strong
gravity wave activity. In this article, brief
introductions for the currently operating
instruments at KSS will be presented with
their applications for the study of the upper
atmosphere.

minima. It can readily be expected that the
thermosphere and the ionosphere must be
correspondingly affected by this low solar
activity. While there have been unanimous
reports on the thermospheric changes, being
cooler and lower in its density as expected,
the ionospheric responses to low solar
activity in previous studies were not
consistent with each other, probably due to
the limited ionospheric observations used for
them. In this study, we utilized the
measurements of total electron content (TEC)
from TOPEX and JASON-1 satellites during the
periods of 1992 to 2010, which includes both
the last two solar minimum periods, in order
to investigate how the ionosphere responded
to the extremely low solar activity during the
last solar minimum compared with previous
solar minimum. Although the global daily
mean TECs show negligible differences
between the two solar minimum periods, the
global TEC maps reveal that there are
significant systematic differences ranging
from about -30% to +50% depending on local
time, latitude, and season. The systematic
variations of the ionospheric responses seem
to mainly result from the relative effects of
reduced solar EUV production and reduced
recombination rate due to thermospheric
changes during the last solar minimum
period.

1-13 Jeong, Jee-Hoon, Jong-Seong Kug, Hans W
Linderholm, Deliang Chen, Baek-Min Kim, and
Sang-Yoon Jun. 2014. “Intensified Arctic
warming under greenhouse warming by
vegetatio-atmosphere-sea ice interaction”.
Environmental Research Letters, 9(9): 1-10.
doi: 10.1088/1748-9326/9/9/094007

1-12 Jee, Geonhwa, Jeong-Han Kim, Changsup Lee,
and Yong Ha Kim. 2014. “Ground-based
Observations for the Upper Atmosphere at
King Sejong Station, Antarctica”. Journal of
Astronomy and Space Sciences, 31(2): 169-176.
doi: 10.5140/JASS.2014.31.2.169

Observations and modeling studies indicate
that enhanced vegetation activities over high
latitudes under an elevated CO2 concentration
accelerate surface warming by reducing the
surface albedo. In this study, we suggest that
vegetation-atmosphere-sea ice interactions
over high latitudes can induce an additional
amplification of Arctic warming. Our
hypothesis is tested by a series of coupled
vegetation-climate model simulations under
2xCO2 environments. The increased

Since the operation of the King Sejong Station
(KSS) started in Antarctic Peninsula in 1989,
there have been continuous efforts to perform
the observation for the upper atmosphere.
The observations during the initial period of
the station include Fabry-Perot
Interferometer (FPI) and Michelson

10

2014
ABSTRACTS

(DRE) upon the surface that happens because
the decrease of the downward longwave (LW)
radiation overcomes the increase of the
downward shortwave (SW) radiation under
clear sky. The second is the cloud radiation
effect (CRE) induced by ozone depletion,
which happens because the decreased
downward SW radiation overcomes the
increased downward LW radiation in the case
of increased cloud. Although the CRE is
theoretically opposite to the DRE, their final
net effect makes comparable contributions to
the EA surface cooling. Compared with the
surface radiation budget, the surface heat flux
budgets have a much smaller contribution.
We additionally note that the CRE is basically
ascribed to the circulation change.

vegetation activities over high latitudes under
a 2xCO2 condition induce additional surface
warming and turbulent heat fluxes to the
atmosphere, which are transported to the
Arctic through the atmosphere. This causes
additional sea-ice melting and upper-ocean
warming during the warm season. As a
consequence, the Arctic and high-latitude
warming is greatly amplified in the following
winter and spring, which further promotes
vegetation activities the following year.
We conclude that the vegetation-atmospheresea ice interaction gives rise to additional
positive feedback of the Arctic amplification.

1-14 Jing, Yang, Bao Qing, Ji Duoying, Gong Daoyi,
Mao Rui, Zhang Ziyin, and Seong-Joong Kim.
2014. “Simulation and Causes of Eastern
Antarctica Surface Cooling Related to Ozone
Depletion during Austral Summer in
FGOALS-s2”. Advances in Atmospheric
Sciences, 31(5): 1147-1156.
doi: 10.1007/s00376-014-3144-1

1-15 Jun, Sang-Yoon, Chang-Hoi Ho, Baek-Min Kim,
and Jee-Hoon Jeong. 2014. “Sensitivity of
Arctic warming to sea surface temperature
distribution over melted sea-ice region in
atmospheric general circulation model
experiments”. Climate Dynamics, 42(3-4):
941-955.
doi: 10.1007/s00382-013-1897-3

Two parallel sets of numerical experiments
(an ozone-hole simulation and a
non-ozone-hole simulation) were performed
to investigate the effect of ozone depletion on
surface temperature change using the second
spectral version of the Flexible Global
Ocean-Atmosphere-Land System model
(FGOALS-s2), focusing on the eastern
Antarctica (EA) continent in austral summer.
First, we evaluated the ability of the model to
simulate the EA surface cooling, and found the
model can successfully reproduce the cooling
trend of the EA surface, as well as the
circulation change circling the South Pole in
the past 30 years. Second, we compared the
two experiments and discovered that the
ozone depletion causes the cooling trend and
strengthens the circumpolar westerly flow.
We further investigated the causes of the EA
surface cooling associated with the ozone
hole and found two major contributors. The
first is the ozone-hole direct radiation effect

Substantial reduction in Arctic sea ice in
recent decades has intensified air-sea
interaction over the Arctic Ocean and has
altered atmospheric states in the Arctic and
surrounding high-latitude regions. This study
has found that the atmospheric responses
related to Arctic sea-ice melt in the cold
season (October–March) depend on sea-ice
fraction and are very sensitive to in situ sea
surface temperature (SST) from a series of
atmospheric general circulation model
(AGCM) simulations in which multiple
combinations of SSTs and sea-ice
concentrations are prescribed in the Arctic
Ocean. It has been found that the amplitude of
surface warming over the melted sea-ice
region is controlled by concurrent in situ SST
even if these simulations are forced by the
same sea-ice concentration. Much of the

11
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sensitivity of surface warming to in situ SST
are related with large changes in surface heat
fluxes such as the outgoing long-wave flux in
early winter (October–December) and the
sensible and latent heat fluxes for the entire
cold season. Vertical extension of surface
warming and moistening is sensitive to these
changes as well; the associated
condensational heating modulates a static
stability in the lower troposphere. This study
also indicates that changes in SST fields in
AGCM simulations must be implemented with
extra care, especially in the melted sea-ice
region in the Arctic. The statistical method
introduced in this study for adjusting SSTs in
conjunction with a given sea-ice change can
help to model the atmospheric response to
sea-ice loss more accurately.

peaks with the current more than 0.8 μA.
Comparing the profiles of SO42- and Clconcentrations to correlate with known
volcanic eruptions, the first two ECM peaks
appear to be linked to the eruptions (January
and June 2007) of Kliuchevskoi volcano on
the Kamchatka Peninsula of Russia, which
supports the reliability of our ECM data.
Finally, the composition of stable isotopes
(δ18O and δD) shows a well-defined seasonal
variation, suggesting that various chemical
proxies may have been well preserved in the
successive ice layers of Tsambagarav ice core.
Our ice core processing method and analytical
procedures for fundamental proxies are
expected to be used for paleoclimate and
paleoenvironmental studies from polar and
alpine ice cores.

1-16 Jun, Seong Joon, Sang Bum Hong, Soon Do Hur,
Jeonghoon Lee, Jung-Ho Kang, Hee Jin Hwang,
Ji-Woong Chung, Hye Jin Jung, and 2 others.
2014. “Establishment of an Ice Core
Processing Method and Analytical Procedures
for Fundamental Proxies”. Ocean and Polar
Research, 36(1): 13-24.
doi: 10.4217/OPR.2014.36.1.013

1-17 Kang, Jung-Ho, Heejin Hwang, Sang Bum
Hong, and Soon Do Hur. 2014. “Particle Size
Distribution Analysis of Mineral Dust in Polar
Snow Using a Coulter Counter”. Ocean and
Polar Research, 36(4): 319-417.
Mineral dust in the polar snow plays an
important role both in the climate system of
the Earth and in global biogeochemical cycles.
Analysis of the concentration and the particle
size distribution of mineral dust has been
carried out in the snow from the Antarctic
surface snow and the Greenland snowpit.
Among the various particle size
determination techniques, a Multisizer 3
Coulter Counter in a class 100 clean bench
counted all particles between 1.1 and 30.0 μm
with a 50 μm aperture tube. The aperture tube
size, the concentration of electrolytes and the
accuracy of the particle size distribution were
determined in this study. The number
concentrations from the Antarctic surface
snow were 81,843 particles mL−1, but those
from the Greenland snowpit were 10,666
particles mL−1. In the volume distribution, the
distributions of mineral dust in both the
Antarctic surface snow and the Greenland

We established the first complete ice core
processing method and analytical procedures
for fundamental proxies, using a 40.2 m long
ice core drilled on the Mt. Tsambagarav
glacier in the Mongolian Altai mountains in
July 2008. The whole core was first divided
into two sub ice core sections and the
measurements of the visual stratigraphy and
electrical conductivity were performed on the
surface of these sub core sections. A
continuous sequence of samples was then
prepared for chemical analyses (stable
isotope ratios of oxygen (18O/16O) and
hydrogen (2H/1H), soluble ions and trace
elements). A total of 29 insoluble dust layers
were identified from the measurement of
visual stratigraphy. The electrical
conductivity measurement (ECM) shows 11
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BO also showed high correlation with Ural
Blocking Index (UBI), which measures
seasonal activity of Ural blocking. Since Ural
blocking is known as a major component of
Eurasian winter monsoon and can be linked
to extreme weathers, we suggest deeper
understanding of BO can provide a missing
link between recent Arctic amplification and
increase in extreme weathers in midlatitude
in recent decades.

snowpit showed lognormal distribution in the
size interval 1.1 to 6.0 μm with the mode,
3.562 and 3.836 μm, respectively. The analysis
technique using a coulter counter for mineral
dust could be used for reconstructing
paleoclimates from polar ice cores.

1-18 Kim, Baek-Min, Euihyun Jung, Gyu-Ho Lim,
and Hyun-kyung Kim. 2014. “Analysis on
Winter Atmospheric Variability Related to
Arctic Warming”. Atmosphere, 24(2): 131-140.
doi: 10.14191/Atmos.2014.24.2.131

1-19 Kim, Baek-Min, Seok-Woo Son, Seung-Ki Min,
Jee-Hoon Jeong, Seong-Joong Kim, and 3
others. 2014. “Weakening of the stratospheric
polar vortex by Arctic sea-ice loss”. Nature
Communications, 5: 4646.
doi: 10.1038/ncomms5646

The “Barents Oscillation (BO)”, first
designated by Paul Skeie (2000), is an
anomalous recurring atmospheric circulation
pattern of high relevance for the climate of the
Nordic Seas and Siberia, which is defined as
the second Emperical Orthogonal Function
(EOF) of monthly winter sea level pressure
(SLP) anomalies, where the leading EOF is the
Arctic Oscillation (AO). BO, however, did not
attracted much interest. In recent two
decades, variability of BO tends to increase. In
this study, we analyzed the spatio-temporal
structures of Atmospheric internal modes
such as Arctic Oscillation (AO) and Barents
Oscillation (BO) and examined how these are
related with Arctic warming in recent decade.
We identified various aspects of BO, not dealt
in Skeie (2000), such as upper-level
circulation and surface characteristics for
extended period including recent decade and
examined link with other surface variables
such as sea-ice and sea surface temperature.
From the results, it was shown that the BO
showed more regionally confined spatial
pattern compared to AO and has intensified
during recent decade. The regional dipolelar
structure centered at Barents sea and Siberia
was revealed in both sea-level pressure and
500 hPa geopotential height. Also, BO showed
a stronger link (correlation) with sea-ice and
sea surface temperature especially over
Barents-Kara seas suggesting it is playing an
important role for recent Arctic amplification.

Successive cold winters of severely low
temperatures in recent years have had critical
social and economic impacts on the
mid-latitude continents in the Northern
Hemisphere. Although these cold winters are
thought to be partly driven by dramatic losses
of Arctic sea-ice, the mechanism that links
sea-ice loss to cold winters remains a subject
of debate. Here, by conducting observational
analyses and model experiments, we show
how Arctic sea-ice loss and cold winters in
extra-polar regions are dynamically
connected through the polar stratosphere. We
find that decreased sea-ice cover during early
winter months (November–December),
especially over the Barents–Kara seas,
enhances the upward propagation of
planetary-scale waves with wavenumbers of
1 and 2, subsequently weakening the
stratospheric polar vortex in mid-winter
(January–February). The weakened polar
vortex preferentially induces a negative
phase of Arctic Oscillation at the surface,
resulting in low temperatures in
mid-latitudes.

1-20 Kim, Dong-hyo, Jaesang Lee, Jungho Ryu, Kitae
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Kang Hyun Lee, Kyoung-Seok Lee, Won-seok
Lee, Jong-Woo Choi, and Oh-sang Kwon. 2014.
“Comparison of Mass Bias Correction
Methods for Lead and Cadmium Stable
Isotope Analysis by Multi-Collector ICP-MS”.
Journal of the Korean Society for Environmental
Analysis, 17(3): 173-181.

Kim, and Wonyong Choi. 2014. “Arsenite
Oxidation Initiated by the UV Photolysis of
Nitrite and Nitrate”. Environmental Science &
Technology, 48(7): 4030-4037.
doi: 10.1021/es500001q
This study demonstrates that the production
of reactive oxidizing species (e.g., hydroxyl
radical (•OH)) during the photolysis of nitrite
(NO2−) or nitrate (NO3−) leads to the oxidative
conversion of arsenite (As(III)) to arsenate
(As(V)). While the direct UV photolytic
oxidation of As(III) was absent, nitrite (20 or
200 μM) addition markedly accelerated the
oxidation of As(III) under UV irradiation (λ >
295 nm), which implies a role of NO2− as a
photosensitizer for As(III) oxidation.
Nitrate-mediated photooxidation of As(III)
revealed an initial lag phase during which
NO3− is converted into NO2−.
UV-Photosensitized oxidation of As(III) was
kinetically enhanced under acidic pH
condition where nitrous acid (HNO2) with a
high quantum yield for •OH production is a
predominant form of nitrite. On the other
hand, alkaline pH that favors the
photoinduced transformation of NO3− to NO2−
significantly facilitated the catalytic
reduction/oxidation cycling, which enabled
the complete oxidation of As(III) at the
condition of [As(III)]/[NO2−] ≫ 1 and
markedly accelerated NO3−-sensitized
oxidation of As(III). The presence of O2 and
N2O as electron scavengers enhanced the
photochemical dissociation of NO2− via
intermolecular electron transfer, initiating
the oxidative As(III) conversion route
probably involving NO2• and superoxide
radical anion (O2•−) as alternative oxidants.
The outdoor experiment demonstrated the
capability of NO2− for the photosensitized
production of oxidizing species and the
subsequent oxidation of As(III) into As(V)
under solar irradiation.

To obtain precise and accurate isotope ratios
with a multi-collector ICP-MS, three methods
such as interelemental internal calibration,
sample-standard bracketing (SSB), and
log-log linear regression correction model
were applied to isotope ratio measurement of
lead (Pb) and cadmium (Cd) for the correction
of instrumental mass discrimination. Certified
reference materials including NIST SRM 981
(Pb), NIST SRM 3108 (Cd), and BAM I012 (Cd)
were used as reference materials for the
isotope ratios of lead and cadmium to
compare the corrected results obtained from
the respective correction models. The
accuracies of lead isotope ratio
measurements were in the range of -0.002
(207/206Pb) to -0.035 (208/204Pb) % when the
inter-elemental internal calibration applied.
The same range of -0.002 (207/206Pb) to -0.035
(208/204Pb) % was also found with the SSB
method. The log-log linear regression
correction model, on the other hand, showed
a different range of -2.160 (207/206Pb) to 0.219
(208/204Pb) %. The precisions of lead isotope
ratios with these three correction methods
ranged from 0.027 (206/204Pb) to 0.127
(208/204Pb), 0.025 (206/204Pb) to 0.124
(208/204Pb), and 1.265 (207/204Pb) to 1.367
(207/206Pb), respectively. Therefore, both of the
inter-elemental internal calibration and the
SSB method were selected as good methods
for mass bias correction of lead isotope ratios.
The ε114/110Cd values obtained from the
application of the three different correction
models were -14.5±0.7 (Ag as an internal
standard), -13.0±2.1 (SSB), and -15.2±1.8
(log-log linear regression correction model),
respectively. For ε114/110Cd values, the
inter-elemental internal calibration showed

1-21 Kim, Jee-young, Myung-jin Kim, Eun-jin Yoo,
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water molecules, through the oxidation of
As(III). The addition of 1.0 mM As(III) to the
electrolyte at a constant cell voltage (Ecell) of
3.0 V enhanced the production of H2 by 12%
even though the cell current (Icell) was
reduced by 5%. The net effect results in an
increase in the energy efficiency (EE) for H2
production (ΔEE) by 17.5%. Furthermore, the
value ΔEE, which depended on As(III)
oncentration, also depended on the applied
Ecell. For example, the ΔEE increased with
increasing As(III) concentration in the
micromolar range but decreased as a function
of Ecell. This is attributed to the fact that the
reactions between RCS and As(III) are
influenced by both RCS concentration
depending on Ecell and As(III) concentration
in the solution. On the other hand, the ΔEE
decreased with increasing As(III)
concentration in the millimolar range due to
the adsorption of As(V) generated from the
oxidation of As(III) on the semiconductor
anode. In comparison to the electrochemical
oxidation of certain organic compounds (e.g.,
phenol, 4-chlorophenol, 2-chlorophenol,
salicylic acid, catechol, maleic acid, oxalate,
and urea), the ΔEE obtained during As(III)
oxidation (17.5%) was higher than that
observed during the oxidation of the above
organic compounds (ΔEE = 3.0−15.3%) with
the exception of phenol at 22.1%. The
synergistic effect of As(III) on H2 production
shows that an energetic byproduct can be
produced during the remediation of a
significant inorganic pollutant.

the best precision among the three correction
methods. Isobaric interferences with
cadmium were also corrected when
correction coefficients were applied to each
isotope of cadmium. The difference of
correction coefficients between the isotope
ratios with natural abundances and the
empirical ratios in the isobaric interferences
reached up to 11%. The heavier isobaric
interferences (106, 108, 110Pd vs. 105Pd) were
underestimated in the application of the
natural ratios, while the lighter isobaric
interferences (112,114,116Sn vs. 118Sn and 113In
vs. 115In) were overestimated. In conclusion,
the inter-elemental internal calibration and
the SSB method can properly correct the
isotope ratios of interest in the isotope ratio
measurement using the MC-ICP-MS. Further
research on the isotope ratio analysis of
environmental samples should follow to
improve precision and accuracy.

1-22 Kim, Jungwon, Daejung Kwon, Kitae Kim, and
Michael R. Hoffmann. 2014. “Electrochemical
Production of Hydrogen Coupled with the
Oxidation of Arsenite”. Environmental Science
& Technology, 48(3): 2059-2066.
doi: 10.1021/es4046814
The production of hydrogen accompanied by
the simultaneous oxidation of arsenite
(As(III)) was achieved using an
electrochemical system that employed a
BiOx−TiO2 semiconductor anode and a
stainless steel (SS) cathode in the presence of
sodium chloride (NaCl) electrolyte. The
production of H2 was enhanced by the
addition of As(III) during the course of water
electrolysis. The synergistic effect of As(III)
on H2 production can be explained in terms of
(1) the scavenging of reactive chlorine species
(RCS), which inhibit the production of H2 by
competing with water molecules (or protons)
for the electrons on the cathode, by As(III)
and (2) the generation of protons, which are
more favorably reduced on the cathode than

1-23 Kim, Seong-Joong and Ji-Won Kim. 2014.
“Reproduction of climate for the
mid-Holocene over the Korean Peninsula
using a high-resolution numerical model”.
Quaternary International, 344: 86-96.
doi: 10.1016/j.quaint.2014.04.052
The climate response over Korea to the
change in orbital parameters for the
mid-Holocene at 6000 BP is reproduced using
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The increasing trend of the Southern Annular
Mode (SAM) in recent decades has influenced
climate change in the Southern Hemisphere
(SH). How the SAM will respond increased
greenhouse gas concentrations in the future
remains uncertain. Understanding the
variability of the SAMin the past under a
colder climate such as during the Last Glacial
Maximum (LGM) might provide some
understanding of the response of the SAM
under a future warmer climate. We analyzed
the changes in the SAM during the LGM in
comparison to pre-industrial (PI) simulations
using five coupled ocean-atmosphere models
(CCSM, FGOALS, IPSL, MIROC, HadCM) from
the second phase of the Paleoclimate
Modelling Intercomparison Project (PMIP2).
In CCSM, MIROC, IPSL, and FGOALS, the
variability of the simulated SAM appears to be
reduced in the LGM compared to the PI
simulations, with a decrease in the standard
deviation of the SAM index. Overall, four out
of the five models suggest a weaker SAM
amplitude in the LGM consistent with a
weaker SH polar vortex and westerly winds
found in some proxy records and model
analyses. The weakening of the SAM in the
LGM was associated with an increase in the
vertical propagation of Rossby waves in
southern high latitudes.

a relatively high-resolution (about 75 km)
climate model of National Center for
Atmosphere Research (NCAR) Community
Climate Model version 3 (CCM3). In response
to the mid- Holocene orbital conditions, the
surface temperature over Korea increased
over the northern part and decreased over
the southern part by up to about ±0.5 ℃. The
increase in surface temperature is mainly due
to the increase in summer surface
temperature as the earth receives more
energy. Despite the reduced insolation in
winter, surface temperature increased in
North Korea, associated with the increase in
downward long wave and turbulent heat
fluxes. The cooler climate in the southern part
is due to the reduced surface temperature in
winter, spring, and autumn. In the
mid-Holocene, precipitation decreased
overall in most of Korea, except for the
southern part, where it slightly increased.
Associated with the reduced precipitation, the
climate was overall drier in most of Korea,
especially the northern part, though climate
was slightly wetter in southernmost Korea,
including Jeju Island. In comparison to some
proxy records, the increase in surface
temperature in the mid-Holocene is overall
consistent. In terms of precipitation and
hydrological budget, the southern part agrees
with proxy evidence, but in central Korea
there exists a disagreement. However, there
are only limited numbers of proxy records
throughout Korea. A greater number and
lines of proxy evidence are required before
we draw any clear conclusions regarding
climate change for the mid-Holocene over
Korea.

1-25 Kim, So-Young and Dhong-il Lim. 2014.
“Signatures of the late Holocene Neoglacial
cold event and their marine–terrestrial
linkage in the northwestern Pacific margin”.
Progress in Oceanography, 124: 54-65.
doi: 10.1016/j.pocean.2014.03.010
Marine microfossil assemblages in core
sediments from the northern East China Sea
(ECS) were investigated to understand late
Holocene paleoclimatic changes in the
northwestern Pacific margin. We find a
pronounced alternation of ocean condition
during the late Holocene characterized by an
abrupt decrease in dinoflagellate cysts and

1-24 Kim, Seong-Joong, Lu Junmei, and Baek-Min
Kim. 2014. “The Southern Annular Mode
(SAM) in PMIP2 Simulations of the Last
Glacial Maximum”. Advances in Atmospheric
Sciences, 31(4): 863-878.
doi: 10.1007/s00376-013-3179-8
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and new perspectives on the western Arctic in
terms of paleoclimate researches. Records of
temporal and spatial variations in sea-ice
extents as well as marine and terrestrial
paleoclimatic proxies show a strong a
synchronicity between the western and
eastern Arctic throughout the Holocene. The
reason for this apparent contradiction across
the Arctic may be related to freshwater
discharges over the Arctic shelves and the
inflow of the Pacific freshwater into the
western Arctic Ocean in coupled with a
complex interaction between atmospheric
and sea-ice dynamics. Special emphasis is
placed on a tentative linkage of the late
Holocene paleoclimatic events between the
Arctic regions and the northwestern Pacific
margin, highlighting the notion that climatic
events of the northern Pacific Ocean is closely
linked to the global climate system through
hydrological dynamics in the western Arctic
Ocean.

Kuroshio water species of planktonic
foraminifera centered at ca. 4000-2500 14C yr
BP. Compilation and merger of new and
previously published data show that this
oceanic event corresponds with terrestrial
cooling and dry episodes in the northern
China. The synchronicity between marine and
terrestrial records is considered to be linked
to a weakened Kuroshio influence that is in
coupled with intensified winter monsoon,
highlighting a significance of
oceanic-atmospheric dynamics in
determining moisture and heat distribution
over both oceanic and terrestrial domains.
Superimposed on the late Holocene, the
synchronicity between this particular climatic
shift in the northwestern Pacific and the
Neoglacial cold events in the northern
high-latitude regions is tentatively indicative
of a global climate signal, possibly associated
with dynamics of the North Pacific gyre
system and the high latitude North Atlantic
thermohaline circulation, and therefore
positions of the mean latitude of the Kuroshio
extension.

1-27 Kim, Y., K. Nishina, N. Chae, S. J. Park, Y. J. Yoon,
and B. Y. Lee. 2014. “Constraint of soil
moisture on CO2 efflux from tundra lichen,
moss, and tussock in Council, Alaska, using a
hierarchical Bayesian model”. Biogeosciences,
11: 5567-5579.
doi: 10.5194/bg-11-5567-2014

1-26 Kim, So-Young and Seung-Il Nam. 2014.
“Holocene records of paleoclimatic and
paleoceanographic changes in the western
Arctic”. Geosciences Journal, 18(2): 247-260.
doi: 10.1007/s12303-013-0059-2

The tundra ecosystem is quite vulnerable to
drastic climate change in the Arctic, and the
quantification of carbon dynamics is of
significant importance regarding thawing
permafrost, changes to the snow-covered
period and snow and shrub community
extent, and the decline of sea ice in the Arctic.
Here, CO2 efflux measurements using a
manual chamber system within a 40m×40m
(5m interval; 81 total points) plot were
conducted within dominant tundra
vegetation on the Seward Peninsula of Alaska,
during the growing seasons of 2011 and 2012,
for the assessment of driving parameters of
CO2 efflux. We applied a hierarchical Bayesian

Understanding of past climate variability on
millennial to decadal scales is of primary
importance in order to assess modern
processes and predict future climatic events.
Past history of Arctic climate changes is
currently receiving increasing attention due
to the recent phenomena of rapid sea-ice
reduction. In this paper, we thoroughly
reviewed the Holocene history of
spatio-temporal climatic changes in the
western Arctic region in order to better
understand recent rapid environmental
changes occurring in the Pacific sector of the
Arctic, and further to discuss critical issues
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Husum, Stijn De Schepper, Christoph Vogt,
Nils Andersen, Jens Matthiessen, Karin
Andreassen, Wilfried Jokat, Seung-Il Nam,
Carmen Gaina. 2014. “Effect of early Pliocene
uplift on late Pliocene cooling in the
Arctic-Atlantic gateway”. Earthand Planetary
Science Letters, 387: 132-144.
doi: 10.1016/j.epsl.2013.11.007

(HB) model - a function of soil temperature,
soil moisture, vegetation type, and thaw
depth - to quantify the effects of
environmental factors on CO2 efflux and to
estimate growing season CO2 emissions. Our
results showed that average CO2 efflux in
2011 was 1.4 times higher than in 2012,
resulting from the distinct difference in soil
moisture between the 2 years.
Tussock-dominated CO2 efflux is 1.4 to 2.3
times higher than those measured in lichen
and moss communities, revealing tussock as a
significant CO2 source in the Arctic, with a
wide area distribution on the circumpolar
scale. CO2 efflux followed soil temperature
nearly exponentially from both the observed
data and the posterior medians of the HB
model. This reveals that soil temperature
regulates the seasonal variation of CO2 efflux
and that soil moisture contributes to the
interannual variation of CO2 efflux for the two
growing seasons in question. Obvious
changes in soil moisture during the growing
seasons of 2011 and 2012 resulted in an
explicit difference between CO2 effluxes - 742
and 539 gCO2 m-2 period-1 for 2011 and 2012,
respectively, suggesting the 2012 CO2
emission rate was reduced to
27%(95%credible interval: 17-36%) of the
2011 emission, due to higher soil moisture
from severe rain. The estimated growing
season CO2 emission rate ranged from
0.86MgCO2 in 2012 to 1.20MgCO2 in 2011
within a 40m×40m plot, corresponding to 86
and 80% of annual CO2 emission rates within
the western Alaska tundra ecosystem,
estimated from the temperature dependence
of CO2 efflux. Therefore, this HB model can be
readily applied to observed CO2 efflux, as it
demands only four environmental factors and
can also be effective for quantitatively
assessing the driving parameters of CO2
efflux.

Despite the undisputed role of the Arctic
Ocean in the modern and Pliocene climate
system, the Arctic has only recently attracted
public awareness that ongoing, fundamental
change in the Arctic cryosphere could be a
response to global warming. Clarification of
the Arctic´s role in global climate during the
Pliocene is, however, largely hampered by
equivocal stratigraphic constraints. From a
well-dated Pliocene sequence from the
Yermak Plateau, NW Spitsbergen, we present
sedimentological and geochemical data
indicating that 4 million years ago terrigenous
sediment supply and sources changed
abruptly in response to a regional tectonic
uplift event. We argue that this event together
with contemporary uplift and tilting along the
northwestern European continental margin
preconditioned the landmasses for glacial ice
build-up during intensification of the
Northern Hemisphere Glaciation (INHG). Our
data further suggest that the final deepening/
widening of the Arctic-Atlantic gateway, the
Fram Strait, between 6.5 and 5 Ma gradually
caused increased deep water mass exchange
which, in turn, likely contributed to the
intensification of the North Atlantic
thermohaline circulation. Coupled to the
North Atlantic warm pool as a regional
moisture source, declining atmospheric CO2
levels and other feedback mechanisms during
the Pliocene, the regional tectonic activities in
the high northern latitudes caused decreased
summer ablation and thus allowed the initial
build-up of glacial ice both in Scandinavia, and
the sub-aerially exposed Svalbard/Barents Sea,
culminating in the first large scale coastlineshelf edge glaciations at ~2.75 Ma ago.

1-28 Knies, Jochen, Rune Mattingsdal, KarlFabian,
Kari Grøsfjeld, Soma Baranwal, Katrine
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1-29 Lee, Min Kyung, Seung Hyoun Lee, Yong Il Lee,
Ho Il Yoon, and Kyu-Cheul Yoo. 2014. “Rare
earth element composition of paleo-maar
sediments (latest Pleistocene-Early
Holocene), Jeju Island, Korea: Implications for
Asian dust record and monsoon climate”.
Quaternary International, 344: 32-42.
doi: 10.1016/j.quaint.2014.05.036

Il Yoon, and Yu-Cheul Yoo. 2014. “Late
Quaternary glaciation in the Nun-Kun massif,
northwestern India”. Boreas, 43(1): 67-89.
doi: 10.1111/bor.12022
The late Quaternary glacial history of the
Nun-Kun massif, located on the boundary
between the Greater Himalaya and the
Zanskar range in northwestern India, was
reconstructed. On the basis of
morphostratigraphy and 10Be dating of glacial
landforms (moraines and glacial trimlines),
five glacial stages were recognized and
defined, namely: (i) the Achambur glacial
stage dated to Marine Oxygen Isotope Stage 3
to 4 (38.7–62.7 ka); (ii) the Tongul glacial
stage dated to the early part of the Lateglacial
(16.7–17.4 ka); (iii) the Amantick glacial stage
dated to the later part of the Lateglacial (14.3
ka, 11.7–12.4 ka); (iv) the Lomp glacial stage
dated to the Little Ice Age; and (v) the Tanak
glacial stage, which has the youngest
moraines, probably dating to the last few
decades or so. Present and former
equilibrium-line altitudes (ELAs) were
calculated using the standard area
accumulation ratio method. The average
present-day ELA of ~4790 m above sea level
in the Greater Himalaya is lower than those in
the Ladakh and Zanskar ranges, namely 5380
and ~5900 m a.s.l., respectively. The ELA in
the Zanskar range is higher than in the
Ladakh range, possibly due to the higher
peaks in the Ladakh range that are able to
more effectively capture and store snow and
ice. ELA depressions decrease towards the
Ladakh range (i.e. inner Plateau). Peat beds
interbedded with aeolian deposits that cap
the terminal moraine of Tarangoz Glacier
suggest millennial-time-scale climate change
throughout the Holocene, with soil formation
times at c. 1.5, c. 3.4 and c. 5.2 ka, probably
coinciding with Holocene abrupt climate
change events. Given the style and timing of
glaciation in the study area, it is likely that
climate in the Nun-Kun region is linked to
Northern Hemisphere climate oscillations

The rare earth element (REE) composition of
a 4.96 m-long sediment core retrieved from
the Hanon paleo-maar in Jeju Island, Korea
was studied to investigate the East Asian
monsoon variations during the latest
Pleistocene to early Holocene (22,300-9,000
cal BP). The studied paleo-maar core
sediment has two restricted source materials
with distinctively different geochemical
signatures: Asian dust blown from central
Asia (especially northern China and
Mongolia) and basement rock composed of
trachybasalt. The REE characteristics of
sediments depend on the relative
contribution of these two sources and thus
can be used to delineate the monsoon climate
in Jeju Island. The proportion of Asian dust
generally decreased gradually from 67% at
22,300 cal BP, indicative of progressive
weakening of the winter monsoon strength in
central Asia. Integration of the REE data with
the TOC and MS records of Lee et al. (2008)
reveals that the summer monsoon strength in
Jeju Island decreased from 22,300 cal BP till
the timing of the last glacial maximum at
18,000 cal BP, and then increased till 14,000
cal BP. The abrupt intensification of the
summer monsoon occurred from 14,000 to
13,300 cal BP, followed by the weakened
summer monsoon from 13,300 to 11,000 cal
BP, in anti-phase with the strengthened
winter monsoon in central Asia. In the early
Holocene Jeju Island experienced the further
intensified summer monsoon strength.

1-30 Lee, Su Young, Yeong Bae Seong, Lewis A.
Owen, Madhav K. Murari, Hyoun Soo Lim, Ho
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“Taxon-specific epibenthic foraminiferal δ18O
in the Arctic Ocean: realtionship to water
mass, deep circulation, and brine formation”.
Marine Micropaleontology, 113(1): 34-43.
doi: 10.1016/j.marmicro.2014.09.002

with teleconnections via the mid-latitude
westerlies.

1-31 Lim, Hyoun Soo, YounGyun Park, Jin-Yong
Lee, and Ho Il Yoon. 2014. “Geochemical
characteristics of meltwater and pondwater
on Barton and Weaver Peninsulas of King
George Island, West Antarctica”. Geochemical
Journal, 48(4): 409-422.
doi: 10.2343/geochemj.2.0316

We determined δ18OCib values of live (Rose
Bengal stained) and dead epibenthic
foraminifera Cibicidoides wuellerstorfi,
Cibicides lobatulus, and Cibicides refulgens in
surface sediment samples from the Arctic
Ocean and the Greenland, Iceland, and
Norwegian seas (Nordic Sea). This is the first
time that a comprehensive δ18OCib data set is
generated and compiled from the Arctic
Ocean. For comparison, we defined Atlantic
Water (AW), upper Arctic BottomWater
(uABW), and Arctic BottomWater (ABW) by
their temperature/salinity characteristics
and calculated mean equilibriumcalcite
δ18Oequ fromsummer sea-water δ18Ow and in
situ temperatures. As a result, in the Arctic
environment we compensate for Cibicidoidesand Cibicides-specific offsets from
equilibrium calcite of −0.35 and −0.55‰,
respectively. After this taxon-specific
adjustment, mean δ18OCib values plausibly
reflect the density stratification of principle
water masses in the Nordic Sea and Arctic
Ocean. In addition, mean δ18OCib from AW not
only significantly differs from mean δ18OCib
from ABW, but also δ18OCib from within AW
differentiates in function of provenience and
water mass age. Furthermore, in shallow
waters brinederived low δ18Ow can
significantly lower the δ18OCib of Cibicides spp.
and thus δ18OCib may serve as a paleobrine
indicator. There is no statistically significant
difference, however, between deeper water
masses mean δ18OCib of the Nordic Sea, and of
the Eurasian and Amerasian basins, and no
influence of low-δ18Ow brines is recorded in
Recent uABW and ABW δ18OCib of C.
wuellerstorfi. This may be due to dilution of a
low-δ18Ow brine signal in the deep sea, and/or
to preferential incorporation of relatively
high-δ18Ow brines from high-salinity shelves.

In Antarctica, the geochemical properties of
meltwater and pondwater are very sensitive
to global warming. Therefore, understanding
the geochemical properties of the meltwater
and pondwater is crucial to evaluating global
climate change. This study was performed to
examine the chemical and isotopic
compositions of the meltwater and
pondwater at the Barton and Weaver
Peninsulas of King George Island, Antarctica,
to understand their spatial variation and to
evaluate factors controlling the surface water
chemistry. The meltwater, pondwater and
seawater were sampled at 50 sites of the
Barton and Weaver Peninsulas during the
period from 23 December 2010 to 5 January
2011. The chemical compositions of the
meltwater and pondwater were mainly
influenced by sea salt. Additionally, the
influence of water-rock interaction was
observed in some meltwater and pondwater.
The LREE/HREE ratios of some of the
pondwater in the Barton Peninsula showed a
decreasing trend by influence of water-rock
interaction. The influences of sea salt and
water-rock interaction were more dominant
at the Barton Peninsula than the Weaver
Peninsula. The δ18O and δD of the meltwater
and pondwater showed a wide range. Little
evaporation losses were observed at the
Barton Peninsula but evaporation losses did
not occurred at the Weaver Peninsula.

1-32 Mackensen, Andreas, Seung-Il Nam. 2014.
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Although our data encompass environments
with seasonal sea-ice and brine formation
supposed to ultimately ventilate the deep
Arctic Ocean, δ18OCib from uABW and ABW do
not indicate negative excursions. This may
challenge hypotheses that call for enhanced
Arctic brine release to explain negative
benthic δ18O spikes in deep-sea sediments
from the late Pleistocene North Atlantic
Ocean.

The threat of intense tropical cyclones (TCs)
to East Asia has increased in recent decades.
Integrated analyses of five available TC data
sets for the period 1977–2010 revealed that
the growing threat of TCs primarily results
from the significant shift that the spatial
positions of the maximum intensity of TCs
moved closer to East Asian coastlines from
Vietnam to Japan. This shift incurs a robust
increase in landfall intensity over east China,
Korea and Japan. In contrast, an increase of TC
genesis frequency over the northern part of
the South China Sea leads to a reduction in the
maximum TC intensity before landfall,
because of their short lifetime; thus, there are
no clear tendencies in the landfall intensity
across Vietnam, south China and Taiwan. All
changes are related to the strengthening of
the Pacific Walker circulation, closely linked
with the recent manifestation that the
warming trend of sea surface temperature in
the tropical western Pacific is much higher
than that in the central to eastern Pacific.

1-33 Moon, Kyuho, Chan-Hong Ahn, Yoonho Shin,
Tae Hyung Won, Keebeom Ko, Sang Kook Lee,
Ki-Bong Oh, Jongheon Shin, Seung-Il Nam, and
Dong-Chan Oh. 2014. “New Benzoxazine
Secondary Metabolites from an Arctic
Actinomycete”. Marine Drugs, 12(5):
2526-2538.
doi: 10.3390/md12052526
Two new secondary metabolites, arcticoside
(1) and C-1027 chromophore-V (2), were
isolated along with C-1027 chromophore-III
and fijiolides A and B (3-5) from a culture of
an Arctic marine actinomycete Streptomyces
strain. The chemical structures of 1 and 2
were elucidated through NMR, mass, UV, and
IR spectroscopy. The hexose moieties in 1
were determined to be D-glucose from a
combination of acid hydrolysis,
derivatization, and gas chromatographic
analyses. Arcticoside (1) and C-1027
chromophore-V (2), which have a
benzoxazine ring, inhibited Candida albicans
isocitrate lyase. Chromophore-V (2) exhibited
significant cytotoxicity against breast
carcinoma MDA-MB231 cells and colorectal
carcinoma cells (line HCT-116), with IC50
values of 0.9 and 2.7 μM, respectively.

1-35 Park, J., H. Lühr, C. Lee, Y. H. Kim, G. Jee, and
J.-H. Kim. 2014. “A climatology of
medium-scale gravity wave activity in the
midlatitude/low-latitude daytime upper
thermosphere as observed by CHAMP”.
Journal of Geophysical Research: Space
Physics, 119(3): 2187-2196.
doi: 10.1002/2013JA019705
We report on a detailed global climatology of
medium-scale (150–600 km) thermospheric
gravity wave (GW) activity using mass
density observations onboard the CHAMP
satellite from 2001 to 2010. Our study focuses
mainly on daytime (09–18 h in local time) and
midlatitude/low-latitude upper
thermosphere between 300 km and 400 km
altitudes. Midlatitude GW activity is strongest
in the winter hemisphere. GW activity during
June solstice adjacent to the Andes and

1-34 Park, Doo-Sun R., Chang-Hoi Ho, and Joo-Hong
Kim. 2014. “Growing threat of intense tropical
cyclones to East Asia over the period
1977–2010”. Environmental Research Letters,
9(1): 014008.
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long-range transport aerosols entering the
Arctic in spring. The Aitken mode particles
observed intermittently in May were
produced via nucleation with no significant
external mixing, whereas the accumulation
mode particles displayed a significant
external mixing. The occurrence of an
external mixing state was more often
observed in May than September, in
accumulation mode particles than the Aitken
mode particles, and with continental air mass
(Siberia) than other air masses. The external
mixing of the accumulation mode particles in
May could be caused by multiple sources (i.e.,
long-range transport aerosols with aging and
marine aerosols). Those external groups of
particles were sub-divided into different
mixing structures (internal mixtures of
predominantly sulfates and volatile organics
without non-volatile species versus internal
mixtures of sulfates and non-volatile
components, such as sea salts, minerals, and
soot) also identified by TEM/EDS data. The
variation in the mixing states and chemical
species of the Arctic aerosols in terms of sizes,
air masses, and seasons suggests that the
continuous size-dependent measurements
presented in this work are useful to obtain
better estimates of their effects on climate
change.

Antarctic Peninsula is stronger than in any
other season or location. GW activity in the
low-latitude summer hemisphere is stronger
above continents than above oceans:
especially during December solstice and
equinoxes. In terms of relative density
variation, GW activity is stronger during solar
minimum than solar maximum. These results
agree well with the characteristics of
stratospheric GWs, implying that the CHAMP
GWs are mainly caused by GWs from
tropospheric/stratospheric processes. Using
mesosphere/lower thermosphere wind
observations at a Korean Antarctic station, we
investigated at which altitudes the upper
thermospheric GW climatology becomes
visible. While the correlation is insignificant
at z = 82–88 km, it becomes significant for
most cases at z = 90–98 km, suggesting that
the upper thermospheric GW climatology
may start to emerge at z ≥ 90 km.

1-36 Park, Kihong, Gibaek Kim, Jae-suk Kim,
Young-Jun Yoon, and 2 others. 2014. “Mixing
State of Size-Selected Submicrometer
Particles in the Arctic in May and September
2012”. Environmental Science & Technology,
48(2): 909-919.
doi: 10.1021/es404622n
Aerosols have been associated with large
uncertainty in estimations of the radiation
budget and cloud formation processes in the
Arctic. This study reports in-situ
measurements of hygroscopicity, fraction of
volatile species, and mixing state, and off-line
morphological and elemental analysis of
Aitken and accumulation mode particles in
the Arctic (Ny-Ålesund, Svalbard) in May and
September. The accumulation mode particles
more dominated in May than September. This
occurred because of more air mass flow from
lower latitude continent, weaker vertical
mixing, and less wet scavenging in May
compared to September, which could lead to
the accumulation of the higher amount of

1-37 Park, Yu-Hyeon, Masanobu Yamamoto,
Seung-Il Nam, and 7 others. 2014.
“Distribution, source and transportation of
glycerol dialkyl glycerol tetraethers in surface
sediments from the western Arctic Ocean and
the northern Bering Sea”. Marine Chemistry,
165: 10-24.
doi: 10.1016/j.marchem.2014.07.001
Isoprenoid and branched glycerol dialkyl
glycerol tetraethers (GDGTs) and grain size
distribution were investigated in surface
sediments from the western Arctic Ocean
including the Chukchi Sea and the adjacent
northern Bering Sea to understand their

22

2014
ABSTRACTS

2014. “Influence of wind speed on optical
properties of aerosols in the marine boundary
layer measured by ship-borne DePolarization
Lidar in the coastal area of Korea”.
Atmospheric Environment, 83: 282-290.
doi: 10.1016/j.atmosenv.2013.10.027

source and transportation in the Arctic region
and test environmental proxies derived from
the GDGT composition.
Coarse sediments such as sand and silty sand
are distributed in the Yukon and Mackenzie
River estuaries, the northern Bering Sea near
Bering Strait, and some areas of the outer
shelf of the Bering Sea. In the Chukchi Sea, silt,
grading fromsandy to clayey silt,
predominates and becomes finer northward
towards the deep Arctic Ocean Isoprenoid
GDGTs are abundant on the outer shelf and
slope of the Chukchi Sea and the upper slope
of the Bering Sea. The higher abundances are
attributed to a combination of higher
production of marine Archaea
(Thaumarchaeota) at the shelf edge,
redeposition of GDGT-carrying fine particles,
and better preservation of GDGTs at sites with
higher sedimentation rates. The TEX86- and
TEXL86-derived temperatures are not
consistent with sea surface temperatures in
the study area, with unrealistically high
TEX86- and TEXL86 -derived temperatures in
samples north of 73 °N probably biased by
factors other than temperature.
Branched GDGTs are abundant on the
Chukchi shelf and in the Yukon and Mackenzie
River estuaries. At the shelf edge of the
Chukchi Sea, both branched and isoprenoid
GDGTs are abundant, indicating common
concentration processes such as sediment
redeposition and efficient preservation at
sites with high sedimentation rates.
Sediments from the western Arctic Ocean
north of 75 °N, the Yukon and Mackenzie
River estuaries, and the Yukon River have
higher cyclization ratio of branched
tetraethers (CBT) than sediments from the
Chukchi and Bering Seas, suggesting two
different sources of branched GDGTs inferred
as soil and marine bacteria.

Shipboard measurements of microphysical
and optical properties of marine
boundary-layer aerosols were performed
around the Korean Peninsula from 2 to 5
December 2009. The measurements were
conducted aboard the Korean icebreaking
research vessel Araon during cruise tracks in
the East Sea of Korea near Busan and Pohang.
This paper describes the results of optical
aerosol measurements acquired with a
DePolarization Lidar (DPL) and an optical
particle counter (OPC) and data on
meteorological parameters. Backward
trajectory analyses indicate that two different
aerosol characteristics according to different
pathways of air mass were encountered
during the cruise. We find a high correlation
between wind speeds across the east coast of
Korea and extinction coefficient,
depolarization ratio and mass concentration
Correlation coefficient (R2) are 0.57, 0.52 and
0.67, respectively. The increase of extinction
coefficient, depolarization ratio and number
concentration with wind speed may have
been caused by the increase of sea-salt
aerosol production and transport.

1-39 Schreck, Michael and Jens Matthiessen. 2014.
“Batiacasphaera bergenensis and
Lavradosphaera elongata ― New
dinoflagellate cyst and acritarch species from
the Miocene of the Iceland Sea (ODP Hole
907A)”. Review of Palaeobotany and
Palynology, 211: 97-106.
doi: 10.1016/j.revpalbo.2014.07.002
A detailed palynological investigation of the
almost continuous middle through upper
Miocene sediment sequence of ODP Hole

1-38 Shin, Dong Ho, Detlef Müller, Taejin Choi,
Young Min Noh, Young Jun Yoon, Kwon H. Lee,
Sung Kyun Shin, Namyi Chae, and 2 others.
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winters, contributing to the increase of
precipitation over the northwestern
(southwestern) US, respectively. This
relationship is robust regardless of El
Niño-Southern Oscillation (ENSO), possibly
facilitatingmodulation of the precipitation
dipole. Moreover, changes in oceanic
baroclinicity associated with the PDO phase
are suggested to be responsible for anchorage
of storm tracks over the North Pacific.

907A in the Iceland Sea revealed the presence
of a new species of the dinoflagellate cyst
genus Batiacasphaera, and a new species of
the acritarch genus Lavradosphaera.
Batiacasphaera bergenensis sp. nov. and
Lavradosphaera elongata sp. nov. are both
morphologically distinctive and have
well-defined stratigraphic range tops that are
independently constrained by the pristine
paleomagnetic record of Hole 907A. Both
species disappeared within a narrow interval
across the middle to late Miocene boundary,
when smallscale glaciations on Greenland
were large enough to reach sea level. The
distinct morphology of the proposed species
and their highest occurrence in this critical
interval highlights their potential for future
biostratigraphic application in the Miocene of
the high northern latitudes, an area important
for understanding the Late Cenozoic
transition into a bipolar glaciated world.

1-41 Yeo, Sae-Rim, Kwang-Yul Kim, Sang-Wook
Yeh, Baek-Min Kim, Taehyoun Shim, and
Jong-Ghap Jhun. 2014. “Recent climate
variation in the Bering and Chukchi Seas and
its linkages to large-scale circulation in the
Pacific”. Climate Dynamics, 42(9-10):
2423-2437.
doi: 10.1007/s00382-013-2042-z
The thermal state of the Bering Sea exhibits
interdecadal variations, with distinct changes
occurred in 1997–1998. After the unusual
thermal condition of the Bering Sea in
1997–1998, we found that the recent climate
variability (1999–2010) in the Bering Sea is
closely related to Pacific basin-scale
atmospheric and oceanic circulation patterns.
Specifically, warming in the Bering and
Chukchi Seas in this period involves sea ice
reduction and stronger oceanic heat flux to
the atmosphere in winter. The atmospheric
response to the recent warming in the Bering
and Chukchi Seas resembles the North Pacific
Oscillation (NPO) pattern. Further analysis
reveals that the recent climate variability in
the Bering and Chukchi Seas has strong
covariability with large-scale climate modes
in the Pacific, that is, the North Pacific Gyre
Oscillation and the central Pacific El Niño. In
this study, physical connections among the
recent climate variations in the Bering and
Chukchi Seas, the NPO pattern and the Pacific
large-scale climate patterns are investigated
via cyclostationary empirical orthogonal
function analysis. An additional model

1-40 Sung, Mi-Kyung, Soon-Il An, Baek-Min Kim,
and Sung-Ho Woo. 2014. “A physical
mechanism of the precipitation dipole in the
western United States based on PDO-storm
track relationship”. Geophysical Research
Letters, 41(13): 4719-4726.
doi: 10.1002/2014GL060711
It is known that the western United States
(US) precipitation displays a north-south
contrast, i.e., the so-called “precipitation
dipole,” during El Niño and La Niña winters.
Furthermore, the Pacific Decadal Oscillation
(PDO) has been known to modulate this
precipitation dipole. However, the underlying
physical mechanism regulating this
modulation is not well understood. This study
revisits previous studies and suggests a
physical mechanism of precipitation
dipolemodulation based on the PDO-storm
track relationship. We found that both jet
stream and storm track tend to move
northward (southward) over the North
Pacific during negative (positive) PDO
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tract, formed the Nakdong subaqueous delta
including the proximal and distal systems
developed after the highstand sea level at
approximately 6 cal ka BP. The lateral
transition from the proximal to distal facies
suggests a prograding delta system in the
Nakdong River.

experiment using the National Center for
Atmospheric Research Community
Atmospheric Model, version 3, is conducted to
support the robustness of the results.

1-42 Yoo, Dong G., Seong P. Kim, Tae S. Chang, Gee
S. Kong, Nyeon K. Kang, Yi K. Kwon, Seung L.
Nam, and Soo C. Park. 2014. “Late Quaternary
inner shelf deposits in response to late
Pleistocene-Holocene sea level changes:
Nakdong River, SE Korea”. Quaternary
International, 344: 156-169.
doi: 10.1016/j.quaint.2014.02.004

1-43 Younger, J.P., C.S. Lee, and 4 others. 2014. “The
effects of deionization processes on meteor
radar diffusion coefficients below 90 km”.
Journal of Geophysical Research Atmospheres,
119(16): 10027-10043.
doi: 10.1002/2014JD021787

The high-resolution seismic profiles from the
inner shelf off the Nakdong River in SE Korea
can be directly correlated with the lithologic
characteristics in the borehole data. These
correlations offer an opportunity to
document the evolution of the inner shelf
deposits with sediment supplies in response
to the late Quaternary sea level changes. The
inner shelf sequence in this area consists of
four sedimentary units, which comprise a set
of lowstand, transgressive, and highstand
systems tracts deposited since the last glacial
maximum: incised-channel fill (SU1), estuary
(SU2), sand veneer (SU3), and subaqueous
delta (SU4). The lowermost unit (SU1), which
overlies the sequence boundary, is
interpreted as fluvial deposits formed during
the last glacial period and the early stage of
transgression, and belongs to the lowstand to
transgressive systems tract. The lower middle
unit (SU2) lying below the ravinement surface
represents a paralic component that consists
of estuarine sandy mud or muddy sand
developed between approximately 13 and 8
cal ka BP, whereas the upper middle unit
(SU3) above the ravinement surface
corresponds to a marine component that
consists of sand veneer produced by the shelf
erosion during the ensuing sea-level rise.
These two units (SU2 and SU3) belong to the
transgressive deposits. The uppermost unit
(SU4), regarded as the highstand systems

The decay times of VHF radar echoes from
underdense meteor trails are reduced in the
lower portions of the meteor region. This is a
result of plasma neutralization initiated by
the attachment of positive trail ions to neutral
atmospheric molecules. Decreased echo
decay times cause meteor radars to produce
erroneously high estimates of the ambipolar
diffusion coefficient at heights below 90 km,
which affects temperature estimation
techniques. Comparisons between colocated
radars and satellite observations show that
meteor radar estimates of diffusion
coefficients are not consistent with estimates
from the Aura Microwave Limb Sounder
satellite instrument and that colocated radars
operating at different frequencies estimate
different values of the ambipolar diffusion
coefficient for simultaneous detections of the
same meteors. Loss of free electrons from
meteor trails due to attachment to aerosols
and chemical processes were numerically
simulated and compared with observations to
determine the specific mechanism
responsible for low-altitude meteor trail
plasma neutralization. It is shown that
three-body attachment of positive metal ions
significantly reduces meteor radar echo decay
times at low altitudes compared to the case of
diffusion only that atmospheric ozone plays
little part in the evolution of low-altitude
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Change”. Atmosphere, 24(4): 515-522.
doi: 10.14191/Atmos.2014.24.4.515

underdense meteor trails and that the effect
of three-body attachment begins to exceed
diffusion in echo decay times at a constant
density surface.

In this study it is attempted to estimate the
possible change in energy use for residential
and commercial sector in Korea under a
future climate change senario. Based on the
national energy use and observed
temperature data during the period
1991~2010, the optimal base temperature
for determining heating and cooling degree
days (HDD and CDD) is calculated. Then, net
changes in fossil fuel and electricity uses that
are statistically linked with a temperature
variation are quantified through regression
analyses of HDD and CDD against the energy
use. Finally, the future projection of energy
use is estimated by applying the regression
model and future temperature projections by
the CMIP5 results under the RCP8.5 scenario.
The results indicate that, overall, the net
annual energy use will decrease mostly due to
a large decrease in the fossil fuel use for
heating. However, a clear seasonal contrast in
energy use is anticipated in the electricity use;
there will be an increase in a warm-season
demand for cooling but a decrease in a
cold-season demand for heating.

1-44 Zhang, Ziyin, Daoyi Gong, SeongJoong Kim,
and 2 others. 2014. “Is the Antarctic
oscillation trend during the recent decades
unusual?”. Antarctic Science, 26(4): 445-451.
doi: 10.1017/S0954102013000734
The Antarctic oscillation (AAO) has been
characterized by a persistently positive trend
in summer (December–January–February,
DJF) during the last 50 years. Thus, the
question has arisen of whether the trend is
unusual. By investigating five reconstructed
historical AAO time series for the past 500
years, recurrences of similar and even
stronger trends have been found, indicating
that the recent DJF AAO trend is not
unprecedented in a historical perspective. To
estimate the possible roles played by
greenhouse gases or/and ozone, an analysis
for DJF AAO trends during the 1969–98
period was conducted using three multiple
model ensembles derived from the projects of
‘The twentieth-century climate in coupled
models’ (20C3M) and ‘Pre-industrial control
experiment models’ (PICTL) of the fourth
assessment report of the Intergovernmental
Panel on Climate Change (IPCC AR4). The
results show that the ozone depletion over
Antarctica and global warming may play
significant roles in the strengthening trend.
Combining the simulations and
reconstructions we emphasize that the AAO
trend related to global warming may get
much stronger when enhanced by
low-frequency natural variability.
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1-45 Jeong, Jee-Hoon, Joo-Hong Kim, Baek-Min
Kim, and 3 others. 2014. “Estimation of
Energy Use in Residential and Commercial
Sectors Attributable to Future Climate

Ahn, Insu, Minoru Kusakabe, and Jong Ik Lee.
2014. “Oxygen isotopic fractionation of O2
during adsorption and desorption processes
using molecular sieve at low temperatures”.
Rapid Communications in Mass Spectrometry,
28(11): 1321-1328.
doi: 10.1002/rcm.6898
RATIONALE: Cryogenic trapping using
molecular sieves is commonly used to collect
O2 extracted from silicates for 17O/16O and
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O/16O analyses. However, gases which
interfere with 17O/16O analysis, notably NF3,
are also trapped and their removal is essential
for accurate direct measurement of the
17
O/16O ratio. It is also necessary to identify
and quantify any isotopic fractionation
associated with the use of cryogenic trapping
using molecular sieves.
METHODS: The oxygen isotopic compositions
of O2 before and after desorption from, and
adsorption onto, 13X and 5A molecular sieves
(MS13X and MS5A) at 0°C, -78°C, -114°C, and
-130°C were measured in order to determine
the oxygen isotopic fractionation at these
temperatures. We also investigated whether
isotopic fractionation occurred when O2 gas
was transferred sequentially into a second
cold finger, also containing molecular sieve.
RESULTS: It was confirmed that significant
oxygen isotopic fractionation occurs between
the gaseous O2 and that adsorbed onto
molecular sieve, if desorption and adsorption
are incomplete. As the fraction of released or
untrapped O2 becomes smaller with
decreasing trapping temperature (from 0 to
-130°C), the isotopic fractionation becomes
larger. Approximately half of the total
adsorbed O2 is released from the molecular
sieve during desorption at -114°C, which is
the temperature recommended for
separation from NF3 (retained on the
molecular sieve), and this will interfere with
17
O/16O measurements.
CONCLUSIONS: The use of a single cold finger
should be avoided, because partial desorption
is accompanied by oxygen isotopic
fractionation, thereby resulting in inaccurate
isotopic data. The use of a dual cold finger
arrangement is recommended because, as we
have confirmed, the transfer of O2 from the
first trap to the second is almost 100%.
However, even under these conditions, a
small isotopic fractionation (0.18 ± 0.05‰ in
δ17O values and 0.26 ± 0.06‰ in δ18O values)
occurred, with O2 in the second trap being
isotopically enriched in the heavier isotopes.

2-2

Chen, Jitao, Jeong-Hyun Lee, and Jusun Woo.
2014. “Formative mechanisms, depositional
processes, and geological implications of
Furongian (late Cambrian) reefs in the North
China Platform”. Palaeogeography,
Palaeoclimatology, Palaeoecology, 414:
246-259.
doi: 10.1016/j.palaeo.2014.09.004
The Cambrian Series 3–Furongian
successions of the North China Platform
contain various microbial–metazoan and
microbial reefs. This study focuses on
Furongian reefs of the platform in order to
understand formative processes and the
evolution of the reefs during Cambrian Epoch
3 and the Furongian. Three types of
Furongian reefs were differentiated in the
Shandong region, China: maceriate reefs,
columnar stromatolitic reefs, and small-scale
microbial reefs. Maceriate reefs show dm- to
m-scale domal or flat-bedded geometry, and
consist of cm-scalemaze-likemaceria
structures made of siliceous sponges and
microbial components (microstromatolites,
Girvanella, and Tarthinia). Columnar
stromatolitic reefs are characterized by
stromatolite columns of 10–100 cm in height
and 5–50 cm in diameter. They consist
dominantly of Girvanella, with less
conspicuous, poorly preserved sponge spicule
networks. Small-scale microbial reefs
commonly show cm- to dm-scale, domal
macrostructures, and were constructed
mainly by calcimicrobes, Girvanella and
Renalcis. These three types of Furongian reefs
were deposited in various shallow-marine
settings in response to relative sea-level
changes.
The Furongian reefs are markedly different,
in terms of macro- and micro-fabrics, from the
Cambrian Series 3 reefs that are dominated
by thrombolites and dendrolites and were
constructedmainly by Epiphyton in the
Shandong region. This difference is also
recognized in the Beijing region, ca. 500 km
away. The abrupt transition from the
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T. Dahl- Jensen, D. Giardini, A. Govoni, W.
Hanka, S. Lasocki, W. S. Lee, and 4 others.
2014. “Seismic Network in Greenland
Monitors Earth and Ice System”. EOS, 95(2):
13-24.

Cambrian Series 3-type to Furongian-type
reefs, coincidently with a decrease in calcified
microbe diversity, was most likely due to
global euxinic oceanic conditions and a
possible eustatic sea-level drop, rather than
the highly diachronous, platform-wide
drowning event (i.e., drowning of the
Cambrian Series 3 carbonate platform). The
abundant occurrence of sponge spicule
networks in the Furongian reefs suggests that
metazoan reef builders (i.e., sponges)
resurged and became actively involved in the
reefal systems prior to the Great Ordovician
Biodiversification Event. This study may
provide an important basis for further
investigation into the evolution of reefal
systems during the middle to late Cambrian
when metazoan reef-builders were known to
be scarce.

2-3

Some of the most dramatic effects of climate
change have been observed in the Earth’s
polar regions. In Greenland, ice loss from the
Greenland ice sheet has accelerated in recent
years [Shepherd et al., 2012]. Outlet glaciers
are changing their behavior rapidly, with
many thinning, retreating, and accelerating
[Joughin et al., 2004]. The loss of ice weighing
on the crust and mantle below has allowed
both to rebound, resulting in high rock uplift
rates [Bevis et al., 2012]. Changes in ice cover
and meltwater production influence sea level
and climate feedbacks; they are expected to
contribute to increasing vulnerability to
geohazards such as landslides, flooding, and
extreme weather.

Cho, Dong Oh, Young Keun Jin, and Jong Kuk
Hong. 2014. “A Study on the Development of
Antarctic Hydrographic Survey”. Korean
Journal of Hydrography, 3(1): 17-25.

2-5

International cooperation for hydrographic
survey is becoming more active in order to
secure maritime safety and to protect
environment of Antarctic. Until recently,
Korean hydrographic survey of Antarctic has
been inactive. However, since the
state-of-the-art survey vessel, M/V Araon,
began to operate recently, the international
society has demanded Korea to participate in
the survey. Korea's participation indicates not
only joining the international effort, but also
providing basic data for claiming Antarctic
sovereignty and rights of resource
development in the future. This article shows
international organizations' and major states'
activities on hydrographic survey and
analyzes its feasibility. The article also
proposes rlated major projects and stategies.

2-4

Clinton, J. F., M. Nettles, F. Walter, K. Anderson,
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Hong, Sang-Hoon, Member, IEEE, and Shimon
Wdowinski. 2014. “Double-Bounce
Component in Cross-Polarimetric SAR From a
New Scattering Target Decomposition”. IEEE
Transactions on Geoscience and Remote
Sensing, 52(6): 3039-3051.
doi: 10.1109/TGRS.2013.2268853
Common vegetation scattering theories
assume that the synthetic aperture radar
(SAR) cross-polarization (cross-pol) signal
represents solely volume scattering. We found
that this assumption is incorrect based on
SAR phase measurements acquired over the
South Florida Everglades indicating that the
cross-pol radar signal often samples the water
surface beneath the vegetation. Based on
these new observations, we propose that the
cross-pol signal consists of both
double-bounce and volume scattering
components. The simplest multibounce
scattering mechanism that generates
cross-pol signal occurs by rotated dihedrals.
Thus, we use the rotated dihedral mechanism
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a site (10°31′N) in the East Pacifi c
(Integrated Ocean Drilling Program Site
U1333), to understand NH cooling and the
possibility of NH glaciation. The measured
143
Nd/144Nd, 87Sr/86Sr, and clay mineral
compositions of eolian dust fractions indicate
unequivocally the deposition of Asian dust
during Mi-1, and of Central American and
South American dust before and after Mi-1.
This is attributed to the southward
displacement of the ITCZ over Site U1333
during Mi-1. The ITCZ shifts toward the
warmer hemisphere. Thus our results suggest
that the cooling during Mi-1 was more signifi
cant in the NH than in the Southern
Hemisphere, which underwent a sudden
expansion of continental ice sheets. Our data
call for a forcing mechanism to drive signifi
cant NH cooling during this episode. Based on
the available data, we propose that the
widespread growth of NH ice sheets and/or
changes in the production of North
Atlantic-origin deep water could be possible
causes of the NH cooling at that time.

to revise some of the vegetation scattering
theories and develop a fourcomponent
decomposition algorithm with single-bounce,
co-pol double-bounce, cross-pol
double-bounce, and volume scattering
components. We tested the new
decomposition in both urban and rural
environments using RADARSAT-2 quad-pol
data sets. The decomposition of the San
Francisco area shows higher doublebounce
scattering and reduced volume scattering in
the urban area with respect to the common
three-component decomposition. The
decomposition of the rural Everglades area
shows that the relation between volume and
cross-pol double bounce depends on the
vegetation density. Thus, we suggest that,
when possible, SAR-based biomass estimate
studies should use the volume scattering
calculated by our decomposition rather than
the cross-pol signal, which also contains a
double-bounce component.

2-6

Hyeong, Kiseong, Jongmin Lee, Inah Seo, Mi
Jung Lee, and 2 others. 2014. “Southward shift
of the Intertropical Convergence Zone due to
Northern hemisphere cooling at the
Oligocene-Miocene boundary”. Geology,
42(8): 667-670.
doi: 10.1130/G35664.1
The Mi-1 glaciation (ca. 23 Ma), which marks
the Oligocene-Miocene boundary, was an
aberrant cooling event that led to a build-up
of the Antarctic ice sheet, which reached the
near-modern volume (or greater) from its
ephemeral or partial existence. An increase of
~1‰ in the δ18O of benthic foraminifera
during this interval has been attributed to the
development of Antarctic ice sheets and
deep-water cooling. Without defi nitive
evidence, Northern Hemisphere (NH)
glaciation has not been a material
consideration for the δ18O increase. Here we
investigate the interhemispheric temperature
contrast during Mi-1, with the movement of
the Intertropical Convergence Zone (ITCZ) at

2-7

Kim, Young-Hwan G., Chul Woo Rhee, Jusun
Woo, and Tae-Yoon S. Park. 2014.
“Depositional systems of the Lower
Ordovician Mungok Formation in Yeongwol,
Korea: implications for the carbonate ramp
facies development”. Geosciences Journal,
18(4): 397-417.
doi: 10.1007/s12303-014-0033-7
Detailed study on the Lower Ordovician
Mungok Formation in the mideastern part of
the Korean peninsula has led to recognition of
seven lithofacies which can be grouped into
seven facies associations (FAs): FA1 (lagoon),
FA2 (shoal), FA3 (shoreface), FA4 (inner to
mid-ramp), FA5 (inner to outer ramp), FA6
(mid- to outer ramp), and FA7 (outer ramp).
Spatio-temporal organization of the FAs
represents homoclinal ramp environments
with fringing ooidpeloid shoals. Correlation
and lateral thickness variation of the FAs
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obtained at the mid-mountain (400 ~ 900 m
in elevation) western area of Jeju Island and
the previous MT data over Jeju Island, Korea.
The conductive layer indicates the
sedimentary layer comprised of Seoguipo
Fomation and U Formation. There is a definite
positive correlation between the top of
conductive layer and the earth surface in
elevation. On the contrary, the bottom of
conductive layer has a negative correlation
with the surface elevation. In other words, the
conductive layer has a shape of convex lens,
which is thickest in the central part. The
basement beneath the conductive layer could
be concave in the central part of Jeju Island. A
kriging considering the correlation between
the layer boundary and the surface elevation
provides a reliable geoelectric structure
model of Jeju Island. However, further
studies, i.e. three-dimensional modeling and
interpretation integrated with other
geophysical or logging data, are required to
reveal the possible presence of
three-dimensional conductive body near the
subsurface vent of Mt. Halla and the causes of
the bias in the depths of layer estimated from
MT and core log data.

suggest that deep part of the basin might have
been located toward the northern part of the
study area. The relative sea-level curve
inferred from the facies analysis suggests that
the Mungok Formation evolved through three
depositional stages in accordance with
3rd-order sealevel change. The organization
of the facies succession indicates that the
inner ramp facies associations (FA1 to 3) of
the Mungok Formation are characterized by
non-cyclic facies succession whereas the
midand outer ramp facies associations (FA 4
to 7) have distinct cyclicity except non-cyclic
FA 7. The difference in the facies successions
between the inner ramp and the mid- to outer
ramp area may result from the various
depositional regime across a ramp. A
non-cyclic facies successions of inner ramp
facies (e.g., packstone to grainstone and lime
mudstone) are suggestive of mosaic-type
distribution that is controlled mostly by wave,
storms, tides, currents, and local
geomorphology. In contrast, cyclic facies
successions (e.g., pebbly limestone
conglomerate, limestone-shale alternation,
and calcareous shale) represent a simple
belt-type distribution of mid- to outer ramp
facies that seems to reflect shifts of facies belt
caused by sea-level changes. The partitioning
of inner and mid- to outer ramp facies is
appropriate for understanding the facies
development of the Mungok Formation and
similar ramp successions with distinct inner
and mid- to outer ramp facies.

2-8

2-9

Lee, Choon-Ki, and 5 others. 2014.
“Distribution of Electrically Conductive
Sedimentary Layer in Jeju Island Derived from
Magnetotelluric Measurements”. Geophysics
and Geophysical Exploration, 17(1): 28-33.
doi: 10.7582/GGE.2014.17.1.028

Lee, Jeong-Hyun, Hyun Suk Lee, Jitao Chen,
Jusun Woo, and S.K. Chough. 2014. “Calcified
microbial reefs in Cambrian Series 2, North
China Platform: Implications for the evolution
of Cambrian calcified microbes”.
Palaeogeography, Palaeoclimatology,
Palaeoecology, 403: 30-42.
doi: 10.1016/j.palaeo.2014.03.020
This study focuses on the microbial reefs of
the Zhushadong Formation (Cambrian Series
2) in Shandong Province, China in order to
understand the evolution of calcified
microbes in the North China Platform during
the Cambrian Series 2 and 3. The microbial
reefs occur in a thin unit, ca. 3 m thick, over an
area of 1 km2. They consist of three types of
thrombolite based on their esostructures:

We investigate the spatial distribution of
highly conductive layer using the
one-dimensional inversions of the new
magnetotelluric (MT) measurements

30

2014
ABSTRACTS

2-10 Lee, Sang-Hyun, Junkee Rhie, Yongcheol Park,
and Kwang-Hee Kim. 2014. “Topography of
the 410 and 660 km discontinuities beneath
the Korean Peninsula and southwestern
Japan using teleseismic receiver functions”.
Journal of Geophysical Research: Solid Earth,
119(9): 7245-7257.
doi: 10.1002/2014JB011149

rimmed, grainstone-patch, and dendritic. The
thrombolites mainly occur in various
coarse-grained carbonate facies, including
crudely stratified oolitic grainstone,
stromatolitic grainstone, and disorganized
limestone conglomerate. Calcified microbes
in the thrombolites include Epiphyton,
Kordephyton, a tubiform microbe, Bija,
Tarthinia, Renalcis, Amgaina, and
Razumovskia. The Zhushadong thrombolites
were formed within a grainstone shoal, and
experienced repeated burial and exposure.
The rimmed thrombolite and
grainstone-patch thrombolite experienced
abundant input of carbonate grains (forming
grainstone patches). In contrast, the dendritic
thrombolite formed solely by calcification of
microbes that mainly include Epiphyton,
Tarthinia, and the tubiform microbe. The
outer crusts of the rimmed thrombolite were
formed by Amgaina, under high energy
conditions.
The diverse calcified microbes of the
Zhushadong Formation form the earliest
assemblage of their type in the North China
Platform. Their descendants, mostly
Epiphyton, subsequently thrived, forming a ca.
180 m thick microbialite–oolite-dominated
succession during the Cambrian Series 3
(Zhangxia Formation). Although the reefs in
the Zhushadong Formation are much smaller
than those of the overlying Zhangxia
Formation, their calcified microbes are more
diverse. This most likely reflects changes in
depositional environments (e.g., abundant
siliciclastic input and tidal effects vs. those of
a stable carbonate platform), and/or global
changes within reef environments (e.g.,
end-Cambrian Series 2 extinction of
archaeocyaths and calcified microbes). A
decrease in diversity of calcified microbes in
the North China Platform, where
archaeocyaths were absent, may help to
account for evolutionary trends in calcified
microbes that occurred independently of
archaeocyath influence.

Topography of the 410 and 660 km seismic
upper mantle discontinuities beneath the
Korean Peninsula and southwestern Japan
were determined using teleseismic receiver
functions. P receiver functions were migrated
from delayed times to corresponding piercing
(conversion) points of P-to-S converted
phases, using one-dimensional (1-D) and
three-dimensional (3-D) models. Receiver
functions were then stacked using Common
Conversion Point (CCP) techniques, to
enhance signal-to-noise ratios and thereby
reduce uncertainty (noise). The 410 and 660
km discontinuities were clearly imaged, as
positively valued amplitude peaks of CCP
stacked receiver functions in the study area.
Topographic variations were roughly
consistent with the low temperature of the
subducting Pacific Plate. However, the
complex structure of the subducting Pacific
Plate produced distinct changes of upper
mantle discontinuities, which cannot be
explained by temperature variations alone.
Depression of the 410 km discontinuity,
observed in a wide region extending from the
Korean Peninsula to Kyushu Island, may be
related to trench rollback history.
Furthermore, the topography of the 660 km
discontinuity varies significantly with
latitude. At latitudes higher than 38°N, its
depth remains unchanged, despite the
presence of the stagnant slab, while
significant depression has been observed at
latitudes below 36°N. This may have been
caused by differences in the angles of
subduction of the Japan slab and the
Izu-Bonin slab. However, heterogeneity of the
water content of slabs may also have
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and Gas in the Arctic”. Ocean and Polar
Research, 36(3): 303-318.
doi: 10.4217/OPR.2014.36.3.303

contributed to this topographical difference.

2-11 Lee, Youngjun, Seungmin Lee, Young Keun Jin,
and Yongwon Seo. 2014. “1-Propanol as a
co-guest of gas hydrates and its potential role
in gas storage and CO2 sequestration”.
Chemical Engineering Journal, 258: 427-432.
doi: 10.1016/j.cej.2014.07.110

The rising global demand for energy
resources may lead to greater interest in the
Arctic region. Since it has various resources,
such as oil and gas, and large potential as a
strategic location in exploration and
production (E&P), there is likely to occur
island sovereignty issues between the five
arctic costal states and other countries. While
global warming has led to the opening of the
Northeast Passage and the Northwest
Passage, several obstacles may impede the
development of this area such as the low
temperature environment, infrastructure
problems in a limited area, flow assurance,
environmental regulations, etc. To overcome
these problems, various techniques have been
applied in the exploration, development,
production, transportation, and environment
fields and it seems to be made technical
development in extreme environment. In this
study, the E&P status of representative states
and development technologies in the Arctic
region have been summarized with regard to
carrying out E&P related to drilling,
development, production, and operation in oil
and gas fields. Furthermore, environmental
factors have been taken into account to
enhance progress with regard to E&P and
ensure sustainable development in the Arctic.
On that basis, it will be possible to secure oil
and gas field development, production
technology and R&D infrastructure in the
Arctic.

The inclusion of 1-propanol (1-PrOH) as a
co-guest of gas hydrates in the presence of
CH4 and CO2 and its potential role in gas
storage and CO2 sequestration were
investigated focusing primarily on
macroscopic hydrate phase equilibrium
behavior and microscopic structural and cage
filling characteristics. The powder X-ray
diffraction (PXRD) patterns confirmed that
both double CH4 + 1-PrOH and double CO2 +
1-PrOH hydrates are cubic structure II (sII)
hydrates. 1-PrOH did not act as a remarkable
thermodynamic hydrate promoter or
inhibitor for CH4 hydrate systems, though it
did act as a significant thermodynamic
hydrate inhibitor for CO2 hydrate systems
despite its participation as a co-guest in the
hydrate lattices. The 13C NMR results revealed
that 1-PrOH was found in the large 51264 cages
of the sII hydrate along with CH4 at lower
1-PrOH concentrations, and the chemical
formulas for the double CH4 + 1-PrOH
hydrates were found to be 2.13 CH4 0.53
1-PrOH 17 H2O for the 1-PrOH 1.0 mol%
solution and 1.85 CH4 0.75 1-PrOH 17 H2O
for the 1-PrOH 5.6 mol% solution. The overall
experimental results provide a better
understanding of guest–host interaction,
guest distributions, and structural transition
in guest gas + 1-PrOH hydrates for the
potential application of 1-PrOH in gas storage
and CO2 sequestration.

2-13 Mitchell, Neil C., and Yongcheol Park. 2014.
“Nature of crust in the central Red Sea”.
Tectonophysics, 628: 123-139.
doi: 10.1016/j.tecto.2014.04.029
A transition between continental crust in the
northern Red Sea and oceanic crust in the
southern Red Sea coin- cides broadly with a

2-12 Lim, Jong-Se, Hyo-Jin Shin, Ji-Su Kim, and
Young-Keun Jin. 2014. “The Trends and
Outlook of Technology Development for Oil
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North China and the Taxonomic Position of
the Superfamily Trinucleoidea”. Journal of
Paleontology, 88(2): 395-402.
doi: 10.1666/13-048

southward increase in plate tectonic
separation rate and with a decrease in upper
mantle seismic velocity. We re-evaluate here
the nature of crust in the intervening central
Red Sea with the results of legacy seismic
refraction experiments and recently released
marine gravity anomalies derived from
satellite altimeter measurements. In the
refraction data, collected east of Thetis Deep,
velocities of 6.6- 6.9 km s-1 of a deep refracting
layer, which are similar to measured
velocities of unaltered gabbro samples,
extend outside the deep to 65 km from the
axis. The new version of the marine gravity
field reveals trends crossing the central Red
Sea. Whereas some of them connect with
major lineaments in the surrounding
African-Arabian shield, those around Thetis
Deep die out towards the coastlines. They can
be paired across the ridge and lie slightly
oblique to plate motions, as is typical of
oceanic fracture zones or non-transform
discontinuities migrating away from
hotspots. Taken together these observations
support the view that an oceanic rather than
extended continental crust underlies this part
of the central Red Sea.
The crestal mountains around the median
valleys of slow-spreading ridges are typically
500-1000 m lower at spreading
discontinuities. Around Thetis Deep, the
similar pattern in the gravity field to those of
slow- spreading ridges suggests that the
crestal mountains may variably block or
impede flowage of evaporites towards the
spreading centre, whereas the discontinuities
may mark areas where flowage is
unobstructed. Limited multibeam data
collected in transits outside Thetis Deep show
oblique fabrics as expected from these
predicted movements.

The Order Asaphida was grouped by the
presence of a ventral median suture and a
globular protaspis. The Superfamily
Trinucleoidea has been assigned to the Order
Asaphida, based on the recognition of a
globular protaspis in the Ordovician
representatives of the group, and the
presence of a ventral median suture in the
middle Cambrian genus Liostracina which has
been regarded as a primitive sister-group to
the post-Cambrian trinucleoideans. Recent
studies demonstrate that the ventral median
suture and the globular protaspis could have
evolved multiple times in the trilobite
evolutionary history, casting doubt on the
traditional concept of the Order Asaphida.
Inclusion of the Trinucleoidea into the Order
Asaphida, therefore, has to be tested. It has
recently been revealed that Liostracina simesi
Jago and Cooper, 2005 did not possess a
ventral median suture, implying that there
could have been variable types of ventral
suture within the genus Liostracina. Here we
report the ontogeny of Liostracina
tangwangzhaiensis n. sp. from the Cambrian
Series 3 (middle Cambrian) strata of
Shandong Province of North China. The
material for this study includes protaspides,
which are of flat, benthic morphology,
contrasting to the globular protaspid
morphology of the Ordovician
trinucleoideans. The benthic protaspid
morphology of L. tangwangzhaiensis indicates
an independent evolution of the globular
protaspis within the Superfamily
Trinucleoidea. Together with the variable
types of ventral suture within the genus
Liostracina, the benthic protaspid
morphology of Liostracina leads us to propose
that the Superfamily Trinucleoidea be
excluded from the Order Asaphida.

2-14 Park, Tae-Yoon S., Ji-Hoon Kihm, and 2 others.
2014. “Ontogeny of a New species of the
Cambrian Series 3 (middle Cambrian)
Trilobite Genus Liostracina Monke, 1903 from
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2-15 Park, Tae-Yoon, and 3 others. 2014. “Mansuyia
Sun, and Tsinania Walcott, from the
Furongian of North China and the evolution of
the trilobite family Tsinaniidae”.
Palaeontology, 57(2): 269-282.
doi: 10.1111/pala.12065

The seismic network KPSN@TNB was
installed in January 2011 in the vicinity of
Jang Bogo Station. It is the first
Koreanyear-round seismic network to
monitor the volcanic activity of Mt. Melbourne
and nearby ice movements. We successfully
retrieved continuous data from 2011 to 2013,
although the data recorded at KP02 and KP03
were contaminated by abnormally high
sensor currents. They might be due to faults in
the Taurus DASs produced in 2010. The
waveforms during the high-sensor current
periods were contaminated by electronic
pulses every 0.5 s with an amplitude of ∼50
counts. The Taurus DASs at KP02 and KP03
were replaced by new ones in December2011
and December 2013, respectively. Though we
failed to retrieve data from KP06 in this
season because of harsh weather during the
2013–2014 field season, KPSN@TNB
currently consists of six broadband seismic
station, with one additional station installed
at Edmonson Point during the 2014–2015
field season.

The Furongian trilobite family Tsinaniidae is
characterized by a highly effaced surface and
forms an important constituent of the
Furongian trilobite faunas of east Gondwana.
However, the origin of the characteristic
morphology of this family has remained
unclear. Only recently has the tsinaniid
trilobite Lonchopygella megaspina been
suggested to represent an intermediate stage
in the evolutionary transition to other
tsinaniids on the basis of the trunk
segmentation. Here, we report successive
occurrences of four species of the kaolishaniid
genus Mansuyia and a tsinaniid trilobite
Tsinania canens from the Furongian (late
Cambrian) Chaomidian Formation in
Shandong Province, China. A cladistic analysis
including these taxa reveals that the four
species of Mansuyia constitute stem-group
taxa to the family Tsinaniidae, rendering
Mansuyia and the Kaolishaniidae
paraphyletic. The youngest species of
Mansuyia, M. taianfuensis, turns out to be the
immediate sister taxon of the Tsinaniidae,
displaying a closely similar morphology to the
tsinaniid trilobite, Shergoldia laevigata. The
generic and familial boundary therefore
situated between M. taianfuensis and S.
laevigata.
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2-16 Park, Yongcheol, Hyun Jae Yoo, Won Sang Lee,
Joohan Lee, Yeadong Kim, Sang-Hyun Lee,
Dongseob Shin, and Hadong Park. 2014.
“Deployment and Performance of a
Broadband Seismic Network near the New
Korean Jang Bogo Research Station, Terra
Nova Bay, East Antarctica”. Seismological
Research Letters, 85(6): 1341-1347.
doi: 10.1785/0220140107

Arnold, Tim, Diane J. Ivy, Christina M. Harth,
Martin K. Vollmer, Jens Mühle, Peter K.
Salameh, L. Paul Steele, Paul B. Krummel, Ray
H. J. Wang, Dickon Young, Chris R. Lunder, Ove
Hermansen, Tae Siek Rhee, and 7 others.
2014. “HFC-43-10mee atmospheric
abundances and global emission estimates”.
Geophysical Research Letters, 41(6):
2228-2235.
doi: 10.1002/2013GL059143
We report in situ atmospheric measurements
of hydrofluorocarbon HFC-43-10mee
(C5H2F10;
1,1,1,2,2,3,4,5,5,5-decafluoropentane) from

34

2014
ABSTRACTS

anticyclonic eddy with the same location and
size. Diagnosis of model results suggests that
the eddy can be formed in a Red Sea that is
subject to seasonally varying buoyancy
forcing, with no wind, but that its location and
structure are significantly altered by wind
forcing, initial distribution of water
stratification and southward coastal flow
from the upstream area. Momentum analysis
indicates that the flow field of the eddy was in
geostrophic balance, with the baroclinic
pressure gradient forcing about the same
order of magnitude as the surface pressure
gradient forcing.

seven observatories at various latitudes,
together with measurements of archived air
samples and recent Antarctic flask air
samples. The global mean tropospheric
abundance was 0.21 ± 0.05 ppt (parts per
trillion, dry air mole fraction) in 2012, rising
from 0.04 ± 0.03 ppt in 2000. We combine the
measurements with amodel and an inverse
method to estimate rising global
emissions—from 0.43 ± 0.34Gg yr-1 in 2000 to
1.13 ± 0.31Gg yr-1 in 2012 (~1.9 Tg CO2-eq
yr-1 based on a 100 year global warming
potential of 1660). HFC-43-10mee—a
cleaning solvent used in the electronics
industry—is currently a minor contributor to
global radiative forcing relative to total HFCs;
however, our calculated emissions highlight a
significant difference from the available
reported figures and projected estimates.

3-2

3-3

Chen, Changsheng, Ruixiang Li, Larry Pratt,
Richard Limeburner, Robert C. Beardsley,
Amy Bower, Houshuo Jiang, Yasser Abualnaja,
Qichun Xu, Huichan Lin, Xuehai Liu, Jian Lan,
and Taewan Kim. 2014. “Process modeling
studies of physical mechanisms of the
formation of an anticyclonic eddy in the
central Red Sea”. Journal of Geophysical
Research: Oceans, 119(2): 1445-1464.
doi: 10.1002/2013JC009351

Dolan, John R., Eun Jin Yang, Tae Wan Kim, and
Sung-Ho Kang. 2014. “Microzooplankton in a
Warming Arctic: A Comparison of Tintinnids
and Radiolarians from Summer 2011 and
2012 in the Chukchi Sea”. Acta Protozoologica,
53: 101-113.
doi: 10.4467/16890027AP.14.010.1447
The Chukchi Sea was sampled in August of
2011, a year of near-normal sea ice among
recent years, and again in August 2012, a year
of all time record low sea ice. We exploited
this sampling to test the hypothesis that
different sea ice conditions are associated
with differences in abundances or species
composition of microzooplankton through an
examination of tintinnids and radiolarians.
From 18 stations in 2011, and 19 stations in
2012, organisms were enumerated in
plankton net tow material, and chlorophyll
determinations made (total and ≤ 20 μm)
from discrete depth samples. We found that
the low sea ice conditions of 2012 were
associated with higher chlorophyll
concentrations (both total and the ≤ 20 μm
size fraction), compared to 2011. However,
tintinnid ciliates and radiolarians were much
lower in concentration, by about an order of
magnitude, compared to 2011. In both years
the radiolarian assemblage was dominated by
Amphiselma setosa. The species composition

Surface drifters released in the central Red
Sea during April 2010 detected a well-defined
anticyclonic eddy around 23°N. This eddy was
~45–60 km in radius, with a swirl speed up to
~0.5 m/s. The eddy feature was also evident
in monthly averaged sea surface height fields
and in current profiles measured on a
cross-isobath, shipboard CTD/ADCP survey
around that region. The unstructured-grid,
Finite-Volume Community Ocean Model
(FVCOM) was configured for the Red Sea and
process studies were conducted to establish
the conditions necessary for the eddy to form
and to establish its robustness. The model
was capable of reproducing the observed
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doi: 10.1175/JPO-D-13-0240.1

of the tintinnid ciliates was similar in the two
years, but there were distinct differences in
the relative abundances of certain species.
The 2012, low sea ice assemblage, was
dominated by small forms in contrast to 2011,
when large species were the most abundant.
We present these findings in detail and
discuss possible explanations for the
apparent differences in the microzooplankton
communities associated with distinct sea ice
conditions in the Chukchi Sea.

3-4

The circulation pathways and subsurface
cooling and freshening of warm deep water
on the central Amundsen Sea shelf are
deduced from hydrographic transects and
four subsurface moorings. The Amundsen Sea
continental shelf is intersected by theDotson
trough (DT), leading fromthe outer shelf to
the deep basins on the inner shelf. During the
measurement period, warm deep water was
observed to flow southward on the eastern
side of DT in approximate geostrophic
balance. A northward outflow from the shelf
was also observed along the bottom in the
western side of DT. Estimates of the flow rate
suggest that up to one-third of the inflowing
warm deep water leaves the shelf area below
the thermocline in this deep outflow. The
deep current was 1.2℃ colder and 0.3 psu
fresher than the inflow, but still warm, salty,
and dense compared to the overlying water
mass. The temperature and salinity
properties suggest that the cooling and
freshening process is induced by subsurface
melting of glacial ice, possibly from basal
melting of Dotson and Getz ice shelves. New
heat budgets are presented, with a southward
oceanic heat transport of 3.3TW on the
eastern side of the DT, a northward oceanic
heat transport of 0.5–1.6 TW on the western
side, and an ocean-to-glacier heat flux of
0.9–2.53 TW, equivalent to melting glacial ice
at the rate of 83–237 km3 yr-1. Recent
satellite-based estimates of basal melt rates
for the glaciers suggest comparable values for
the Getz and Dotson ice shelves.

Dutrieux, Pierre, Jan De Rydt, Adrian Jenkins,
Paul R. Holland, Ho Kyung Ha, Sang Hoon Lee,
and 4 others. 2014. “Strong Sensitivity of Pine
Island Ice-Shelf Melting to Climatic
Variability”. Science, 343: 174-178.
doi: 10.1126/science.1244341
Pine Island Glacier has thinned and
accelerated over recent decades, significantly
contributing to global sea-level rise.
Increased oceanic melting of its ice shelf is
thought to have triggered those changes.
Observations and numerical modeling reveal
large fluctuations in the ocean heat available
in the adjacent bay and enhanced sensitivity
of ice-shelf melting to water temperatures at
intermediate depth, as a seabed ridge blocks
the deepest and warmest waters from
reaching the thickest ice. Oceanic melting
decreased by 50% between January 2010 and
2012, with ocean conditions in 2012 partly
attributable to atmospheric forcing
associated with a strong La Niña event. Both
atmospheric variability and local ice shelf and
seabed geometry play fundamental roles in
determining the response of the Antarctic Ice
Sheet to climate.

3-5

3-6

Ha, H. K., A. K. Wåhlin, T. W. Kim, S. H. Lee, J. H.
Lee, H. J. Lee, and 4 others. 2014. “Circulation
and Modification of Warm Deep Water on the
Central Amundsen Shelf”. Journal of Physical
Oceanography, 44(5): 1493-1501.
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In-Young Ahn, and Kyung-Hoon Shin. 2014.
“Effect of ultraviolet irradiation on the
production and composition of fatty acids in
plankton in a sub-Antarctic environment”.
Journal of Oceanography, 70(1): 1-10.
doi: 10.1007/s10872-013-0207-3
We investigated the effects of ultraviolet-B
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(UV-B) radiation on the natural
phytoplankton assemblage in Marine Cove on
King George Island, Antarctica, in December
2005. The amount of newly synthesized
phytoplankton polyunsaturated fatty acids
(PUFAs) was lower with exposure to full
irradiation (PAR+UV-A+UV-B) than without
such exposure (exposed instead to PAR+UVA
radiation) in an in situ incubation under the
light conditions in two different types of
incubation bottles: quartz bottles
transmitting all light wavelengths including
UV-B and polycarbonate bottles with no UV-B
transmission and 20 % reduced PAR
compared to the quartz bottle. However, the
amount of newly synthesized saturated fatty
acids was greater with than without UV-B
radiation. Thus, UV-B radiation may have a
significant influence on fatty acid synthesis in
phytoplankton. In particular, the production
of eicosapentaenoic acid [20:5(n-3)] and
docosahexaenoic acid [22:6(n-3)] was
reduced during incubation under the natural
solar radiation including UV-B. To understand
the indirect influence of UV-B on herbivores
(the secondary producer), we conducted
feeding experiments with amphipods fed in
situ on the natural phytoplankton
assemblage. The amphipods fed on the
phytoplankton with the low PUFA values also
exhibited a low PUFA accumulation rate,
which could negatively affect their growth,
development, and reproduction.
Consequently, the diminished rate of essential
fatty acid synthesis [especially 20:5(n-3) and
22:6(n-3)] in primary producers caused by
UV-B exposure could affect the structure and
function of the Antarctic marine ecosystem.

3-7

This study investigated the synthesis of
photoprotective compounds by
Bacillariophyceae (Porosira glacialis) in real
time using a 13C tracer. Our results show a
relationship between the net production rates
of mycosporine-like amino acids (MAAs) and
photoprotective pigments such as
diadinoxanthin (DD). After 24 h, the total
carbon uptake rate of P. glacialis was higher
when exposed to photosynthetically active
radiation (PAR) than when exposed to
ultraviolet radiation (UVR). However, with
time, the total carbon uptake rate and
turnover rate of P. glacialis exposed to UVR
increased to the point where the net
production rate of MAAs under UVR was
higher than that of P. glacialis exposed to PAR.
The differences in MAA and DD production
rates and carbon uptake indicate the
production of MAA and DD as a defense
strategy in response to UV-induced damage.
The results of this study provide insight into
the synthetic pathways of photoprotective
compounds and the carbon cycle within P.
glacialis cells and reveal contrasting patterns
in the production of MAAs and xanthophyll
compounds such as DD over time.

3-8

Ha, Sun-Yong, Jun-Oh Min, Hyung Min Joo,
Kyung Ho Chung, Kyung-Hoon Shin, EunJin
Yang, and Sung-Ho Kang. 2014. “Production
rate estimation of mycosporine-like amino
acids in two Arctic melt ponds by stable
isotope probing with NAH13CO3”. Journal of
Phycology, 50(5): 901-907.
doi: 10.1111/jpy.12221
The net carbon uptake rate and net
production rate of mycosporine-like amino
acids (MAAs) were measured in
phytoplankton from 2 different melt ponds
(MPs; closed and open type pond) in the
western Arctic Ocean using a 13C stable
isotope tracer technique. The Research Vessel

Ha, Sun-Yong, Hyoung Sul Na, Jun-Oh Min,
Kyung-Ho Chung, Sung-Ho Kang, and
Kyung-Hoon Shin. 2014. “Photoprotective
function of mycosporine-like amino acids in a
bipolar diatom (Porosira glacialis): evidence
from ultraviolet radiation and stable isotope
probing”. Diatom Research, 29(4): 399-409.
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and copepods (-13.3 ± 1.0‰). These
meiofauna may feed on mixed resources
(including bacteria) with the isotope ratios
between benthic microalgae (-21.2 ± 0.2‰)
and seagrass (-9.3 ± 01.0‰). These findings
are consistent with the trophic enrichment in
the nitrogen isotope ratios (by 3–4‰)
between consumers and food sources.
Moreover, the results of the MixSIR model
based on the observed isotope ratios suggest
a large seagrass contribution to the food
sources of benthic organisms such as
meiofauna (~53.7–62.6%) and macrobenthos
(~41.1–68%) through the food web. This
model additionally suggests a relatively large
contribution of benthic microalgae to the food
sources of filter feeders (i.e. 26.4% for
oysters).

Araon visited icecovered western-central
basins situated at 82°N and 173°E in the
summer of 2012, when Arctic sea ice declined
to a record minimum. The average net carbon
uptake rate of the phytoplankton in
polycarbonate (PC) bottles in the closedmelt
pond was 3.24 mg C · m-3 · h-1 (SD = ± 1.12 mg
C · m-3 · h-1), while that in the open melt pond
was 1.3 mg C · m-3 · h-1(SD = ± 0.05 mg C · m-3 ·
h-1). The net production rate of total MAAs in
incubatedPC bottles was highest (1.44 (SD=
±0.24) ng C · L-1 · h-1) in the open melt pond
and lowest (0.05 (SD= ±0.003) ngC · L-1 · h-1)
in the closed melt pond. The net production
rate of shinorine and palytine in incubated PC
bottlesat the open melt pond presented
significantly high values 0.76 (SD= ±0.12) ngC
· L-1 · h-1 and 0.53 (SD= ±0.06) ngC · L-1 · h-1.
Our results showed that high net production
rate of MAAs in the open melt pond was
enhanced by a combination of osmotic and
UVR stress and thatin situ net production
rates of individual MAA can be determined
using 13C tracer inmelt ponds in Arctic sea ice.

3-9

3-10 Hahm, Doshik, Tae Siek Rhee, Hae-Cheol Kim,
Jisoo Park, Young-Nam Kim, Hyoung Chul
Shin, and SangHoon Lee. 2014. “Spatial and
temporal variation of net community
production and its regulating factors in the
Amundsen Sea, Antarctica”. Jouranal of
Geophysical Research: Oceans, 119(5):
2815-2826.
doi: 10.1002/2013JC009762.

Ha, Sun-yong, Won-Ki Min, Dong-Sung Kim,
and Kyung-Hoon Shin. 2014. “Trophic
importance of meiofauna to polychaetes in a
seagrass (Zostera marina) bed as traced by
stable isotopes”. Journal of the Marine
Biological Association of the United Kingdom,
94(1): 121-127.
doi: 10.1017/S0025315413001148

We observed ΔO2/Ar in the surface waters of
the Amundsen Sea, Antarctica, during the
austral summers in 2011 and 2012 to
investigate the variability of net community
production (NCP). Corresponding to the
typical peak phytoplankton bloom period, the
ΔO2/Ar of the Amundsen Sea Polynya (ASP)
reached 30% in early January 2011 and had a
strong positive correlation with the sea
surface temperature (SST) and chlorophyll-a
(Chl-a). In contrast, ΔO2/Ar decreased to
-10% in the sea ice zone (SIZ), which was
likely associated with either net O2
consumption in the unlit area or the
entrainment of deep water containing low
dissolved oxygen. Near the terminal stage of
the phytoplankton bloom in late February

Stable carbon and nitrogen isotope ratios of
benthic invertebrates and their potential food
sources, such as suspended particulate
organic matter (POM), benthic microalgae,
attached algae and seagrass, were identified
in Dong-dae Bay during the winter. The
carbon stable isotope ratios demonstrate that
filter feeders, such as oysters (-19.5 ± 1.0‰),
use benthic microalgae (-21.2 ± 0.2‰) as a
major food, and polychaetes such as Glycera
spp. (-14.0 ± 0.6 ‰) preferentially use
meiofauna, such as nematodes (-14.0 ± 0.4‰)
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improves the observation frequency up to
seven days in the best case. A quality control
analysis indicates that the average
root-mean-square error of the differences
between the InSAR- and stage-based water
levels is 4.2 cm. The end products of absolute
water level time series with improved
temporal and high spatial resolutions can be
used as excellent constraints for high spatial
resolution wetland flow models and other
water resource applications.

2012, we observed the same contrasting
ΔO2/Ar features between the ASP and SIZ.
However, the ΔO2/Ar in the ASP was not
>10%, which corresponded with the overall
reduction in Chl-a, solar radiation, and SST
compared with the corresponding values in
2011. The average net community production
in the ASP was 119±79 mmol O2 m-2 d-1 in
January 2011, and 23±14 mmol O2 m-2 d-1 in
February 2012. The strong correlations of
NCP with SST and mixed layer depth (MLD)
indicate that the ASP phytoplankton bloom is
likely initiated by a combination of increased
light availability and SST in early summer.
Low SST and variable fluorescence to
maximum florescence ratio (Fv/Fm) in
February indicate that decreased solar
radiation and Fe availability are likely
responsible for the phytoplankton bloom
demise.

3-12 Jiang, Yong, Eun Jin Yang, Sun Yong Kim,
Young-Nam Kim, and SangHoon Lee. 2014.
“Spatial patterns in pelagic ciliate community
responsese to various habitats in the
Amundsen Sea (Antarctica)”. Progress in
Oceanography, 128: 49-59.
doi: 10.1016/j.pocean.2014.08.006
To investigate the impacts of climate change
on environmental conditions and pelagic
biodiversity, spatial patterns in pelagic ciliate
communities were studied at 18 stations from
five habitats in the Amundsen Sea (western
Antarctic) during austral summer from
December 2010 to January 2011. Clear spatial
patterns were observed in community
structure, and significant differences were
found among the various habitats. The
species number, abundance, biomass and
biodiversity indices (Shannon diversity H',
Pielou’s evenness J', and Margalef richness D)
also showed clear spatial trends. Pelagic
ciliate community structure accurately
reflected environmental variability. Alone or
in combination, several primary
environmental variables were found to affect
community spatial patterns in specific
habitats. Shannon H' and Margalef D showed
strong relationships with spatial changes in
chlorophyll a and might be better predictors
in future Antarctic studies. This study
presents the first detailed description of
spatial patterns in pelagic ciliate communities
and their correlations with environmental

3-11 Hong, S.-H. and S. Wdowinski. 2014.
“Multitemporal Multitrack Monitoring of
Wetland Water Levels in the Florida
Everglades Using ALOS PALSAR Data With
Interferometric Processing”. IEEE Geoscience
and Remote Sensing Letters, 11(8): 1355-1359.
doi: 10.1109/LGRS.2013.2293492
We present an improved wetland
interferometric synthetic aperture radar
(InSAR) technique that uses multitrack SAR
data and ground-based stage (water level)
data to calculate a time series of high spatial
resolution water level maps throughout wide
wetland areas. The technique was applied to a
wetland area in the northern Everglades,
Florida, using a four-year-long Advanced
Land Observing Satellite (ALOS) Phased
Array L-band Synthetic Aperture Rada
(PALSAR) data set acquired during
2007-2011. Although the temporal resolution
of ALOS PALSAR interferograms is low
(multiples of the satellite's 46-day revisit
cycle), the multitrack algorithm combines
results from the four tracks and significantly
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Pacific during summer periods, and that high
MSA concentrations in the subarctic western
North Pacific and the South Pacific were
related to high biological productivity and low
air temperature. During the cruises, an
inverse relationship (r=-0.72, p < 0.01) was
observed between satellite-derived
chlorophyll a concentration and air
temperature, showing that high biological
productivity occurred at high latitudes, where
air temperature were relatively low, in both
hemispheres during the summer periods.
Although both MSA concentration and
MSA/nss-SO42- ratio showed inverse and
positive relationships with air temperature
and chlorophyll a concentration, respectively,
the correlations between these variables were
weak, suggesting that the distributions of
MSA concentration and MSA/nss-SO42- ratio
over the North and South Pacific during the
summer periods were influenced by more
complex factors. Estimates using the
MSA/nss-SO42- ratios measured in different
latitude regions in the Pacific Ocean indicated
that the contributions from biogenic sources
accounted for 9.6-58% of the total nss-SO42in aerosols collected in the subarctic western
North Pacific, 15-85% in the subtropical
western North Pacific, 10-70% in the central
North Pacific, and 12-97% in the South Pacific,
showing strong influence of anthropogenic
nss-SO42- in the subarctic western North
Pacific despite the higher mean concentration
of MSA in the subarctic western North Pacific
than in the South Pacific.

variability in habitats in the Amundsen Sea
during early austral summer. Our findings
provide detailed and basic data on the
composition, distribution, and variation of
ciliate communities in the Amundsen Sea, and
will help answer important questions about
polar ecosystems.

3-13 Jung, Jinyoung, Hiroshi Furutania, Mitsuo
Uematsua, and Jisoo Park. 2014.
“Distributions of atmospheric non-sea-salt
sulfate and methanesulfonic acid over the
Pacific Ocean between 48°N and 55°S during
summer”. Atmospheric Environment, 99(1):
374-384.
doi:10.1016/j.atmosenv.2014.10.009
Atmospheric concentrations of non-sea-salt
sulfate (nss-SO42- ) and methanesulfonic acid
(MSA) were measured over the Pacific Ocean
between 48°N and 55°S during the KH-08-2
and MR08-06 cruises in summers of 2008 and
2009, in order to investigate spatial
distributions of each species and
MSA/nss-SO42- ratio. In the subarctic western
North Pacific, mean concentrations of
nss-SO42- and MSA in bulk (fine þ coarse)
aerosols were 1.1 μg m-3 and 0.061 μg m-3,
whereas those in the South Pacific were 0.25
μg m-3 and 0.043 μg m-3, respectively. In the
subtropical western North Pacific, it was
observed that nss-SO42- concentration sharply
increased from 0.45 mg m-3 up to 4.2 μg m-3
under the dominant influence of the Kilauea
volcano, while that of MSA remained low.
Mean MSA/nss-SO42- ratio observed in the
South Pacific was approximately 3.7 times
higher than that in the subarctic western
North Pacific, although the mean MSA
concentration in the subarctic western North
Pacific was a factor of 1.4 higher than that in
the South Pacific. The distributions of
nss-SO42- , MSA, and MSA/nss-SO42- ratio
suggested that aerosol nss-SO42- plays a key
role in the latitudinal variation in
MSA/nss-SO42- ratio over the North and South

3-14 Kim, Dongseon, Eun-Jin Yang, and 4 others.
2014. “Aragonite Undersaturation in
Gwangyang Bay, South Korea: Effects of Fresh
Water Input”. Ocean Science Journal, 49(3):
223-230.
doi: 10.1007/s12601-014-0022-9
Dissolved inorganic carbon (DIC) and
alkalinity were precisely measured for
surface and bottom waters in Gwangyang
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to a large discharge of groundwater that is
highly enriched with MREE. High MREE
bearing waters were observed over the entire
shore of the southern coast of Korea, implying
that such high SGD-driven REE fluxes are
common in coastal area. Our results suggest
that the SGD-driven REE fluxes may
contribute considerably to the global budget
of REEs in the ocean.

Bay, Korea, during the four seasons to assess
seasonal variations of aragonite saturation
state (Ωarag). Both the surface and bottom
waters were undersaturated with respect to
aragonite during summer but were
supersaturated during the other seasons. The
summertime undersaturation of the surface
waters with respect to aragonite may have
been a result of the dilution effect caused by
higher seasonal river runoff. In the bottom
waters, the average DIC concentration
increased by 40.6 μmol kg–1 from spring to
summer, while the average alkalinity
decreased by 74.7 μeq kg-1. As a result, the
alkalinity/DIC ratio decreased from 1.07 in
spring to 1.01 in summer and pH also
decreased from 7.91 to 7.48, which resulted in
the summertime undersaturation of the
bottom waters.

3-16 Kim, Jong-Geol, Soo-Je Park, Zhe-Xue Quan,
Man-Young Jung, In-Tae Cha, So-Jeong Kim,
Kyoung-Ho Kim, Eun-Jin Yang, Young-Nam
Kim, Sang-Hoon Lee, and Sung-Keun Rhee.
2014. “Unveiling abundance and distribution
of planktonic Bacteria and Archaea in a
polynya in Amundsen Sea, Antarctica”.
Environmental Microbiology, 16(6):
1566-1578.
doi: 10.1111/1462-2920.12287

3-15 Kim, Intae and Guebuem Kim. 2014.
“Submarine groundwater discharge as a main
source of rare earth elements in coastal
waters”. Marine Chemistry, 160: 11-17.
doi: 10.1016/j.marchem.2014.01.003

Polynyas, areas of open water surrounded by
sea ice, are sites of intense primary
production and ecological hotspots in the
Antarctic Ocean. This study determined the
spatial variation in communities of
prokaryotes in a polynya in the Amundsen
Sea using 454 pyrosequencing technology,
and the results were compared with biotic
and abiotic environmental factors. The
bacterial abundance was correlated with that
of phytoplankton, Phaeocystis spp. and
diatoms. A cluster analysis indicated that the
bacterial communities in the surface waters
of the polynya were distinct from those under
the sea ice. Overall, two bacterial clades,
Polaribacter (20-64%) and uncultivated
Oceanospirillaceae (7-34%), dominated the
surface water in the polynya while the
Pelagibacter clade was abundant at all depths
(7-42%). The archaeal communities were not
as diverse as the bacterial communities in the
polynya, and marine group I was dominant (>
80%). Canonical correspondence analysis
indicated that the oceanographic properties
facilitated the development of distinct

To evaluate the role of submarine
groundwater discharge (SGD) as a source of
rare earth elements (REEs) in the coastal
ocean, we estimated the SGD associated
discharge of REEs into two semi-enclosed
coastal bays in the southern coast of Korean
peninsula. The mass balances of REEs
demonstrated that the REE fluxes through
SGD were two to three orders of magnitude
higher than those through the other sources,
such as diffusion from bottom sediments and
atmospheric dust fallout. The Nd inputs
through the total SGD from the two small
coastal bays, Gamak Bay (148 km2) and
Hampyeong Bay (85 km2), were estimated to
be 0.7×104 - 1.3×104 mol y-1, which is
0.06-0.3% of the total Nd fluxes from global
rivers. In this region, coastal seawater was
observed to have a substantially higher
middle REE (MREE), which appears to be due
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mmol C m-2 day-1. These fluxes were similar
levels to those in the Weddell Sea during
February and March 2008. Export ratios
(ThE) relative to the primary production in
the euphotic zone were in the range of 3-54%
(av. 28%).

prokaryotic assemblages in the polynya. This
analysis of the diversity and composition of
the psychrophilic prokaryotes associated
with high phytoplankton production provides
new insights into the roles of prokaryotes in
biogeochemical cycles in high-latitude
polynyas.

3-18 Kim, Sang-il, Hyun-cheol Kim, and Chang-Uk
Hyun. 2014. “High Resolution Ocean Color
Products Estimation in Fjord of Svalbard,
Arctic Sea using Landsat-8 OLI”. Korean
Journal of Remote Sensing, 30(6): 809-816.
doi: 10.7780/kjrs.2014.30.6.11

3-17 Kim, Mi Seon, Man Sik Choi, Sang Heon Lee,
Sang Hoon Lee, Tae Siek Rhee, and Doshik
Hahm. 2014. “Estimation of POC Export
Fluxes Using 234Th/238U Disequilibria in the
Amundsen Sea, Antarctica; Preliminary
Result”. 「The Sea」 Journal of the Korean Society
of Oceanography, 19(2): 109-124.
doi: 10.7850/jkso.2014.19.2.109

Ocean Color products have been used to
understand marine ecosystem. In high
latitude region, ice melting optically
influences the ocean color products. In this
study, we assessed optical properties in fjord
around Svalbard Arctic sea, and estimated
distribution of chlorophyll-a and suspended
sediment by using high resolution satellite
data, Landsat-8 OLI (Operational Land
Imager). To estimate chlorophyll-a and
suspended sediment concentrations, various
regression models were tested with different
band ratio. The regression models were not
shown high correlation because of temporal
difference between satellite data and in-situ
data. However, model-derived distribution of
ocean color products from OLI showed a
possibility that fjord and coastal areas around
Arctic Sea can be monitored with high
resolution satellite data. To understand
climate change pattern around Arctic Sea, we
need to understand ice meting influences on
marine ecosystem change. Results of this
study will be used to high resolution
monitoring of ice melting and its influences
on the marine ecosystem change at high
latitude. KOPRI (Korea Polar Research
Institute) has been operated the Dasan
station on Svalbard since 2002, and study was
conducted using Arctic station.

In order to understand the carbon cycle in the
Amundsen Sea of the Southern Ocean, the
export fluxes of particulate organic carbon
from the euphotic zone to deep water
estimated using 234Th/238U disequilibrium
method. Seawaters in 14 water columns were
collected during February and March 2012,
and analyzed for total and dissolved 234Th,
and particulate organic carbon. Total 234Th
activities in the water column showed
deficiency and excess relative to those of 238U
depending on the water depth. Deficiency of
total 234Th in the euphotic zone showed
mirror images both with chlorophyll-a and
fluorescence, and was consistent with the loss
of nitrate, which indicated the effect of
biological activity. In addition, deficiency of
total 234Th from deep water was associated
with the increase of total dissolvable Fe/Mn
concentration. Excess total 234Th activity
presented below the euphotic zone might be
related to particulate 234Th concentrated in
this water depth. Mean export flux of 234Th
estimated using the steady state model was
867 ± 246 dpm m-2 day-1. Mean export flux of
particulate organic carbon, which were
estimated by the product of total 234Th flux
and ratio of POC/234Th (7.08 ± 4.27 μmol C
dpm-1) in the sinking particles, was 5.9 ± 3.9
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3-19 Kim, Tae-Hoon and Intae Kim. 2014.
“Importance of Colloidal 210Pb and 210Po in
Groundwater of Subterranean Estuary”. 「The
Sea」 Journal of the Korean Society of
Oceanography, 19(2): 125-130.
doi: 10.7850/jkso.2014.19.2.125

cultured in standard f/2+Si media contained
in closed chambers at 2℃, which is a typical
surface temperature of the Southern Ocean in
summer, under continuous irradiation with
~44 μmol photons m-2 s-1 for 8 days. The
media contained 2.2 nM, 7.0 nM, and 10.6 nM
of dissolved iron at inoculation. F. kerguelensis
grew faster if the initial dissolved iron
concentration was higher. Its production rate
was ~40 cells mL-1 d-1 with an increase of
10–18 molar dissolved iron on a single cell
basis. Fe and Mo were consumed faster than
the growth rate at higher dissolved iron
concentrations while Mn and Zn were
consumed more slowly taking the mean
values into account. Nitrate consumption by
single cells increased with an increase of
dissolved iron in the media, but phosphate
and silicate showed a tendency to decrease.
Hence, dissolved iron enhanced uptake of
nitrate, but not the other nutrients, on a single
cell basis. The carbon uptake per cell
decreased with an increase in dissolved iron,
which is opposite to the growth rate,
suggesting that carbon content in single cells
could not keep up with the cell growth. The
iron efficacy of carbon uptake by single cells,
defined as the ratio of the carbon uptake to
the iron uptake, also showed a significant
reduction with an increase in dissolved iron.
This implies the inefficient usage of iron to
absorb carbon at a high dissolved iron
concentration. CH4 uptake by F. kerguelensis
occurred in our experiments, but it was trivial
in relation to the overall impact. N2O was
consumed at a lower concentration of
dissolved iron, but was emitted at a higher
dissolved iron concentration, suggesting a
facultative response of F. kerguelensis to the
available dissolved iron.

In order to evaluate the distributions of
colloidal 210Pb (half life = 22.2 years) and
210
Po (half life = 138 days) in subterranean
estuary, we have measured 210Pb and 210Po,
for the first time, in the total dissolved (<0.45
μm),true dissolved (<10 kDa), and colloidal
(10 kDa-0.45 μm) phases in subterranean
estuary of Hampyeong Bay in July 2010 and of
Jeju Island in January 2011. The 210Pb and
210
Po activities in groundwater were in the
ranges of 0.21-2.52 mBq L-1 and 0.12-2.07
mBq L-1 for true dissolved phase and
0.10-1.71 mBq L-1 and 0.03-0.97 mBq L-1 for
colloidal phase, respectively. The proportions
of the colloidal phase to the total dissolved
phase were 40±5% for 210Pb and 28±5% for
210
Po in groundwater. This result indicates
that colloids may play an important role in
transporting trace elements through
subterranean estuary into the coastal ocean.

3-20 Kwon, Young Shin, Tae Siek Rhee, Sun Young
Kim, Mi Seon Kim, Man Sik Choi, Eun Jin Yang,
and Young-Nam Kim. 2014. “Fragilariopsis
kerguelensis Response to Iron Enrichment
Regarding Its Growth, Uptake of Nutrients
and Trace Metals, and Changes in CO2, CH4,
and N2O”. Ocean Science Journal, 49(4):
449-463.
doi: 10.1007/s12601-014-0042-5
We performed laboratory experiments to
investigate the response of Fragilariopsis
kerguelensis, a predominant diatom species in
the Southern Ocean, to different
concentrations of dissolved iron in the culture
medium to assess changes in nutrients, trace
metals, and greenhouse gases-CO2, CH4, and
N2O-during growth. F. kerguelensis was

3-21 Lee, Doo Byoul, Keun Hyung Choi, Jae Seong
Lee, SangHoon Lee, Chul Park, and Hyoung
Chul Shin. 2014. “Use of oxygen microsensors
to measure the respiration rates of five
dominant copepods and Euphausia
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enzymatic cleavage product of the algal
metabolite dimethylsulfoniopropionate
(DMSP) and is the most abundant form of
sulfur released into the atmosphere. To
investigate the effects of two emerging
environmental threats (ocean acidification
and warming) on marine DMS production, we
performed a large-scale perturbation
experiment in a coastal environment. At both
ambient temperature and ∼2 °C warmer, an
increase in partial pressure of carbon dioxide
(pCO2) in seawater (160-830 ppmv pCO2)
favored the growth of large diatoms, which
outcompeted other phytoplankton species in
a natural phytoplankton assemblage and
reduced the growth rate of smaller,
DMSP-rich phototrophic dinoflagellates. This
decreased the grazing rate of heterotrophic
dinoflagellates (ubiquitous micro-grazers),
resulting in reduced DMS production via
grazing activity. Both the magnitude and sign
of the effect of pCO2 on possible future oceanic
DMS production were strongly linked to
pCO2-induced alterations to the
phytoplankton community and the cellular
DMSP content of the dominant species and its
association with micrograzers.

crystallorophias furcilia from the Amundsen
Sea, West Antarctica”. Marine and Freshwater
Behaviour and Physiology, 47(6): 361-371.
doi: 10.1080/10236244.2014.952988
The individual respiration rates of five
biomass-dominant copepods (Calanoides
acutus, Rhincalanus gigas, Metridia gerlachei,
Calanus propinquus and Paraeuchaeta
antarctica), and Euphausia crystallorophias
furcilia, from the Amundsen Sea, West
Antarctica, were determined using a
Clark-type oxygen microsensor affording high
temporal resolution. Measurements were
conducted on specimens collected from
waters exhibiting a very narrow temperature
range (−1.68 to −1.32 °C), at sites located
between 71 and 75°S, during the summer (31
January–20 March 2012). A short incubation
time (3 h) was sufficient to reveal significant
declines in dissolved oxygen concentrations
by 12–45%. The respiration rates of the
copepods and E. crystallorophias furcilia were
within the ranges of previously reported
values. The respiration rates of relatively
large-bodied species were rather low,
whereas the smaller species generally
exhibited higher respiration rates. The data
show that this simple microsensor technique
is a useful high-resolution non-invasive
means of investigating the metabolism of
zooplankton in the Southern Ocean. The
method could be used in other situations
when such information is required.

3-23 Lee, Sang H., Hans-Uwe Dahms, Yunsook Kim,
Eun Jung Choy, Sung-Ho Kang, and
Chang-Keun Kang. 2014. “Spatial distribution
of small phytoplankton composition in the
Chukchi Sea”. Polar Biology, 37: 99-109.
doi: 10.1007/s00300-013-1413-6

3-22 Park, Ki-Tae, Kitack Lee, Kyoungsoon Shin,
Eun Jin Yang, and 9 others. 2014. “Direct
Linkage between Dimethyl Sulfide Production
and Microzooplankton Grazing, Resulting
from Prey Composition Change under High
Partial Pressure of Carbon Dioxide
Conditions”. Environmental Science &
Technology, 48(9): 4750-4756.
doi: 10.1021/es403351h

This study was conducted as part of the
second Russian American long-term census of
the Arctic in 2009 with sampling across the
territorial of the Russian Federation in the
Chukchi Sea since recent information
regarding the standing stocks of pico- and
nano-plankton is very limited. Using flow
cytometry, small size fractions of the
phytoplankton (<20 µm) obtained during the
cruise were analyzed for the contributions of
pico- and nano-eukaryotic phytoplankton and

Oceanic dimethyl sulfide (DMS) is the
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of the innate immune system, the Toll-like
receptors (TLRs). We cloned the full-length
sequence of 12 TLRs of N. coriiceps. The N.
coriiceps transcriptome for TLR homologue
(ncTLR) genes encode a typical TLR structure,
with multiple extracellular leucine-rich
regions and an intracellular Toll/IL-1
receptor (TIR) domain. Using phylogenetic
analysis, we established that all of the cloned
ncTLR genes could be classified into the same
orthologous clade with other teleost TLRs.
ncTLRs were widely expressed in various
organs, with the highest expression levels
observed in immune-related tissues, such as
the skin, spleen, and kidney. A subset of the
ncTLR genes was expressed at higher levels in
fish exposed to pathogenmimicking agonists,
heat-killed Escherichia coli, and
polyinosinic-polycytidylic acid (poly(I:C)).
However, the mechanism involved in the
upregulation of TLR expression following
pathogen exposure in fish is currently
unknown. Further research is required to
elucidate thesemechanisms and to thereby
increase our understanding of vertebrate
immune system evolution.

prokaryotic phytoplankton for the first time
in the Chukchi Sea. The salinity and
temperature in the southern part were
significantly higher than those in the northern
part of the Chukchi Sea. The abundance of
Prochlorococcus and Synechococcus
represented about 30 % of total small
phytoplankton cells with their cell
abundances reaching 295 and 590 cells ml-1,
respectively, although a significant portion
(about 70 %) of the small phytoplankton
community (<20 µm) was pico- and
nanoeukaryotic plankton in the Chukchi Sea.
Among different environmental factors, we
found that temperature and NH4
concentrations were significantly positively
correlated with the abundance of total
phytoplankton, pico- and nano-eukaryotes,
Prochlorococcus, and Synechococcus.
Projected higher water temperature and
increase in NH4 concentration condition in
the Arctic Ocean as well as the Chukchi Sea
could have fostered more small
phytoplankton communities especially
Prochlorococcus and Synechococcus.
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Ahn, Do Hwan, Seung Chul Shin, and Hyun
Park. 2014. “Characterization of Toll-like
receptor gene expression and the pathogen
agonist response in the antarctic bullhead
notothen Notothenia coriiceps”.
Immunogenetics, 66: 563-573.
doi: 10.1007/s00251-014-0792-3

Choi, Jong-il, Minchul Yoon, Minho Joe, Hyun
Park, Sung Gu Lee, Se Jong Han, and Pyung
Cheon Lee. 2014. “Development of microalga
Scenedesmus dimorphus mutant with higher
lipid content by radiation breeding”.
Bioprocess and Biosystems Engineering,
37(12): 2437-2444.
doi: 10.1007/s00449-014-1220-7
In this study, a high lipid-accumulating
mutant strain of the microalgae Scenedesmus
dimorphus was developed via radiation
breeding. To induce mutant strain, S.
dimorphus was gamma-irradiated at doses
from 100 to 800 Gy, and then a mutant
(Sd-Pm210) with 25 % increased lipid
content was selected using Nile red staining
methodology. Sd-Pm210 showed
morphological changes and had higher

Notothenia coriiceps, a typical Antarctic
notothenioid teleost, has evolved to adapt to
the extreme Antarctic marine environment.
We previously reported an extensive analysis
of the Antarctic notothenioid transcriptome.
In this study, we focused on a key component
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microscopy in gammairradiated fucoidan.

growth rate compared to the wild type. From
random amplified polymorphic DNA analysis,
partial genetic modifications were also
observed in Sd-Pm210. In comparisons of
lipid content between wild type and
Sd-Pm210 using thin-layer chromatography,
the content of triacylglycerol was markedly
higher in the Sd-Pm210 strain. The total peak
area of fatty acid methyl ester was shown to
have about 1.4-fold increase in Sd-Pm210,
and major fatty acids were identified as
palmitic acid, oleic acid, linoleic acid, and
linolenic acid. To define the metabolic
changes in the mutant strain, 2-dimensional
electrophoresis was conducted. Several
proteins related to lipid synthesis and energy
metabolisms were overexpressed in the
mutant strain. These results showed that
radiation breeding can be utilized for the
development of efficient microalgae strains
for biofuel production.

4-3

4-4

Do, Hackwon, Il-Sup Kim, Young-Saeng Kim,
Sun-Young Shin, Jin-Ju Kim, Ji-Eun Mok,
Seong-Im Park, Ah Ram Wi, Hyun Park, Jun
Hyuck Lee, Ho-Sung Yoon, and Han-Woo Kim.
2014. “Purification, characterization and
preliminary X-ray crystallographic studies of
monodehydroascorbate reductase from
Oryza sativa L. japonica”. Acta
Crystallographica Section F: Structural Biology
Communications, 70(9): 1244-1248.
doi: 10.1107/S2053230X14015908
Monodehydroascorbate reductase (MDHAR;
EC 1.6.5.4) is a key enzyme in the reactive
oxygen species (ROS) detoxification system of
plants. The participation of MDHAR in
ascorbate (AsA) recycling in the
ascorbate-glutathione cycle is important in
the acquired tolerance of crop plants to
abiotic environmental stresses. Thus, MDHAR
represents a strategic target protein for the
improvement of crop yields. Although
physiological studies have intensively
characterized MDHAR, a structure-based
functional analysis is not available. Here, a
cytosolic MDHAR (OsMDHAR) derived from
Oryza sativa L. japonica was expressed using
Escherichia coli strain NiCo21 (DE3) and
purified. The purified OsMDHAR showed
specific enzyme activity (approximately 380
U per milligram of protein) and was
crystallized using the hanging-drop
vapourdiffusion method at pH 8.0 and 298 K.
The crystal diffracted to 1.9 Å resolution and
contained one molecule in the asymmetric
unit (the Matthews coefficient VM is 1.98 Å3
Da-1, corresponding to a solvent content of
38.06%) in space group P41212 with unit-cell
parameters a = b = 81.89, c = 120.4 Å. The
phase of the OsMDHAR structure was
resolved by the molecular-replacement
method using a ferredoxin reductase from
Acidovorax sp. strain KKS102 (PDB entry
4h4q) as a model.

Choi, Jong-il, Sung Gu Lee, Se Jong Han, and 2
others. 2014. “Effect of gamma irradiation on
the structure of fucoidan”. Radiation Physics
and Chemistry, 100: 54-58.
doi: 10.1016/j.radphyschem.2014.03.018
The change of molecular structure of fucoidan
by gamma irradiation was analyzed by
spectral and chemical methods. Fucoidan
samples with different molecular weights of
85, 30, 15, and 7 kDa were prepared by
radiation degradation of 217 kDa fucoidan. In
the molecular weight analysis, the
polydispersity decreased by gamma radiation
because of further degradation of higher
weight molecules. Ultraviolet absorption and
Fourier-transform infrared spectroscopy
analyses were carried out to define the
changes of the functional groups in fucoidan
by gamma irradiation. Carboxyl groups and
carbon double bonds increased by gamma
irradiation; however, sulfate content
remained unchanged. The granular fissures
were observed from scanning electron
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Seong-Im Park, Ah Ram Wi, Hyun Park,
Han-Woo Kim, Ho-Sung Yoon, and Jun Hyuck
Lee. 2014. “Crystallization and preliminary
X-ray crystallographic studies of
dehydroascorbate reductase (DHAR) from
Oryza sativa L. japonica”. Acta
Crystallographica Section F - Structural Biology
Communications, 70(6): 781-785.
doi: 10.1107/S2053230X14009133

Do, Hackwon, Chang Woo Lee, Se Jong Han,
Sung Gu Lee, Hak Jun Kim, Hyun Park, and Jun
Hyuck Lee. 2014. “Purification, crystallization
and preliminary X-ray crystallographic
studies of FMN-bound and FMN-free forms of
aromatic acid decarboxylase (CpsUbiX) from
the psychrophilic bacterium Colwellia
psychrerythraea 34H”. Acta Crystallographica
Section F: Structural Biology Communications,
70(2): 215-220.
doi: 10.1107/S2053230X1303447X

Dehydroascorbate reductase from Oryza
sativa L. japonica (OsDHAR), a key enzyme in
the regeneration of vitamin C, maintains
reduced pools of ascorbic acid to detoxify
reactive oxygen species (ROS). In previous
studies, the overexpression of OsDHAR in
transgenic rice increased grain yield and
biomass as well as the amount of ascorbate,
suggesting that ascorbate levels are directly
associated with crop production in rice.
Hence, the increased level of antioxidants
generated by OsDHAR has been speculated to
protect rice from oxidative damage and
increase the yield of germination. However,
the crystal structure and detailed
mechanisms of this important enzyme need to
be further elucidated. In this study,
recombinant OsDHAR protein was purified
and crystallized using the sitting-drop vapor
diffusion method at pH 8.0 and 298 K.
Plate-shape crystals were obtained using 0.15
M potassium bromide and 30% (w/v) PEG
MME 2000 as a precipitant, and the crystals
diffracted to a resolution of 1.9 Å at beamline
5C of the Pohang Accelerator Laboratory. The
X-ray diffraction data indicated that the
crystal contained one OsDHAR molecule in
the asymmetric unit with the space group P21
(unit-cell parameters, a = 47.03, b = 48.38, c =
51.83 Å, and β = 107.41°).

The ubiX gene (UniProtKB code Q489U8) of
Colwellia psychrerythraea strain 34H has been
annotated as a putative flavin
mononucleotide (FMN)-dependent aromatic
acid decarboxylase. Based on previous
studies of homologous proteins, CpsUbiX is
thought to catalyze the decarboxylation of
3-octaprenyl-4-hydroxybenzoate to produce
2-polyprenylphenol in the
ubiquinone-biosynthesis pathway using a
noncovalently bound FMN molecule as a
cofactor. However, the detailed mechanisms
of this important enzyme are not yet clear and
need to be further elucidated. In this study, it
was found that the V47S single mutation
resulted in a loss of FMN binding, resulting in
the production of FMN-free CpsUbiX protein.
This mutation is likely to destabilize
FMN–protein interactions without affecting
the overall structural folding. To fully
characterize the conformational changes
upon FMN binding and the enzymatic
mechanism at the molecular level, the
wild-type (FMN-bound) and V47S mutant
(FMNfree) CpsUbiX proteins were purified
and crystallized using the sitting-drop
vapour-diffusion method. Furthermore,
complete diffraction data sets for FMN-bound
(space group C2221) and FMN-free (space
group P23) forms were obtained to 2.0 and
1.76 Åresolution, respectively.

4-6

4-7

Do, Hackwon, Il-Sup Kim, Young-Saeng Kim,
Sun-Young Shin, Jin-Ju Kim, Ji-Eun Mok,
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Do, Hackwon, Soon-Jong Kim, Hak Jun Kim,
and Jun Hyuck Lee. 2014. “Structure-based
characterization and antifreeze properties of
a hyperactive ice-binding protein from the
Antarctic bacterium Flavobacterium frigoris
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PS1”. Acta Crystallographica Section
D-Biological Crystallography, 70(4):
1061-1073.
doi: 10.1107/S1399004714000996
Ice-binding proteins (IBPs) inhibit ice growth
through direct interaction with ice crystals
that permit the survival of polar organisms in
extremely cold environments. FfIBP is an
ice-binding protein encoded by the Antarctic
bacterium Flavobacterium frigoris PS1. The
X-ray crystal structure of FfIBP was
determined to 2.1 Å resolution to gain insight
into its ice-binding mechanism. The refined
structure of FfIBP shows an intramolecular
disulfide bond, and analytical
ultra-centrifugation and analytical size
exclusion chromatography show that it
behaves as a monomer in solution. Sequence
alignments and structural comparisons of
IBPs allowed us to define two groups within
IBPs, depending on sequence differences
between the α2 and α4 loop regions and the
presence of the disulfide bond. Although
FfIBP closely resembles Leucosporidium
(recently re-classified as Glaciozyma) IBP
(LeIBP) in its amino-acid sequence, the
thermal hysteresis (TH) activity of FfIBP
appears to be 10-fold higher than that of
LeIBP. A comparison of the FfIBP and LeIBP
structures reveals that FfIBP has different
ice-binding residues as well as greater surface
area in the ice-binding site. Notably, the
ice-binding site of FfIBP is composed of the
T-A/G-X-T/N motif, which is similar to the
ice-binding residues of hyperactive antifreeze
proteins. Thus, we propose that the TH
activity difference between FfIBP and LeIBP
may come from the amino acid composition of
the ice-binding site, which correlates with
differences in affinity and surface
complementarity with the ice crystal. In
conclusion, this study provides the molecular
basis for understanding the antifreeze
mechanism of FfIBP, and provides new
insights into the reasons for the higher TH
activity of FfIBP compared with that of LeIBP.

Gwak, Yunho, Woongsic Jung, and 7 others.
2014. “An intracellular antifreeze protein
from an Antarctic microalga that responds to
various environmental stresses”. The FASEB
Journal , 28(11): 4924-4935.
doi: 10.1096/fj.14-256388
The structure and function of the Antarctic
marine diatom Chaetoceros neogracile
antifreeze protein (Cn-AFP), as well as its
expression levels and characteristics of the
ice-binding site, were analyzed in the present
study. In silico analysis revealed that the
Cn-AFP promoter contains both light- and
temperatureresponsive elements. Northern
and Western blot analyses demonstrated that
both Cn-AFP transcript and protein
expression were strongly and rapidly
stimulated by freezing, as well as temperature
and high light stress. Immunogold labeling
revealed that Cn-AFP is preferentially
localized to the intracellular space near the
chloroplast membrane. Recombinant Cn-AFP
had clearantifreeze activity. Protein-folding
simulation was used to predict the putative
ice-binding sites in Cn-AFP, and site-directed
mutagenesis of the Cn-AFP b-face confirmed
their identification.

4-9

Han, Dukki, Ilnam Kang, Ho Kyung Ha, Hyun
Cheol Kim, Ok-Sun Kim, Bang Yong Lee,
Jang-Cheon Cho, Hor-Gil Hur, and Yoo Kyung
Lee. 2014. “Bacterial Communities of Surface
Mixed Layer in the Pacific Sector of the
Western Arctic Ocean during Sea-Ice Melting”.
PLoS ONE, 9(1): e86887.
doi: 10.1371/journal.pone.0086887
From July to August 2010, the IBRV ARAON
journeyed to the Pacific sector of the Arctic
Ocean to monitor bacterial variation in Arctic
summer surface-waters, and temperature,
salinity, fluorescence, and nutrient
concentrations were determined during the
ice-melting season. Among the measured
physicochemical parameters, we observed a
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with several doses of gamma radiation and
analyzed the effects on mortality, fecundity,
and molting by assessing antioxidant enzyme
activities and gene expression patterns. No
mortality was observed at 96 h, even in
response to exposure to a high dose (800 Gy)
ofradiation, but mortality rate was
significantly increased 120 h (5 days) after
exposure to 600 or 800 Gygamma ray
radiation. We observed a dose-dependent
reduction in fecundity of ovigerous females;
eventhe group irradiated with 50 Gy showed
a significant reduction in fecundity,
suggesting that gamma raysare likely to have
a population level effect. In addition, we
observed growth retardation, particularly at
the nauplius stage, in individuals after gamma
irradiation. In fact, nauplii irradiated with
more than 200 Gy, though able to molt to
copepodite stage 1, did not develop into
adults. Upon gamma radiation, T. japonicus
showed a dose-dependent increase in
reactive oxygen species (ROS) levels, the
activities ofseveral antioxidant enzymes, and
expression of double-stranded DNA break
damage genes (e.g. DNA-PK, Ku70, Ku80). At a
low level (sub-lethal dose) of gamma
irradiation, we found dose-dependent
upregulationof p53, implying cellular damage
in T. japonicus in response to sub-lethal doses
of gamma irradiation, suggesting that T.
japonicus is not susceptible to sub-lethal
doses of gamma irradiation. Additionally,
antioxidant genes, phase II enzyme (e.g. GSTs),
and cellular chaperone genes (e.g. Hsps) that
are involvedin cellular defense mechanisms
also showed the same expression patterns for
sublethal doses of gammairradiation (50-200
Gy). These findings indicate that sublethal
doses of gamma radiation can
induceoxidative stress-mediated DNA
damage and increase the expression of
antioxidant enzymes and proteinswith
chaperone-related functions, thereby
significantly affecting life history parameters
such as fecundityand molting in the copepod
T. japonicus.

strong negative correlation between
temperature and salinity, and consequently
hypothesized that the melting ice decreased
water salinity. The bacterial community
compositions of 15 samples, includicng
seawater, sea-ice, and melting pond water,
were determined using a pyrosequencing
approach and were categorized into three
habitats: (1) surface seawater, (2) ice core,
and (3) melting pond. Analysis of these
samples indicated the presence of local
bacterial communities; a deduction that was
further corroborated by the discovery of
seawater- and ice-specific bacterial
phylotypes. In all samples, the
Alphaproteobacteria, Flavobacteria, and
Gammaproteobacteria taxa composed the
majority of the bacterial communities. Among
these, Alphaproteobacteria was the most
abundant and present in all samples, and its
variation differed among the habitats studied.
Linear regression analysis suggested that
changes in salinity could affect the relative
proportion of Alphaproteobacteria in the
surface water. In addition, the species-sorting
model was applied to evaluate the population
dynamics and environmental heterogeneity
in the bacterial communities of surface mixed
layer in the Arctic Ocean during sea-ice
melting.

4-10 Han, Jeonghoon, Eun-Ji Won, Bo-Young Lee,
Un-Ki Hwang, Il-Chan Kim, Joung Han Yim,
and 3 others. 2014. “Gamma rays induce DNA
damage and oxidative stress associated with
impaired growth and reproduction in the
copepod Tigriopus japonicus”. Aquatic
Toxicology, 152: 264-272.
doi: 10.1016/j.aquatox.2014.04.005
Nuclear radioisotope accidents are
potentially ecologically devastating due to
their impact on marine organisms. To
examine the effects of exposure of a marine
organism to radioisotopes, we irradiated
theintertidal copepod Tigriopus japonicus
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4-12 Han, Se Jong, Sung Gu Lee, Heeyong Park, Hye
Yeon Koh, and Joung Han Yim. 2014.
“Enhanced Production of Endochitinase from
an Antarctic Bacterium, Sanguibacter
antarcticus PAMC 21702, in Pichia pastoris”.
Journal of Pure and Applied Microbiology, 8(5):
3531-3536.

4-11 Han, Jeonghoon, Eun-Ji Won, Il-Chan Kim,
Joung Han Yim, and 2 others. 2014. “Sublethal
gamma irradiation affects reproductive
impairment andelevates antioxidant enzyme
and DNA repair activities in themonogonont
rotifer Brachionus koreanus”. Aquatic
Toxicology, 155: 101-109.
doi: 10.1016/j.aquatox.2014.06.009

The recombinant endochitinase (rChi21702)
from a psychrophilic Antarctic bacterium,
Sanguibacter antarcticus(KCTC 13143, PAMC
21702), has been produced using Pichia
pastoris expression system. In this study, the
optimum fermentation temperature (20°C)
and growth media pH (6) for Chi21702
production was determined using a 2-stage
fed-batch culture system. The maximal
enzyme activity (178 U/l) of rChi21702
obtained using a glycerol-methanol fed-batch
culture system was approximately 6-fold
higher than that of unoptimized conditions. In
addition, the rChi21702 exhibited cold-active
endochitinase activity and higher thermal
stability than that of the wild-type Chi21702.
This work allows for large-scale production of
rChi21702, which could be extended to
further application studies using recombinant
chtinases.

To examine the effects of gamma radiation on
marine organisms, we irradiated several
doses of gammaray to the microzooplankton
Brachionus koreanus, and measured in vivo
and in vitro endpoints includingthe survival
rate, lifespan, fecundity, population growth,
gamma ray-induced oxidative stress, and
mod-ulated patterns of enzyme activities and
gene expressions after DNA damage. After
gamma radiation,no individuals showed any
mortality within 96 h even at a high intensity
(1200 Gy). However, a reducedfecundity (e.g.
cumulated number of offspring) of B.
koreanus at over 150 Gy was observed along
with aslight decrease in lifespan. At 150 Gy
and 200 Gy, the reduced fecundity of the
rotifers led to a significant decrease in
population growth, although in the second
generation the population growth pattern
wasnot affected even at 200 Gy when
compared to the control group. At sub-lethal
doses, reactive oxygenspecies (ROS) levels
dose-dependently increased with GST
enzyme activity. In addition, up-regulationsof
the antioxidant and chaperoning genes in
response to gamma radiation were able to
recover cellular damages, and life table
parameters were significantly influenced,
particularly with regard to fecundity. DNA
repair-associated genes showed significantly
up-regulated expression patterns in response
to sub-lethal doses (150 and 200 Gy), as
shown in the expression of the
gamma-irradiated B. koreanus p53 gene,
suggesting that these sublethal doses were
not significantly fatal to B. koreanus but
induced DNA damagesleading to a decrease of
the population size.

4-13 Im, Jong Hee, Seungmin Son, Hyoungseok Lee,
and 2 others. 2014. “Soybean
mitogen-activated protein kinase GMK2 is
activated with GMK1in
Bradyrhizobium-Soybean interactions”. Genes
& Genomics, 36(6): 755-761.
doi: 10.1007/s13258-014-0209-6
Biological nitrogen fixation in root nodules is
the primary nitrogen source for plants. In
leguminous plants, nodulation is initiated by
the recognition of the nodulation (Nod)
factor, the signaling molecule secreted by
rhizobia. Our previous study showed that
47-kDa and 44-kDa MAPKs were activated in
soybean treated with a genistein-induced
culture filtrate (GCF) of Bradyrhizobium
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4-15 Jeong, Haeyoung, Jong-Min Lim, Jihye Park,
Young Mi Sim, Han-Gu Choi, and 2 others.
2014. “Plastid and mitochondrion genomic
sequences from Arctic Chlorella sp.
ArM0029B”. BMC Genomics, 15: 286(1-14).
doi: 10.1186/1471-2164-15-286

japonicum. We investigated the activity and
regulation of the 47-kDa MAPK, GMK1;
however, the 44-kDa MAPK was not
extensively studied. Herein, we identified the
44-kDa MAPK as Glycine max MAP kinase 2
(GMK2) and showed that its transcription was
activated by GCF. GMK1 and 44-kDa MAPK
were activated by phosphatidic acid (PA) and
GCF-mediated induction of GMK1 and GMK2
activities were reduced by treatment with PA
generation inhibitors. The activity of
GCF-activated GMK2, but not GMK1, was
decreased by calcium signaling inhibitors.
Our data indicate that GMK2 expression is
regulated at the transcriptional level and that
GMK2 activity is regulated by phosphatidic
acid and calcium during
soybean-Bradyrhizobium interactions.

Background: Chorella is the representative
taxon of Chlorellales in Trebouxiophyceae,
and its chloroplast (cp) genomic information
has been thought to depend only on studies
concerning Chlorella vulgaris and GenBank
information of C. variablis. Mitochondrial (mt)
genomic information regarding Chlorella is
currently unavailable. To elucidate the
evolution of organelle genomes and genetic
information of Chlorella, we have sequenced
and characterized the cp and mt genomes of
Arctic Chlorella sp. ArM0029B.
Results: The 119,989-bp cp genome lacking
inverted repeats and 65,049-bp mt genome
were sequenced. The ArM0029B cp genome
contains 114 conserved genes, including 32
tRNA genes, 3 rRNA genes, and 79 genes
encoding proteins. Chlorella cp genomes are
highly rearranged except for a
Chlorella-specific six-gene cluster, and the
ArM0029B plastid resembles that of Chlorella
variabilis except for a 15-kb gene cluster
inversion. In the mt genome, 62 conserved
genes, including 27 tRNA genes, 3 rRNA
genes, and 32 genes encoding proteins were
determined. The mt genome of ArM0029B is
similar to that of the non-photosynthetic
species Prototheca and Heicosporidium. The
ArM0029B mt genome contains a group I
intron, with an ORF containing two
LAGLIDADG motifs, in cox1. The intronic ORF
is shared by C. vulgaris and Prototheca. The
phylogeny of the plastid genome reveals that
ArM0029B showed a close relationship of
Chlorella to Parachlorella and Oocystis within
Chlorellales. The distribution of the cox1
intron at 721 support membership in the
order Chlorellales. Mitochondrial
phylogenomic analyses, however, indicated
that ArM0029B shows a greater affinity to

4-14 Ivanova, Elena I., Neil E. Bell, Oxana I.
Kuznetsova, Hyoungseok Lee, Mira Park, and
Michael S. Ignatov. 2014. “The genus
Polytrichastrum (Polytrichaceae) in Russia”.
Arctoa, 23: 164-184.
doi: 10.15298/arctoa.23.14
Revision of herbarium collections and
sequence study of rps4 and trnL-F resulted in
recognition in Russia of 7 species of the genus
Polytrichastrum sensu stricto, i.e., excluding
sect. Aporotheca. The status of
Polytrichastrum sphaerothecium is confirmed,
and this species turns out to be the most
isolated in the genus, not closely related to P.
sexangulare. A group of rather closely related
species is formed by P. alpinum, P. fragile, P.
septentrionale (Brid) E.I. Ivanova, N.E. Bell &
Ignatov comb. nov., and P. altaicum. Their
morphological differentiation corresponds
with sequence level characters, supporting
their taxonomic recognition. One specimen
from Chukotka has some characters of P.
papillatum and is tentatively referred to this
species, despite incomplete morphological
and molecular congruence with the
Himalayan material.
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microfluidic approach provides precise
information regarding the effective
temperature for polar biofilm development
with a new high-throughput screening
format.

MX-AZ01 and Coccomyxa than to the
Helicosporidium-Prototheca clade, although
the detailed phylogenetic relationships
among the three taxa remain to be resolved.
Conclusions: The plastid genome of
ArM0029B is similar to that of C. variabilis.
The mt sequence of ArM0029B is the first
genome to be reported for Chlorella.
Chloroplast genome phylogeny supports
monophyly of the seven investigated
members of Chlorellales. The presence of the
cox1 intron at 721 in all four investigated
Chlorellales taxa indicates that the cox1 intron
had been introduced in early Chorellales as a
cis-splice form and that the cis-splicing intron
was inherited to recent Chlorellales and was
recently trans-spliced in Helicosporidium.

4-17 Jung, Ji Young, Kyoo Lee, Hyoun Soo Lim,
Hyun-cheol Kim, Eun Ju Lee, and Yoo Kyung
Lee. 2014. “Soil organic carbon characteristics
relating to geomorphologynear Vestre
Lovénbreen moraine in Svalbard”. Journal of
Ecology and Environment, 37(2): 69-79.
doi: 10.5141/ecoenv.2014.009
Soil organic carbon (SOC) in the Arctic is
vulnerable to climate change. However,
research on SOC stored in the high Arctic
regions is currently very limited. Thus, this
study was aimed at understanding the
distribution and characteristics of SOC with
respect to geomorphology and vegetation in
Svalbard. In August 2011, soil samples were
collected near the Vestre Lovénbreen
moraine. Sampling sites were chosen
according to altitude (High, Mid, and Low)
and differences in levels of vegetation
establishment. Vegetation coverage,
aboveground biomass, and SOC contents
were measured, and density-size
fractionation of SOC was conducted. The SOC
content was the highest in the Mid site (126.9
mg g-1) and the lowest in the High site (32.1
mg g-1), although aboveground biomass and
vegetation coverage were not different
between these two sites. The low SOC content
measured at the High site could be related to a
slower soil development following glacial
retreat. On the other hand, the Low site
contained a high amount of SOC despite
having low vegetative cover and a high ratio
of sand particles. These incompatible
relationships between SOC and vegetation in
the Low site might be associated with past
site disturbances such as runoff from
snow/glacier melting. This study showed that
geomorphological features combined with

4-16 Jeong, Heon-Ho, Seong-Geun Jeong, Aeri Park,
Sung-Chan Jang, Soon-Gyu Hong, and
Chang-Soo Lee. 2014. “Effect of temperature
on biofilm formation by Antarctic marine
bacteria in a microfluidic device”. Analytical
Biochemistry, 446: 90-95.
doi: 10.1016/j.ab.2013.10.027
Polar biofilms have become an increasingly
popular biological issue because new
materials and phenotypes have been
discovered in microorganisms in the polar
region. Various environmental factors affect
the functionality and adaptation of
microorganisms. Because the polar region
represents an extremely cold environment,
polar microorganisms have a functionality
different from that of normal
microorganisms. Thus, determining the
effective temperature for the development of
polar biofilms is crucial. Here, we present a
simple, novel one-pot assay for analysis of the
effect of temperature on formation of
Antarctic bacterial biofilm using a
microfluidic system where continuous
temperature gradients are generated. We find
that a specific range of temperature is
required for the growth of biofilms. Thus, this

52

2014
ABSTRACTS

doses of these stressors, leading to growth
retardation. However, further studies are
required to better understand the potential
role of Dmrt genes in environmental
stressor-triggered growth retardation in the
rotifer B. koreanus.

glacier retreat or melting snow/glacier effects
could have affected the SOC distribution and
vegetation establishment in the high Arctic.

4-18 Kim, Bo-Mi, Chang-Bum Jeong, Il-Chan Kim,
Joung Han Yim, and 3 others. 2014.
“Identification of three doublesex genes in the
monogonont rotifer Brachionus koreanus and
their transcriptional responses
toenvironmental stressor-triggered
population growth retardation”. Comparative
Biochemistry and Physiology, Part B, 174(1):
36-44.
doi: 10.1016/j.cbpb.2014.05.003

4-19 Kim, Dockyu, Ha Ju Park, Il Chan Kim, and
Joung Han Yim. 2014. “A new approach for
discovering cold-active enzymes in a cell
mixture of pure-cultured bacteria”.
Biotechnology Letters, 36(3): 567-573.
doi: 10.1007/s10529-013-1384-2
To overcome the intrinsic problems of
conventional approaches, such as the
unavailability of source microorganisms in
metagenomic libraries and the production of
inactive aggregates, a new method was tested
for discovering new enzymes (e.g., cold-active
chitinase). A metagenome-like library was
constructed using genomes extracted from a
cell mixture of purely cultured chitinolytic
bacteria, followed by activity-based screening
for Escherichia coli clones that exhibit
chitinase activity on selective medium. Within
one positive chitinolytic clone, one chitinase
gene (chi22718_III) was detected and
assigned to the Arctic marine bacterium
Pseudoalteromonas issachenkonii PAMC
22718 by colony-PCR with
chi22718_III-specific primers. When
expressed in E. coli, recombinant
R-Chi22718_III lost 85% of its enzyme
activity when pre-incubated at 40°C for 1 h,
whereas its mesophilic counterpart R-ChiK
only lost 10% of its activity under the same
conditions, indicating that R-Chi22718_III is
thermolabile, a characteristic of cold-active
enzymes.

Doublesex and Mab-3-related transcription
factor (Dmrt) gene family members have
rarely been identified or characterized in
aquatic invertebrates. In this study, we
identified and characterized three
DMdomain-containing genes - Dmrt11E,
Dmrt93B, and Dmrt99B - in themonogonont
rotifer, Brachionus koreanus. DMdomains of
the proteins encoded by the B. koreanus Dmrt
(Bk-Dmrt) genes had high similarities to DM
domains of other invertebrate species. To
understand the potential effects of
environmental stressors on the
transcriptional expression of Dmrt genes in
rotifers, we exposed B. koreanus to a wide
range of UV-B radiation and different
concentrations of benzo [a]pyrene (B[a]P)
over different time courses. Transcript levels
of all Bk-Dmrt genes decreased significantly in
response to relatively high doses of UV-B
irradiation, and were also downregulated in
response to exposure to UV-B radiation over
time. Transcript levels of all Bk-Dmrt genes
were downregulated in response to B[a]P
exposure for 24 h. This decrease in expression
of all Bk-Dmrt genes was concomitant with
the growth retardation induced by UV-B and
B[a]P exposure. We concluded that both
environmental stressors have detrimental
effects on transcriptional regulation of all
Bk-Dmrt genes, especially relatively high

4-20 Kim, Dong-Cheol, Hee-Suk Lee, Wonmin Ko,
Dong-Sung Lee, Jae Hak Sohn, Joung Han Yim,
and 2 others. 2014. “Anti-Inflammatory Effect
of Methylpenicinoline from a Marine Isolate
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PS1 by using Fed-batch Culture of
Recombinant Pichia pastoris”. KSBB Journal,
29(4): 303-306.
doi: 10.7841/ksbbj.2014.29.4.303

of Penicillium sp. (SF-5995): Inhibition of
NF-κB and MAPK Pathways in
Lipopolysaccharide-Induced RAW264.7
Macrophages and BV2 Microglia”. Molecules,
19(11): 18073-18089.
doi: 10.3390/molecules191118073

Antifreeze proteins (AFP) inhibit ice growth
to permit the survival of polar organisms in
the cold environments. The recombinant AFP
from an Antarctic bacterium, Flavobacterium
frigoris PS1, FfIBP (Flavobacterium frigoris
ice-binding protein), was produced using
Pichia pastoris expression system. The
optimum fermentation temperature (30°C)
and pH (5) for FfIBP production was
determined using a fed-batch culture system.
The maximal cell density and purified FfIBP
were 112 g/L and 70 mg/L, respectively. The
thermal hysteresis (TH) activity (0.85℃) of
FfIBP obtained using a glycerol-methanol
fed-batch culture system was 2-fold higher
than that of the LeIBP (Leucosporidium
ice-binding protein). This work allows for
large-scale production of FfIBP, which could
be extended to further application studies
using recombinant AFPs.

In the course of a search for
anti-inflammatory metabolites from
marine-derived fungi, methylpenicinoline (1)
was isolated from a marine isolate of
Penicillin sp. Compound 1 inhibited
lipopolysaccharide (LPS)-stimulated nitric
oxide (NO) production by suppressing the
expression of inducible NO synthase (iNOS) in
RAW264.7 macrophages and BV2 microglia.
It also attenuated prostaglandin E2 (PGE2)
production by suppressing cyclooxygenase-2
(COX-2) expression in a
concentration-dependent manner (from 10
μM to 80 μM) without affecting cell viability. In
addition, compound 1 reduced the production
of the pro-inflammatory cytokine
interleukin-1β (IL-1β). In a further study
designed to elucidate the mechanism of its
anti-inflammatory effects, compound 1 was
shown to block nuclear factor-kappa B
(NF-κB) activation in LPS-induced RAW264.7
macrophages and BV2 microglia by inhibiting
the phosphorylation of inhibitor kappa B-α
(IκB-α), thereby suppressing the nuclear
translocation of NF-κB dimers, namely p50
and p65, that are known to be crucial
molecules associated with iNOS and COX-2
expression. In addition, compound 1 inhibited
the activation of mitogen-activated protein
kinase (MAPK) pathways. Taken together, the
results suggest that compound 1 might be a
valuable therapeutic agent for the treatment
of anti-inflammatory and
anti-neuroinflammatory diseases.

4-22 Kim, Hye Min, Ji Young Jung, Etienne Yergeau,
Chung Yeon Hwang, Larry Hinzman, Sungjin
Nam, Soon Gyu Hong, Ok-Sun Kim, Jongsik
Chun, and Yoo Kyung Lee. 2014. “Bacterial
community structure and soil properties of a
subarctic tundra soil in Council, Alaska”.
FEMS Microbiology Ecology, 89(2): 465-475.
doi: 10.1111/1574-6941.12362
The subarctic region is highly responsive and
vulnerable to climate change. Understanding
the structure of subarctic soil microbial
communities is essential for predicting the
response of the subarctic soil environment to
climate change. To determine the
composition of the bacterial community and
its relationship with soil properties, we
investigated the bacterial community
structure and properties of surface soil from
the moist acidic tussock tundra in Council,

4-21 Kim, Eun Jae, Hackwon Do, Jun Hyuck Lee,
Sung Gu Lee, Hak Jun Kim, and Se Jong Han.
2014. “Production of Antifreeze Protein from
Antarctic Bacterium Flavobacterium frigoris
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experimentally obtained concentration of
carotenoid was 288 mg/L, and it became
2-fold increase on concentration before
optimization.

Alaska. We collected 70 soil samples with
25-m intervals between sampling points from
0–10 cm to 10–20 cm depths. The bacterial
community was analyzed by pyrosequencing
of 16S rRNA genes, and the following soil
properties were analyzed: soil moisture
content (MC), pH, total carbon (TC), total
nitrogen (TN), and inorganic nitrogen (NH4+
and NO3-). The community compositions of
the two different depths showed that
Alphaproteobacteria decreased with soil
depth. Among the soil properties measured,
soil pH was the most significant factor
correlating with bacterial community in both
upper and lowerlayer soils. Bacterial
community similarity based on jackknifed
unweighted UNIFRAC distance showed
greater similarity across horizontal layers
than through the vertical depth. This study
showed that soil depth and pH were the most
important soil properties determining
bacterial community structure of the
subarctic tundra soil in Council, Alaska.

4-24 Kim, Jee-Hoon, Anna Jażdżewska, Han-Gu
Choi, and Won Kim. 2014. “The first report on
Amphipoda from Marian Cove, King George
Island, Antarctic”. Oceanological and
Hydrobiological Studies, 43(1): 106-113.
doi: 10.2478/s13545-014-0122-2
This is a first account on amphipods from
Marian Cove in Maxwell Bay, near the King
Sejong Station, King George Island, the
Antarctic. We have conducted a survey in 14
localities in the shallow sublittoral zone. A
total of 22 amphipod species belonging to 12
families were identified. Six of these species
were new for the whole Maxwell Bay. Our
findings increase the amphipod fauna of
Maxwell Bay from 55 to 61 species. The
dominant species in the shallow sublittoral
zone of Marian Cove were: Cheirimedon
femoratus and Gondogeneia antarctica,
followed by Bovallia gigantea, Orchomenella
cf. ultima, Paradexamine fissicauda,
Prostebbingia brevicornis, Pariphimedia
integricauda, and Jassa wandeli.

4-23 Kim, Hyun-do, Jong-il Choi, and Se Jong Han.
2014. “Optimization of Medium for
Carotenoids Production by Arthrobacter sp.
PAMC 25486 Using Response Surface
Methodology”. Korean Chemical Engineering
Research, 52(6): 834-839.

4-25 Kim, Mi-Kyeong, Hyun Park, and Tae-Jin Oh.
2014. “Antibacterial and Antioxidant Capacity
of Polar Microorganisms Isolated from Arctic
Lichen Ochrolechia sp.”. Polish Journal of
Microbiology, 63(3): 317-322.

This study was conducted to optimize the
medium composition for carotenoid
production in Arthrobacter sp. PAMC 25486
through response surface methodology
(RSM). Using a Placket-Burman design, from
which yeast extract, MgSO4 and dextrose
were identified as the significant factors
affecting carotenoids production. RSM studies
for carotenoids production by Arthrobacter
sp. PAMC 25486 have been carried out for
three parameters of yeast extract, MgSO4 and
dextrose concentrations. These significant
factors were optimized by experiments and
RSM, as 1 g/L yeast extract, 0.0879 g/L
MgSO4 and 1 g/L dextrose. The

Although many scientists have been studying
lichens, the bacterial communities among
lichens have not been fully explored. In this
study, the biological activities of bacterial
isolates from Arctic lichen Ochrolechia sp.
were screened. Cell cultures were extracted
using ethyl acetate, and these cultures were
tested for antibacterial and antioxidant
activities. To evaluate the antibacterial
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high-quality ESTs (GenBank Accession
Number JK513929-JK518371, average length
625.8 bp), of which 2,837 contigs (376
consensus and 2,461 singletons) were
revealed to be unique by sequence
comparison, and 978 (34.4% of total clusters)
had a putative ATG start codon. A total of
2,420 unique sequences were annotated by a
BLAST similarity search. Additionally, a Gene
Ontology analysis showed that 36% of the
genes were involved in metabolic processes.
Asiatic acid and madecassic acid, as
precursors of asiaticoside and
madecassoside, respectively, were
biosynthesized from α-amyrin by cytochrome
P450 hydroxylase and carboxylase (P450).
Two centellasaponins were catalyzed from
asiatic acid and madecassic acid by
UDP-glucosyltransferases (UGTs). We
identified 24 P450 and 13 UGT candidates
from the database. Finally, three of the P450s
and one UGT were selected as candidates
most likely to be involved in centellasaponin
biosynthesis in a MJ inducibility experiment
based on a real-time reverse
transcription-polymerase chain reaction
assay. This is the first report of the use of EST
analysis to study the gene expression profiles
in C. asiatica hairy roots elicited by MJ.

activities, we carried out a disk diffusion test
and minimum inhibitory concentration assay.
The inhibition zone diameter (mm) was 8 to
12, and its MIC value ranged from 222.0 to >
1000 μg/ml (control antibiotic ampicillin
ranged from 0.31 to 0.58 μg/ml). PAMC26625
(Sphingomonas sp., sequence similarity:
99.108%) showed a high amount of total
phenolic and total flavonoid contents within 5
extracts and also exhibited 77.23% and
80.02% in the 1,1-diphenyl-2-picryl-hydrazyl
assay and the 2,2’-azino-bis(3-ethyl
benzothiazoline-6-sulphonic acid) assay,
respectively. In the ferric reducing
antioxidant power assay, it was determined
that PAMC26625 contained a higher amount
of ferrous ion [8.72 mM Fe(II)/mg extract]
than control ascorbic acid [6.21 mM
Fe(II)/mg extract]. Our data indicated that
they had potential to be novel sources of
antibacterials and antioxidants.

4-26 Kim, Ok Tae, Yurry Um, Mei Lan Jin, Young
Chang Kim, Kyong Hwan Bang, Dong Yun
Hyun, Hyoung Seok Lee, and Yi Lee. 2014.
“Analysis of expressed sequence tags from
Centella asiatica (L.) Urban hairy roots
elicited by methyl jasmonate to discover
genes related to cytochrome P450s and
glucosyltransferases”. Plant Biotechnology
Reports, 8(2): 211-220.
doi: 10.1007/s11816-013-0311-2

4-27 Kim, Ok-Sun, Hye Min Kim, Hong Kum Lee,
and Yoo Kyung Lee. 2014. “Microbial
Community Structure of the Active Layer Soil
from Resolute, Canadian High Arctic”. Journal
of Climate Change Research, 5(3): 249-256.
doi: 10.15531/KSCCR.2014.5.3.249

Centella asiatica (L.) Urban, which is a
perennial plant in the family Umbelliferae, is
commercially utilized as a wound-healing
agent, due to its potent anti-inflammatory
effects. Despite the medicinal importance of C.
asiatica, little genomic or transcriptomic data
are available from the public databases. To
identify the genes involved in biosynthesis of
these materials, an expressed sequence tag
(EST) analysis was performed from C. asiatica
hairy roots after methyl jasmonate (MJ)
treatment as an elicitor. Sequencing of 4,896
cDNA clones generated 4,381 5′-end

Permafrost is frozen soil below 0˚C for two or
more years. Surface of permafrost is called as
active layer that seasonally thaws during the
summer. Although the thawing of permafrost
may deepen the active layer and consequently
increase the microbial activity, the microbial
community structure in this habitat has not
yet been well described. In this study, we
presented bacterial and archaeal diversity in
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2014. “Antibacterial and antioxidant potential
of polar microorganisms isolated from
Antarctic lichen Psoroma sp.” African Journal
of Microbiology Research, 8(39): 3529-3535.
doi: 10.5897/AJMR2014.6970

the active layer soil from Resolute, Canada
using pyrosequencing analysis. The soil
sample was collected from the surface of the
marsh covered with moss and Carex. A total of
7,796 bacterial reads for 40 phyla and 245
archaeal reads for 4 phyla were collected,
reflecting the high diversity of bacteria.
Predominant bacterial groups were
Proteobacteria (37.7%) and Bacteroidetes
(30.0%) in this study. Major groups in
Archaea were Euryarchaeota (51.4%) and
Thaumarchaeota (46.1%). Both methane
producing archaea and consuming bacteria
were detected in this study. Although it might
be difficult to characterize microbial
community with only one sample, it could be
used for the basis of assessing the relative
importance of the specific groups with a high
resolution on the bacterial and archaeal
community in this habitat.

Recent studies suggest that bacterial
communities in lichens contribute
structurally and ecologically, but their
biological activities are not fully investigated.
In this study, we explored biological potential
of microorganisms that are isolated from
Antarctic lichen Psoroma sp. Using their
bacterial cell culture extracts, we evaluated
antibacterial and antioxidant properties.
Among 20 bacterial species that were isolated
from Antarctic lichen Psoroma sp., PAMC
26508 (Streptomyces sp., similarity: 100%)
showed antibacterial activities against all
target bacteria with inhibition zone diameter
of 7 to 9. PAMC 26537 (Burkholderia
sordidicola, similarity: 98.828%) exhibited
higher antioxidant potential with an
inhibition rate of 60.12% in
1,1-diphenyl-2-picrylhydrazyl (DPPH) and
58.69% in 2,2'-azino-bis[3-ethyl
benzothiazoline-6-sulphonic acid] (ABTS)
assay than control ascorbic acid (29.31%).
Our results indicated that they have potential
to be used as novel source of antibacterial and
antioxidant agents.

4-28 Kim, Sang-geun, Jong-il Choi, and Se Jong Han.
2014. “Investigation of the Susceptibility of
Arctic Arthrobacter sp.PAMC 25486 to
Mutagens”. Journal of Radiation Industry, 8(2):
105-109.
This study was conducted to investigate the
sensitivity of Arthrobacter sp. PAMC 25486 to
various mutagens. γ-ray, UV-ray, Ethyl
methane sulfonate (EMS) and hydrogen
peroxide (H2O2) were used as mutagen, and
the survival rate of Arthrobacter sp. was
measured at various doses of γ-ray and
UV-ray, and concentrations of EMS and H2O2.
Decimal reduction dose (D10 value) of
Arthrobacter sp. was determined 370 Gy for a
gamma irradiation treatment, 0.019 J for a UV
ray, 2.5 mM for EMS, and 230 mM for H2O2.
This result will be applied for the
development of superior mutant strain of
Arctic bacteria producing valuable
compounds.

4-30 Lee, Dong-Sung, Xiang Cui, Wonmin Ko,
Kyoung-Su Kim, Il Chan Kim, Joung Han Yim,
and 3 others. 2014. “A new sulfonic acid
derivative,
(Z)-4-methylundeca-1,9-diene-6-sulfonic
acid, isolated from the cold water sea urchin
inhibits inflammatory responses through
JNK/p38 MAPK and NF-κB inactivation in
RAW 264.7”. Archives of Pharmacal Research,
37(8): 983-991.
doi: 10.1007/s12272-013-0269-1
In this study, we isolated a new sulfonic acid
derivative,

4-29 Kim, Mi-Kyeong, Hyun Park, and Tae-Jin Oh.
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remodeling of the actin cytoskeleton with the
aid of pathogenic effector proteins injected
into the host cell by the activity of the type III
secretion system. These so-called Shigella
invasins, including IpaA, IpaC, IpgB1, IpgB2,
and IpgD, modulate the actin-regulatory
system in a concerted manner to guarantee
efficient entry of the bacteria into host cells.

(Z)-4-methylundeca-1,9-diene-6-sulfonic acid
(1), from the sea urchin collected from the Sea
of Okhotsk. We established the structure of
this new compound by analysis of NMR and
HRMS data, along with comparison of the data
with those of the related compounds reported
in the literature. In addition, we investigated
its anti-inflammatory effects in
LPS-stimulated RAW264.7 macrophages.
Compound 1 inhibited the production of NO,
iNOS, PGE2, and COX-2, and it also suppressed
the production of proinflammatory cytokines,
such as TNF-α and IL-1β. It inhibited the
translocation of the NF-κB subunit p65 into
the nucleus by interrupting the
phosphorylation and degradation of IκB-α. In
addition, compound 1 significantly decreased
the phosphorylation of JNK and p38 in
LPSstimulated RAW264.7 macrophages,
suggesting that suppression of the
inflammation process by compound 1 was
mediated through the MAPK pathway. Taken
together, this study showed that the
anti-inflammatory effects of a new sulfonic
acid derivative,
(Z)-4-methylundeca-1,9-diene-6- sulfonic
acid were mediated through the inhibition of
NFκB and JNK/p38 MAPK signaling pathways.

4-32 Lee, Jungeun, Hyoungseok Lee, Eun Kyeung
Noh, Mira Park, Hyun Park, Ji Hyun Kim,
Il-Chan Kim, and Joung Han Yim. 2014.
“Expression analysis of transcripts
responsive to osmotic stress in Deschampsia
antarctica Desv.”. Genes & Genomics, 36(3):
283-291.
doi: 10.1007/s13258-013-0166-5
Deschampsia antarctica Desv., the only
monocot species thriving in the tough
conditions of the Antarctic region, is
surrounded by regions with snow and ice
where available amount of liquid water is
very limited. Considering the species as an
invaluable resource for the identification of
genes associated with tolerance to osmotic
stress, we have characterized the
physiological response and the changes in
gene expression induced by PEG treatment
using a cDNA macroarray. Since relative
chlorophyll contents of leaves decreased to
69%, proline levels were changed
significantly, and expression levels of
dehydrin (DHN) and late embryogenesis
abundant protein (LEA) were significantly
up-regulated at 1 d after PEG treatment, we
used corresponding plant samples as the
material for gene expression analysis. As a
result of hybridization and analysis of cDNA
macroarray, we identified 44 and 20
transcripts that were up-regulated and
down-regulated by PEG treatment
respectively, and they were divided into
several functional categories. Most of the
up-regulated transcripts are involved in
‘Response to stimulus’, ‘Amino acid
metabolism’, and ‘Respiration’. On the other

4-31 Lee, Jun Hyuck, and 2 others. 2014.
“Molecular Mechanisms of Host Cytoskeletal
Rearrangements by Shigella Invasins”.
International Journal of Molecular Sciences,
15(10): 18253-18266.
doi: 10.3390/ijms151018253
Pathogen-induced reorganization of the host
cell cytoskeleton is a common strategy
utilized in host cell invasion by many
facultative intracellular bacteria such as
Shigella, Listeria, enteroinvasive E. coli, and
Salmonella. Shigella is an enteroinvasive
intracellular pathogen that preferentially
infects human epithelial cells and causes
bacillary dysentery. Invasion of Shigella into
intestinal epithelial cells requires extensive
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clade of the grass family suggests a sister
relationship between D. antarctica, Festuca
arundinacea and Lolium perenne of the Poeae
tribe, based on the whole plastome. In
addition, we conducted high-resolution
mapping of the chloroplast-derived
transcripts. Thus, we created an expression
profile for 81 protein-coding genes and
identified ndhC, psbJ, rps19, psaJ, and psbA as
the most highly expressed chloroplast genes.
Small RNA-seq analysis identified 27 small
noncoding RNAs of chloroplast origin that
were preferentially located near the 5' - or 3'
-ends of genes. We also found >30
RNA-editing sites in the D. antarctica
chloroplast genome, with a dominance of
C-to-U conversions.
Conclusions: We assembled and
characterized the complete chloroplast
genome sequence of D. antarctica and
investigated the features of the plastid
transcriptome. These data may contribute to
a better understanding of the evolution of D.
antarctica within the Poaceae family for use in
molecular phylogenetic studies and may also
help researchers understand the
characteristics of the chloroplast
transcriptome.

hand, most of the down-regulated transcripts
are involved in ‘Photosynthesis’ and
‘Translation’. Among the up-regulated
transcripts, Δ-1-pyrroline-5-carboxylate
synthase 2 gene has shown the highest
expression level at 1 day after PEG treatment
suggesting its possible role as a main player
for proline biosynthesis in D. antarctica under
osmotic stress. Collectively, these data
suggest that the transcripts differentially
expressed under osmotic stress may
represent candidate genes for dissecting
molecular mechanism of adaptation to
extreme environment for plants.

4-33 Lee, Jungeun, Yoonjee Kang, Seung Chul Shin,
Hyun Park, and Hyoungseok Lee. 2014.
“Combined Analysis of the Chloroplast
Genome and Transcriptome of the Antarctic
Vascular Plant Deschampsia antarctica Desv”.
PLoS ONE, 9(3): e92501.
doi: 10.1371/journal.pone.0092501
Background: Antarctic hairgrass
(Deschampsia antarctica Desv.) is the only
natural grass species in the maritime
Antarctic. It has been researched as an
important ecological marker and as an
extremophile plant for studies on stress
tolerance. Despite its importance, little
genomic information is available for D.
antarctica. Here, we report the complete
chloroplast genome, transcriptome profiles of
the coding/noncoding genes, and the
posttranscriptional processing by RNA
editing in the chloroplast system.
Results: The complete chloroplast genome of
D. antarctica is 135,362 bp in length with a
typical quadripartite structure, including the
large (LSC: 79,881 bp) and small (SSC: 12,519
bp) single-copy regions, separated by a pair of
identical inverted repeats (IR: 21,481 bp). It
contains 114 unique genes, including 81
unique protein-coding genes, 29 tRNA genes,
and 4 rRNA genes. Sequence divergence
analysis with other plastomes from the BEP

4-34 Lee, Sook-Young, Jeong-Hoon Kim, and 5
others. 2014. “A Novel Adenovirus in
Chinstrap Penguins (Pygoscelis antarctica) in
Antarctica”. Viruses, 6(5): 2052-2061.
doi: 10.3390/v6052052
Adenoviruses (family Adenoviridae) infect
various organ systems and cause diseases in a
wide range of host species. In this study, we
examined multiple tissues from Chinstrap
penguins (Pygoscelis antarctica), collected in
Antarctica during 2009 and 2010, for the
presence of novel adenoviruses by PCR.
Analysis of a 855-bp region of the hexon gene
of a newly identified adenovirus, designated
Chinstrap penguin adenovirus 1 (CSPAdV-1),
showed nucleotide (amino acid) sequence
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iso-C15:0 3-OH (7.5 %), and anteiso-C15:1 A (5.8
%). The polar lipids were found to consist of
phosphatidylethanolamine, an unidentified
aminolipid, an unidentified
aminophospholipid, and five unidentified
phospholipids. The major respiratory
quinone was identified as MK-6. The genomic
DNA G+C content was determined to be 32.1
mol%. Based on the data from this polyphasic
taxonomic study, strain PAMC 27137T is
considered to represent a novel species of the
genus Lacinutrix, for which the name
Lacinutrix jangbogonensis sp. nov. is
proposed. The type strain is PAMC 27137T
(=KCTC 32573T=JCM 19883T).

identity of 71.8% (65.5%) with South Polar
skua 1 (SPSAdV-1), 71% (70%) with raptor
adenovirus 1 (RAdV-1), 71.4% (67.6%) with
turkey adenovirus 3 (TAdV-3) and 61%
(61.6%) with frog adenovirus 1 (FrAdV-1).
Based on the genetic and phylogenetic
analyses, CSPAdV-1 was classified as a
member of the genus, Siadenovirus. Virus
isolation attempts from kidney homogenates
in the MDTC-RP19 (ATCC® CRL-8135™) cell
line were unsuccessful. In conclusion, this
study provides the first evidence of new
adenovirus species in Antarctic penguins.

4-35 Lee, Yung Mi, Chung Yeon Hwang, Inae Lee,
You-Jung Jung, Yirang Cho, Kiwoon Baek, Soon
Gyu Hong, Ji-Hee Kim, Jongsik Chun, and Hong
Kum Lee. 2014. “Lacinutrix jangbogonensis sp.
nov., a psychrophilic bacterium isolated from
Antarctic marine sediment and emended
description of the genus Lacinutrix”. Antonie
Van Leeuwenhoek, 106(3): 527-533.
doi: 10.1007/s10482-014-0221-5

4-36 Lee, Yung Mi, Doshik Hahm, You-Jung Jung,
Sung Hyun Park, Jongsik Chun, and Soon Gyu
Hong. 2014. “Bacterial community of
sediments from the Australian-Antarctic
ridge”. Polar Biology, 37(4): 587-593.
doi: 10.1007/s00300-014-1467-0
Benthic bacterial communities in the ocean
comprise the vast majority of prokaryotes on
Earth and play crucial roles in the
biogeochemical cycles and remineralization
of organic matter. Despite the importance of
the benthic bacterial communities in the
ecosystem, no previous investigations of the
bacterial community of sediments from the
Australian-Antarctic ridge (AAR) have been
conducted to date. In this study, the
composition of the bacterial community in the
surface sediments from AAR was revealed by
the 454 pyrosequencing method. Bacterial
communities inhabiting the sediments of AAR
were highly diverse, covering 39 distinct
major lineages of bacteria. Among them,
Gammaproteobacteria, Planctomycetes,
Actinobacteria, Deltaproteobacteria,
Acidobacteria, Alphaproteobacteria,
Chloroflexi, Bacteroidetes, Chlorobi, and
Gemmatimonadetes were dominant,
accounting for 85-88 % of the bacterial
community. The 16S rDNA sequences of

A Gram-negative, strictly aerobic, non-motile,
rod-shaped and psychrophilic bacterial
strain, PAMC 27137T, was isolated from the
marine sediment of the Ross Sea, Antarctica.
Strain PAMC 27137T was observed to grow at
4–10 ℃, at pH 6.5–7.5 and in the presence of
2.5–4.0 % (w/v) sea salts. Phylogenetic
analysis based on the 16S rRNA gene
sequence indicated that strain PAMC 27137T
belongs to the genus Lacinutrix showing the
high similarities with Lacinutrix mariniflava
JCM 13824T (97.6 %) and Lacinutrix algicola
JCM 13825T (97.1 %). Genomic relatedness
analyses based on the average nucleotide
identity and the genome-to-genome distance
showed that strain PAMC 27137T is clearly
distinguished from the most closely related
Lacinutrix species. The major fatty acids (>5
%) were identified as iso-C15:1 G(19.9 %),
iso-C15:0 (19.3 %), iso-C17:0 3-OH (11.3 %),
summed feature 9 (C16:0 10-methyl and/or
iso-C17:1 ω9c as defined by MIDI, 9.1 %),
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belonging to the genera Sphingomonas,
Frondihabitans, Hymenobacter, and
Burkholderia were recovered from lichen
samples from both geographic locations,
implying common and important bacterial
functions within lichens. Extracellular
protease activities were detected in six
isolates, affiliated with Burkholderia,
Frondihabitans, Hymenobacter, Pseudomonas,
and Rhodanobacter. Extracellular lipase
activities were detected in 37 isolates of the
genera Burkholderia, Deinococcus,
Frondihabitans, Pseudomonas,
Rhodanobacter, Sphingomonas, and
Subtercola. This is the first report on the
culturable bacterial diversity present within
lichens from Arctic and Antarctica and the
isolates described herein are valuable
resources to decode the functional and
ecological roles of bacteria within lichens. In
addition, the low similarity (≤97 %) of the
recovered isolates to known species and their
production of cold-active enzymes together
suggest that lichens are noteworthy sources
of novel bacterial strains for use in
biotechnological applications.

major OTUs with 1 % or higher relative
abundance showed high similarity (96.6-100
%) with uncultured environmental sequences
that were primarily recovered from the
sediments of various areas of the Arctic,
Southern, Atlantic, Indian, and Pacific Oceans.
As the first report of the bacterial community
of marine sediments in the AAR region, the
results presented herein suggest that
members of the predominant phyla are well
adapted to the environment of marine
sediment and that the low variability in the
bacterial communities of deep-sea sediments
might reflect the similar environmental
conditions among various regions of the deep
sea.

4-37 Lee, Yung Mi, Eun Hye Kim, Hong Kum Lee,
and Soon Gyu Hong. 2014. “Biodiversity and
physiological characteristics of Antarctic and
Arctic lichens-associated bacteria”. World
Journal of Microbiology and Biotechnology,
30(10): 2711-2721.
doi: 10.1007/s11274-014-1695-z
The diversity and physiological
characteristics of culturable bacteria
associated with lichens from different
habitats of the Arctic and Antarctica were
investigated. The 68 retrieved isolates could
be grouped on the basis of their 16S rRNA
gene sequences into 26 phylotypes affiliated
with the phyla Actinobacteria, Bacteroidetes,
Deinococcus-Thermus, and Firmicutes and
with the classes Alphaproteobacteria,
Betaproteobacteria, and
Gammaproteobacteria. Isolates belonging to
the Alphaproteobacteria were the most
abundant, followed by those belonging to
Actinobacteria, Betaproteobacteria,
Gammaproteobacteria, Bacteroidetes,
Firmicutes, and Deinococcus-Thermus.
Phylogenetic analysis showed that
approximately 21 % of the total isolates
represented a potentially novel species or
genus (≤97 % sequence similarity). Strains

4-38 Lee, Yung Mi, You-Jung Jung, Soon Gyu Hong, Ji
Hee Kim, and Hong Kum Lee. 2014. “Diversity
and Physiological Characteristics of
Culturable Bacteria from Marine Sediments of
Ross Sea, Antarctica”. Korean Journal of
Microbiology, 50(2): 119-127.
doi: 10.7845/kjm.2014.4014
The affiliations and physiological
characteristics of culturable bacteria isolated
from the sediments of Ross Sea, Antarctica
were investigated. Sixty-three isolates
obtained by cultivation were grouped into 21
phylotypes affiliated with the phyla
Actinobacteria and Bacteroidetes and with
the classes Alphaproteobacteria and
Gammaproteobacteria by phylogenetic
analysis of 16S rRNA gene sequences. Based
on phylogenetic analysis (<98.65% sequence
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In a previous study on wild populations of
Pyropia, the occurrence of two possible new
species (Pyropia sp. 2 and Pyropia sp. 3)
which are closely related to the two
commercially important Pyropia species, P.
yezoensis and P. tenera, was confirmed as the
result of molecular phylogenetic analyses. To
characterize the morphological features of
the two wild Pyropia species, we collected
Pyropia blades in a natural population in
which Pyropia sp. 3 was known to occur, and
carried out molecular identification before
detailed morphological observations.
Through the molecular identification we
found, unexpectedly, that Pyropia sp. 2 blades
grew sympatrically in the same site.
Therefore, after molecular identification, we
examined in detail the external morphology
and anatomy of the two wild Pyropia species
using more than 10 blades each. As a result, it
is concluded that all of the blades of the two
species are morphologically identical to P.
yezoensis, but distinct from P. tenera. It is
therefore considered that both of the two wild
Pyropia species are cryptic species within the
P. yezoensis complex. Furthermore, this study
revealed that the two cryptic species grew
sympatrically, even on the same rocks within
the natural habitat.

similarity), approximately 49% of total
isolates represented potentially novel species
or genus. Among them, extracellular protease,
lipase, and exopolysaccharide activities at
10℃ or 20℃ were detected in approximately
46%, 25%, and 32% of the strains,
respectively. Forty-three isolates produced at
least one type of extracellular material and 21
of them produced at least two extracellular
protease, lipase, and/or exopolysaccharides.
Our findings indicate that culturable bacterial
diversity present within the marine
sediments of Ross Sea, Antarctica may
contribute to the hydrolysis of the major
organic constituents which is closely related
with carbon and nitrogen cycling in this
environment.

4-39 Nelson, Wendy A., Judith E. Sutherland, Mi
Sook Hwang, and Han-Gu Choi. 2014. “New
distributional record for Pyropia koreana:
confirmed to occur on the South Island, New
Zealand”. Algae, 29(3): 177-181.
doi: 10.4490/algae.2014.29.3.177
An epiphytic bladed member of the Bangiales
was found growing in Christchurch (South
Island, New Zealand). Molecular sequence
data and morphological comparisons
revealed that the New Zealand specimens
belong to the species Pyropia koreana (M. S.
Hwang & I. K. Lee) M. S. Hwang, H. G. Choi, Y. S.
Oh & I. K. Lee. This is the first record of Py.
koreana in the southern hemisphere and a
new record of an introduced species in New
Zealand.

4-41 Park, Ha Ju, Yung Mi Lee, Sunghui Kim, Ah
Ram Wi, Se Jong Han, Han-Woo Kim, Il-Chan
Kim, Joung Han Yim, and Dockyu Kim. 2014.
“Identification of Proteolytic Bacteria from
the Arctic Chukchi Sea Expedition Cruise and
Characterization of Cold-active Proteases”.
Journal of Microbiology, 52(10): 825-833.
doi: 10.1007/s12275-014-4226-6

4-40 Niwa, Kyosuke, Norio Kikuchi, Mi Sook
Hwang, Han-Gu Choi, and Yusho Aruga. 2014.
“Cryptic species in the Pyropia yezoensis
complex (Bangiales, Rhodophyta): Sympatric
occurrence of two cryptic species even on
same rocks”. Phycological Research, 62: 36-43.
doi: 10.1111/pre.12035

Following collection of seawater samples
during an Arctic Chukchi Sea expedition
cruise of the Korean icebreaker Araon in
2012, a total of 15,696 bacteria were
randomly isolated from Marine Broth 2216
agar plates. Of these, 2,526 (16%) showed
proteolytic activity and were identified as
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produced various biological active
compounds. Lichens from the extreme
environments such as high altitude, high UV,
drought and cold are believed to be
synthesized unique types of secondary
metabolites than the other one. Several
human pathogenic bacteria and fungi have
been muted into drug resistant strains.
Various synthetic antioxidant compounds
have posed carcinogenic effects. This
phenomenon needs further research for new
effective drugs of natural origin. This
manuscript aimed to screen new source of
biological active compounds from plants of
subarctic origin.
Results: A total of 114 plant species, including
80 species of higher plants, 19 species of
lichens and 15 species of mosses, were
collected from Oymyakon region of the
Republic of Sakha (Yakutia), Russia (63°20′N,
141°42′E–63°15′N, 142°27′E). Antimicrobial,
DPPH free radical scavenging and brine
shrimp (Artemia salina) toxicity of all crude
extract were evaluated. The obtained result
was analyzed and compared with commercial
standards. A total of 28 species of higher
plants showed very strong antioxidant
activity (DPPH IC50, 0.45-5.0 μg/mL), 13
species showed strong activity (DPPH IC50,
5-10 μg/mL), 22 species showed moderate
antioxidant activity (DPPH IC50,10-20
μg/mL) and 17 species showed weak
antioxidant activity (DPPH IC50 more than 20
μg/mL). Similarly, 3 species of lichen showed
strong antioxidant activity, one species
showed moderate and 15 species showed
weak DPPH reducing activity. In addition, 4
species of mosses showed moderate
antioxidant activity and 11 species showed
weak antioxidant activity. Similarly, extracts
of 51 species of higher plants showed
antimicrobial (AM) activity against
Staphylococcus aureus and 2 species showed
AM activity against Candida albicans.
Similarly, 11 species of lichen showed AM
activity against S. aureus and 3 species
showed AM activity against Escherichia coli.

mainly Alteromonas (31%), Staphylococcus
(27%), and Pseudoalteromonas (14%).
Among the proteolytic strains, seven were
selected based on their significant ability to
grow and produce a halo on skim milk plates
at low temperatures (<5°C) owing to
cold-active proteases. These strains were
affiliated with the genus Pseudoalteromonas
and were divided into three groups based on
phylogenetic analysis of the 16S rRNA genes.
Profiling cell membrane fatty acids confirmed
the 16S rRNA-based differentiation and
revealed the accordance between the two
analyses. Seven genes for serine protease
precursors were amplified from the
corresponding strains, and based on
sequence similarities, these genes were
divided into three groups that were identical
to those identified by the 16S rRNA
phylogenetic analysis. Three protease genes
from the representative strains of each group
were composed of 2,127–2,130 bp, encoding
708–709 amino acids, and these genes yielded
products with calculated molecular weights
of approximately 72.3–72.8 kDa. Amino acid
sequence analysis suggested that the
precursors are members of the subtilase
serine endo- and exo-peptidase clan and
contain four domains (signal peptide,
N-terminal prosequence, catalytic domain,
and two pre-peptidase C-terminal domains).
Upon expression in E. coli, each recombinant
protease exhibited proteolytic activity on
zymogram gels.

4-42 Paudel, Babita, Hari Datta Bhattarai, Il Chan
Kim, Hyoungseok Lee, Roman Sofronov, Lena
Ivanova, Lena Poryadina, and Joung Han Yim.
2014. “Estimation of antioxidant,
antimicrobial activity and brine shrimp
toxicity of plants collected from Oymyakon
region of the Republic of Sakha(Yakutia),
Russia”. Biological Research, 47: 10(1-6).
doi: 10.1186/0717-6287-47-10
Background: Several plants are reported to be
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4-44 Quang, Tran Hong, Nguyen Thi Thanh Ngan,
Wonmin Ko, Dong-Cheol Kim, Chi-Su Yoon,
Jae Hak Sohn, Joung Han Yim, and 2 others.
2014. “Tanzawaic acid derivatives from a
marine isolate of Penicillium sp. (SF-6013)
with anti-inflammatory and PTP1B inhibitory
activities”. Bioorganic & Medicinal Chemistry
Letters, 24(24): 5787-5791.
doi: 10.1016/j.bmcl.2014.10.035

One species of moss showed AM activity
against S. aureus. And finally, one species of
higher plant Rheum compactum and one
species of lichen Flavocetraria cucullata
showed the toxicity against Brine shrimp
larvae in 100 μg/mL of concentration.
Conclusion: The experimental results showed
that subarctic plant species could be potential
sources of various biologically active natural
compounds.

Chemical investigation of a marine-derived
fungus Penicillium sp. SF-6013 resulted in the
discovery of a new tanzawaic acid derivative,
2E,4Z-tanzawaic acid D (1), together with four
known analogues, tanzawaic acids A (2) and D
(3), a salt form of tanzawaic acid E (4), and
tanzawaic acid B (5). Their structures were
mainly determined by analysis of NMR and
MS data, along with chemical methods.
Preliminary screening for anti-inflammatory
effects in lipopolysaccharide (LPS)-activated
microglial BV-2 cells showed that compounds
1, 2, and 5 inhibited the production of nitric
oxide (NO) with IC50 values of 37.8, 7.1, and
42.5 μm, respectively. Compound 2 also
inhibited NO production in LPS-stimulated
RAW264.7 murine macrophages with an IC50
value of 27.0 μm. Moreover, these inhibitory
effects correlated with the suppressive effect
of compound 2 on inducible nitric oxide
synthase (iNOS) and cyclooxygenase-2
(COX-2) expression in LPS-stimulated
RAW264.7 and BV2 cells. In addition,
compounds 2 and 5 significantly inhibited the
activity of protein tyrosine phosphatase 1B
(PTP1B) with the same IC50 value (8.2 μm).

4-43 Quang, Tran Hong, Dong-Sung Lee, Se Jong
Han, Il Chan Kim, Joung Han Yim, and 2 others.
2014. “Steroids from the Cold Water Starfish
Ctenodiscus crispatus with Cytotoxic and
Apoptotic Effects on Human Hepatocellular
Carcinoma and Glioblastoma Cells”. Bulletin of
the Korean Chemical Society, 35(8):
2335-2341.
doi: 10.5012/bkcs.2014.35.8.2335
Chemical investigation on the methanol
extract of the starfish Ctenodiscus crispatus
resulted in the isolation of five steroids,
(22E,24ξ)-26,27-bisnor-24-methyl-5α-choles
t-22-en-3β,5,6β,15α,25-pentol 25-O-sulfate
(1),
(22E,24R,25R)-24-methyl-5α-cholest-22-en-3
β,5,6β,15α,25,26-hexol 26-O-sulfate (2),
(28R)-24-ethyl-5αcholesta-3β,5,6β,8,15α,28,29-heptaol-24-sulfa
te (3),
(25S)-5α-cholestane-3β,5,6β,15α,16β,26-hexa
ol (4), and Δ7-sitosterol (5). Their structures
were identified by extensive spectroscopic
analyses, including 1D, 2D NMR and MS and
chemical methods. Compound 4 showed
cytotoxicity against human hepatoma HepG2
and glioblastoma U87MG cells via inhibition
of cell growth and induction of apoptosis.
Induction of apoptosis by 4 was
demonstrated by cell death, DNA
fragmentation, increased Bax/Bcl-2 protein
ratio and the activation of caspase-3,
caspase-9 and poly (ADP-ribose) polymerase
(PARP).

4-45 Rajesh, Thangamani, Jong-Min Jeon, Eunjung
Song, Hae-Min Park, Hyung Min Seo,
Hyun-Joong Kim, Da-Hye Yi, Yong-Hyun Kim,
Kwon-Young Choi, Yun-Gon Kim, Hyung-Yeon
Park, Yoo Kyung Lee, and Yung-Hun Yang.
2014. “Putative Role of a Streptomyces
coelicolor-Derived α-Mannosidase in
Deglycosylation and Antibiotic Production”.
Applied Biochemistry and Biotechnology,
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expressed sequence tags information. In the
assembly stage, 31,526 transcripts were
obtained and showed a 32 % hit rate in the
GenBank nonredundant database with 9,995
unigenes. Of the transcripts obtained in this
species, we found several stress- and cellular
defense-related genes (antioxidant-related
genes and genes from the heat shock protein
family) that are useful for the monitoring of
pollutant-triggered stress responses at the
molecular level. To validate the usefulness of
these potential biomarker genes, we analyzed
the transcript profiles of selected genes in
response to polychlorinated biphenyls (PCB)
mixtures (Aroclor 1254) for 48 h. PCB
contamination is a present-day threat to the
health of individual organisms and
ecosystems in the polar region. We showed
that 11 of 14 genes responded to PCB
treatment at transcriptional levels, with the
most dramatic upregulation observed in the
hsp70.5 gene. In this paper, we summarize the
expressed cDNA information and discuss its
potential use in ecotoxicological genomic
studies on PCB exposure.

172(3): 1639-1651.
doi: 10.1007/s12010-013-0635-y
SCO0948 was found to be the single open
reading frame annotated to encode an
α-mannosidase (AM1) in Streptomyces
coelicolor M145. To characterize the protein,
we overexpressed SCO0948 in Escherichia coli
BL21(DE3). Recombinant AM1, with a
molecular weight of 110 kDa, exhibited
α-mannosidase activity toward
4-nitrophenyl-α-Dmannopyranoside with a
Km of 4.61 mM, a Vmax of 101.6 mM/min, and a
specific activity of 47.96 U/mg. Treatment of
ovalbumin, a glycoprotein, with AM1 resulted
in partial deglycosylation, as assessed by
glycostaining and matrix-assisted laser
desorption/ionization time-of-flight mass
spectrometry. The S. coelicolor deletion
mutant for SCO0948 failed to produce
α-mannosidase activity, confirming AM1 as
the only α-mannosidase in S. coelicolor M145.
Interestingly, the deletion mutant and a
complementation strain produced lower
levels of the antibiotics actinorhodin and
undecylprodigiosin in glucose minimal media.
The results indicate that AM1 as an
α-mannosidase influences deglycosylation
and antibiotic production in S. coelicolor
M145.

4-47 Rhee, Jae-Sung, Chang-Bum Jeong, Duck-Hyun
Kim, Il-Chan Kim, and 3 others. 2014.
“Immune gene discovery in the crucian carp
Carassius auratus”. Fish & Shellfish
Immunology, 36: 240-251.
doi: 10.1016/j.fsi.2013.11.009

4-46 Rhee, Jae-Sung, Bo-Mi Kim, Beom-Soon Choi,
Ik-Young Choi, Hyun Park, In-Young Ahn, and
Jae-Seong Lee. 2014. “Transcriptome
information of the Arctic green sea urchin and
its use in environmental monitoring”. Polar
Biology, 37(8): 1133-1144.
doi: 10.1007/s00300-014-1507-9

The crucian carp Carassius auratus
(Cyprinidae) is one of the important fish
species in aquaculture. Although the crucian
carp has several economic benefits, their
immune system and gene information have
not been investigated in depth as yet. Here,
we performed the transcriptome analysis of C.
auratus using the pyrosequencing method
and selected several immune-related genes.
Of unigenes obtained in this species, we
identified a number of immune
system-related genes (e.g. adhesive protein,
antimicrobial protein, apoptosis- and cell

The Arctic sea urchin Strongylocentrotus
droebachiensis is considered to be a potential
indicator species for assessing aquatic
environmental conditions in the polar region.
To develop a gene resource for the Arctic sea
urchin, we sequenced S. droebachiensis cDNAs
using a GS-20 sequencer and obtained
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analysis is applied to overcome limited spatial
resolution. As a result, vegetation shows high
abundance along the southeastern shore and
low-to-medium abundance in the nearly
snow-free inland area. Even though spatial
patterns of vegetation were almost invariant
over six years, there was interannual
variation in abundance aspects because of
meteorological conditions. Therefore,
extensive and long-term monitoring is
needed for aspects of distribution and
abundance. The present results can be used to
design field surveys and monitor long-term
variation as elementary data.

cycle-related protein, cellular defense
effector, immune regulator, pattern
recognition protein, protease, protease
inhibitor, reduction/oxidation-related
protein, signal transduction-related protein
and stress protein) that are potentially useful
for studies on fish immunity. To be of public
and practical use, we designed primer pairs of
each gene from the crucian carp for realtime
RT-PCR application and tested the amplicon
identity of entire gene sets with the total RNA
sample. For comparative analysis, we
measured tissue-preferential transcript
profiles of selected genes. This study will be
helpful to extend our knowledge on the
immune system of the crucian carp in
comparative aspects and to develop the
crucian carp as a potential model organism
for aquatic quality monitoring in fish farming.

4-49 Shin, Seung Chul, Do Hwan Ahn, Su Jin Kim,
Chul Woo Pyo, Hyoungseok Lee, Mi-Kyeong
Kim, Jungeun Lee, Jong Eun Lee, H. William
Detrich III, John H. Postlethwait, David
Edwards, Sung Gu Lee, Jun Hyuck Lee, and
Hyun Park. 2014. “The genome sequence of
the Antarctic bullhead notothen reveals
evolutionary adaptations to a cold
environment”. Genome Biology, 15:
468(1-14).
doi: 10.1186/s13059-014-0468-1

4-48 Shin, Jung-Il, Hyun-Cheol Kim, Sang-Il Kim,
and Soon Gyu Hong. 2014. “Vegetation
abundance on the Barton Peninsula,
Antarctica: Estimation from high-resolution
satellite images”. Polar Biology, 37(11):
1579-1588.
doi: 10.1007/s00300-014-1543-5

Background: Antarctic fish have adapted to
the freezing waters of the Southern Ocean.
Representative adaptations to this harsh
environment include a constitutive heat
shock response and the evolution of an
antifreeze protein in the blood. Despite their
adaptations to the cold, genome-wide studies
have not yet been performed on these fish due
to the lack of a sequenced genome. Notothenia
coriiceps, the Antarctic bullhead notothen, is
an endemic teleost fish with a circumpolar
distribution and makes a good model to
understand the genomic adaptations to
constant sub-zero temperatures.
Results: We provide the draft genome
sequence and annotation for N. coriiceps.
Comparative genome-wide analysis with
other fish genomes shows that mitochondrial
proteins and hemoglobin evolved rapidly.

Polar biodiversity should be monitored as an
indicator of climate change. Biodiversity is
mainly observed by field survey although this
is very limited in broad inaccessible polar
regions. Satellite imagery may provide
valuable data with less bias, although spatial,
spectral, and temporal resolutions are limited
for analyzing biodiversity. The present study
has two objectives. The first is constructing a
first-ever vegetation map of the entire Barton
Peninsula, Antarctica. The second is
developing a monitoring method for
long-term variation of vegetation, based on
satellite images. Dominant mosses and
lichens are distributed in small and sparse
patches, which are limited to analysis using
high-resolution satellite images. A sub-pixel
classification method, spectral mixture
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p-nitrophenyl substrates. Two mutants,
S139A and S139Y, were rationally designed
based on the 3Dstructure model, and their
activities were compared with that of the wild
type. The both mutants showed significantly
improved activity against tricaprylin.

Transcriptome analysis of thermal stress
responses find alternative response
mechanisms for evolution strategies in a cold
environment. Loss of the
phosphorylation-dependent sumoylation
motif in heat shock factor 1 suggests that the
heat shock response evolved into a simple
and rapid phosphorylation-independent
regulatory mechanism. Rapidly evolved
hemoglobin and the induction of a heat shock
response in the blood may support the
efficient supply of oxygen to cold-adapted
mitochondria.
Conclusions: Our data and analysis suggest
that evolutionary strategies in efficient
aerobic cellular respiration are controlled by
hemoglobin and mitochondrial proteins,
which may be important for the adaptation of
Antarctic fish to their environment. The use of
genome data from the Antarctic endemic fish
provides an invaluable resource providing
evidence of evolutionary adaptation and can
be applied to other studies of Antarctic fish.

4-51 Yoon, Chi-Su, Dong-Cheol Kim, Dong-Sung
Lee, Kyoung-Su Kim, Wonmin Ko, Jae Hak
Sohn, Joung Han Yim, and 2 others. 2014.
“Anti-neuroinflammatory effect of
aurantiamide acetate from the marine fungus
Aspergillus sp. SF-5921: Inhibition of NF-κB
and MAPK pathwaysin
lipopolysaccharide-induced mouse BV2
microglial cells”. International
Immunopharmacology, 23(2): 568-574.
doi: 10.1016/j.intimp.2014.10.006
In the course of a search for
anti-neuroinflammatory metabolites from
marine fungi, aurantiamide acetate (1) was
isolated from marine-derived Aspergillus sp.
as an anti-neuroinflammatory component.
Compound 1 dosedependently inhibited the
production of nitric oxide (NO) and
prostaglandin E2 (PGE2) in BV2 microglial
cells. It also attenuated inducible NO synthase
(iNOS), cyclooxygenase-2 (COX-2), and other
pro-inflammatory cytokines, such as
interleukin-1β (IL-1β) and tumor necrosis
factor-α (TNF-α). In a further study designed
to elucidate the mechanism of its
anti-neuroinflammatory effect, compound 1
was shown to block the activation of nuclear
factor-kappa B (NF-κB) in lipopolysaccharide
(LPS)-induced BV2 microglial cells by
inhibiting the phosphorylation of the
inhibitor kappa B-α (IκB)-α. In addition,
compound 1 decreased the phosphorylation
levels of c-Jun N-terminal kinase (JNK) and
p38 mitogen-activated protein kinases
(MAPKs). These results suggest that
compound 1 has an anti-neuroinflammatory
effect on LPS stimulation through its
inhibition of the NF-κB, JNK and p38

4-50 Wi, Ah Ram, Sung-Jong Jeon, Sunghui Kim, Ha
Ju Park, Dockyu Kim, Se Jong Han, Joung Han
Yim, and Han-Woo Kim. 2014.
“Characterization and a point mutational
approach of a psychrophilic lipase from an
arctic bacterium, Bacillus pumilus”.
Biotechnology Letters, 36(6): 1295-1302.
doi: 10.1007/s10529-014-1475-8
A bacterium with lipolytic activity was
isolated from the Chukchi Sea within the
Arctic Ocean. The lipase BpL5 from the
isolate, Bacillus pumilus ArcL5, belongs to
subfamily 4 of lipase family I. The optimum
pH and temperature of the recombinant
enzyme BpL5, as expressed in Escherichia coli,
were 9.0 and 20 ℃, respectively. The enzyme
retained 85 % of its activity at 5 ℃. There was
a significant difference between
temperatures for maximal activity (20 ℃) and
for protein denaturation (approx. 45 ℃). The
enzyme preferred middle-chain (C8)
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pathways.

Policy
4-52 Yu, Nan Hee, Jung A Kim, Min-Hye Jeong, Yong
Hwa Cheong, Soon Gyu Hong, and 3 others.
2014. “Diversity of endophytic fungi
associated with bryophyte in the maritime
Antarctic (King George Island)”. Polar Bioloby,
37: 27-36.
doi: 10.1007/s00300-013-1406-5

5-1

Seo, Won-Sang. 2014. “Legal Issues on
Sustainable Development in the Arctic”.
Sungkyunkwan Journal of Science & Technology
Law, 8(2): 145-160.
Although it is a well-known fact that the
existence of the Arctic indigenous people is
threatened, the climate change and the
ice-thawing are circulating each other and
threatening existence of mankind. The
development and environment of the Arctic
should be discussed and decided together
with the whole mankind. In September 2013,
the Greenpeace, non-government
environment organization even attempted to
occupy the offshore oil platform to protest the
work of Russia’s Arctic subsea oil drilling.
Regardless of whether the acts of the
Greenpeace are lawful or not, it is an example
showing that all mankind pays attention to
environment of the Arctic and development
by the Arctic States. The Arctic Council has
claimed to strong Arctic Council through the
Kiruna Declaration in 2013. To establish
strong Arctic Council with regard to the issues
of environmental protection and sustainable
development, universal support from the
international community and mankind is
required to be a preliminary step.

Bryophytes comprise one of the richest
microfungal microhabitats in the Antarctic
environment. The maritime Antarctic is very
vulnerable to rapid environmental change
caused by global warming. The aim of this
study was to investigate the importance of
bryophytes as a microhabitat for fungal
species in the maritime Antarctic by
surveying endophytic fungal diversity from
several bryophytes including Andreaea sp.,
Barbilophozia hatcheri, Chorisodontium
aciphyllum, Polytrichum alpinum, Polytrichum
strictum, Sanionia uncinata, and Warnstorfia
sarmentosa. We collected 13 bryophyte
samples at four localities on Barton Peninsula,
King George Island. In total, 31 endophytic
fungi morphotypes were isolated from
bryophyte tissues by a thorough surface
sterilization method. Using internal
transcribed spacer sequence analysis, 16
endophytic fungal strains belonging to
Ascomycota (12), Basidiomycota (1),
Oomycota (1), and Zygomycota (2) phyla
were obtained. Our results suggest the
presence of a diverse range of fungal species
even in a very limited area, and those
bryophytes play an important role in
conserving fungal diversity in this harsh
environment. Growth rate measurements at a
wide range of temperatures confirmed that
most of the fungal strains were both
mesophilic and psychrotolerant. This is the
first report of endophytic fungi in Antarctic
moss tissue by fluorescence in situ
hybridization.

68

2014
KEYWORD INDEX

A

5-1
Arctic environment
1-28, 1-37, 4-9
Arctic Ocean
1-6, 1-18
Arctic Oscillation
3-18
Arctic Sea
4-46
Arctic sea urchin
1-13, 1-15
Arctic warming
4-46
Aroclor 1254
4-5
Aromatic acid decarboxylase
4-23, 4-28
Arthrobacter sp.
4-6
Ascorbate
1-7, 1-29
Asian dust
4-51
Aspergillus sp.
3-1
Atmospheric abundance
1-43
Atmospheric interest
1-43
Attachment
4-51
Aurantiamide acetate
4-36
Australian-Antarctic ridge

4-30
A new sulfonic acid derivative
3-11
Absolute water level
1-5
Absorbed solar radiation
4-48
Abundance
3-14
Acidification
1-39
Acritarch
4-31
Actin
4-27
Active Layer
4-19
Activity-based enzyme screen
4-34
Adenovirus
1-7, 1-36, 1-38
Aerosol
1-27, 4-22
Alaska
3-14
Alkalinity
4-24
Amphipods
3-5, 3-10, 3-17, 3-21
Amundsen Sea
2-3, 2-16, 4-32
Antarcitc
1-4
Antarctic air
4-52
Antarctic bryophyte
4-1
Antarctic fish
4-16
Antarctic marine bacteria
1-2
Antarctic Peninsula
1-9
Antarctic Plateau
1-9
Antarctic snow
1-12, 1-17, 1-31, 3-6, 3-12, 4-12, 4-21,
Antarctica

B
4-18
B[a]P
4-31
Bacillary dysentery
4-50
Bacillus pumilus
4-27
Bacteria
4-25
Bacterial association
4-9, 4-36
Bacterial community
4-31
Bacterial proteins
4-39
Bangiales
1-18
Barents oscillation
1-19
Barents-Kara Seas
3-14
Bay
1-27
Bayesian model
3-9
Benthic microalgae
1-33
Benzoxazine
1-37,
1-41
Bering Sea
4-52
Biodiversity
4-16
Biofilm
1-39
Biostratigraphy
1-37
BIT
4-18
Brachionus koreanus
4-42
Brine shrimp
1-32
Brines
4-51
BV2 microglial cells

4-34, 4-48
1-1
Antecedent indirect rainfall
1-1
Antecedent mid-tropospheric frontogenesis
4-25
Antibacterial/antioxidant activity
4-45
Antibiotic production
3-2
Anticyclonic eddy
4-7, 4-21
Antifreeze protein
4-20, 4-30
Anti-inflammation
4-44
Anti-inflammatory
4-42
Antimicrobial
4-51
Anti-neuroinflammation
4-42
Antioxidant
4-43
Anti-proliferation
4-43
Apoptosis
3-14
Aragonite
4-27
Archaea
5-1
Arcitic governance
1-5, 1-26, 1-33, 1-36, 2-12, 3-8, 4-15, 4-25,
Arctic

C

4-27, 4-41
1-18
Arctic amplification
4-50
Arctic bacterium

1-33
C-1027
Calcified microbe

69

2-2, 2-9

2014
KEYWORD INDEX

D

2-9
Cambrian Series 2
4-47
Carassius auratus
1-10
Carbon isotope
3-6, 3-7
Carbon stable isotope
2-7
Carbonate ramps
4-23
Carotenoid
1-37
CBT
1-23
CCM3 model
4-32
cDNA macroarray
4-26
Centella asiatica
4-8
Chaetoceros neogracile
Chemical compositions of meltwater and
1-31
pondwater
4-34
Chinstrap penguin
4-19
Chitinase
4-15
Chlorella sp.
4-33
Chloroplast
1-37, 1-41, 3-23
Chukchi Sea
3-12
Ciliate
3-5
Circumpolar Deep Water
1-45, 3-3, 3-4
Climate change
1-13
Climate feedback
1-5
Cloud albedo
1-27
CO2 efflux
2-11
CO2 sequestration
3-15
Coastal ocean
4-12,
4-19
Cold-active
4-38, 4-41
Cold-active enzymes
4-37
Cold-adapted enzymes
3-19
Colloid
4-5
Colwellia psychrerythraea 34H
2-8
Conductive sedimentary layer
1-25
Cooling event
3-21, 4-10
Copepod
1-17
Coulter counter
2-5
Cross-polarization
4-47
Crucian carp
4-24
Crustacea
4-16
Cryobiology
4-40
Cryptic species
4-43
Ctenodiscus crispatus
4-37, 4-38
Cultivation
3-20
Culture experiment
4-19
Culture mixture
4-26
Cytochrome P450

1-36
Dasan station
1-6
Decadal variation
4-45
Deglycosylation
4-6
Dehydroascorbate reductase
4-33
Deschampsia antarctica
1-2
Diatom assemblage
1-39
Dinoflagellate cyst
1-10
Diploptene
1-33
Disaccharide
4-18
DM-domain
4-18
Dmrt
4-11
DNA damage
4-10,
4-11
DNA repair
3-5
Dotson trough
4-42
DPPH
1-43
D-region
1-3
Dust

E
2-4
Earth and Ice System
1-43
Earths atmosphere
1-34
East Asia
1-29
East Asian monsoon
1-6
East Asian summer monsoon
1-14
Eastern antarctica surface cooling
Electrical Conductivity Measurement
1-16
(ECM)
1-45
Electrictiy
1-2
Elephant Island
3-1
Emissions
4-28
EMS
4-12
Endochitinases
4-37
Endophytes
1-45
Energy use
3-21
Euphausia crystallorophias
1-23
Evaporation
3-11
Everglades
2-15, 4-49
Evolution
4-38
Exopolysaccharides
4-41
Expedition cruise
2-12
Exploration and production
3-17
Export efficiency
4-26, 4-46
Expressed sequence tags

70

2014
KEYWORD INDEX

F

H

2-7
Facies distribution
3-6
Fatty acids
4-12
Fed-batch
4-21
Fed-batch fermentation
4-7
FfIBP
1-33
Fijiolides
4-52
FISH
3-18
Fjord
4-21
Flavobacterium frigoris
3-23
Flow cytometry
3-6
Foodweb
1-45
Fossil fuel
3-20
Fragilariopsis kerguelensis
4-3
FT-IR
4-3
Fucoidan
4-19
Functional expression
1-16
Fundamental proxies
4-52
Fungal endophytes
2-2
Furongian

3-15
Hampyeong Bay
4-49
Heat shock response
3-1
HFC-43-10mee
4-17
High Arctic
1-26
Holocene
1-42
Holocene sea-level rise
4-28
Hydrogen peroxide
2-3
Hydrographic Survey

I
1-3, 4-9
Ice core
1-16
Ice core processing
3-4
Ice shelf melting
1-5
Ice-albedo feedback
4-7, 4-21
Ice-binding protein
4-8
Ice-binding site
1-39
Iceland Sea
4-1
Immune system
4-47
Immune-relevant genes
4-8
Immunogold labeling
4-10
In vivo endpoints
1-30
India
2-11
Inhibitor
Interferometric synthetic aperture radar (InSAR)
3-11
time series
2-6
Intertropical convergence zone
4-39
Introduced species
4-31
Invasin
3-20
Iron efficacy
1-33
Isocitrate lyase
2-1
Isotope fractionation

G
3-15
Gamak Bay
4-11
Gamma radiation
4-10
Gamma rays
2-11
Gas hydrate
2-11
Gas storage
1-28
Gateway
1-37
GDGT
4-1
Gene expression
1-15
General circulation model
4-33
Genome
4-15
Genomic Sequence
4-17
Geomorphological features
1-30
Glacial history
1-10
Glacial–interglacial
1-13
Global climate model
1-11
Global Ionosphere
1-44
Global warming
4-26
Glucosyltransferase
4-13
GMK1
4-13
GMK2
2-13
Gravity
1-35
Gravity wave
3-20
Greenhouse gases
1-17, 2-4
Greenland

J
Jang Bogo Research Station
1-29
Jeju Island

2-16

K
1-31
King George Island
1-12, 1-35, 4-33
King Sejong Station
1-23
Korea
1-42
Korea Strait inner shelf
1-25
Kuroshio

L
Laboratory measurements

71

1-43

2014
KEYWORD INDEX

Lacinutrixjangbogonensis sp. nov.
1-34
Landfall
3-18
Landsat-8 OLI
1-8
Last 40 ka
1-24
Last Glacial Maximum
1-25
late Holocene
1-30
Late Quaternary
1-3
Lead isotope
4-25, 4-29, 4-37, 4-42
Lichen
4-29
Lichen associated bacteria
1-38
Lidar
4-50
Lipase
4-2
Lipid content
2-7
Lower Ordovician
1-7
Low-Z particle EPMA

1-17
Mineral dust
1-39
Miocene
4-15
Mitochondrion
Mitogen-activated protein kinase (MAPK)

4-35

4-20, 4-30
3-9
MixSIR
2-1
Molecular sieve
4-3
Molecular structure
4-4
Monodehydroascorbate reductase
1-25
Monsoon
4-42
Moss
2-16
Mount Melbourne
1-21
Multi-collector ICP-MS
3-11
Multitrack
2-7
Mungok Formation
3-7, 3-8
Mycosporine-like amino acids

M
N

2-8
Magnetotelluric
1-33
Marine actinomycete
3-13
Marine aerosols
1-38
Marine boundary layer
2-3
Marine Environment
4-20, 4-51
Marine fungus
4-38
Marine sediments
4-44
Marine-derived fungus
2-3
Maritime Safety
1-21
Mass bias correction
3-1
Mass spectrometry
1-37
MBT′
3-9
Meiofauna
3-8
Melt pond
1-15
Melting
1-43
Mesosphere
4-19
Metagenomic library
1-10
Methane hydrate dissociation
3-13
Methanesulfonic acid
Methanesulfonic acid to non-sea-salt
3-13
sulfate
4-26
Methyl jasmonate
4-20
Methylpenicinoline
2-6
Mi-1 glaciation
4-27
Microbial Community Structure
2-2
Microbial–metazoan reef
4-16
Microfluidic device
1-23
Mid-Holocene
1-8
Millennial climate changes

1-42
Nakdong River
1-44
Natural variability
1-43
Negative ion reactions
3-10
Net community production
4-39
New Zealand
4-13
Nod factor
3-13
Non-sea-salt sulfate
1-32
Nordic Sea
3-13
North and South Pacific
2-15
North China
2-2, 2-9
North China Platform
1-41
North Pacific Gyre Oscillation
1-41
North Pacific Oscillation
1-3
Northern Hemisphere
2-6
Northern hemisphere cooling
1-28
Northern Hemisphere glaciation
1-8
Northern Japan (East) Sea
4-49
Notothenia coriiceps
4-1
Notothenioid
4-20
nuclear factor-kappa B (NF-κB)
4-30
Nuclear factor-κB
1-14
Numerical simulation
1-30
Nun-Kun massif

O
3-10
O2/Ar
3-18
Ocean Color
Ocean–continent transition

72

2-13

4-13,

2014
KEYWORD INDEX

4-25
Ochrolechia sp.
4-11
Offspring
2-12
Oil and gas
4-4, 4-6
Oryza sativa L. japonica
4-32
Osmotic stress
4-10
Oxidative stress
1-43
Oxygen
1-32, 2-1
Oxygen isotope
3-21
Oxygen microsensor
1-14, 1-44
Ozone depletion

1-40
Precipitation Dipole
3-10
Primary production
4-41
Protease
1-42
Proximal and distal prodelta
1-32
Proxy
4-41
Pseudoalteromonas
4-19
Pseudoalteromonas issachenkonii
4-29
Psoroma sp.
4-29
Psychrophile
4-50
Psychrophilic lipase
4-44
PTP1B
4-39
Pyropia koreana
4-40
Pyropia yezoensis
4-22, 4-36, 4-47
Pyrosequencing

P
4-32
P5CS
1-40
Pacfic Decadal Oscillation
1-26
Paleoclimate
2-15
Paraphyly
3-17
Particulate organic carbon export flux
4-44
Penicillium
4-20
Penicillium sp.
3-14, 4-22
pH
4-13
Phosphatidic acid
1-9
Photochemical
4-14
Phylogeny
4-14
Phytogeography
3-23
Phytoplankton
3-4
PIB shelf circulation
4-12
Pichia pastoris
3-3
Plankton
4-15
Plastid
1-32
Pleistocene
1-28
Pliocene
1-24
PMIP2
4-32
Poaceae
4-37
Polar areas
1-19
Polar Vortex
2-5
Polarimetric synthetic aperture radar
1-3
Pollution
4-46
Polychlorinated biphenyls
Polymerase chain reactionrestriction fragment
4-40
length polymorphism
3-10
Polynya
4-35
Polyphasic taxonomy
4-14
Polytrichastrum
3-7
Porosira glacialis
1-44
positive trend
1-23
Precipitation

Q
Quaternary

1-2, 1-29

R
4-3
Radiation
4-2
Radiation breeding
3-1
Radiative forcing
1-4
Radon
1-29, 3-15
Rare earth element
3-13
Ratio
4-50
Rational mutation
4-4, 4-11
Reactive oxygen species
1-43
Recombination
3-2
Red Sea
2-13
Red Sea deeps
3-21
Respiration rate
4-23
Response surface methodology
4-31
Review
1-2
Reworked species
3-3
Rhizaria
2-5
Rotated dihedral mechanism
4-11
Rotifer
4-14
rps4
3-23
RUSALCA
4-14
Russia

S
2-13
Salt tectonics
4-48
Satellite
4-2
Scenedesmus dimorphus
1-13, 1-15, 1-26, 3-3, 3-8
Sea ice

73

2014
KEYWORD INDEX

1-5
Sea ice concentration
1-19
Sea Ice Loss
1-8
Sea level
1-31
Sea salt
4-30
Sea urchin
1-10
Sea-level changes
1-33
Secondary metabolite
1-26, 4-36
Sediment
2-4
Seismic Network
2-13
Seismic refraction
4-3
SEM
4-28
Sensitivity
1-42
Sequence stratigraphy
4-24
Shallow sublittoral
4-31
Shigella
4-34
Siadenovirus
2-2
Siliceous sponge
1-7
Single particle analysis
3-11
Small temporal baseline subset (STBAS)
1-3, 1-17
Snow
4-17
SOC fractions
4-22
Soil bacteria
4-22
Soil depth
1-27
Soil moisture
4-17
Soil organic carbon (SOC)
1-11
Solar minimum
1-24
Southern Annular Mode
4-39
Southern hemisphere
1-24
Southern Hemisphere westerly winds
4-13
Soybean
4-40
Speciation
4-48
Spectral mixture analysis
3-9
Stable isotope
3-8
Stable isotope probing technique
1-21
Stable isotopic ratio
1-16
Stable water isotopes
4-43
Starfish
4-43
Steroids
1-40
Storm-track
4-45
Streptomyces coelicolor
4-46
Strongylocentrotus droebachiensis
3-15
Submarine groundwater discharge
3-19
Subterranean estuary
4-3
Sulfate
1-15
Surface heat flux
1-23
Surface temperature
5-1
Sustainable development

3-18, 4-17
Svalbard
3-23
Synechococcus

T
2-7
Taebaeksan Basin
4-14
Taxonomy
TC-midlatitude trough interaction
4-16
Temperature gradient
1-43, 1-45
Temperature
3-11
Temporal resolution
1-37
TEX86
L
1-37
TEX 86
4-52
The maritime Antarctic
2-13
Thetis Deep
2-9
Thrombolite
4-10
Tigriopus japonicusa
3-3
Tintinnina
4-1
Toll-like receptors
1-11
Total Electron Content
1-9
Total mercury
3-19
Trace elements
2-15
Trilobite
4-14
trnL-F
1-34
Tropical cyclone
2-15
Tsinaniidae
1-27
Tundra
4-22
Tussock tundra
1-34
Typhoon
1-34
Typhoon intensity

U
1-28
Uplift
1-12
Upper atmosphere
4-28
UV
4-18
UV-B
3-6
UV-B radiation

V
4-48
Vegetation
4-17
Vegetation establishment
1-13
Vegetation feedback
1-16
Visual Stratigraphy (VS)
2-8
Volcanic island
2-5
Volume scattering

74

1-1

2014
KEYWORD INDEX

W
Water Conservation Area 1 (WCA1)
1-31
Water-rock interaction
1-6
Wave train
4-24
West Antarctic
3-11
Wetlands
4-49
Whole genome sequencing
1-38
Wind speed
1-1
WRF model

3-11

X
Xanthophyll compound
X-ray crystallography

3-7
4-5, 4-6, 4-7

Z
Zhushadong Formation
3-9
Zostera marina

2-9

Etc
4-30
(Z)-4-Methylundeca-1
1-30
10Be dating
2-11
1-Propanol
210
3-19
Pb
210
3-19
Po
234
238
3-17
Th/ Udisequilibria
2-Dimensional electrophoresis
3-octaprenyl-4-hydroxybenzoate
4-5
carboxy-lyase
4-30
9-diene-6-sulfonic acid
4-45
α-Mannosidase
4-28
γ-ray

4-2

75

2014
AUTHOR INDEX

A

1-16
Jung, Hye Jin
4-17, 4-22
Jung, Ji Young
3-13
Jung, Jinyoung
4-8
Jung, Woongsic
4-35, 4-36, 4-38
Jung, You-Jung

4-1, 4-49
Ahn, Do Hwan
2-1
Ahn, Insu
3-6, 4-46
Ahn, In-Young

B
4-35
Baek, Kiwoon
Bhattarai, Hari Datta

K
Kang, Jung-Ho
Kang, Sung-Ho
Kang, Yoonjee
Kihm, Ji-Hoon
Kim, Baek-Min

1-16, 1-17
3-3, 3-6, 3-7, 3-8, 3-23
4-33
2-14
1-5, 1-13, 1-15, 1-18, 1-19, 1-24,
1-40, 1-41, 1-45
4-19, 4-41, 4-50
Kim, Dockyu
4-37
Kim, EunHye
4-21
Kim, EunJae
4-4, 4-6, 4-29, 4-41, 4-50
Kim, Han-Woo
4-22,
4-27
Kim, Hye Min
3-18, 4-9, 4-17, 4-48
Kim, Hyun-cheol
4-10, 4-11, 4-18, 4-19, 4-30, 4-32, 4-41,
Kim, Il-Chan
4-42, 4-43, 4-47
3-19
Kim, Intae
4-24
Kim, Jee-Hoon
1-12, 1-35
Kim, Jeong-Han
4-34
Kim, Jeong-Hoon
4-35,
4-38
Kim, Ji Hee
4-32
Kim, Ji Hyun
1-23
Kim, Ji-Won
1-1, 1-5, 1-34, 1-45
Kim, Joo-Hong
1-20,
1-22
Kim, Kitae
4-49
Kim, Mi-Kyeong
4-9, 4-22, 4-27
Kim, Ok-Sun
3-18, 4-48
Kim, Sang-il
1-5, 1-6, 1-14, 1-19, 1-23, 1-24,
Kim, Seong-Joong
1-44
1-25, 1-26
Kim, So-Young
4-29, 4-41, 4-50
Kim, Sunghui
3-2, 3-3, 3-5
Kim, Tae Wan
2-16
Kim, Yeadong
2-7
Kim, Young-Hwan
3-10, 3-16
Kim, Young-Nam
4-12
Koh, Hye Yeon
3-20
Kwon, Young Shin

4-42

C
1-38
Chae, Namyi
4-35
Cho, Yirang
4-15, 4-24, 4-39, 4-40
Choi, Han-Gu
1-38
Choi, Taejin
3-23
Choy, Eun Jung
1-16
Chung, Ji-Woong
3-7, 3-8
Chung, Kyung Ho

D
Do, Hackwon

4-4, 4-5, 4-6, 4-7, 4-21

H
3-4, 3-5, 4-9
Ha, Ho Kyung
3-6, 3-7, 3-8
Ha, Sun-Yong
3-10, 3-17, 4-36
Hahm, Doshik
4-9
Han, Dukki
4-2, 4-3, 4-5, 4-12, 4-21, 4-23, 4-28,
Han, Se Jong
4-41, 4-43, 4-50

Han, Yeongcheol
Hong, Jong Kuk
Hong, Sang Bum
Hong, Sang Hoon
Hong, Soon Gyu

1-9
2-3
1-4, 1-16, 1-17
3-11
4-16, 4-22, 4-35, 4-36, 4-37, 4-38,

4-48, 4-52
1-9, 1-16, 1-17
Hur, Soon Do
4-22, 4-35
Hwang, Chung Yeon
1-7, 1-16, 1-17
Hwang, Hee Jin
3-18
Hyun, Chang-Uk

J
1-11, 1-12, 1-35
Jee, Geonhwa
3-12
Jiang, Yong
2-3, 2-11, 2-12
Jin, Young Keun
3-6, 3-8
Joo, Hyung Min
1-16
Jun, Seong Joon

L
Lee, Bang Yong

76

1-27, 4-9

2014
AUTHOR INDEX

4-5
Lee, Chang Woo
1-12, 1-35, 1-43
Lee, Changsup
2-8
Lee, Choon-Ki
3-21
Lee, Doo Byoul
3-5
Lee, Hyun Jung
1-11
Lee, Han-Byul
4-27, 4-35, 4-37, 4-38
Lee, Hong Kum
4-13, 4-14, 4-26, 4-32, 4-33, 4-42,
Lee, Hyoungseok

Park, Tae-Yoon
Park, Yongcheol
Paudel, Babita

R
Rhee, Tae Siek

1-39
Schreck, Michael
5-1
Seo, Won-Sang
1-41
Shim, Taehyoun
2-16
Shin, Dongseob
3-10, 3-21
Shin, Hyoung Chul
4-48
Shin, Jung-Il
4-1, 4-33, 4-49
Shin, Seung Chul
1-40
Sung, Mi-Kyung

3-5
Lee, Hyun Jung
4-35
Lee, Inae
2-1
Lee, Jong Ik
2-16
Lee, Joohan
4-4, 4-5, 4-6, 4-7, 4-21, 4-31,
Lee, Jun Hyuck
4-49
4-32, 4-33, 4-49
Lee, Jungeun
2-6
Lee, Mi Jung
1-29
Lee, Min Kyung
3-4, 3-5, 3-10, 3-12, 3-16, 3-17,
Lee, Sang Hoon

W
Wi, Ah Ram
Woo, Jusun

3-21
2-10, 2-16
Lee, Sang-Hyun
4-2, 4-3, 4-5, 4-12, 4-21, 4-49
Lee, Sung Gu
2-4, 2-16
Lee, Won Sang
4-9, 4-17, 4-22, 4-27, 4-45
Lee, Yoo Kyung
4-35, 4-36, 4-37, 4-38, 4-41
Lee, Yung Mi

4-4, 4-6, 4-29, 4-41, 4-50
2-2, 2-7, 2-9

Y
Yang, Eun Jin

3-3, 3-8, 3-12, 3-14, 3-16, 3-20,

3-22

Yim, Joung Han

4-10, 4-11, 4-12, 4-18, 4-19, 4-20,
4-29, 4-30, 4-32, 4-41, 4-42, 4-43, 4-44, 4-50,

M

4-51

3-7, 3-8

2-16
Yoo, Hyun Jae
1-2, 1-29, 1-30
Yoo, Kyu-Cheul
1-2, 1-29, 1-30, 1-31
Yoon, Ho Il
1-27, 1-36, 1-38
Yoon, Young-Jun

N
Na, Hyoung Sul
Nam, Seung-Il

3-1, 3-10, 3-17, 3-20

S

4-49

Min, Jun-Oh

2-7, 2-14, 2-15
2-10, 2-13, 2-16
4-42

3-7
1-8, 1-10, 1-26, 1-28, 1-32, 1-33,

1-37, 1-42
4-22
Nam, Sungjin
4-32
Noh, Eun Kyeung

P
4-19, 4-29, 4-41, 4-50
Park, Ha Ju
2-16
Park, Hadong
4-12
Park, Heeyong
4-1, 4-2, 4-4, 4-5, 4-6, 4-25, 4-29, 4-32,
Park, Hyun
4-33, 4-46, 4-49
3-10, 3-13
Park, Jisoo
4-14,
4-32
Park, Mira
1-4, 1-27
Park, Sang-Jong
4-36
Park, Sung Hyun

77

