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Analysis of gut microbiome changes in the
crews at Antarctic research stations
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Summary

I. Title

Analysis of gut microbiome changes in the crews at Antarctic research stations

I[I. Purpose and necessity of research

a. Investigate changes in gut microbiota in antarctic station crews due to alterations in
physiological response following abrupt changes in temperature and ordinary diet from
Korea.

b. Analyze the correlation between gut microbiome and psychological stress induced by
moving to isolated environment from an environment with connections to various people
c. Identify the influencing factors on gut colonies in Korea and Antarctica and utilize the

findings for the improvement of health status of winter crews

d. Establish currently unexplored data on individual microbiome variations in a controlled
environment

[II. Content and scope of research

Alterations in gut microbiota caused by environmental changes (studying crews residing in
Sejong and Jangbogo stations)

a. winter crew: changes in gut microbiota observed on a bimonthly basis during their stay
in Korea (before departure)-Antarctica (1 year) - RV Araon (2-3 months) - Korea
(after return)

b.Summer crew: changes in gut microbiota observed on a monthly basis during their stay
in Korea (before departure)-Antarctica (1 - 2 months)-Korea (after return)

Through this research we will

(1) Analyze changes in microbiome caused by diet, drinking, smoking and etc. in an
isolated environment

(2) Compare variations in gut microbiota caused by changes in the amount of daylight,
temperature, and activity level corresponding to seasonal changes

(3) Analyze alterations in microbiome of the group in the station following the arrival of
new population such as summer crews along with their new microbiota or pathogens

(4) Analyze the effect of psychological stress on gut microbiome caused by living in an
isolated environment



IV. Research results

Preoccupy gut microbiome data formed in unique antarctic environment.

V. Utilization plan of research results

a. Present a proposal to improve the health status of antarctic crews by analyzing the
gut microbiome changes caused by controlled diet in the identical environment.

b. Identify the changes and influences on microbiome in the entire crew due to the
arrival of new people and their microbiome for the station’s operational reference.

c. May possibly be applied to predict the microbiome changes caused by low temperature
and living in an isolated environment.

d. Improve international recognition of the research center as a professional polar research
institution of significant importance
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A & Gut microbiome changes in Korean Antarctic Wintering-over personnel.

%= It is well known that the gut microbiome is related to health conditions of the
host. In addition, it is affected by the diet, age, and environmental conditions. During the
summer mission period, the new summer crews stay with the existing crews at each
station, suggesting a possibility that induces the gut microbial changes in all of the
crews. On the other hands, during the long winter mission period, the winter crews at
the South Korean Antarctic research stations, King Sejong and Jang Bogo, live in polar
conditions after being isolated from their original living conditions. They live without any
external contact during the winter season. This environmental change induces their gut
microbiome composition dramatically, which would affect the health of the winter crews.
During the summer season, many visiting scientists stay with the station crews,
suggesting a possibility that induces the gut microbial changes in all of the crews. In
this study, we conducted monthly fecal sampling of all crews before, during and after
winter mission. To investigate the gut microbial changes, we analyze 16S rRNA gene
amplicons by computational comparative analysis. The results from this study suggests
that the composition of the winter crews is altered and the alpha diversity of them
increases during the mission. Due to the lack of gut microbiome studies based on isolated
people for a long period, this study will suggest the impact of isolated or polar

environments on human gut microbiome.
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/{ Abststract
It is well known that the gut microbiome is related to the health conditions of the host. In addition, it is affected by diet, age, and environmental conditions. During the summer

mission period, the new summer crews stay with the existing crews at each station, suggesting a possibility that induces gut microbial changes in all of the crews. On the other
hands, during the long winter mission period, the winter crews at the South Korean Antarctic research stations, King Sejong and Jang Bogo, live in polar conditions after being
isolated from their original living conditions. They live without any external contact during the winter season. This environmental change may induce their gut microbiome
composition dramatically, which would affect the health of the winter crews. During the summer season, many visiting scientists stay with the station crews, suggesting a possibility
of gut microbial changes in all of the crews. In this study, we conducted monthly fecal sampling of all crews before, during and after the winter mission. To investigate the gut
microbial changes, we analyze 16S rRNA gene amplicons by computational comparative analysis. The results from this study showed that the composition in microbiome of the
winter crews changed and the alpha diversity of them increased during the mission. Due to the lack of gut microbiome studies based on isolated people for a long period, this
kstudy will suggest the impact of isolated or polar environments on the human gut microbiome.
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Fecal sample collection according to the mission
To determine the effects of the changes to the antarctic environment on the individual
microbiome, we conducted fecal sampling according to the schedule in Fig. 1. Summer
and winter crew members lived together for about three months during the summer
mission in the base, but during the winter months, winter crews lived without any
external contact during the winter season.
9 1 block = 1 month
Time 1 2 3 4 11 12 13 14 15 16 17 18

_ Winter
Sejong Crew
Station Summer ‘
Crew
Winter
Jangbogo Crew
Station Summer
Crew

Figure 1. Study experimental design. Diagram depicting the winter crew's sampling
schedule during the study. The Sejong and Jang Bogo members conducted monthly
fecal sampling before, during the base and the return ship and after the winter mission.
The sky blue blocks represent the sample before departure, the blue blocks represent
the base, the green blocks represent the ship returning home, and the brown blocks
represent the sample after returning home. Asterisk represents the influx of new
members into the base.
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Figure 2. Principal coordinate plots of rarefied unweighted unifrac diversity distance
across all samples collected in the study. Winter crew sampled before and during the
mission. Summer crews sampled before, during and, after the mission. (A) Winter crews,
(B) Summer crews samples colored by station and shaped by sample type. (C)
Jangbogo winter crews, (D) Sejong winter crews samples colored by crews and shaped
by sample type.

Principal coordinate plots of rarefied unweighted unifrac diversity distances across
all samples

As a result of analyzing the characteristics of the entire spatial pattern of microbial cluster
composition by PCoA, the winter crew gut microbiome was changed before and during
the mission(Fig. 2A). However, the summer crew gut microbiome was rarely changed
during, after, or before the mission (Fig. 2B). Comparing Winter Crew's samples by base
and individual, both winter crew at Sejong and Jangbogo station show less changes in
the gut microbiome during the mission compared to those before the mission(Fig 2C,D).

Changes in alpha diversity of intestinal microbiome due to the environment change
caused by Antarctic station mission.

Using Shannon index, the alpha diversities of winter crew were compared. As a result,
Winter Crew's Alpha University has increased on base compared to before departure(Fig.
3A). On the other hand, the summer crew alpha diversities show little change in alpha
diversity before, during and after the mission(Fig. 3B)

Winter crew Summer crew
A Jangbogo Sejong B Jangbogo Sejong
> > > >
ge g g E°
g H H ]
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54 * 54 54 5 4
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5 5 5 g
&5 0+ S 0+ s 0+ &
2 e m % The m % TPe m Pt Pre I Post

5

Figure 3. Changes in alpha diversity of the winter and summer crews microbiome.
Boxplots representing changes in Shannon alpha diversity. Winter crew sampled
before(Pre) and during(In) the mission. Summer crews sampled before(Pre), during(In)
and, after(Post) the mission.

Analysis of enterotype changes according to the ratio of Bacteroids to Prevotella

100% Prevotella  pacterojds and Prevotella are

known to represent enterotypes
because different bacteria exist
as intestinal dominant bacteria
depending on an individual's diet.
To identify the change in the
enterotype of these individuals,
the proportion of Prevotella and
Bacteroids in the gut microbiome
was determined by sample. In
the case of J-08, J-11, S-02, S-
09, and S-17 were seen to
change in the mission, but in the
case of most winter crew, this
change did not occur.

100% Bacteroides

. : No samples

Figure 4. To see the change in Enterotype, the proportion of Prevotella in one sample
minus the proportion of Bacteroids is expressed in color. One block means one sample
and the number means the sampling order. Only winter crews that have been sampled
are sorted out. J stands for jangbogo winter crew and S stands for sejong winter crew.
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