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of the Amundsen Sea
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Summary

1. Title

Microbial ecology in the sea-ice zone of the Amundsen Sea

II. Object and Necessity

Long-term shifts in bacterial parameters have a potential to provide the best
warning system for global environmental changes. Therefore, it is particularly important
to measure bacterial abundance and metabolic rates and its physico-chemical and
biological controls in polar ocean to better understand any shifts in biogeochemical
carbon cycles. This study is to elucidate the role of bacteria in controlling the function

of Southern Ocean as a CO, sink related to climatic changes.

III. Contents and Extents

During the Amundsen Sea polynya expedition from January 31 to March 20,
2012, we investigated the bacterial abundance and production and its coupling to
phytoplankton in the polynya, sea-ice zon in the outer shelf, ice shelf and open sea of
the Amundsen Sea to elucidate the role of microorganisms in microbial food web and

biogeochemical carbon cycles.



IV. Result

Chl-a, DOC, and DON concentrations exhibited higher through the polynya
stations and ice-shelf station than those at the marginal zone. Similarly, bacterial
abundance and microbial community respiration exhibited higher at the polynya stations
amd ice-shelf zone compared to those at the marginal zone. During the cruise, January
2014 - February 2014, the relationship between concentrations of CDOM and DOC and
prokaryotic abundance is not significant. After late bloom, February 2014, CDOM
concentration increased in water column, compared to early bloom, which did not
influence the prokaryotic abundance. DOC concentration did not increased after late
bloom and was not a significant relationship with prokaryotic abundance. Whereas, a
significant linear repression was obtained between the Chl-a and prokaryotic abundance
in both early bloom (r’=0.2975, P<0.0001, n=95) and late bloom (r’=0.7426, P<0.0001,
n=47). However, the correlation was weaker in Jan. (early bloom ) than in Feb. (late

bloom), which suggested a time-lag between bacteria and phytoplankton growth.

Role of bacteria in microbial loop was compared at two different bloom
conditions, i.e., early and late bloom. In February (late bloom), but the prokaryotic
production and community respiration rate increased at all stations, which implied that
bacteria play a significant role in consuming photosynthetically fixed organic carbon
after the bloom in the water column. Overall results indicated that heterotrophic bacteria
play a significant role in microbial loop as a trophic link between DOC and higher
trophic level and as a sink for the photosynthetically fixed C to respire back to CO; in
the ASP.

The prokaryotic abundance and community structure between the sediments of the
polynya stations, ice-shelf station, and open sea station were different distributions. The
prokaryotic abundance calculated from the quantification of 16S rRNA genes appeared
as low density at surface sediments of all stations, with 1.9 — 9.9 x 107 cells cm™, and
decreased with depth. The prokaryotic cell abundances in the sediments of Amundsen

Sea showed low cell density compared to general marine sediment (> 10° cells cm™).



Bacterial cell numbers were higher than archaeal cell numbers in the polynya stations,
occupying 70 - 90% of total prokaryotic abundance, but archaeal proportion of total
prokaryotic abundance increased maximum 71% in the open sea station, implying
ecological role of archaea is emphasized in the open sea, where organic carbon content
in sediment is extremely low. From the 16S rRNA gene analysis, Planctomycetes in
Bacteria was as a prominent microbial group in the polynya stations, whereas
Thaumarchaeota in Archaea appeared to be the most abundant microbial group (73% of

the total prokaryotic 16S rRNA gene sequences) in the open sea sediment.

V. Utilization of research results

Spatial distribution on the bacterial abundance and production obtained
along the sea-ice zone, polynya and ice shelf area will provide an information on
the role of the Southern Ocean in controlling the carbon cycle and climatic change
associated with the global warming in the Antartic Ocean. The analysis of the
abundance and composition of the prokaryotes in the sediment of the Amundsen
provides new insights into the roles of prokaryotes in biogeochemical cycles in the

Antarctic Ocean.
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Ocoan Data View
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Fig. 1. Sampling stations(a) and ice coverage (b) in the Amundsen Sea polynya (ASP)
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[Basic manipulation for SIP]
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12c. ol
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Sediment sampling

Incubation with °C and
15C labeled acetate

|
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Analysis of metabolic intermediates Extraction of total RNA 600 ngRNA + CSTFA
and/or end products (DIC, Mn?*, Fe?*) 1,

Stable isotope probing fractionation Light RNA

Characterization of using ultracentrifugation Heavy + light RNA
microorganisms
rf-:-sponsible -for specific Reverse transcription PCR Heavy RNA
biogeochemical process (Construction of cDNA)

|

Community structure & Diversity

Fig. 2. Basic manipulation for stable isotope probing
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525y FE59d @4 ] A AMlf(Bacteria) ¥ 1A v (Archaea)e] 16S
rRNA genes A Zst7] ¢35l
431 primer®} probeE59 HAVIAEL Hol e on, AR 2 24 B

e FAATE FHD WA QTN FAH AT

TABLE 1. Primer sequences for real time PCR assays of 16S RNA gene used

in this study

Targeted  Primer/

Sequence (5°-37) Reference

group probe

Archaea 349F GYG CAS CAG KCG MGA AW Takai and Horikoshi, 2000
806R GGA CTA CVS GGG TAT CTA AT Takai and Horikoshi, 2000
516F TGY CAG CCG CCG CGG TAA HAC CVG C Takai and Horikoshi, 2000

Bacteria 331F TCC TAC GGG AGG CAG CAG T Nadkarni et al., 2002
797R GGA CTA CCA GGG TAT CTA ATC CTG TT Nadkarni et al., 2002
518F CGT ATT ACC GCG GCT GGC AC Nadkarni et al., 2002
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Fig.3 Distribution of CDOM in Jan. and Feb.(14-re) in the Amundsen Sea



Fig.4. Chemical and microbiological parameters in January, 2014 (early bloom)
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Fig. 6. Relationship between CDOM, DOC and bacterial abundance, community

respiration at early bloom and late bloom

T W T A% EF AR A A Aabape] A HAg st
FHRAAE Y (Fig 7). debA o w v ol AN A&7
YA ABBAE FFRAR, o] AFJFAATF 1¥(early bloom)ol= 2¢(late
bloom)X.t} oFslA A E . o= vbdH lotet Axp A4S AFIEe] time-lagE
S i

Fig. 7. Relationship between Chl-a and bacterial abundance



13, v A AE wol gl F5Y VAR qF

A A& ol (microbial loop) WlellA F&5P Y MAEES TS dolr
71 S dApgake] A =71 7Rk gieA 7] 71%F &b bacterial

a9l ohFig. 8). 1 A3}
Z7] YF247] ¢ 149] BCBS BPE & AHoA AEZHaEe] A wy}
Aol mEl 3% oldt Ela 10%E AX et 290 =mEA F7))
BCB:Chl-a H|&o] of7ds] wt&w wukal, BP= 9]sfx HellA] 10%, maginal ice

carbon biomass (BCB)$%} bacterial production (BP)E H]

zoneol| A &= 20% o], 18]l polynyadl A= 45%°|o 2 F7teldt). o] A
= & o]0k = o o H =]
W2 o]F FHEAYF M=ol dAgAA e o8 BHE Frl== s
<Je) 5
A= ofn gt
40 20 s .
& Open sea 1Marginal ice zone :Polynya A 5 Open sea }Margmal ice zone }Polynya i
! | I © I \
oE 30 A ! I R L 15 } |
\
o °
g 20 1 | | s (Yl § ‘ ‘ a
£ | l g ‘{ } 4
- I I o I \
910 4 | o =5 \ a \ g
@ | a8 B \ ay
0 y S R S S — 0 g —y< | @ |
2000 120
& Open sea }Marginal ice zone : Polynya —~ Open sea :Marginal ice zone IPolynya
£ \ I = I I
1500 a
| | : L
I ° &} I I
E 1000 ~ } : : - | e | °
g I |
< 500 - “ L. : E 401 I [
_ ° a =~ | | 2
= | ® -9
Q 0 . v | - : [am " 8 N : 3 : A
10 100 — |
Open sea |Ma1 ginal ice zone | IPolynya Open sea Marginal ice zone | Polynya
R : I 80 4 | | 4534318
< I o \ I
g o : | = ) : :
= I I 34106 | I
Q 49 28:02 | | S 40 ‘ 206160 |
8 I 17£05 | m | I 102 £10.0
Q 2 120l ason I o802 20 nexo | ]
| 020, | 10 £0.2 | 03:03 |
0 - ‘ . :
Jan. Feb. Jan. Feb. Jan. Feb. Jan. Feb. Jan. Feb. Jan. Feb.

Fig. 8. Bacterial carbon biomass, bacterial production, phytoplankton biomass (Chl-C),

primary production, BCB:Chl-C ratio, and BP:PP ratio

e
X
s

Polynya & 41404 wre|eotel A A7 2 nlals] ofgh A

=

M

BolZl AT & e gol EF& (CR)S oHEAl3] polynya =3 Wl ofi
o] FrlvtAE AF HHER Theekr] del mAE ZFol o oitste

B



2 AdgEa ae uign. @, diS47] o] F =2 BP:PP] H&(ie,
in marginal ice zone and 0.45 in the polynya)

=l
=~
glol A& Alolo 73t o] AAAAE ET-8a, v BCB:Chl-a H

2-1. §AE vl A = A A F

01235 oA olzhe 4 A7 AW HAR U AR 23

T2E AW RV 98] DNAE =39 16S tRNA gened A ala, <47)

2

A A4S AA s Polynya T4l ol 1% A A, ice-shelf7} ¢4 A

oft
o
o2
oft
flo
2
o
X
=1
ool
o
o
>
=.
N
J;
é
=t
>
o
=
o
[¢]
&
o
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et al. 2001). Polynya S %o 9 X3 Stnl0o A& HAE FZoA A A
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The prokaryotic abundances calculated by the Q-PCR of 16S rRNA gene
in the sediment of the Amundsen Sea
Depth Total prokaryotic cells cm™ Bacterial cells cm™ Archaeal cells cm™
(cm) Stn10 Stnl7 Stn19 Stn83 Stn10 Stnl7 Stn19 Stn83 Stn10  Stnl7  Stnl9  Stn83
0-1 1.89x107 4.67x10" 9.90x107 3.09x107  1.67x107 3.20x10" 678x10° 204x10’  216x10° 147x10" 3.11x10" 1.05x10’
1-2 130x107 4.89x10" 6.03x10" 3.06x107  120x10" 3.09x10’ 4.01x10" 140x10"  9.68x10° 1.80x10’ 202x10" 1.66x10’
2-3 593x10" 5.92x10’ 3.52x10"  3.72x10" 241x107  2.20x107
3-4 2.25x107 476x107 457x10" 224x10"  2.06x10’ 3.20x10" 289x10’ 1.56x10’  1.84x10° 1.56x10’ 1.69x10’ 6.79x10°
4-5 9.90x10° 3.45x107 3.82x107 4.00x10"  9.13x10° 2.80x107 245x10" 233x10"  7.74x10° 643x10° 1.37x10" 1.67x10’
5-6 1.69x107 3.29x10" 3.68x107 1.27x107 1.60x10° 213x10’ < 208x10" 6.00x10°  9.10x10° 1.15x10’ 1.60x10" 6.69x10°
6-7 116 x10° 353x10" 497x10° 812x10°  1.06x10° 219x10’ 3.02x10° 4.08x10°  940x10" 135x10" 1.96x10° 4.05x10°
7-8 117x107 247x107 129x107 133x10°  1.08x10’ 1.61x10" 8.16x10° 576x10°  9.70x10° 858x10° 4.78x10° 7.57x10°
8-9 1.70x107 231x10" 6.31x10° 1.21x10°  1.60x10’ 1.49x10" 3.43x10° 3.55x10° 1.00x10° 8.25x10° 2.89x10° 8.56x10°
9-10 1.79x107 2.03x10° 8.51x10° 1.22x107 9.52x10° 4.05x10° 572x10° 1.07x10° 4.46x10*
10-12  1.64x107 1.66x10° 125x10° 325x10°  151x10° 1.30x10" 509x10° 1.20x10°  137x10° 3.62x10° 7.43x10° 2.05x10°
12-14  5.33x10° 1.19x10° 2.06x10°  477x10° 554x10° 873x10°  5.61x10° 6.39x10° 1.19x10°
14-16  2.05x10° 1.32x10° 355x10°  1.84x10° 559x10° 1.24x10°  2.07x10° 7.65x10°  2.30x10°
16-18  6.58x10° 5.96x10° 6.18x10°
=] =] =2 = 1 1 S A= = = T
oA & polynyas FACE HAEZ U nAE JMATE AR A3, RE A
- = 1 R 7 -3 O~ =
Ao F2 H#HE(0-3 cm depth)ol A= > 10" cells cm™ 2.2 YEytoy, =3 A
[ = =) - =9 = =} SN2~ 1 -
Abg o]l £2 polynya FAHAFAANE EFTHFH AIS7A vAE JASF EEXE
ice-shelf %] & o]} sea-ice X Ho| M H T} =4 vEyEI(Table 2), A A ) A
&= = 1) = N ] = =
F7F O A JUErYET A, fejEow AaE EHAH Zlo|rp Frhghd w7
A= - = = (e} == =] P
e MAFs 48 Haskda, wAre] H&o] F7kste] A4l Ta4
o] Zz= At

- 31



22. 94 = MAE 23 X

A4 Atz aAlvte] 168 rRNA genes sAol FHa @ F U+
universal primer setg o]-&3dlo] #+3 FXE Ay B A3l A PCR 2ts}
vz 7} A &2 polynya FAlo] 9 A E Stnl0o A= HAAA o] A o,
2l 42 Stn83 A= Alato] -39 th(Figs. 9 and 10).

Stnl0 A A FoA 7Hg $He nAE F 32 Planctomyceteso] 1] 3 -

4 em ol A A MAE 2P F %A AASAY. hgome

Deltaproteobacteria(4 - 17%)<} Chloroflexi(2 - 11%) i3 o] A3} #
20| Al = Thaumarchaeotacl] 4 3&}+= A+ T+ o] 10% A&HJx, HA2

o] 7} %7} $4% marine benthic group B(MBGB)2] H| &0 713+ Ygo
2 YeEtY Hd 10%71 4 AE% Q. Stnl7 A Aol A = Planctomycetes 13-
o] 15 - 46%7}A A8t ©1F, Thaumarchaeota I A5+ 1E0] 11 - 48%
77} A] AZE 5 A 218k Gammaproteobacteria(4 - 21%) ¢}t

Deltaproteobacteria(2 - 13%)7} 515 o= &5 ) h(Fig. 9). Ice-shelfx] &

©] Stn1974 A o] A == Thaumarchaeota A =3 o] A Zo] A 33 - 57%
g Axan g Sqar ager vEuFl 10, GeoR:
Planctomycetes”} 7 - 24%,  Gammaproteobacteria’} 3 - 17%,

Deltaproteobacteria’?} 3 - 11% 2 HZHtE 23 ¢ =3k Stn834 & o] A
% Thaumarchaeota”’} 5o AR 40 - 73%° WH=E 71 $HsG o,
U AAHA b4 =& H&=E eyl Planctomycetes’t 6 - 20%,
Gammaproteobacteria’} 1 - 12%, Deltaproteobacteria’} 1 - 9%% &% St}
2E AHo| A Acidobacteria’} 1 - 5% FFo 2 AZEHH A, Stn830] A
Alphaproteobacteria®] H|&0] FH o] 7%7-X vEev v AR T 713
2 gd=HAH(Fig. 10). LA 25 F A& sl HAEAGNA kA
LEb L= MBGB<= Stnl0ol A b Sglo] fa = glar, v x] Aol = 79
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Fig. 9. Distribution of geochemical constituents(NHs, NO,, PO.”, Fe”) in porewater and sulfate reduction rate and microbial
parameters (DNA concentration, prokaryotic abundance from 16S rRNA gene quantification, microbial community composition) in the

sediment of the polynya area (Stn 10 and Stn 17) of the Amundsen Sea in 2012.



Fig. 10. Distribution of geochemical constituents(NH,", NO,, PO,”, Fe*) in porewater and sulfa
parameters (DNA concentration, prokaryotic abundance from 16S rRNA gene quantification, microbial

sediment of the ice shelf zone (Stn 19) and open sea (Stn 83) of the Amundsen Sea in 2012.



T35 Ul AAFHol =& polynyaol A= UAALEALA] oS AAHE U=
ol FF oA #alHo] HAZFOoR =dste ol diHo=
U 4712 sreFe] wrA UEFIUHKim et al, 2016). 3} T
mAE PP FEE AR Ul AA F polynya FAF-] Stnl0o] A
Fol 7 =4 vewoy, f7ls BT e AEste

eI Gk gd¥el 7 =A dJEwth Stnl03} Stnal7ell A
= AA mAE 23 F bacteria’} A= H o] M =L Fom AL
Ho, polynyaZ Holu} &gZow 242 archacal] H| Lol E7}aH%
thoolelgk At A EFPCR Zipeotx A A sk Hielth. Stnl0o A 7F3
2= ol gske] @V Yo}

3} (anaerobic ammonia oxidation, anammox)S G &3+ M A E F 3 o] ¥

0\1
o

2

4%t Planctomycetesi= ¥ A 370 A 2

o] 9lt}. Choi et al. (2016) 50| 9]t polynya 3ol €& Stnl74 4ol

ih]

4] anammox bacteria® A Z3]¥ T AT 16S rRNA gened A & PCRgh
3, HAZo] 6 - 7 om oA A WAE A= oF 39%E AA sk
o2 ZAFE Q) a, prokaryotic 16S rRNA gene 97| A d 24 Ao A
°] 33%E AA sk o2 e M2 FAE A3E B9 th(Fig.
9). ot A3 polynyad]oll A &3k Bl A7A FR ol Absto] 2la A
Hgr drel Fe TE FAYAH 2AE g Ge Aow ZAHYC
L dA A AAE T EVIAd dEYol Abs gl oF ZAAA Bl
o] 46% ol o® =A EFWFTH(Choi et al. 2016). o] 9 A S Ay
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Y

<

A

)

2

AwHon A% 91 @A WA VAR T nAFe] AAFE v
&€ 10 - 30% AE otk AW, Wl £daA i s NYF BAol
A ogFale] QoA mAlsto]l HA MAE el AAGE HEL H
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3 o] Wo| REsm MY FAdlAE uwAFe] wgel A Uehdr
(Kirchman 2012). Stn83 A 2] A$ HAE U F7]et4he] o] 04%= =3

=
wieJoF  Arel® Thaumarchaeota  Allw+  #go]  $Aslo] ey



bol UAE Qe A
ERI

S

Ry

=
=

Qhmfo}
91 tH(K6nneke

7d ol M
& A

B

Thaumarchaeota 2]

2005).

al.

et

1og

&

i

el

o

fife)
olo
N

!

N

ﬁo
W

Thaumarchaeota 1 A]|

5

™

™

~
fife)

&

P
T

©
=

ol

o
o2

T

ERRSERE

oz Aud.

ol

2.3. Stable-isotope probing
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