Effect of ice shelf melting on algae-procaryote

interaction
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I. Title

Effect of ice shelf melting on algae-procaryote interaction

II. Purpose and Necessity of R&D

Polar ice melt is accelerating due to climate change, causing problems
such as rising sea levels, and as a result of natural seasonal changes,
autotrophic organisms significantly increase biological primary
productivity, resulting in an active food chain in the ecosystem. In
addition, polynya in the Amundsen Sea, Antarctica, is known to have
the highest biological primary productivity in the world when
phytoplankton blooms as spring melts. Due to these characteristics, the
polar region is an important indicator of climate change, and active
research is being conducted in developed countries (Arrigo et al. 2000).
And ecological interactions that begin with melting lead to the
proliferation of prokaryotic microorganisms that contribute significantly
to the material cycles of the global ecosystem as well as in the polar
regions (Arrigo et al. 2000), of which a large proportion of ecosystem
predominantly microbial species are still cultivated. As a result, the
physiological characteristics of the species are desired. This research
aims to investigate the effects of thawing water on algal-prokaryotic
interactions through the acquisition of major primary producer algae
and the co—cultivation of ice lakes with prokaryotic microbes. The
identification of these algal-prokaryotic interactions is thought to
contribute greatly to the material circulation along with the
understanding of the lowest-level ecosystem food chain, but the culture
of major microbial species whose physiological characteristics are

difficult to study due to difficulty of culturing major microorganisms.



Therefore, this study provides clues to culturing unculturable

microorganismes.

III. Contents and Extent of R&D

Try to co—culture with the modeled prokaryotic microorganisms by
securing antarctic ice—water and primary producer algae samples to
confirm the interaction between algae and prokaryotic microorganisms,
and select major prokaryotic microbial indicators in the ice-water. We
will establish culture technology through co-culture. The established
culture technology will be used for isolation of unculturable

microorganisms after the establishment of enriched culture.

IV. R&D Results

Phaeocystis antarctica was identified as the primary producer when
the bloom occurred in Antarctic ASP through the study of changes in
the primary producer according to the sea ice. As a primary producer,
diatom was active. The metagenome analysis before and after the
formation of ice caps confirmed prokaryotic microbial markers
contributing to N, C, S material circulation. In addition, various
primary producer culture resources were secured through joint
research, and the resources used for co—cultivation of algae—prokaryotic
microorganisms directly inhibited primary producers’ prokaryotic
microorganisms and indirectly inhibited by secondary metabolites. It
was confirmed. On the other hand, it was confirmed that the
algae—~AOA co-cultivation conditions could also allow for synergism
under specific conditions, and succeeded in establishing an enrichment
culture by applying the conditions to the culture of major

microorganisms in culturing.

V. Application Plans of R&D Results

In this study, it was confirmed the main results of antagonism and
antagonism of thawing algae—prokaryotic microorganisms. How the
interaction in the real environment works can be used in further
studies by applying the co-cultivation technology of the present study,

which can also be used to study the effects of algae—prokaryotes on

_‘IO_



material circulation in the real ice lake environment. Furthermore, the
co—cultivation of algae-prokaryotic microorganisms has been
successfully utilized to establish the enrichment cultures of unculturable
microorganisms, and has succeeded in promoting the growth of
unculturable microorganisms. It is expected to be a key factor for the
study of physiological properties of isolated cultures of unculturable

microorganisms.
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olgl] Table 1 #%)

(2) WA ASP bloom ®AA] 2 1 2} AYAFAF= Phaeocystis antarctica®
44

(3) Picoplankon, Flagellate®= ¥ =

(4) Seaice°ll 4] Diatom®] -Hsle= oz Hol WadA HF o= Diatome]
8 1A AR 4.

(5) 2999 Fy/Fme W3 1 A A E A 9] Phaeocystis antarctica®l 7HE S
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6) 7] ASP Cruise® Eale] 1 A44Ae] BAAest] BAg S8 43a
X #F ATt 878,
Table 1. &= ASP T4l 9 12 Aikat £3F A}
Peak-1 Declining-1* Declining-2 Peak-2* Sea ice*
2010/2011 2011/2012 2011/2012 2013/2014 2010/2011
Sampling date cruise; 07 Jan  cruise; 14 Feb  cruise; 29 Feb  cruise: 03 Jan  cruise; 05 Jan
2011 2012 2012 2014 2011

Sampling point (depth) Polynya (30 m) Polynya (20 m) Polynya (25 m) Polynya (20 m) Und?‘; j)?)‘ iee
(10168 RN A genecoples/nl) : 25 o7 72 L4
NO;+NOy (umol/L) 15.0 9.6 16.6 14.9 26.6
NH;' (umol/L) 05 0.3 0.6 0.03 1.6
PO (umol/L) N/D 1.0 14 14 N/D
SiOx(pumol/L) 79.4 74.7 77.4 84.8 76.7
Chl-a (mg/m’) 95 5.9 24 5.8 1.0
Phytoplankton  composition (pg C/L)

Phaeocystis antarctica 2309 174.0 38.5 255.3 6.0

Autotrophic  picoplankton 24 10.0 1.7 0.02 37

Autotrophic  flagellates 6.7 2.8 44 3.6 0.9

Diatom 181.8 16.6 15.6 7.9 67.0
Total carbon 4218 203.3 60.1 266.8 77.6
Carbon to Chl-a 44.4 34.6 25.09 46 81.7
Fv/Fm** 0.3 0.3 0.3 0.4 0.4

Supplementary Table S1. Description of location and oceanographic properties of sampling sites.

GPS position: polynya center station, 73.2959 (LAT) -113.0192 (LONG);seaicestation72.3170(LAT),-112.4370(LONG)
*Used for metagenomics and metatranscriptomic analysis

#**This value present mean value of upper layer
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o B 1 ZRAAERRe) Y m Al ETke] T AE AlE
(1) 12482z danAEHe] As#g ~32Y © Ammonia-oxidizing
archaca (AOA)E 4&28 daAnAER o] &3 AOA 42 dHEYolE of

_21_



(2)S (8 BF F3FN), D (A% BE): T4 gHoE 48 Q4. 14 4
A7k (D) AF ANE FEA, B 1A AR wEe] Ut 2adAALE
(S)el AsE FA B

(mM) 1 2 3 4 5 6 7 8 9 10

S1%

S10%

D1%

D10%

control “

S-8 0.152 0.143

D-3 0.630 0.613 0.09% 0.097

(7V) Thecadinium (3)% Alexandrium (8) ©] 943 m A& AOAS AL A
dsl= AS glE

% D (AFH HF)olA inhibition o2 A7 &=
Ld W, o A= @] #&FE. S I 2E)
HA s €
(th) S-8: (Alexandrium)® 4%, S (H3 H<E)d “41 sample®] §X=7} A&
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Aol 5ol D (A3 HF)A®= vk A /BO] ERLEA] RE 7”*33;01
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HA e S g 5 QS
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gE2A vebd. Mgz ad As gt o] YEhve 1tel] g
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J
o

(th) 1232k AFeE A An A= (AOA)S] Ful Y (co-culture) WHS o] &3Fo] 3
& 12 AL} el A ETEe] A A go] dojds AAE &9l &
(2}) Alexandrium® Thecadium® LA+ A8 FAbo] Aty Al ey
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(1) A3 A5 (Tablel FF)E T3l F= ASP 3 A A=& 48 v A=
O Qs A" T v 2
Table 1. ASP bloom Al %3t T+ dan|AE FX A}
Peak-1 Declining-1 Declining-2 Peak-2 Sea ice
Raw reads 7683 5670 5042 10558 6211
OTU* 2290 1832 1833 3626 2051
Chaol estimated richness 12894.0 9587.4 10532.1 21865.0 10697.8
g:‘v*‘;‘r‘sll"ty“ index for 5.2 5.6 5.8 5.6 53
g:;“el;:l‘;'y‘ S(Inv‘;‘fsi’; for 55 45.6 53.6 2.9 19.9
Good’s coverage (%) 74.9 72.8 69.3 70.3 78.4
Taxonomy
Bacteroidetes
Flavobacteriales
Unclassified Flavobacteriales 1.11 7.51 9.54 1.75 1.87
poagelassified 8.96 12.05 1.07 1.04
Polaribacter 35.70 9.83 7.21 49.75 5.12
Psychroserpens tr 1.05 tr tr N/D
Proteobacteria
Alphaproteobacteria
Rhodobacterales
paclassifigy tr 4.95 4.50 tr 2.97
Loktanella tr 3.67 3.14 tr 1.46
Octadecabacter tr 3.02 1.83 tr tr
Planktomarina 1.76 2.70 3.23 tr 4.15
SARI11 clade
Pelagibacter 10.22 24.12 21.52 3.52 49.5
Unclassified SARI11 tr tr tr tr 1.01
Gammaproteobacteria
Alteromonadales
Pseudoalteromonas N/D N/D N/D N/D 2.15
Paraglaciecola tr 2.03 tr tr tr
SAR92 clade 8.12 2.51 2.82 6.50 4.18
Oceanospirillales
Ant4D3 27.59 16.61 18.27 29.75 12.70
Profundimonas N/D 3.39 1.08 tr tr
OM182 (order)
OM182 clade tr tr 1.33 tr tr
Pseudomonadales
Dasania N/D 1.98 1.31 N/D tr
Ruthia (order)
Unclassified Ruthia 2.92 tr tr tr 1.54
Thiotrichales
Methylophaga 1.05 241 4.02 3.34 1.49
ga:zmizp:fofeoZa(S:te]ri; ted tr 113 1.01 tr tr
(7HAntdD3: F=2] o 5o Hd3+= thE A QA Gammaproteobacteria® M A%

7t A+
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(4) HTC(Hight throughput Cultivation)”] <& ©]-83}¢] Extinction

AAste], 1 Mo AEZRE EFlFAE Aoy

(5) 96-well plate®} Flow Cytomter,
screening S %13 3}
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PCR& ©o]&3dte] ¥4

o A= ASPY F8 1x LA P.oantartica ©]&, wE

%)
ASP A7+ FAu ok Al =

R

bl

(1) ASP9] 2 1x AAEA}Q P. antarticas=

_25_

A A7 Metagenome
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o] &3l Ful Y (Co—culture)S &



052 082 (052 09% 052 10Z 052 122 052 142 052 162 058 182 0582 202
1.107 1.148 1138 1.158 0.570 0.477 0.436

co-culture

SW 1.193 1.335 1.291 1416 0.649 0344 0.351

NH4+ACA culture 2.846 2.565 3.162 2433 1.804 0.803 0.662

control MNH4 1.219 0824 1.002 037 0.215 0.204 0.385
NO3 1.296 1307 1.481 2463 2.698 34838 6.618
Skeletorema 5= 082 053 092 052 102 052 122 052 142 053 162 052 182 053 202
e DDs1 12.005 15.818 21127 36.657 43969 43087 59.645
SW 11948 17.934 21.148 38.376 47442 55610 76.096

NH4+ACA culture 12.951 14774 17.100 30.755 35300 36.480 41.885

control NHL 13.086 19.279 23.799 37.372 40930 39744 41.378
NO3 12.521 21.005 29.263 57.981 78.085 81.38% 108.118

O

2) AR A= T Kobidir= 3¢ FEU ol 43t 1At (AOA)THe] &1 A,
AOAS] tEYo} 47t Aas] = Ao] s AFtolA A=A+

(7V) Skeletonema= T. Kohidiidl Wv]&l #A&]z-& glo] AOAS TS 3= A
o= #Ey.

(W) P.antarticas °©)-&3t] &
7F oel 9] 71Edd Rk 2

e kS Al =3} OV, Pantartica WA &
o

% WY ATE AW,

m{ﬂfﬁ-ﬂ'ﬁ 0582 102 052 122 052 142 052 162 058 182 (052 20Y
o 51 0.081 0.093 0.085 0.107 0.130 0121

T kofoidii
0133 0161 {162 0216 0281 0.296

<1 0.0sd 0113 0134 0.240 0481 0.726

oD
Skeletonema
SwW 4.138 0218 0.308 0634 968 0901

centrol ] 052 102 052 122 058 142 058 162 052 182 058 202

£ pos2 0081 0.116 o0 0395 0665 0.929

SwW 0171 0.270 0.286 0371 0476 0.625

_ . ACA culture 0.114 0113 0.095 0.115 0124 0.113

T kofoidii

Only NH4 -0.018

ACA culture 0107 0.109 0.089 0.101 0121 0.108

Skeletonema

Only NH4 -0.020
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3} 7]
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sequencing
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Alexandrium pacificum B4

Oceanococcus atlantict

Antarctobacter hellothermus

Antarctobacter

Nitrosopumilus maritimus
Ammonia oxidizing Archaea (AOA)
OoTU 112

Ikaliphilus

(4) % HZ2ZEE Ax FsE A dinoflagellater WHE o B
(63PPFDo V?: o Al 43743t Dinoflagellate & Gambierdiscust™ RTh W2 3%
A AT £ oy =¥ AFEEE 185t co-cultureZ2E A 22

(5) Fe FroAMe AF &%} nitrated] W AITEE amHs] HAS u,
AOAS} co-cultureo] A3t algae™= Skeletonemaz <213},

Skeletonema
WO S /

Absorption

Time (Days)
6) 27 AP =A A}, Skeletonemas nitrateE A 5.3Fo] AOA<Le] F Al
d A H =2 AHAEE Y.
Skeletonema
12 ——a——  DUST- Skeletonema
ceeaQieieees SW + Skeletonema
WA Sl o
084
s
T 06
Iy
‘s 044
§
024
0o
02 T T T T T
0 2 4 2 8 10 12 14
Time (Days)
(7) AOA ¥ = A A, strain SW A% 29 A5 algae’l 37 A&
0 =2 AEEE HY.
®) old A3 A vEo AOA AHE =H A}, Skeletonema’}
nitrifier®] A& 28-S AHE =0 A5k Aow AZHE.
U At 2R-damAE Jszrgo s AdEAg o7 &
(1) A8 Ad79 =7 dAuAES] F548S WA A A=A &2
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7] Sla b2 A ARE o) ge) FHWMTL AR

station Surrounding Sampling Sampling Depth Latitude Longitude
Date (m) ) (°W)
7 open ocean 2017-12-29 2040, 1(;2'1:-;00‘ 1000, 56.00 145.71
9 open ocean 2017-12-30 45,100, 1200. 3010 56.99 147.39
22 Western G.etz Tee 2018-01-20 A5.725 74.22 128.55
shelf
27 Middle Getz Ice shelf  2018-01-22 270. 1011 73.88 118.72
31 Polynva center 2018-01-23 20, 358 73.50 116.50
33 Polynya center 2018-01-23 40, 812 T2 114.94
38 Dotson Ice shelf 2018-01-24 22,1047 74.17 112.72
46 Polynya center 2018-01-28 10. 440 72.85 112.50
49 Polynya center 2018-01-29 40. 577 72.78 115.12
50 Polynya margin 2018-01-29 35,528 72.45 116.35
52 Polynyva margin 2018-01-31 40. 480 72.00 118.41
53 open ocean 2018-01-30 35,2380 71.00 120.00

(2) ujekA Qe A E(AntdD3, Pelagibacter)®] canonical metabolic pathway
7F FARS gotstn e 2 2o R wIuds A=

(V) Prochlorococcus marinus (lysate, 20% of total volume), 0.05mM
ammonia, 0.05mM pyruvate, 0.0lmM Methionine, 0.05mM Leucine and
0.0lmM Glycine

(W) Phaeocystis antarctica (sea water samples filtered using 0.45um, 20% of
total volume), 0.05mM ammonia, 0.05mM pyruvate, 0.0lmM Methionine,
0.05mM Leucine and 0.01lmM Glycine

(3) Target microorganism= Z-2 % canonical metabolic pathway@® ¢<la} <]
¥ PEe N, S sources oA grfoF st A& webA G A
9] N, S sourceE WY = UE organisme 53 FH WS Ao JHA

3}
.
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(4) 96-well plateE ©]-&3to] Z/F<f Iy LA TA| S A=)
st46 (Polyna Centre) scm&bottom Nitite (mM)
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coo o =d=] f=t=e] v <20 oeg coo ow eoo o oo
oce Q.01 oo0 000 000 Q.01 001 Qoo oo o000 000 o
000 Q0 000 .00 20 000 Q.00 000 000 -001 Q.00 £01
0.00 000 ooo 000 0.00 oM 401 0.00 00 -0 ooe 000

000 Ll 000 002 Qos 0.00 o002 000 000 000 o0 000
o000 0.00 000 co02 Qoo 000 oo02 oo0o 000 000 000 Q.00
oo o000 200 o ooo .00 oot oo 000 001 ooc 000
000 0.00 Q01 oo .00 £01 o0 000 000 000 000 000
001 000 o.00 001 Qo0 Qoo o0 ooo 000 =0.01 QDo oo
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st.53 (open ocean) 35m
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BG) 714 FA4& T, 9k @4S dEde
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St.46 (Polynya Centre) scm
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(1) A3 A4 A3}, Skeletonema (diatom)2] 74-$-, AOA (nitirifier)e} &1l &o]

7V st g, AT Thecadinium (dinoflagellate)e] 7§, Frjdo] E7}3ith=
A Ak

Thecadinium kofoidii

—t—  DOS1+ T kololdi u
1Qhxer SW + T kofoidi /‘
6 ————— T kofoldll (NH4=, ADAmSdIa)
— e T KOoidH (NH&4) /
5 - — —& — T kofoldii (NO3)

Absorption
\
A

Time (Days)

(2) ¥= ASP blooming *], dinoflagellate ¢ 3t= AL #2138t S. Diatomy}
AOA?9 Fw e 7Fsstu AH dinoflagellate®} target AOA7} &
= (antagonic interaction). ™24 2= ASP blooming Al, 3l A
of duj g mAEY ZF(algae)] HEAAE FHEE /1A

S Aol ofFzo] o], vdFe A r A EH dinoflagellate®] &l ¥
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ki3
S YT A<

(3) ol el #AHS AW F5 s ARE oS FISA &L AA
< WA FAo] AtekA = el BEE. o= A W =ds B
AARE, Gl v HA W 2AE e odwS As

4) & w2y 7 94 A= Audy R Ay Ve w4 73
& A4 0]2111”}, el oess Aol FIhEA J
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