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Understanding the generality of terrestrial life

(L s 1
YAMAGISHI, Akihiko 1*

DHRCERIC A AR AT
Tokyo Univ. Pharm. Life Scie., Dep. Applied Life Scie.

We only know the life on the Earth. In this presentation | am going to evaluate the system especially genetic system of terrestrie
life. Water is needed for life to solubilize the molecules and especially important to maintain the structure of protein. Protein is
needed to almost all activity of life, especially catalytic activity that is carried by the protein called enzyme. All terrestrial living
organism consists of (a) cell(s), surrounded by membrane. Membrane is maintained by the hydrophobic interaction driven by th
hydrogen-bonding network between water molecules. Genetic information is used to form the structure of enzymes to induc
catalytic activity, forming the arrangement of amino acid residues. What are the necessities and what are the coincidences? |w
present some clues to the questions. These can be useful for searching for life in the Universe.
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Extremophiles under pressure: Integrating experimental and field studies at deep-sea h

drothermal vent sites _ _ _ _
Extremophiles under pressure: Integrating experimental and field studies at deep-sea h

drothermal vent sites
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In the great depths of the Earth’s interior, forces capable of moving continents sculpt the seafloor and form volcanoes trans
ferring materials and energy to the ocean. Seawater circulation within these magmatic provinces results in the development
deep-sea hydrothermal vents that are often considered to resemble the conditions on early Earth. It is under these extreme c«
ditions that, by a synergy of chemistry and biology, life thrives in the absence of light and sparse nutrients. Notably, anaerobic
chemolithoautotropic bacteria that inhabit these extreme environments tend to branch deeply in the tree of life, probably retainini
relics of early metabolic pathways.

Here, we present data from shipboard continuous-culturing incubations of hydrothermal vent fluids conducted during an R/V
Atlantis-ROV Jason/Medea expedition to the deep-sea vents sites (2500 tBpad East Pacific Rise (January of 2014). This
was accomplished through a multi-disciplinary and multi-institutional collaborative effort to collect; transfer and culture vent
fluids from the diffuse flow sites, onboard the vessel under seafloor pressure conditions (250 atm). Experiments were designed
study the cycling of N through the metabolic processes of denitrification and dissimilatory nitrate reduction to ammonia (DNRA)
underin-situ deep-sea vent temperature and pressure conditions.

In detail, we studied the growth/metabolism of nitrate-reducing microorganisms at mesophiiit) @@d thermophilic (60
°C) conditions at pressures ranging from 5 to 250 atm. A high pressure bioreactor was employed onboard the ship to allov
direct study of the biological functions of microorganisms collected from diffuse-flow vent fluids (Fig. 1). This experimental
approach facilitates continuous culture of microorganisms at temperatures ranging from 25€oa2Dpressures up to 680
atm. The system allows incubating microbial communities in medium enriched with dissolved gases, under aerobic or anaerobi
conditions, while permitting periodic sampling of the incubated organisms with minimal physical/chemical disturbance inside
the reactor.

Experiments conducted simulate the subsurface biosphere environment and the continuous mixing of seawater and hydroth
mal fluids in the oceanic crust. Vent fluids were delivered to the bioreactor under high pressure and homogeneously mixed witl
aqueous media solution enriched in dissolved nitrate, hydrogen'?@athbeled bicarbonate to facilitate the growth of nitrate-
reducing chemolithoautotrophic bacteria. Two distinct sets of experiments were carried out for 356 and 100 hours. During
the course of the experiments we monitored the growth of deep-sea microbial communities by measuring cell density and th
concentrations of dissolved aqueous species directly involved in nitrate based metabolism, sugh asliNG', Hy(,,) and
H2S(,q)- Subsamples were also collected for a number of shore based analyses to determirieNi} tieisotope composition
of NO3;~/NH, ™ and constrain kinetic isotope effects associated with denitrification/DNRA; ii) to study the rates of autotrophic
carbon fixation by NanoSIMS; iii) to perform single cell genomics on the microbial populations grown in the bioreactor and (iv)
to isolate and characterize novel microorganisms from the communities established in these experiments. In short, experiment
results constrain the function and metabolic rates of the native denitrifying microbial communities residing at moderate temper.
ature conditions (30C), while DNRA metabolic pathways were identified for the populations residing at higher temperature
diffuse flow fluids (60°C).

F—"7— F: extremophiles, deep-sea hydrothermal vents, chemolithoautotropic bacteria, high pressure, continuous culture
nitrate-based metabolism
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Robustness of the thermophilicity of ancient organisms
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VIRGUERICE - AR - OB EamRlas
!Dept. Applied Life Sci., Tokyo Univ. Pharm. Life Sci.

All of the modern organisms are thought to have evolved from a single common ancestor named Commonote (1). In order t
investigate the environmental temperatures of the ancient organisms, we resurrected amino acid sequences of ancestral nucleo:
diphosphate kinases (NDKs) that might be hosted by the last common ancestors of Archaea and of Bacteria. The enzymr
catalyzes the transfer of a phosphate from a nucleoside triphosphate to a nucleoside diphosphate.The ancestor of NDK family
thought to have been possessed by the ancient organisms because most extant cells, from bacteria to human, contain the gen
that encode a member of this family of proteins. More importantly, the denaturation temperature of a NDK correlates well with
the optimal growth temperature of its host. Therefore, we can estimate the environmental temperature of the ancient organisms |
reconstruction ancestral NDK'’s amino acid sequences and characterizing their thermal stabilities. In our previous study (2), th
ancestral amino acid sequences of NDK were inferred from two phylogenetic trees with different topologies using a maximum
likelihood program. The sequences were then reconstructed and characterized. From thermal denaturation experiments of t
reconstructed enzymes, we estimated that the common ancestors of Archaea and of Bacteria lived"@ta81d®80-94C,
respectively. The Commonote was also likely to be a (hyper)thermophile that lived at a temperature alioveldisever, a
criticism for our conclusion is that the ancestral sequences have been inferred with an assumption that the amino acid compositic
has been constant through evolutionary time. Gouy and coworkers (3) predicted the amino acid sequences of ancestral protei
using a Bayesian method that does not assume the constant evolutionary process through time. They estimated the optin
environmental temperature of the ancestral organisms from the amino acid composition of seven amino acid types: leucine
isoleucine, valine, tyrosine, tryptophan, arginine, and glutamate. Based on the analysis, they suggested that the archaeal a
bacterial ancestors were thermophilic but the Commonote was not a thermophilic organism. In this study, we re-inferred ancestr:
NDK sequences using the same Bayesian program. The ancestral NDK sequences were inferred from two phylogenetic tree
One tree was built without constraints and the other with the constraint that Archaea and Bacteria each represent a monophyle
group. The gene encoding the ancestral NDK sequences were synthesized, exprEssédiiichia coliand then the ancestral
NDKs were purified. Thermal denaturation measurements showed that the newly inferred ancestral NDK sequences are al
extremely thermally stable. Therefore, our conclusion of the (hyper)thermophilic ancestry is robust even if the ancestral aminc
acid sequences were inferred without the assumption that the amino acid composition has been constant over evolution.

(1) Yamagishi et al. In Thermophiles: the keys to molecular evolution and the origin of life? (1998), pp287-295.

(2) Akanuma et al. Proc. Natl. Acad. Sci. USA (2013)110, 11067-11072

(3) Boussau et al. Nature (2008)456, 942-947
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Origin of Eukarya based on phylogenetic trees of aminoacyl-tRNA synthetase
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Woeseb (1990; PNAS 87:4576-4579%. 16S/18S rRNACH DW= TR IFEMZER L. 247% 3 DD R ALY (B
IEAEE, SRIE, BEAEYD IO LTz, T 3 R AL VEORMBIR, FHCEREMORMENINMEIC DN T, BE-E
YAV RIES & I3 HNAITEIL L7c L 9% 3 AL VEte, HfllED S LTz & % 2 IO Caim S N TV 2D,
FEH TRV, EETIET / L7 — 2Oy, 2 < OBE -2 RIRHC W e 2EV O RN T DA S, 2 770
HERTHRERNZ B 5N T3 (Guy & Ettema 2011; Trends Microbiol. 19:580-587, Williams et al. 2012; Proc. Biol. Sci.
279:4870-4879, Williams et al. 2013; Nature 504:231-236, Willams & Martin Embley 2014;Genome Biol. Evol. 6:474-481)
UL L7Eh s, BAEY L R E TR EYREICOW TIEBRDRTREEDREN TV S (Thiergart et al. 2012; Genome Biol.
Evol. 4:466-485, Rochette et al. 2014; Mol. Biol. Evol. 31:832-848) 115 DFEREN 5, ERAEWIIHD AT EF I EEL
REINTEL., REICERDHFN TV S,

AWZE T, 23FDT 2 /7 )V IRNA &K (ARS) DBIE 7 D7 THRFEBZIER L. ThEltikd s T8
LY ORKE R i Uz BIET 2EMEETHRRZE - TH0, Vil L 2B LETIc DY X7 I
MBOI LIz EZBND T M5, ARS DL Z TN FIEMOYIEEL O AREWEERIC BN S, BE-EYNE. Hilg
HTMHENE ARSI Fay R 7RERATHA I NS ARSEHIZ DEIE & L TR, 2NN HI0ELRE
2> TVWE T ENHENTWS, FlEld. BEREYIORENFF > Tz &E X 5N 5MIERID ARS ORMHINE
LT AEYIREICEE U,

F9, BLAST MRz VT 23D ARS D7 2/ FERcH] 7 — & (118%E: B/ 57:0#li 23 54%2EY) 38) 2 UL
L. 23O 7—%ty 2L, TNTNDOT—Z1y MCDOWTT I4 AV it &IHE (RAXML) &XA
A (PhyloBayesyr FlV T ZNZENDMEIE TR ZERK LTz, £z, 3087% ARS A L2 IV THRE RV Z/ERL L.
TNZTNDBIE TR OMROAEZHEE LTz,

fEAT ORSR. 23FEORMBON., 13FORMM CIIEREYOMIIES ARSHHRFTH D, 7 ORI TIZZ
RRTH Tz, D IFHORMEDS B, 2 MIZEAEYOMIER ARSHFEE T, LHEISMITER ARS HYE EAHE
FELURRECH o Tl D, BN LIRN LUTc, BERAEYOMINER ARS DR TH > 72 1I3FORMBON, ELAE
MO EINIE 9 ORI TR ONEE L 72D . AFORWB CHIEMIAON L K> Tc, 2RMEE ST TH
ORI TE, MRER ARSITHMED U IEEIEMFEONE x5z, TNb 20fORMRD 5 2 SISk &
N7,

MDA DN 3T, MIIER! ARS 13 TACK superphylumc g9 2 il L b g CH - 7=h3, fllo 37
Tl& Euryarchaeotd iifx T > 7co TN HDHIRIE. ERLAEYD TACK superphylumé Euryarchaeoté A7 1 K S
BT LR, MEOEFENEME UMD EREYORETH > 7O TId R0 s T e 2iET %, £z, HIE
MR ONEEL 2o 7z AFOHITER ARSIE, 2 THIZ OEIFME & kb g5z, DT i, AL DHEIEMEFE DS
J LB ERAEEIROT /) LA LTS8 ERENE S D | B E NGB RO EREYREIROMAnE R
BEHboT EERT, T HIC, HIRER ARSHZRIFEIC/Z > 72 7 HORMENE, BEREYOHELOBERICB VT
IS U < BEEMREER O U 7B 5 F/KCHRREDHITE S ARS DB Z b D 2 Lz LWnd T 2R,

DUERBRET 2 & BERAEYIOMI I TACK superphylumDidii & Euryarchaeot®O DRI LIz tlc, MLk E
IEE R OB T IKARIB OB 22 T L LAY TH Tt EZ BN S,

F—T— R RN, 7 2 7 2V IRNA B KEER, #IE(L, BB ORI
Keywords: phylogenetic analysis, aminoacyl tRNA synthetase, early evolution, origin of Eukarya
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The First Report of the Tanpopo Mission after Its Arrival to the International Space Sta-
tion
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Insti., Tech., *Kyusyu Univ.,

To investigate the panspermia hypothesis and chemical evolution, The Tanpopo mission has been developed as Japan’s fi
astrobiology-drivenl space experiments since 2007 (Yamagishi et al., 2009). This “Tanpopo” mission is launched this spring anc
it will be likely to start its first-year exposure on the ExXHAM pallet onboard the Kibo Exposed Facility of International Space
Station (ISS) by the time conference will be held.

The Tanpopo mission is composed of two main experimental apparatus: capture panels and exposure panels. Both will &
prepared inside the Kibo module and exposed via airlock with its robot arm up to the maximum of 4 years. The capture panel
are to intact capture micrometeoroids, space debris and possible terrestrial aerosols uplifted to the ISS orbit by the world’s lowe:
density silica aerogels exposed to space. If the Tanpopo succeeds to capture terrestrial microbes embedded in the aerosol parti
in the aerogel capture panels, it will push the upper limit of existing altitude for terrestrial microbes from the current record of
77 km to 400 km from the ground.

We also test both the survivability of some terrestrial microbes and the chemical alteration of astronomical analog organic
compounds in the near Earth space environment. For the former, we emphasize on the importance of cell-aggregates, who
concept is known as “masapansperimia” (Kawaguchi et al., 2013), as the ark for interplanetary transfer of microbes

Itis planned that the first samples of both panels will be retrieved back to the Earth in mid-2016, for post-flight analysis initially
at ISAS and then at laboratories nationwide by the Tanpopo Team members.

References
Yamagishi et al., 2009, Trans. JSASS Space Tech. Japan, 7, ists26 (2009), pp. Tk 49-55.
Kawaguchi et al., 2013, Origins of Life and Evolution in Biospheres, 43, 411?7428.

Keywords: space experiment, ISS, panspermia hypothesisi, chemical evolution
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Phosphorus and iron cycles during early diagenesis of sediments under anoxic water ma
in a meromictic Lake Kai-ike

R B s (T B2 NS R 3
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JEVLSIR FERE HME. iFE SN TRT SNSRI CTH 2, NGB DIRAT Bk e K OREKE
DIBEFEC X > THIKORENZKEDEC TV 3, TORDFOTEIIEYI 2 IRIC X 0 KR Z 29 5%, K
R A" 5MICHAAES IR OBEILETTEC I BN B R 21T 5 fLamsilE MR L T 5, HEREYIEREICE, &
IR IC K > TSN TV S <y MIR#EEN R 51 % (Nakajima et al., 2003) D X 2 &EEilX, K&HD
MERIRE OZ FRFTCETTNAIREEN B L Thic & ENAHH 24 BELETS. Hilifid OAE DET IV ERAT T LN T
& OBEITFE LIRS Z BT 2 F00 0 £72D 5 % (Oguri et al., 2003)

AW THEE LI VEHERBRETTRTH D . EYO— R4 ORIEAE T3 (limiting nutrient) T&H %, X728k
I& redox-sensitive elementd O . AFRED Fe(ll) Mt T N5 L EBBIEMIMTLRT 20, ZORICY) >V Z2WET %, £
DbV ¥ & YIHAREKIER OMBFE TR LS CIRIED Z LICHURIC B2 20 | RO T b ES DT+ — RNy
DB, TEDH Y YOOI KK OBREE L BHE L TV ARt dH % (Van Cappellen et al.,
1996, Y > OFIHIIERICEE S 2 0H781%. BIROBLIEF TZ < RENTE D . AW TIRBINKIL T o Bt
Y1 (KAI4 177; Yamaguchi et al., 2010 & H Uz, U VN USKOTFAEERER M 2170, BB{ERKER T oOHiBk{bZ
ZEE) & DL, OAE 7% i A DM RIREI DT\ DJSHZ HiNE LTz,

HEREYRARIHP D) > SEDEXZ (Ruttenberg, 1992k 2410, Py (W) Pre (ASERE). Pown (HA). Paer (H
JE1E). P,y (BHERE) O 5EHEIC, $RIC DUV T Poulton et al. (2005 5E1C. Feycr (HCI AITA). Fe..» (REEHR). Fe,,
(FBIEYD). Fenag (HEEKIE). Fe..o; (BEIE) O SIEREICZNENE, Em LTz,

HRGEH D 11.5mb SR E Nz KAI4 HEEIOERBIC BN T, &Y YHOEEHRE LD > DI Py, THO
HREH sem TRMRIR DR SNz, “RHICHANE > IR Pr, TH T2, Ppe. Fe,, W N E HEREYIE
ETE—27R3R6NGh>Te, Thid. BBIEYMOBEDHBEIELCTOVRNWT L ZRBT %, /. Fe,, dHEREYIE
KETIRIMENT, FEZET LI ERMENL /2.

FEZENAE T 2BHEDWHE T, HEMEETEC ) v OSBIEYIAOW - MR & RIS T4 U % $kig(t
PIiECIfES V) Y ORIBUKANOFEK . 205 U -3kt Z)vic kb, Bvkh o) U EgRE & < Rizh, B4
INZA S OTRBMEEE NS (Slomp etal., 1996) LU, MEICEERDE(E LW Hit TlEHERYIZRE O ket O 17
ERENDIR N2, BRI O VX AET 82 A MR T 28 < R, HRYIEEDHE U TE P, 131 E
AEEIMUIR, EBIT, PpelPyrg L& Puyn DIEMDEEWNIEOHEZE DT &M 5. Pre & Py D=L 2D
HRICERSBIEL TV A T IS NS, FICTHERI N SE TV VIERIBUKRICR £ 2 T &7 OB
TNTVBEEADNS, Eio. HRIERICHT BHMILYORIEE U TOELS, Fe,, OHBER5N5D 5
Teo TDOMRDY . Fery O/NEHRE—IDRLENIZT DD, HREYIERBEII T Fe,, ZEKT 21Z ED HSIEFAEL
BNT EAVREEND, Fe,, DIFERIFEEZIET LI, U Lich > THEDRLIETIREZ /RS 5D
DOP(degree of pyritization; Gg/(Fe,, +Ferci)) *° Fey rlFe o, DIEE IS %,

HithlE sk, L OBSKIERIE CTHERI L 72V & KEBTAVKBLICIR D | #iHR & U THGIKERFICER L 72V 3
YRR —RAEEOME, & SICRBIGETCREEOZLD M) H—E ko> T\ el EARBINS,

F=TU—=F: U, 8k, WIIRERRIER, BSIAYEE, kst

Keywords: phosphorus, iron, early diagenesis, photic zone anoxia, anoxic water mass
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Development of Astrobiology with Exoplanet Explorations
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ITHEORNKEBE O OERITHRTE LV, AIEHE AN & 5000fHL EORINEEIREMNREETN TS, T
2 ¥ TR E RS OEERSER S nRERRHRIC R o Te, ZORER, SFEIEREZATOTEEDEDLDICESH
REENFET BT ENP LN, ED DT, NASADT IS—HRICKZAR—ZA 5Py FEIREIC
iz 2 FRSERERNC X D, A—/8—=7 — X PHIERRIER 2 IZHE ORI K 5T EEIFET 5 T EAHL MRS
2o LA L, 7R TRRINEEZRZIIVINGESICIE L, 10 HELADOAFEOEEDOEFDb DI NED
BUINE 2 VB II KRB CH %, L F. SREABRESICH T 2 EmOEEIEIE 2N (1) AHEOREERE (M B
B) DEXDYORAGEREZHT % 7z OFH iR Z BB M iziEyfc ik U, 28O E 2 7))V S 2 /i
T5T L, BLU, (2) &0 DOIFHERRIEREICOWTIE, FIFEHDOIIX 2 s EE L eas IRD 7z W o KRS —
RAEBTFIHEEBFT LTS, ERENDREIZ, 20227 7 — A I A M &EMZ 5 TMTI3I0m @Sk Eic ks, IF
HHERAIERES (O « EiEEMEZE D EET D) ICBIFAEMOED b BN T A EMEANRE R DA S,

F—T— FRIRE, RIMR, NE X TVERE, SREORER
Keywords: exoplanet, infrared, habitable planet, red dwarf
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(REmEE O DNE 2 7 )UK e B PR _ _
Search for extrasolar Earth-like planes in the habitable zone using InfraRed Doppler an
the Subaru

K A
OMIYA, Masasht*

VENIRX S
INational Astronomical Observatory of Japan

Planetary systems around low-mass stars are attractive targets to search for Earth-mass planets in the habitable zone bece
Doppler signals caused by the planets are relatively large and the habitable zone of the low-mass stars is located at close-
orbits. For the advantages, we have a plan to conduct a planet search program of low-mass stars by the Doppler method usi
a new InfraRed Doppler (IRD) instrument to search for Earth-like planets. IRD to be mounted on the Subaru telescope in 201¢
is composed of a very stable near-infrared high dispersion echelle spectrograph and a laser-frequency comb as a waveleng
calibrator of the radial velocity measurements. The main goals of the program are to detect Earth-mass planets in the habitab
zone and to understand statistical properties, formation and habitability of extrasolar Earth-mass planets around low-mass star

We performed a survey simulation of our planet search program using IRD and the Subaru telescope and estimate expect
numbers of detectable planets around low-mass stars based on the results of theoretical population synthesis. In this simulatic
we expect more than 50 planets including the more than 30 Earth-mass planets and 10 Earth-mass planets in the habitable zc
on a suitable survey plan. And we would detect some transiting planets in the habitable zone, which can characterize planeta
atmosphere and may discuss the habitability of the planets by making follow-up observations.

Keywords: Earth-mass planets, low-mass stars, habitable zone
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K RIEIE DI EREINC & B & NI Ak ORI |
Absorption efficiencies of light-harvesting complexes exposed to the photoenvironmen
of extrasolar planets

ANES 55 T MR e L ERDDEHE L EE E L EE 5
KOMATSU, Yu'* ; UMEMURA, Masayukt ; SHOJI, Mitsud ; MEGUMI, Kayanuma ; SHIGETA, Yasutert

LR
LUniversity of Tsukuba

The detectable size of extrasolar planets, which are planets outside our solar system, is getting smaller. Recently, an Earth-si
planet has already been discovered in the habitable zone, the region where a planet can hold liquid water on the surface. E
obtaining spectra of exoplanets, a lot of information is derived. For instance, the surface type affects the spectral shape. If w
detect the signal of vegetation on exoplanets, it will be a direct evidence of trace of life.

However, trace of vegetation on exoplanets is uncertain when the primal star is different from the Sun. As the first step
before detecting trace of vegetation on the planets, it should be examined what kinds of photoenvironments are acceptable f
photosynthetic organisms on the earth. Significant processes of photosynthesis, light absorption and excitation energy transf
(EET) processes, occur in light-harvesting complexes (LHCs) that contain photosynthetic pigments. Particularly, we modelec
the two processes in the LHC in purple bacteria (LH2), which absorb longer radiation than that in plants, since planets around N
dwarfs or M stars (cooler than the Sun) will be the observational targets. We investigated how efficiently the LH2 system absorb:
light energies depending on stellar radiation using the quantum chemical calculations.

To begin with photosynthetic pigments, the absorption spectra are calculated to evaluate absorption efficiencies under seve
stellar radiation spectra at the top of atmosphere (TOA) of the planets. The pigments and LHC have three main absorption band
Soret, the Qx and the Qy in order of the wavelength. We found that, among the six major pigments, the efficiencies around highe
temperature stars, the F, G and K type stars, vary depending on whether Soret bands are placed blueward or redwakd of 4000
break, which is a steep change due to the absorption by some metals in stars below 400 nm. Around the M stars, Soret bands
not contribute the efficiency anymore. Alternatively, Qy bands affect the efficiencies crucially.

Moreover, the EET process in the aggregation system of LH2 is investigated. The EET velocity becomes double when twc
pigments in the central antenna are exchanged to the pigments with low excitation energies (from 850 to 890 nm). We also foun
that the efficiencies using estimated spectrum of the 19 LH2 system are maximized offset from the solar effective temperatur
(5778 K). The Soret band still has a contribution to the efficiency because the band is just arourfd B

In order to estimate the efficiencies on planetary surfaces where the organisms inhabit, the planetary atmospheric effects a
considered using simple radiation transfer calculations. The contribution of Qy region is affected due to absorption bands by
water vapor. Atmospheric conditions, i.e. oxidizing earth-like or reducing, vary the efficiencies around M stars significantly than
those around the Sun. This is particularly because of the spectral overlapping in the Qy region.

In order to examine conditions which would lead to effective light absorption around M stars, we evaluate the efficiencies with
different conformations of the pigments and the LH2 and the solvent. The wavelength of absorption shifts about 120 nm longe
in the 19 LH2 system whose central metals of the pigments are exchanged to Pd, compared to that without the metals.

In any conditions as considered the planetary atmospheres, Soret bands contribute the efficiencies due to being enough redw
of 4000 A break. Therefore, in the history of the Earth, there is a possibility for the organisms to have evolved the Soret band to
absorb light energies effectively.
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Verification of ablotlc formation of bioorganic compounds by utilizing Low Earth orbital
environment
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Formation of nucleobases and amino acids by meteorite impacts on early Earth
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Emergence of biologically important molecules on the prebiotic Earth was a critical step for the origins of life. Miller-Urey
type synthesis was once demonstrated the formation of these molecules, such as amino acids and nucleobases. However,
duced atmospheres replicated in those experiments are not realistic considering hot accretion of primitive Earth and hence, th
raised questions about how such biologically important molecules were formed. Impact-induced reaction is a potential pro-
cess that provides these molecules on the early Earth. Formation of a few simple amino acids, amines, and carboxylic acic
has been demonstrated in experimental simulation of impacts [1-3]. In this presentation, we report the formation of biologi-
cally important organic molecules in experiments simulating reactions induced by extraterrestrial objects impacting on the early
oceans. The products contained cytosine and uracil, which are nucleobases found in both DNA and RNA. Proteinogenic amin
acids, glycine, alanine, serine, aspartic acid, glutamic acid, valine, leucine, isoleucine, and proline, were also formed as we
as non-proteinogenic gf-alanine, sarcosin@-amino-n-butyric acid, an@-aminoisobutyric acid. Furthermore, methylamine,
ethylamine, propylamine, and butylamine were found in products. These organic molecules were formed from impact-inducec
reactions from iron, nickel, forsterite, water, and ammonium bicarbonate. The yields of produced organics were dependent o
the amounts of both metallic iron and ammonium bicarbonate in the starting materials. Estimates based on the experiment
results suggest that the formation rate of biologically relevant organics by impacts exceeded the rate supplied by carbonaceo
chondrites and was comparable to the flux of interplanetary dust particles (IDPs), although the concentrations of such organic
in IDPs remains unclear. These results significantly expand the availability of building blocks of life on the prebiotic Earth.

[1] Furukawa, Y., T. Sekine, M. Oba, T. Kakegawa, and H. Nakazawa (2009), Biomolecule formation by oceanic impacts on
early Earth, Nat. Geosci., 2, 62?66. [2] Goldman, N., E. J. Reed, L. E. Fried, I. F. W. Kuo, and A. Maiti (2010), Synthesis of
glycine-containing complexes in impacts of comets on early Earth, Nat. Chem., 2, 949?954. [3] Matrtins, Z., M. C. Price, N.
Goldman, M. A. Sephton, and M. J. Burchell (2013), Shock synthesis of amino acids from impacting cometary and icy planet
surface analogues, Nat. Geosci., 6, 104571049.

F—T— R EMOEIR, 7 A A AT —, 7 I B, Ba, 528, G
Keywords: Origins of life, Astrobiology, Amino acid, Meteorite, Impact, Organic compounds
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Collisional growth and the evolution of the internal structure of Archean organic haze

particles
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Polypeptide formation from oligopeptides
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A reinvestigation of ALH84001 magnetite using SQUID microscopy
A reinvestigation of ALH84001 magnetite using SQUID microscopy
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The "4 Ga Martian meteorite ALH84001 has fine grained magnetite crystals embedded in carbonate blebs along its fractur
surfaces (McKay, 1996). Some of these magnetites are strikingly similar (in grain size, morphology, and composition) to those
made by magnetotactic bacteria on Earth (Thomas-Keprta et al. 2009). Great debate has raged concerning the origin of t
putative biological magnetites. Until recently careful magnetic examination of the magnetite in the carbonate blebs was not pos
sible due to a lack of instrument sensitivity. The ultra-high resolution scanning SQUID microscope (UHRSS) now allows us to
study the magnetization of individual carbonate blebs that have been extracted from the meteorite. We are also able to visualiz
magnetization along fracture surfaces and within the bulk rock by scanning thin slices of the meteorite with the UHRSS.

Two leading hypotheses exist to explain the magnetites found within the carbonate blebs: high-temperature shock deforme
tion leading to the decomposition of iron-bearing carbonate minerals to form magnetite (Treiman and Essene, 2011), and th
sedimentary deposition of previously-formed, mature magnetite in an aqueous micro-environment as would be the case for
biogenic origin (Thomas-Keprta, 2009). A well-established paleomagnetic technique which can distinguish between these twi
hypotheses is the Fuller test of natural remanent magnetization (NRM) (Fuller et al. 1988) which probes the efficiency of the
magnetization. If the magnetites grew in a solid state process inside the carbonates (like is suggested by Treiman and Esse
(2011) they would be unable to physically rotate as they become stably magnetized and would have a highly efficient magneti
zation. If the magnetites were detrital (as would be expected from a biological origin scenario) the magnetization would be three
orders of magnitude less efficient because the particles would be subject to Brownian motion as they are deposited. Additionall
the susceptibility of Anhysteretic Remanent Magnetization (ARM susceptibility) can be measured for the carbonate blebs. The
ARM susceptibility measures the inverse of the effective r.m.s. field strength between magnetic particles (Cisowski 1981). We
expect high ARM susceptibility for magnetites formed in situ because they would be evenly spaced as they form and therefore
not highly interacting. However, magnetite particles falling through a water column will clump together as they fall (Kobayashi
et al. 2006) and will have a low ARM susceptibility.

In order to conduct these paleomagnetic tests on the magnetites found within the carbonates and avoid interaction from oth
magnetic particles in the bulk rock, we extracted the carbonate blebs by carefully flaking them from the fracture surfaces usin
a non-magnetic needle. We then glued these blebs to magnetically clean microscope slides. We scanned the microscope slic
with the UHRSS and were able to observe quantifiable magnetization from the individual blebs. The Fuller test of NRM requires
demagnetization of the sample followed by application of an isothermal remanent magnetization (IRM). We have begun demag
netization of the sample. Thus far we observe a clear single magnetic component from NRM to 8 mT followed by chaotic change:
in magnetic direction and approximately uniform strength (Figure 1). At this stage it is unclear whether multiple magnetization
components will be recovered, our demagnetization is ongoing. Separately, we have measured slices of the ALH84001 bul
rock and observed heterogeneous magnetization, consistent with the work done by Weiss et al. (2000). We have also observ
clustering of dipoles within the bulk rock, especially along fracture surfaces. Clustering of dipoles may indicate that multiple
deposition or alteration events occurred or that portions of the meteorite have been fractured after emplacement/formation of th
carbonates.

F—7— R: Martian Life, ALH84001, Rock Magnetism, Paleomagnetism, Biogenic Magnetite, Meteorites
Keywords: Martian Life, ALH84001, Rock Magnetism, Paleomagnetism, Biogenic Magnetite, Meteorites
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Were Archean volcanic glasses habitats for microbial organisms?
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Tohoku Univ., Graduate School of Science

Submicron-tube structures have been found in quenched glasses of pillow lavas from Barberton (ca.3.4 Ga) and Abitibi (ca.2.
Ga) Greenstone belts. These tubes are interpreted as products of bio-alteration (Furnes et al., 2003). However, abiotic proces:
could form the same structure, and some researchers are questioning biogenic origin of the tube structure (Grosch et al., 201-
Further examination of Archean volcanic glasses is important to constrain habitats of early life.

Here | examined pillow lavas from 2.7 Ga Abitibi Greenstone Belt in Canada. Pillow lavas have clear reaction rims, which
were quenched and altered glasses before metamorphism. Typical mineral assemblages in reaction rims are paragonite, chlor
actinolite, titanite, quartz, calcite, pyrite and epidote. Low metamorphic grade (lower greenschist facies) is suggested by thos
mineral assemblage. Mineral chemistries suggest that alkaline solutions was responsible for formation of primary minerals
implying alkaline 2.7 Ga ocean.

Titanite occurs in aggregates of fine crystals in chlorite matrix, and often accompanied by uiitiéas. Occurrence of
titanite aggregates is identical to bio-alteration features found in other Archean pillow lavas. However, the length and density of
“tube$’ are much less compared to others. The examined samples in the present study were less metamorphosed comparec
others (upper greenschist facies). Absence of clémbes in less metamorphosed rocks suggest thiabes in Archean
pillow lavas were not products of bio-alteration, but products of metamorphism.

F—7— R: Archean, Pillow lava, microbes, Abitibi
Keywords: Archean, pillow lava, microbes, Abitibi
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Mesoarchean pO2 and pCO2 ased on REE and oxygen isotope geochemlstry of Bl

from Barberton, South Africa
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A popular mechanism for BIF (Banded Iron Formation) deposition is that Fe-oxides were precipitated in deep-water setting
by oxidation of dissolved e supplied from submarine hydrothermal activity, by dissolved oxygen supplied from oxygenic
photosynthesis in the surface ocean. When Fe-oxides precipitated, rare earth elements (REEs) were adsorbed on their surfs
REE compositions of seawater have been recognized to reflect redox state of seawater and the extent of input from hydrothern
activity. In this study, we aimed to estimate Mesoarchean seawater chemistry and temperature based on REE signatures of :
Ga old BIFs. These are directly relateda®, andpCO, in the Mesoarchean atmosphere.

Samples were collected from outcrops of the Mapepe Fm at the bottom of the Fig Tree Group and Msauli Member in the On-
verwacht Group, both belonging to the Swaziland Supergroup. Powdered rock samples were analyzed for their major elemen
REE, and oxygen isotope compositions. Samples withb wt.% ALO3 are considered to be pure chemical precipitates and
thus used for further discussion.

Chondrite-normalized REE patterns of the Mapepe samples show positive Eu anomaly, elevated Y/Ho ratios, aftdRRIEE
Furthermore, there exist positive correlations among the extent of positive Eu andifayD; contents, and Y/Ho ratios. The
maximum Y/Ho ratios are surprisingly comparable to those of the modern ocean. These characteristics suggest a coherent stc
for BIF deposition; F&" emanated from submarine hydrothermal activity was oxidized td Rehich, with enhanced particle
reactivity, absorbed dissolved REEs and Y in the 3.2 Ga ocean, producing elevated near-modern Y/Ho ratios. The Msauli san
ples are mostly enriched in AD3; and have clastics-dominated REE patterns, suggesting deposition at shallower, more proximal
setting.

We also estimate temperature of seawater 3.2 Ga ago from which the BIF precipitated to be arourid,&&a3€d on their
oxygen isotope compositions of silicate- and Fe-oxide phases and their binary mixing model. Although crustal heat flux at tha
time was most likely higher than today, th€0, in the Mesoarchean atmosphere should have been high enough to warm up the
seawater under faint young Sun. Th®, in the Mesoarchean atmosphere should have been high enough to oxidize dissolved
Fe*t supplied from submarine hydrothermal activity.

F—TU—F: KER, wlRERSEE, 71 HBUCE, BRFRINIA, 77U 7
Keywords: Archean, BIF, REE, Oxygen isotope, South Africa
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Birth place of life on Hadean Earth: Geyser model
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Including us human being, life cannot survive with water only. The presence of water itself does not mean the emergence o
life automatically. So what is life? Life is composed of three major big molecules, which is (1) carbon (sugar), big monster
molecules, (2) metabolism which is the key to get energy. It does not work without P +K which is given from only landmass
(provider of nutrients), and (3) self-replication, based on base pair. These 3 molecules are enclosed by membrane. That is life.

So where such molecules for life body are made on Hadean Earth. The most possible place for this process is geyser whic
locates below the ground. The reason why geyser is thought to be the most suitable site to synthesize building blocks for life
body is (1) the ceiling of geyser located below the ground enable gases to be concentrated, such as CO, NH3, CH4, HCN, PO4
and so on. (2) Amino acid or peptide is possible to be synthesized as necessary material can be provided within cavity of geyse
(3) Periodicity is maintained due to the nature of geyser. (4) Heat source is secured due to the presence of uranium ore depo
which is the alternative heat source instead of solar energy.
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Phosphorus adsorption dynamics and retention capacity in agriculture drainage ditch sel
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A number of interactions occur between ditch sediment and overlaying water, in which P adsorption is a major process in
controlling soluble P concentration in water. Drainage ditches in Kasaoka reclaimed land, Japan is under alkaline conditions (p!
>8), because drainage water is diluted with seawater. Our surveys have also demonstrated that ditches were contaminated w
high concentration of phosphorus (P). Sediment has a vital role in removing P from discharge water by adsorption. Previous stuc
ies have reported sediment P retention capacity under acidic conditions, but little information on phosphorus retention capacit
under alkaline conditions was reported. This study aims to evaluate P equilibrium between ditch sediment and overlaying wate
and P retention capacity of sediment by determining adsorption parameters under alkaline conditions. Three sub-experimen
were carried out in order: (1) adsorption kinetic measurement; (2) adsorption at ambient water P for zero equilibrium P concen
tration (EPGQ) and P buffering capacity estimation; and (3) sediment P retention capacity determination by using the Langmuir
model. Surface sediment (0-10 cm) and overlaying water were collected in three drainage ditches, which receive drainage wat
from livestock-horticulture area (LHA), livestock area (LA) and grassland area (GLA). In addition, sediment core layers (0-2,
2-4, 4-6, 6-8, 8-10 cm) were taken for evaluation of pore water P concentrations. Results showed that pore-water P of LA ant
LHA increased with increasing the depth layers, whist GLA sediment decreased. Sediment particle sizes showed a two-third prc
portion of silt contents. The kinetic adsorption of sediments consisted of two stages that were quick and slow stages regardless
sites. The quick stage was within the first hour of incubation, and slow stage afterward. The LA drainage ditch, which was more
contaminated with P, was the highest the sedimentgROGowed by LHA, and GLA ditches. The sediment EfP@dicated that
three ditch sediments act as a sink for P across sediment surface. The Langmuir models were fitted well with experimental dai
and adequately describe adsorption isotherms of sediments in this stusl§.95). Phosphorus retention capacity of sediments
by maximum adsorption calculations ranged from 384.2-416.7 mg Kgjnding energy (K) (0.195-0.263 L mg). Our results
indicate the importance of ditch sediment in controlling P dynamics discharged from agricultural farms.

F—7— R: adsorption, Agricultural drainage ditches, sediment, phosphorus, retention capacity
Keywords: adsorption, Agricultural drainage ditches, sediment, phosphorus, retention capacity
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THEREE N T Deinococcusg flE O EAZRBEME2ISSICHBIT 2 [T2AXIE I v
> DFH{MREE SEZERIC AT T

Survivality of deinococci under space conditions ? Toward the space exposure experimel
in "TANPOPQ” mission at ISS
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NAKAGAWA, Kazumichi* ; NARUMI, Issay’ ; SATO, Katsuy& ; YOSHIDA, Satoshi ; YANO, Hajime? ;
YOKOBORI, Shin-icht ; YAMAGISHI, Akihiko *

VERECHERIRE: « AR RRA - IO MRARL, 2 FHIMTZEIT LB ERAE - T, 3 BURENRE: - K2R LAmoeRt, 4
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HREEFRa e

IDept. Applied Life Sci., Sch. Life Sci., Tokyo Univ. Pharm. Life SGJAXA/ISAS, 3Grad. Sch. Engineer., Yokohama Natl.
Univ., *Grad. Sch. Human Develop. Environ., Kobe UniEacl. Life Sci., Toyo Univ.®Quantum Beam Sci. Cen., JAEA,
"Natl. Inst. Radiological Sci.

The "panspermia hypothesis” has been proposed as one of the hypotheses on the origin of terrestrial life. In this hypothesi:
possible interplanetary migration of microbes has been considered.

To address the question whether interplanetary migration of terrestrial microbes are possible, we have proposed and prepar
the space capture and space exposure experiments of terrestrial microbes as two of six sub-themes of "TANPOPO mission”
the Exposure Faculty of Japanese Experiment Module "KIBO” of International Space Station (ISS) (Yamagishi et al., 2008). In
this mission, we are going to expose microbes in space for one to three (or more) years. There are harsh environmental factc
(vacuum, high UV irradiation, ionization radiation, and so on) in space. We have selected the species that show high tolerance 1
the space conditions.

We are going to use UV- and radiation-resistant deinococcal species: four stdd@nofcoccus radiodurarn®k1l, KH311,
rec30, and UVS78)Deinococcus aeriuR0125, andDeinococcus aetheritS8T0316. D. aerius and D. aetherius were isolated
from upper troposphere and lower stratosphere, respectively (Yang et al. 2009, 2010). They showed high tolerance to UV an
radiation, similar to or higher thaB. radioduranR1. In addition, since the DNA repair systems are known to be the keys of
high tolerance to UV and radiation in deinococcal species, space survivabil®y radioduransR1 (wild type strain) will be
compared with those of the DNA repair deficient mutant straind.afidioduransKH311 (deficient mutant strain @fprA gene
for non-homologous end-joining (NHEJ) repair), rec30 (deficient mutant straiec#f gene for homologous recombination),
and UVS78 (deficient mutant strain ofdE anduvrA1 genes for nucleotide excision repair).

In this paper, we sumarize survivability of deinococcal species for UV-irradiation, heavy ion-irradiation, high vacuum, and
periodical change of temperature. Then, we evaluate survivability of deinococcal species in space after one year.

References

Yamagishi, A., et al. (2008) Viva Origino 36: 72-76

Yang, Y., et al. (2009) J. Syst. Evol. Microbiol. 59: 1862-1866
Yang, Y., Internatl. J. Syst. Evol. Microbiol. 60: 776-779
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Exposure experiments of amino acids and their precursors at the exposure facility on ISS
Exposure experiments of amino acids and their precursors at the exposure facility on IS¢
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ITO, Takaya ; KANEKO, Taked ; NAKAGAWA, Kazumichi® ; YANO, Hajime? ; YAMAGISHI, Akihiko © ;
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K

Yokohama National UniversityFukuoka Institute of Technoolog$iSAS/JAXA, *Nagaoka University of TechnologjKobe
University, 5Tokyo University of Pharmacy and Life Science

Since a diverse suite of amino acids is found in carbonaceous chondrites, exogenous delivery of organic matter could hax
played an important role for the prebiotic chemical evolution on the early Earth. The interplanetary dust particles (IDPs) are con-
sidered to be the major carbon source [1]. However, the organic matter in IDPs is susceptible to the cosmic and solar radiatio
due to their small nature.

The Tanpopo mission consists of capture experiments and exposure experiments of organic matter and microbes at the EXxg
sure Facility of Japan Experimental Module (JEM) "Kibo” on the International Space Station (ISS), which aims to investigate
possible interplanetary migrations of organics and microbes. Here we report the exposure experiments of amino acids and the
precursor molecules to the space environment to explore their alteration and survivability.

Selected organic compounds are amino acids (glycine and isovaline), their possible precursors (hydantoin and 5-ethyl-5-meth
hydantoin), and a complex amino acid precursor material synthesized from a mixture of carbon monoxide, ammonia and wate
by proton irradiation (here after called "CAW"). The amino acid water solutions, hydantoin ethanol solutions, and CAW were put
into 3 uL pits on the exposure panels, and dried under a clean booth. The solid samples were left on the pits ca. 75 nmol each fc
amino acids and hydantoins, and 15 nmol equivalent to glycine for CAW. Then the samples were covered with hexatriacontan
(Cs6H74) in order to prevent the sample lost during the experiments and transportations. The exposure panels will be launche
in this year, and will be recovered after one year, two years and three years of exposure.

[1] Chyba C. and Sagan C. (1992) Nature, 355, 125-132.

Keywords: Tanpopo Mission, origins of life
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REMES > 1% Nostocsp. HK-01D s kiR _
Tolerance of heavy ions in a terrestrial cyanobacteriastocsp. HK-01
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HhBR EOEYNC BV 2 F i BB TEOMEEIE . XISV I B3 9 5 nTREME L EREEIN PERSRE 5 X O M O
A[REM 2 EER T 25 FCAAIRTH %, BifE, EBETHAT— 3 > (ISS) T, MM L Eabtkl L R 0 1582 LAY D
KK OB O ATREME OMGE 21T 5 EERP. FHBREE N COMEMOEED MREN 2 MGt % H2E7s EMMEaiFEr L L
TTEINTVS (AFIER ), ThETIC, HZEREINR & OBREICHD TEW 2R3 RS > BNostocsp.
HK-01 237z AU IEZHE O EY O 1FE L UL TR SN TV 5, ST HEEREMMEEZROM T, & b ERFHRIZE
PR LT, DNA B0, REARBREZE 759 0REEND O . EVDOEIEICKE BT %, SHROER T
BROMHEICDOWT, TTTHMNT %,

Pt = > Nostocsp. HK-01Z MRl & LTV Tz, DEOYFRIZIED »iz/NF 2 — 710 Bl U, BEHRIE AR S
WSS D EER RO ATEREEE (HIMAC) I CEHER 7R (He, An)BEZE 2175 12,

BRI RRRREE U 102085 O A iR Fluorescein diacetate (FDAR W T 7z, BRI FHRIREE S o 872
IKTHIKR U714, 2 RSS2 U, FDA Jetafh, JE2apCuiist GO ASEDBIS Z2iTo 1o £z, RIRFCHESARREIC
DWVTHGEE LTzo AFER T, AVRDOEOERN TR MEZHE 3 %,

F—T— R g, BERFRINTE, Nostocsp. HK-01
Keywords: Cyanobacteria, Heavy ions toleran¥estocsp. HK-01
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1z AEIEEHENC I 2 7 a7 )V DAY E RS T o
Biological contamination control for silica aerogels in the Tanpopo mission
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OKUDAIRA, Kyoko* ; TABATA, Makoto® ; YAMAGISHI, Akihiko  ; YANO, Hajimée?
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ITokyo University of Technology?Japan Aerospace Exploration Agenéjagaoka University of Technolog§lUniversity of
Aizu, °Chiba University® Tokyo University of Pharmacy and Life Sciences

The capture and exposure panels of the Tanpopo mission, in which the panspermia hypothesis and chemical evolution a
invesitgated, are onboard the Japanese Experimental Module (JEM) of International Space Station at about 400 km altitude sin
this spring. Micrometeoroid space debris and possible terrestrial aerosols are expected to be captured by ultra low-density silic
aerogels that would be exposed in space at least one year. After returning back to the earth, the aerogels with "carrot-shape
tracks formed by hypervelocity impacts of these micropatrticles should be documented, dissected and delivered to scientists f
detailed analysis as soon as possible. During this process, biological contamination as well as chemical one must be avoidt
(Kiyonaga et al., 2013). Thus, in this study - (1) fabrication of aerogel processing machine called "Yokan Machine”, (2) novel
evaluation method for biological contamination, and (3) a procedure for pre-flight aerogel surface observation - will be reported
from pre-flight simulation in the Tanpopo clean room at ISAS. Time required for the processing of aerogels was estimated
from (1). Microbial contamination possibly from human skin during the period was evaluated using several methods including
conventional particle counting and chemiluminescence. A novel method using model microbes was also performed. Methods fc
biological contamination control will be discussed.

Reference

Y. Kiyonaga et al. (2013) Method for Biological Contamination Monitoring During Aerogel Cutting Process in Tanpopo
Project Using Bioluminescent Bacteria Photobacterium kishitanii. In International Astrobiology Workshop 2013, p. 33. LPI
Contribution No. 1766, Lunar and Planetary Institute, Houston.

F—TU— R EAFEEE, FEEFHAT— 3 v, VNG5
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RIFRRIESTIC K O BIRERYIE D S EN T 5 7 X/ BBHTEMAD Nt :
Analysis of Amino Acid Precursors Formed by Particles Irradiation of Possible Interstel-
lar Media

K AL AR BE L & MBE L AN G SR 2wl &S N ES 3

/PR EIE 4
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VBRRENT R, 2 ORI AR S WIZERT, 3 B T3ERE, 4 BURENTRE, BRI A
Yokohama National UniversityNational Institute of of Radiological ScienceSokyo Institute of Technology* Yokohama
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(B EMOEDT=DICT 2 /5 EDEBINIHEARRRTH S, 1953FIC 2 T — IR B D JF B K &7z 15
fit L7z CHy, NHs, Ha, HoO DIRG H RICEZEREZITY, 72 /BN ERT 5 2 RRA L, LA L, BE TG
BRAKAUZ CO, CQy, Ny, HoO 7 D 575 55918 KK TH B L EZBNTED, [EPENRCE 2 T 3IVF—5%
SN THEREEGEIOERIINHETH B L EZBNTNWS, 7T THIERBS ) S EYIAE A X NIzl REMED G E
NTW3, BIE, BOPEERICIZHEEEYIOFEENRBIN TV, TNESOAEYIOEFIX, 7 7EHD H,0,
CO, CH;OH, CHy, NH3 Zx EDFEi4 O F A G EBEET A A Y MV FEHER RSB R EMPMEF L TER LIz EE X
ENTW 5, BAIHEEEMYEICK FRZ G Lz a, 7 2 JBRiBMANERT 2 2 2l LTwa, L LAE
%9 BRI OA RS, BEEDOFEMIZMIHE N TV, AR TIREAEYOMKREZELEE - L 2B
FIVF—INFEZIIRD T & TT 2/ BT DA RIS DV TG 2175 72

[S2ER] B5 7HREaST @ AREK 400 mLOD Pyrex#I AR CO & CH, DIES /A (350 Torr, CO:CH = 1.0, 6:1, 2:1, 1:1, 1:2
), NH3 (350 Torr)z A7z & DZzERIL, ik 5.0 mLZEZZNZENINA Tz, CODAZHNIZE DI, ZDIEMNITKZ A
NEVED, BCOZFRICHWZLDEERI L, TNBICH LT RO R VT Lh#EEEN 5 2.5 MeV DG Ffi% 2 mC
Mg U7z RN T 3 )V F—13 3.16 kI, EINEFERIC A Z v B EF T /KEEZLE D% CAW, KEEE TN E D% CA,
AR EEEEDE CMAW Xy EFESR, CAW & CMAW 1:1 IZEEh/K A idnite D7 2/ W%k Z OIS EEIK M i#% D 7
2 R GA A A HPLC Tt Lz, 7z CA, CAW, CMAWL:1 15t U TIRIKEERAT D728 FT-IR 2 H W 20k 72
T-o7%,

ER RIS ¢ PyrexBIZ881C CH3OH, NHs, HoO 2 )ULE 1:1:2.81C 7 % K D I ANTHE L, BIEWO HIMAC &=
K F-RENmE D 5 OERL TR 2 B2 754 (290 MeV/uRERE ), TRGHE TR L7z, X7z, CH;OH DREZH#i—
UT NH; DIREZZILEETED (CN =111, 2:1, 4:1, 10: D FRIL, IRERZ IS UTe, BRIk o7 1%,
Bt F > HPLC T 7 2 /B % 0K LTz,

[ ER & Z 5 b THRIRST © BEIK AT D CAW, CMAWLA D 5 MED 7 2 /UM E Nah > 1205, BBk
BRI EDT > TINCBNTELET 2 /B EINETHREE NI, CAW (k7 f#tg) h 5k Gly Y 76 pmol & il
D7 I /L L TS TEZ BRI N, CMAW (WZK5 R Tid EOFIRICIHE N TE Gly D& 3.5~ 10.9
g mol & CAW @ 1/10F2J & 7 > 7= A%, Ala DK EN 8.2~ 251 mol & Gly XD &L L AR L, 7 2/ BRI Val
REDKDIREBDZNT I BBONENEIN Lz, Gly & Ala DAREIX COOBMNEZWNEEL k>, —)iTCH,
MAS TVWIUE CHy DBEAPZ(ELTE Gly & Ala DEREDLIE 1:2~25 L KEHRAENASNEDh >, U ENMS CO
N7 2 BEROLERICKELSEFG LT N0, CHy A7 2/ BABROMEICHE G LIz e EZ BN,

FT-IR TOREDFER, CMAW (ZRIKZHZ RO BN TERT VN EEZBNS, £/ CA CAWICERENS
72 REDO C=0DE—ZIThZ, CMAW IZIZ AIVRVEE, TAT )LD C=0ICHd 3 ¥— 7 LR TE, N EEaEE0E
EME L ERLTWB T EMEIIE NS,

HR FRRIRGT ¢ R ARSI (ki) o TV Yy ETE LET R BRI NS, VY 0 G
fEld 1074~103 F—&—T, BFHRIREEREB X O & B>z, Y TN T7 VEZTDOMWNEL EBIEZET I/
DUPRIFE T Uz,

[FDEH] BIE, WSR2 RO BRI DU R IR 25t mh TH 5. £z, LC-MS TDY X/ M1k
RORIGEHEZTTS TETH %,
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7 AN T VD EBTEREIC KXY pH D%
Effects by pH on the peptide-binding site of two aspartic acid molecules

BEVEE Bt 1 IS5 ]
OKADA, Yosuke'* ; KAKEGAWA, Takesht ; FURUKAWA, Yoshihiro!

UHAERSA RGP ET R~ S

!Graduate School of Science, Tohoku University

Proteins, which have important roles as enzymes in many biological reactions, are consisted of 20 kindarofrie acids.
These amino acids are connected with peptide bonds that combineaNamino group to C inw-carboxyl group. There
are several proteinogenic amino acids containing two carboxyl groups or two amino groups. Even these amino acids, natur:
peptide bond found in proteins connects thamino group to thev-carboxyl group. The regioselective peptide bounding might
have been formed in early stage of chemical evolution because reactive side chain of these amino acids are important for bas
functions of proteins. In such case, geological setting or geological events must lead the regioselective peptide bound. In thi
study, we tried to constrain geological setting for regionselectivity using aspartic acid (Asp) as a model amino acid.cAsp has
and F-carboxyl group that have slightly different pKa. To evaluate favorable geological settings for peptide formation with
a-carboxyl carbon, we investigated the effects by different pH at high temperature and high pressure simulating difference ir
pH of pore water in deep-sea sediments. Asp solutions with pH ranging from 1.5 to 12.1 were heated and compressed for 1
8 days at 100C and 100 MPa. After incubation, the products were analyzed by liquid chromatography mass spectrometry. We
also investigated the effects by pH on decomposition rate of Asp to evaluated suitable pH conditiorgefatide formation.
The decomposition rates of Asp were greater in higher pH and the peptides formed were different with varying pH. These result
suggest that environments suitable fopeptide formation were limited by pH.

Keywords: Aspartic acid, pH, peptides formation
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The possibilities for life on Titan - the constraints for methanogenic bacteria with acetylene
based metabolic pathways

HHE e b BEOT BT L WO R AR FaaR
IKEDA, Sayaka* ; NOGUCHI, Katsuyuki ; SETO, Mayumi ; MATSUO, Rend

VRBIFRY
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HIERTIIARZ Z MRS IC B DT DR ENTE D, TNETEZ SN TV BB R B TR
fELIS5 T EDPLMICE > TETZ, — /1. KEBRNOTFEEDERPRINKEDOFE RN, HIBRDNDOERERICHIT 5
EMOIHEC DV TERDE SN TV D, KRNTIE, KEZGTCH LT HRE - BRICBWTEMMDMAES % AlhE
MENERSNTVD, TOHTE, LEOWHETH S XA Z FHBRE AR (L5XUT) DIEE DR 2R H . KUHRK
BHEIEPAZ 2L LT IMATAERN TH 2, TNSRBEFEHHIBRORSHKE L TNS EEZ BN TS, i,
RA R TEARDHBRICE T 2K ELTRENZIHS> TNE EEZENTVD, FIZIE, MBS TIRKZASD RS
RZHS TOBD, ZA XV KK TERXA R DT OREZH > T0D, Tz, HIERTIERS & KT & ORICKIEER
PFEL TV D ERRRIC, 2 A 2 Y TIRMKRDTZDIC A Z W INKHHTET TH B IO G5 BT T, AR UK
MEHEMZIEERL TVE EEZLNTVD, TODIDH, ZA X TIERAZ Y DHIEROKOND D OFEZFDE LT
AR VMM T 2WEMMDMAET B D TREND EWVS RENDH 5.

AR REUCIE ERDIHEZIGES % EFJE LIRWBIIHEEDNN L ODH S, 9. XA X VRKUTHHET B X
2 OIE, AN Z2E 2 5 Lk A EIGIEDRETH D, ZORMO—DE LT, MEMORHIC XS XX
YOMIEMBETEN TS, iz, BIIIENTWS XX VOREMAAMALL (12C/M3C) d XA 2 Y DIEEHEwRN5EZ 5
N3 XD BE, HBEKICBWO T AEMEIRO X X IRRFANAK LD V8, T OBJIERE Emidiitds L L
FIELED, E5IC, IKEDFIREORELRMDULAETIVTTHEENS XD E 2HEETNTE D, MR T/KE
e AR AT B A MIRO RS ET 5 & T NUSBIHIR I 23T E 2,

COXSGEMEEFROE L. 214 X2 VCBWTOKEZEE L TA 2 2RI 2RISR Z & DWEY OFEDA]
REMEB RIS I N T E Tz, MEYN D 2L AR ZEMIEIICHHT 572k, F7AOHMBTZR)VF—Z1L
NATHZREND D, TOXDEFEMNEHIZTRISRD S B, AWK TIIREF T AOHBHI IVF—ZLHKEN
(DOXD, REMFRNCTIVF—2ZINO T T ENTED) EHFENBLERISE LT, 7EF L2 2/KEMNNT %
B (CoHo+He ->2CH) ICHEH Uiz, TD KD L E RS2 BN RIS 2 MAEMDFEET 2 LIRE LIz & i, &4
22 DOBEE NTERBKICHD e &G HHT 3 IVF—ZEH Lz, T5HIC, Seto [2014DFEICES5->TT DK
S IR 2 A 2 VB N TG RED iR Uz, BARIICIE. 242 TORIR - KIESRA FICBN T, F7 X
DEHBTZIVF—E RIGHEEZ T T2t D2 T IVF—INARE L, Th& D EAEMHERO DI E LT 3 )VF—0
INEWEE, EFARETH 2 L EET D, TORMEICIIMEYIORRI ST A—2 Wi TH 20, HiEK L TT7FL >
ZREICHOTOWAHMAEN DL DZ2BEIC LTz, TOXIBETFEZHNT, 21422 THMEMDNEFICRERRT 2T L
VIREOHGR 21175 > T,

F—T—F: ZA R FHEYS, X2 ERE, 7T LY, WEY)
Keywords: Titan, astrobiology, Methanogens, acetylene, bacteria
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M SRER A RN D 72 b D HHEH D7 X WL ORGET o
Studies on analytical methods for amino acids to evaluate biological activities in extreme
environments
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AR, HUER E OOk 4 I tiifREREE (A K < H1% —RIVEEIREY). MAEOEBEREID 5iElid 5 K 5 58EE) Ic s &
YIEENDHIG N X2k Tz 7 2 /BEFEGERS FTH O, HER EOEYIEEIOFEIC T 2/ BIREZMH T
ZBHAREMENEZ BN,

MRRERE T HERIC T E NS 7 2V BOREIE —RMNARETO HBICEENS 7 I /BEE LR L TETE /N
IV N> TWVS, ZT T, WREREEHEEAR O IV BIBEREEITORICIE. X207 I ik LD,
S TE2 L5 BEENRDEND, UL L, MHATEER T 2 /BEINZ S TEERIERRICB 575V 7 kEL
TREMN R, MIEERERRICE ) 27 2/ BitEC BB RZOIERET S > 713/ N E Vs DR 5N,

MPREREEREL & LT 7 2 A~ it b i i Uiz, 7 2 A~ 20024E 10 A, 7 X A< EMED
PR 70° FITICHB WV THIHE 24° ~28° OB THIE NI D TH D, M-355S 49 XA AR s ETRERIc X > T
MR E TERIEN T2 D TH B, RO, —RIGEREGER & UTHIRERF v S A g2 Lz, %
To. BUEEFICB 232 I 37— 3 VORMTD DI, IRicbidkl b 3 ICER 2 U7z & R U X 5 I =25k
BEZRIToRBOEMEL. INERIET SV 7L Lz,

e E UTKRE LS 7 v B fRdhitih & Bukiityk, SRtk z 8 Uk,

7 v, BRI 0.1 g BRI Lz T 7 8 VEIR WO, 5 M HF-0.1 M HCIZ 3 mL inzx TE#H
L. 110°CC 24 WA R Ulze SN2 MMEEZE U7z, 6 MHCI 1 mL Z /1A T 110°C T 24 Kk 2217 -
720

Bukihtifid, TR 0.1 g2 0 U 7caBRE I AN, #fluk 1.5 mLZ2hin 2 TEFK L. 110°CT 24 K[z L
Tzo INEA. 12 M HCI 1.5 mLiNZ T 110°C T 24 BRIk R %1475 T2,

st Tk, RS 0.1 g 2R BRE I AN, 6 MHCI 3 mLANZ T 110°CTHEA L. i & Bshisk oo i 6
H#CC??FO f:o

MK #2IE B 5 DFETEIEOEZIRIC K O HCI ZBRE LTz, 7o/ Uy 7w B i Tl ek o ftgic va
RZFREBE I U TR 021 T2 120 HCIDRZE T E 2 5FBEIC 0.1 M HCIZINZ TR Z AR E ¥, AG-50W-X8
THHE - 2L, 207 VEZT Wi 7Z2alBEICE LR OEZEZ1T 5 1o ORI K > TIAIARETE 5, 7%
HUNSEMOKZINZ TS, AT L 2T 4 )V Z—TAil%, BitdA4 2 HPLC-R A k1T LiFE R b-aoem
BT I/ MeEE, Eg L,

7 v W L & BUKihE, SEEEMHREOR R Z KT 5 &, — RO XS ICBENE 7 I/ BENZ
WVEEHE DWW TR EB 5B IFIIEDLRVEDT 2 /BERHT ST N TER, LML, MREEHEOXSICEE
N37 2 BEENMPIECEFHCOW TR TE T 2 JBORICENECTZ, —HT 287 v fiMtiED s 1%
KOT7 I /BEBRIETETCVBEEICRZZD, TS 2 &7 v RMIEED T DNEEIMICkE L &> T
Wb, DX 0., TyEERMHEIC K > T LY IV TR TE T I JBoYb R RuaidaRihsk cidan
EEZBNG, —J. Bukiitid LEBIHEZEOL ST S V7 OHEIBNNE L, TNSOFERICDOVTIIIRIE HERE
HRDT 2 /BORH R TETVWE EEZ BN,

DbzgeeHs b, MBRERABOX S ICEENS T I /EENDEVTEER O 2/ BBEEIEZTT S BRI, &
R SO7 2 /iiitE e UTT S 27 OMENNE OEUKIIHERDEB L Z VWS AhRWEEZ %, LML, T
NS OMBIE OV TIRBHEDSMEN AL T 2 VB ED —FBEHWITETH 2 L ESWVINEVDT, Ik
RS EN DB,

SO JTEE LT, W HPLC W=7 2 /D DIL FEIED T2 Gt U, IR HERPIcEEN 57 2
JWED DIL LLHEZITH T & 2B Z T3,

F—U— R WREREE, 77 X /B, Vs s, ik, mak, 77 & 7 < i
Keywords: Extreme environment, Amino acid, Bological activity, Extraction method, Antarctica, Atacama Desert
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180 U Te 1 2 2R 7 G O R & Al rh P oD pH &R
The pH profiles of the catalytic efficiency and thermal stability of resurrected ancestral
proteins

TEA 5L v A Bse L IR Bl L REE f— 1 LR B Y
SASAMOTO, Takahird* ; AKANUMA, Satoshit ; BESSHO, Mizumé ; YOKOBORI, Shin-icht ;
YAMAGISHI, Akihiko !

VHRGERRE « AR REA - ICH Em AR
IDept. of Appl. Life Sci., Tokyo Univ. of Pharm. Life Sci.

Little is known about the geological setting of the early earth. However, the method to estimate the ancient environment with
genetic information has been emerging (Akanuenal., 2013). The genetic information of ancestral life has been inherited to
its descendants. We can therefore infer the amino acid sequence of an ancestral protein by comparing a huge number of ext:
amino acid sequences that have evolved from a single common ancestor. Because the amino acid sequence of a protein is enca
by DNA sequence, an ancestral protein’'s amino acid sequence has been also inherited in its descendants, i.e. extant protei
sequences. We can estimate the ancient environment by reconstructing an ancestral protein and analyzing its physicochemi
properties. In addition, physicochemical properties of a protein have often related to the environment of its host.

We have previously estimate the environment of early life by resurrecting ancestral nucleoside diphosphate kinases (NDKs]
The amino acid sequences of ancestral NDKs that might be possessed by the last common ancestors of Archaea and of Bacte
were inferred by phylogenetic analyses. The inferred amino acid sequences were reconstructed by using the genetic engineeri
techniques. Because the ancestral amino acid sequences fold into extremely thermally stable proteins, we concluded that bc
archaeal and bacterial ancestors were hyperthermophilic. This conclusion is robust because significantly similar characteristic
were observed for the ancestral proteins predicted by several different methods. We also estimated that the last universal comm
ancestor, the Commonote, was a thermophile or a hyperthermophile that thrived at a temperature &b@x&atiumaet al.,

2013).

In the current study, we have attempted to estimate the surface pH of early earth. We analyzed the pH profiles for catalytic
efficiency and thermal stability of the ancestral NDKs that might exist 3.5-4.0 billion years ago. The specific activitiés at 70
were determined at pHs ranging from 5.5 to 10.0. All of the ancestral NDKs showed the highest activity at pH 9.5 or 10. The
same was true for several NDKs of extant microorganisms that grow optimally at an acidic or neutral pH. Therefore, the optimum
pH for catalytic efficiency of a NDK does not reflect its host’s environment.

We also analyzed the pH dependence of thermal stability of the ancestral and extant NDKs. The extant NDKs from Sulfolobus
tolodaii and Thermoplasma acidophilum, which grow optimally at acidic pHs, are stable at both acid and neutral pHs. In
contrast, the NDKs of Thermus thermophilus and Archaeoglobus fulgidus, which grow optimally at neutral pHs, showed the
greatest thermal stability at a neural pH (pH 6.0 or 7.6) and less stability at an acidic pH (pH 4.5). Because most of the ancestr:
NDKs also showed the greatest thermal stability at pH 6.0 or 7.6 and were less stable at pH 4.5, we concluded that the ancie
organisms such as the archaeal ancestor, bacterial ancestor and the Commonote lived at neutral pHs. However, we cannot r
out the possibility that the ancient organisms lived at an acidic pH because a few ancestral NDKs showed the greatest therm
stability at pH 4.5.

Akanumaet al., PNAS 110 11067-11072

F—U— R 2N EE T, '/ — 8, X7 LAY R VA — 2, B
Keywords: ancestral protein resurrection, Commonote, nucleoside diphosphate kinase, hyperthermophile
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IRIGIKDIKD T FEDIKD 7 F A 22— DRI
Observations of the cluster of water at vicinity of ice in carbonated water

JE R 5] T
KARASAWA, Shinji'*

L R 6

IMiyagi National College of Technology, Professor emeritus

IRIEIK T, EE 1 DX IICZ K DRI IS TE LT, /KD T U REEIE i OMH BRI DWW TREDREEE D
HO. ZNHDERIROR T2 L £ REZKORFIEHLERICH 2KD ETHEENE TN, ZEFRTKEETDKD
7T AZ—MREROERI THEEEINE T, ZDOT R UEEZFFDOKD T T A2 =ML O EE R REZRI-T &
MTEEXT, WOKDOEMmII L AELDOHIARPE DIEH T,

PRI AT A3 K DA T/KICTARR U X Uleo #FIHHIRBA RSO LGRS HIIHOWHIIAME L, b bR FRIC K -
THERENE Ule, 1HEMEIE RGNS DT B L E T, TS YEOERFE - IEEEEIC K> TANA C
EMTEERT, TLT, EFHEEICITEISEND D 9, > T, LMK EDOHNDOMFANEKE T X)VF—IC K DIF
WEVIE D DM D THBRTEE T, ZO0 HEEWIEREBHIEZREVIRT LIk > TEEL X T, 18k 817l
WEHIBKOXRMICEMEINE T, L L, HEVRIBORMICILNTNE < HITIETREOKDH D 9, IADKIE
KD T DY FAR—ICHEIENET, 77X& OEFAHARNIENTI D, LZERIGICEBRL £97

BHEIIKEHDHED RTTIRZIVARAT « X Z w7 Z Optio-WI0ZHH LT, 1emDIEWIEE TRz LE LTz, T
TT. #RERIE, AT, Flz. BRIDOEZWINT 27DICEL UE Lz, MAITORIRIE, FEESR Tl T
¥9, ANHOHICHMZ B 5DF1F, KTORRAWEICK > TR EINE T, Mo i3m/ 30 7 L— L T
DEEDT L—LTEMNENE LTz,

ERIEIKDIK DT HE T DEIEDZEFNC BT % website “https://www.youtube.com/watch?v=rgfwzLy-H6A&feature=youtd.be
HTELZE,

[5-5 1]
PR TS PROIK RIS E N, I ZIER UV A XDOZHDIKD Y T A2 —INEEO R TRRINE T,

F—T— R AL, KD T T A2 —, T X S, IRIEK, &3, [
Keywords: chemical evolution, cluster of water, spiral structure, carbonated water, bubble, membrane
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