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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
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Survivality of deinococci under space conditions ? Toward the space exposure experimel
in "TANPOPQ” mission at ISS
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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
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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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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.
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Tolerance of heavy ions in a terrestrial cyanobacteriastocsp. HK-01
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Biological contamination control for silica aerogels in the Tanpopo mission
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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.
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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

MATSUDA, Tomoyuki'* ; ENOMOTO, Shingé ; KANEKO, Taked ; KEBUKAWA, Yoko! ; YOSHIDA, SatosHh ;
FUKUDA, Hitoshi® ; OGURI, Yoshiyuk? ; KOBAYASHI, Kensett

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
National University, National Institutes of Natural Sciences

(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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Effects by pH on the peptide-binding site of two aspartic acid molecules
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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
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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)
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Studies on analytical methods for amino acids to evaluate biological activities in extreme
environments
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The pH profiles of the catalytic efficiency and thermal stability of resurrected ancestral
proteins
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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
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Observations of the cluster of water at vicinity of ice in carbonated water
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