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In this review article, stereo chemical investigation of biogenic and abiogenic organic com-
pounds regarding organic cosmochemical and geochemical approaches were summarized. Rep-
resentative results are as follows. At first, endo- and exogenous abiotic formation of bio-organic
compounds were experimentally verified. Among these, high-molecular-weight complex organ-
ics synthesized from mixtures of simple inorganic gases similar to those found in the interstellar
medium were irradiated with a particle beam. Molecular weight of complex organics were rang-
ing from several hundred to 3,000 Da. A wide variety of organic compounds, not only a number
of amide compounds, but also heterocyclic and polycyclic aromatic hydrocarbons (PAHs), were
detected by Curie point pyrolysis combined with gas chromatograph and mass spectrometer
(Pyr/GC/MS). Secondary, emergence of enantiomeric excess of chiral amino acids in meteorite
were experimentally verified. Before acid-hydrolysis, the synthesized high-molecular-weight
complex organics containing amino acid precursors were irradiated with right (R-) or left (L.-)
continuous ultraviolet circularly polarized light (UV-CPL) obtained from a synchrotron radia-
tion (SR). Enantiomeric excesses (% D-% L) were obtained by UV-R-CPL and UV-L-CPL, respec-
tively: R-CPL preferentially produced D-alanine, and L-CPL yielded more L-alanine. Thirdly,
the author described molecular chirality in extreme environment and sub-surface biosphere.
Deep-sea hydrothermal systems are natural laboratories for the study of organic geochemistry
related to molecular chirality and microbial habitats on extreme environments. A high-
temperature deep-sea hydrothermal system was drilled using the benthic multi-coring system
(BMS) employed for direct sampling of microorganisms, rocks and fluids beneath hydrothermal
vents as a part of the Archaean Park Project (International research project on interaction be-
tween sub-vent biosphere and geo-environment). Based on the distribution of organic com-
pounds derived from this vigorous hydrothermal environment, a description of deep-sea subter-
ranean chemistry and biology was investigated with optimal microbial activities.

Key words: Biomolecular chirality, high-molecular-weight complex organics, asymmetric syn-
thesis, sub-surface biosphere
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Cronin, 2000), 27V —71%, &AKT152% (n=
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Fig.1 Schematic representation of the main types of organic matter in a) whole
rock carbonaceous chondrites, b) solvent-extracted HF/HCI residues, and
¢) hydrously pyrolysed HF/HCI residues by the reference Sephton et al.
(2003). FOM is free organic matter, which is extractable with common
organic solvents. The circle and segment shapes reflect how some FOM
may be genetically related to part of the insoluble organic matter, but
some may not. LOM is labile organic matter, which is macromolecular,
insoluble in solvents and resistant to HF/HCI treatment but can be liber-
ated by hydrous pyrolysis. ROM is refractory organic matter, which is
macromolecular and relatively unaffected by solvents, HF/HCI treat-
ment, and hydrous pyrolysis. The relative abundance of these compo-
nents is not scaled. Typical *C and 6N values for FOM, LOM, and
ROM in the Murchison meteorite are listed. Compiled from Cronin and
Chang, 1993; Sephton et al., 1998; 2003.
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Fig. 2-1 (c) Production of synchrotron radiation from supernova remnant, (d)
domains of polarization of synchrotron radiation around neutron
star. Modified from Bonner and Rubenstein (1987).

(c) Scheme of asymmetric photolysis
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(d) Scheme of asymmetric synthesis
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Fig. 2-2 Schematic relationship between (a) asymmetric photolysis and (b)
asymmetric photo-synthesis regarding free- amino acid monomers
and bound- amino acid precursors detected in complex organics, re-

spectively (Takano et al.,

2004e). *precursor molecules that provide

amino acids after hydrolysis. See the reference of Kobayashi et al.,

1995; 1997; 1998.



YE AL & MR BRBREE O M T AR W B B9 2 AT B BRI L2 i F 72 27

T0E) DEEBRIICANS (Fig. 2). 3, 2
RO AR S A A (CO; 350 torr, NHs; 350 torr) &
K5 mL (ca. 20 torr) & FH/N—N—FK A VTHEHL
72400 mL 314 L v 7 RBRRIHAL, T7r 77
7 7 M GO LERFMESE > 5 —) OBF#
Y—2 (3MeV) %&EAMHITHIE - #HE T4.4 kJ HS
L7 (Fig.3)o B T#ix, FHBOERSTDH 5,
B iR & 7 Y B T 2 mERE LA AR
miE, EMEEEZR L7 (Fig. 4, Takano et al.,
2001), EFRWE HTERICLALLE, BF0=H
EEEMATE DN THRER WS D FAOERM
% (e.g. Kobayashi et al., 2001) 2% 51, AR (4
>120nm) TIXZDMHEIIHEST L v (Takano et
al., 2003¢) -

B TR & o T B 72 F2 B i & KX L ¢,
ZO—HERCCTTIVERZ B M T 7L - T
1m0 L7z (Takano et al., 2004a), %4}
B EE T & D b e ORI A < 7 v
B L7z (Takano et al., 2004b) s BESHAT
3,000 DG FEAMER L7220, K& Hii -
HHETTYW - BB SETH - 250 T REMA

MOZRIEB L O=Rtfg & & mA B X OF 1) 8
MEEE A WTBIg L7 (Fig.5). BIg L - AN
PR 1E, #9100 nm~% um ¥ 4 X OBLIR, ERIR
geieik, IR, MR CoRER LEEE R L

WINARZ MV, HREPICHEA 72190 nm {5 12
K#ER LM, 250~260 nm {38 I12% T ¥ — 27 2538

Gas inlet valve

Gas mixture of carbon monoxide (350 torr),
ammonia (350 torr) and water (20 torr)
Van de Graaff

Havar Foil (2.2 pum) accelerator

Proton beam <

Pyrex glass tube
(volume: 400 ml)

Havar Foil (2.2um)[__|

Fig. 3-1 Schematic diagram of the experimental
setup for irradiating (3 MeV proton, after
Havar foil penetration) the gas mixtures
simulating interstellar media in the gas
mixture. The irradiation was performed at
ambient room temperature.

Preparation of initial gas mixture
as interstellar type constituent

3 MeV Proton irradiation (Gas phase)

AFM & TEM analysis for
morphological images N

Curie point pyrolysis for |

Recovery of irradiation product
of high-molecular weight
complex organics containing
amino acid precursors (Liquid phase) [—>|

GFC for molecular
weight distribution**

|

UV-VIS spectroscopy

organic composition*

Acid hydrolysis

for UV absorbance*

RP-HPLC for chiral separation
of D- & L- alanine

Left-UV-CPL irradiation
by synchrotron radiation

GFC for molecular
weight distribution

Acid hydrolysis

v (Before UV-CPL) v
A

Evaluation for asymmetric synthesis
of amino acid precursors by UV-CPL

Right-UV-CPL irradiation
by synchrotron radiation

GFC for molecular
weight distribution

Acid hydrolysis

RP-HPLC for chiral separation
of D- & L- alanine

(After UV-CPL)

Fig. 3-2 Experimental procedures of asymmetric synthesis of amino acid
precursors from interstellar type complex organics. The asterisk
mark of single (*) and double (**) stands for our previous result of
Takano et al., 2004a and 2004b respectively.
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Fig. 3-3 Transmittance (%) curve of fused quartz

window versus wavelength (nm) during
right (R-) or left (L-) continuum ultra-
violet circularly polarized light (UV-CPL)
obtained from a synchrotron radiation
(SR) of the ABL-6 A beam line of a normal
conducting accelerator ring (NAR) at
NTT’s SR facility (Takahashi et al., 1999;
2005).

DoNicld, FHEERSLHEFEMEEZ AT 21LEW
THAHIEWRBRINIz, €2 T, EBRERYOED
TEEMAERWZ ¥ 2—1) — KA v NRBGRET A 2
u~ 7 g 7Em5HET (Pyrolysis/lGC/MS) Tatill
L7zeZh, AT VFLVT I F, LRAFGFHEKL
&Y, BERNLEW R ELHRILEMAHH Sz
(Table 1)

RIZ, WHERBE LTHIET 2L 02D R 5T =H
MERWE Y —7 Y M, dfEREIITELT
yo o yEEE (NTT <4 7 13y 25 AF5ER7)
WX A MMmICHEE %17 % o 72 (Takano et al.,
2007), ¥ vz ua ku yigtid, Fig 3I2R"7 &9
% Fused quartz #EM ZHWTH200nm L) b &
W& o A58 M E Ot (Right-Ultra  Violet-
Circularly Polarized Light; R-UV-CPL), Z-%&445%
ME%t (L-UV-CPL) # Zh ZhH G L 72 (Table
2)o #200nm £ ) b RERMOEI RS LM
WG &) T itk b, MiZOMAE L, Fik- &
JEOBGHEER T o 720 UV-CPLIZ B4 L 72 WilB
ExET L EE LI, BFRIHRTOIF Y FF~<—
2T AL T, BHH®TOLF ¥ F 4 BR R
(% D-% L) OEHREITR 72 55 LoMuE Ll
El ERITV, S ROERILEWANRIE L TV T
bHOCMME CRIF L2 V. TE A7 o<

W

Yield of glycine / nmol

10 10° 10" 107 107 10%

Yield of amino acids / nmol

I
alpha-ABA

Carbon Number

Fig.4 Yields versus carbon number of amino acids
synthesized from the gas mixture of carbon
monoxide, ammonia and water irradiated
with 3 MeV proton beam (), 1.2 KeV y-rays
(O) and 10 eV ultraviolet (UV) (M). Carbon
numbers were 2 for glycine, 3 for alanine,
and 4 for ¢-aminobutyric acid (Takano et al.,
2001; 2004a)

75 7 (Fig. 6) & A L 72, UV-CPL H4F0kHA,
BRI R 2 S #2177 > 72 (Fig. 8)o M4
T-RBHEA W 26 L C R-UV-CPL % B4 3 % &,
+0.44% (n=17, ¢ ==0.31) OTF ¥ FFHmEHHE
U, L-UV-CPL #4352 &, Kxti2-0.65% (n=
7, 0=%20.23) OITF FFB\EIEL 7 (Table
2)o UV-CPL MU @ &5 2B ARy 051 &
Ak, FREFHT & LR L T4 182,800 Da & 45 T
1,100 Da MY DY =7 IZHET DY 7 F VR D 5
X51cH b (Fig. 7)o ¥ 72, UV-CPL 414 2
k3% %477 9 &, UV-CPL BRI TRH10%
OEMKGIRT I BREIMEAL Tz, HHET 3
JBREZDOERTH DT F FONGHERE
(Takano et al., 2004c) & bELLFERTH S LW
Z5bo BMAKDBEHEOM LA DOT I ) BEENTFICIT,
ALz E A ER SN (Table 3),
INLORRIZEY, Yrrubu yBEEPLD
FURICHLS A3 T 3 7 TR BRAR % & € i 40 F- S AT B
W AT S ORI B R 2 AARB L, G
(RF) PEAINL Z EERBTARERZE, B
MR, ZRSOAERILEWEEL I Enn, Bl
BT Y F MBS 2 oK E N L—AT
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Fig. 5-4

Fig. 5 Two-dimensional transmission electron microscopy (TEM) images and three-
dimensional atomic force microscopy (AFM) images of aggregated high-
molecular-weight complex organic materials synthesized by proton irradiation.
The elemental composition of the complex organics was also investigated using
a Parkin Elmer Series II CHNS/O analyzer with the following results: C,
28.9%; H, 8.1%; N, 30.9%; O, 28.2%.
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Table 1 Preliminary report for relative abundance of organic compounds re-

leased from pyrolysis experiment of the complex organics synthesized
by proton irradiation with gas mixtures of carbon monoxide (350 torr),
ammonia (350 torr), and water vapor (20 torr). Symbols: ++++, +++, ++,
+ and - indicate very major, major, moderate, minor, and trace
amounts of compounds (Takano et al., 2004a).

Compounds Chemical formula Relative abundance
Formamide HCONIT2 o
Utea (NHzp2CO ++
Guanidine (NI1z2C=NI -
Acctamide CH3CONH2 -+
Oxamide NH2COCONH?2 +
Glycolamide HOCH2CONH2 +
Imidazole & Pyrazole C3HaN2 +++
2-Propenamide CH2=CHCONH2 +
Aminopyradine C4HsN3 ++
2-Butanamine C2HsCH(NH2)CH3 +
Pyrazinecarboxamide C4H3N2CONH2 +
(2,6-Pyridinediamine ? ) CsH7N3 ++
1-Hexanol CeHi180 -
Naphthalene CioHs +
Phenathrene Ci4Hio -
Anthracene Ci4Hio

Methylanthracene CisHi2 -
Alkanenitrile analogs CnHan-1N ++

Table 2 Enantiomeric excess of D, L-alanine in the complex organics formed by

ultra violet circularly polarized lights (UV-CPL) obtained from a syn-
chrotron radiation (SR) source. “None” indicates the proton irradiation
product (without UV-CPL) defined as the standard of racemic alanine.
Enantiomer ratios were compared to a blank standard solution cor-
rected to D-/ L- to 50.00/50.00. Plus-minus ( + ) represents standard de-
viation (o) of multiple analyses (7 times for each, and 21 times in to-

tal).
UV-CPL Energy deposit Enantiomer ratio Enantiomeric Excess
Beam eV %D %L %D — %L c ()
none none 50.00  50.00 0.00 +0.35(7)
RCPL 1.57x 10" 5022 49.78 +0.44 +031(7)
LCPL 1.57x 10" 49.68  50.34 -0.65 +0.23(7)

ETWhv, AFZERHRIE, =F v FFHBREEICTS
E1%HKD/NE R TH Do D) Gihs L
F O F A BEEROF R O AFEIEDEST T B KD
Y5 (e.g. Soai et al., 1995; Kawasaki et al., 2006)
IZoWT, EBRYBBEEALEITDN T D,

2.3 XEEMEDTFLANIVRERGLEE
Murchison [E £ % Murray [E A ® 7 3/ BgIZ 13,
HARET T FABEPHEIN TS 2 Ll
720 TiE, ZhoRFEEATONRFRMEAS T LA
VTOBAETREERMVARLIE, L0XIRbnizsr

9 Ao Murchison [Ef7 O FFE MRS T L XVEE
R R OZeE, AR Za~ 757 /Wi AL
R E5HT i (GC/C/IRMS) % v CTE-li & 7= 41
P O0d b, BEKRFE - KERMELIZONTE
Z1E, DRE LARTYE 2 FEAARIHEIC 72 > Tw»
BRWOTHE, WEISEWGTHESEH S EARENT
W5 (Tabled). EWnsa BG Law [JEEYRE]
TOLFALIT BT, FRERS T L NIV OBIE
FERFNARIATHIR O & 9 BEAE L 500, BFRE
WLEB SR E W2 B,
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Fig. 6 Representative chromatogram of reversed

phase (RP-) HPLC method by pre-column
derivertization with o-phthalaldehyde and
N-acetyl-L-cystein. Multi component stan-
dard mixtures of D-, L- amino acids were re-
peated in the same manner to separate each
isomer. Abbreviations: Gly, Glycine; BALA,
f-Alanine; GABA, y-aminobutyric acid; D-
Ala, D-Alanine; L-Ala, L-Alanine (Takano et
al., 2004e)

>

Absorbance (195 nm)

Fig. 7

Gel filtration chromatograms of proton irra-
diation products from the gas mixture con-
sisting of carbon monoxide (350 Torr), am-
monia (350 Torr) and water (20 Torr). Each
peak is labeled with the molecular weight,
which was estimated by calibration with
polyethylene glycols and human serum al-
bumin (Takano et al., 2004b). (a) Proton ir-
radiation product (without UV-CPL experi-
ment), (b) Proton and UV-CPL irradiation
product. The same analytical conditionand
injection volume were applied to (a) and (b).

Table 3 Molar ratio of hydrolyzed amino acids (mole%) versus total hydrolyzed
amino acids by before and after UV-CPL irradiation. Abbreviations.
Asp, aspartic acid; Thr, Threonine; Ser, serine; Glu, glutamic acid; «-

AAA,

aminobutyric acid; Val,

B-Ala,

a-aminoadipic acid; Gly, glycine; Ala, alanine;«-ABA, «-
valine;

fB-alanine; y-ABA, y-

aminobutyric acid. The same analytical conditions were quantitatively
applied to the both portion of before and after UV-CPL irradiation.

Amino acid (%Yemole)

before UV-CPL

after UV-CPL

none

Asp
Thr
Ser
Glu
a-AAA
Gly
Ala
a-ABA
Val
B-Ala
v-ABA

Total

1.13
0.02
1.14
0.06
0.10
88.88
4.73
3.16
0.15
0.60
0.03

100.00

RCPL LCPL
143 1.10
0.04 tr.
1.04 1.13
0.15 0.07
0.41 0.07
88.25 89.55
3.79 4.76
2.98 2.71
0.19 tr.
1.68 0.59
0.03 0.03

100.00 100.00
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Table 4

Wk

Representative 6"°C (%, PDB) and 0 D (%, VSMOW) of individual D-

and L- amino acids in the Murchison meteorite. Compiled from
Pizzarello et al. (2004) and Pizzarello and Huang (2005).

Carbon

Hydrogen

Carbon number Amino acid se o (n) 5D o (n)
2 Glycine +40.5 +2.3(6)
D-a-alanine +51.7 +1.9(6) +429 +127(3)
L-at-alanine +38.5 =2.2(5) + 360 +140(3)
3 Sarcosine +528 £3203) +962 £160(2)
B-alanine +4.9 +0.5(3) + 461 +121(3)
4 D-2-aminobutyric acid +28.6 +0.8(3) + 1338 £2(2)
[.-2-aminobutyric acid +28.3 +0.8(3) +1225 +135(3)
4 D-aspartic acid +252 +24(4)
L-aspartic acid -6.2 ave.2
5 D-glutamic acid +28.9 2.1 (4 + 473 +50(2)
L-glutamic acid +6.8 ave2 +292 +73(2)
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Fig.8 Model of the development of sub-surface
structures by recent hydrothermal processes
at Suiyo Seamount (Kakegawa et al., 2005).
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Fig.9 Correlation examples between phosphatase activities (enzyme) and
organic contents of carbon and nitrogen. These portions are interior,
middle, exterior (showing in the picture) and vent. Inactive chimney
samples were obtained from YK 03-09 cruise over southern Mariana
(Takano et al., unpublished data).
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