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Labeled Release Experiment on Mars done in Viking Mission
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Levin, G.V and P. A. Straat (1976)
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Labeled Release Experiment on Mars done in Viking Mission

These results are consistent with a biological response and also
greatly narrow the number of possible chemical reactants.
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Margulis, L. et al. (1979) J. Mol. Evol. 14, 223-232

The results of the Viking Biology experiments are
best explained by non-biological phenomena.
Conditions of water activity, temperature, availability
of carbon sources and others in most regions of the
planet are too extreme for survival and growth of
any known microorganisms.

1)Relied on the negative result of GCMS.
2)Before the development of extremophile

research.
3)Before the high-resolution observation of Mars.



Re-evaluation of Viking GC-MS.

The detection limit of Viking GC-MS was not
very good. Viking GC-MS is not able to detect

bacteria 10° cells/gram soil.

(Glavin, et al, Earth Planet. Scie. Lett., 2001, Navarro-
Gonzalez, et al., Proc. Natl. Acad. Sci. USA. , 20006)

Whereas microbes in least populated soils
contain only10% cells/gram, on Earth (Atacama

Desert) .
(Drees et al. Appl. Environ. Microbiol., 2006)

Highly sensitive instruments should be used
for the life exploration.
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The detection limit of Viking GC-MS was not
very good. Viking GC-MS is not able to

detect bacteria 10° cells/gram soil.

(Glavin, et al, Earth Planet. Scie. Lett., 185, 1-5 (2001)
Navarro-Gonzalez, et al., Proc. Natl. Acad. Sci. USA. 103,
16089-16094 (2006) .

HIKTHMEMR DT oGy,

Whereas microbes in least populated soils
contain only10% cells/gram, on the Earth.

(Dress et al. 2006, Appl. Environ. Microbiol. 72, 7902-7908;
Karner et al. Nature 409: 507-510; Kato et al. Environm.
Microbiol. 11: 3210-3222.)
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Large outflow channels (the Mars Global
Surveyor mission)

*H,0 ice (the Mars Odyssey and the Phoenix
mission)

*Hydrated sulfate and phyllosilicates (the Mars
Express mission)

Sedimentary rocks and hematite (the Mars
Exploration Rover Opportunity)
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Miyamoto, H., et al., 2004, J. Geophys. Res. Planets 109(E6).
Miyamoto, H., et al., 2004, Geophys. Res. Lett. 31(13).
Malin, M. C.et al., 2006, Science 314, 1573.
McEwen, A. S., et al.,2011,Science 333, 740.
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Radar evidence of subglacial liquid water on Mars.
Orosei, R. et al. Science 361, 490-493 (2018)
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Fig. 1. Maps of the investigated area.  (A) Shaded relief map of

Planum Australe, Mars, south of 75° S latitude. The map was produced
using the MOLA topographic dataset ( 11. The black square outlines the
study area. ( B) Mosaic produced using infrared observations by the
THEMIS (Thermal Emission Imaging System) camera ( 13), corresponding

200°E

190°E
B 100 >0

82°S

)]
o

Pig1es

Basal topography (m)
Distance from area center (km)
o

o
o

-100

-100 -50 0 50 100

Distance from area center (km)

to the black square in (A). South is up in the image.The red line marks the
ground track of orbit 10737, corresponding to the radargram shown

in Fig. 2A. The area consists mostly offeatureless plains, except for a few
large asymmetric polar scarps near the bottom right of (B), which
suggest an outward sliding of the polar deposits (34).



Radar evidence of subglacial liquid water on Mars.
Oros~' R. et al. Science 361, 490-493 (2"".8)
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Radar evidence of subglacial liquid water on Mars.
Orosei, R. et al. Science 361, 490-493 (2018)
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Fig. 3. Maps of basal topography and reflected echo power. (A) Color- values of the normalized basal echo power) outlined in black corresponds
coded map of the topography at the base of the SPLD, computed with to the main bright area; the map also shows other, smaller bright spots
respect to the reference datum. The black contour outlines the area in that have a limited number of overlapping profiles. Both panels are
which bright basal reflections are concentrated. ( B) Color-coded map superimposed on the infrared image shown in Fig. 1B, and the value at
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Webster, C.R. et al. Science Express (2014)
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Methane was measured from nighttime ingest, except D that was ingested during the

day and analyzed at night. EN were retrieved form the “enrichment measurement”.
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D. W. Ming et al. 2013
science.1245267

Sciencexpress Dec.19

Countels

3.0%10°

Countsi's

20

154

104

RDFER

f— Hgl:ll

— €O, (3x)
s 1y (110)

— 50, (10x)

2.5+
2.0~
1.5+
1.0+
0.5+

B — H;

L e H, 5 (350) Fy
— HCI {35x)
— CH,CI (100x)
CHCL, (100x)

0.0=

.-*n.ﬁ—l'ﬂql.-nl! -

200 400 &00 800
Sample Temperature ["C)

20



1. 751‘&%0)%,.,

NEFEEES
ToT4DEHYE
ﬁll:l:ll Lf:o

Countels

D. W. Ming et al. 2013
science.1245267

Science express
Dec.19

3.0%10°
Organic molecules in 2.6
the Sheepbed § 20
Mudstone, Gale Crater, § 15
Mars 1.0+
Freissient, C. et al. ::

J. Geophys. Res.
Planets, 2015

f— Hgl:ll

f— E-D,

{3x)

e (O (10)

(10x)

8| — H,

—— H,5 (35x)
—— HCI{35x)
— CH,C1 (100x)
CH_CI, (100x)

M -

200 400 600
sample Temperature [7C)

400



Chlorobenzene abundance (pmol, GCMS)
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Relative MS response
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WM Solid Sample Inlets
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and Processing Laboratory
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(H,) Co, (AR5 R
(H,) Clo,, NOS, Fe(OH),,  OKFRELHE)
SO,%, etc.
CH, NO,, MnO,, Fe(OH),, *AZVERI{LME
SO,%, etc.
Fe (I1)-sulfides NO,’, MnO,, etc. HRESEHE
X Clo,, NO;, MnO,, etc. BREELHEE

Yoshimura 2018
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-20~122°C(Metabolism)
Temperature -18°C (Cell division) -130~20°C
-196°C (Survival)
600~800 Pa
Pressure 700 Pa (Cell division) (6/1000 of the Earth’s)
Water activity: a,=0.4 Ice/Liquid?
-0.06~12.5 7.7%+0.5
1,440 Gy day-! 0.4 mGy day!
Limits undefined Highly oxidizing
(perchlorate)

-UV light is shielded by thin layer of soil.
- Perchlorates is used for respiration by some microorganisms.

MM KR ERBCET AR, Yoshimura 2018
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B oFiE o A
o J— SYBR Green | and Il, SYBR Gold,
L Ll Acridine orange, DAPI, etc.
il BRI CFDA, CFDA-AM, SFDA, etc.
R = BB = ANS, FM1-43, FM4-64, etc.
EEYHE RLE T3/ Fluorescamine, etc.
Antarctic ice Alpine soil Antarctic soil stained by

stained by SYBR Gold

stained by CFDA-AM

FM4-64 30
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1. SYPRO Red: H#1tE&WY

2. SYTO24 and propidium iddide : E#1t &L 7=
RIZCBEEN-AHILE I

HRIZ
3. ICFDA-AM B R AR SE

SYTO24 & Propidium lodide SYPRO Red CFDA--M

DNAZL -G WLVlIRRERE TES




DNAZ#HFT-HTWKIGEEZH&EH (REaXH)

Staining of miniature Escherichia coli P678-54

(a) (b)

Bright field Fluorescent field
Microscopic images of P678-54. (a): brigt image, (b):
fluorescence image stained with

LIVE/DEAD BacLight Bacterial Viability Kit (SYTO9 &
Pl)
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BV EGREENEE
1 um/pixel 10 um/pixel

Desert soils stained by SYBR Green
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Deinococcus radiodurans (liveing and dead cells) in
montmorillonite and simulated Martian soil stained with

SYTO24 & Propidium lodide

Dead and alive microbes
were added to
montmorillonite and
simulated Martian soil,
stained with SYTO24 and
propidium iodide.

Clay particles adsorb
pigments and emits false
positive signals.

Yoshimura 2018
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[Malin et al., 2006; Daubar et al., 2013]
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Bar: 20m

HiRISE observations of new
impact craters exposing
Martian ground ice

Dundas, C.M. et al. J. Geophys.
Res. 119, 109-127 (2014)
Scale bar: 20m
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2016 Hawaii Tohoku-U Telescope et al. AR
2016 ALMA H,O #Bkm resolution
2016 ESA Trace Gas Orbiter A2>, PPT

2018 ESA/Russia ExoMars Lander 1.5 m drilling

Raman spectrometer: EH#£Y) B{ZREE
10um

2020 NASA Mars2020 SHERLOC UV Flu. Raman,
Y BEEAEBRE10um
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