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ABSTRACT

Past trial of direct detection of life on Mars by 1970's Viking mission
reported a negative conclusion, whereas numbers of circumstances
provided by recent Mars exploration missions in the last decade indicate
that there are good reasons to perform another life detection program. Here
we propose Life Detection Microscope that has much higher sensitivity
than the instrument onboard Viking. Indeed Life Detection Microscope
(LDM) that we propose here could detect less than 10**4 cells in 1 gram
clay. Our life-detecting instrument has the sensitivity that is three orders of
magnitude higher than the one onboard Viking that issued the negative
conclusion. LDM is capable of identifying what we think to be the most
fundamental features that a cell should possess to constitute life. Our
Investigation Goals are: 1: High-resolution characterization of regolith and
dust particles. 2: Search for any type of organic compounds in Mars surface
samples. The compounds include cells, other biological materials, and
abiotic polycyclic aromatic hydrocarbon (PAH). 3: Identify cell-like
structure in which organic compounds are enveloped by membrane, which
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may represent Martian life.

Among the planets and giant satellites in our solar system, the
characteristics of Mars are most similar to those of Earth. This suggests that
the life similar to terrestrial life may arise and survive on Mars.

Here we propose a new life detection project, to search for living
microbes by fluorescence microscopy [1]. We propose to search for
“cells” from a depth of about 5 - 10 cm below the surface, which is feasible
with current technology. Microscopic observation has the potential to
detect single “cells”. The subsequent analysis of amino acids will provide
the information needed to define the origin of the “cell” in the following
mission.

Physical and chemical limits for terrestrial life have been major foci in
astrobiology [2], and are summarized in ref. [1]. Combining the
environmental factors, anywhere in the Martian environment where we can
find the three components, water molecules, reducing compounds and
oxidative compounds could be an environment where life can be sustained
for long periods of time, if other factors such as temperature, pressure, UV
and other radiations permit. We will report the current status of the
development of the Life Detection Microscope.

References

[1] Yamagishi, A, et al. (2010) Biol. Scie. Space, 24, 67-82. [2] Marion,
G.M. et al. (2003) Astrobiol. 3, 785-811.

This document is provided by JAXA.



1. /4T RR3—7

1.1. B EE - (H{E

o KGR X2 EMHEH3000@LLLE R DHoT=

« [BEEN2ZIA KB R EFFED

« FEZOHEBKAR Dh T

o KIBRNEWMBEENEARWGERBLEGYDDOHS,
« RARENSHUTILERFLIRAZEIITELLY,
« KIZRNTODEDBIZFENNE

« BOMOGEICIE, tBKICHSIEY , &FLEERT
DEMDL, HIKEYF IN—IREYF 1EED,

This document is provided by JAXA.



1. AT RRO—T

1.2. 8N =

1) X2I[ZESHATEL TV =EH RN (A0{EER])
A KEREIZIINADTKEDKNEFRE
B.. RS B HASIEASHLIEERIMBERI-NTL V-
C. MULMVEISERIFLTULM:
D. LD Bk EIRE TLLTLV =
2) BAELMAEYMEFARRIRENRI-NTILVS
A BRIKDIKDSTEN =R EHTESNDIEFINEL
B. AL (AIBETH) PEEIL 8K, ZEITT R E (H,S) 0 EMFFTE
C.HcmERE FTCOHNIXEMRMIE+ 7 ETFEARE
3) VikingDFEERDRIEL
A 1gHIERIZI07E DM R T TEHIEE
B. #hEk A ME E DKL Hbigk (1g 1 IZ10MEHEAR)

This document is provided by JAXA



1. YA TR Ra—7 o s
1.2. 8B =

1) RE[ZEGANRELTUL =D BN (A0EEHD)
— NEREBIZIINADTKRKEDKNEE
- AR REHGSRENADHSEERYBHR-NTLV:
— BV RFELTULV -
— HEFDO#h Bk S4B TEITULV -
2 p s B [ — (Y A N EIZIEKAEDMoTLY
AEERIDRESE BN HT é%gkglggifégﬁgl’:ﬁ@(@of:o
A ‘) ¥ 3 fl . ! ‘

AOBEMOARE



vamazaT 10 HEEE BR

) RELHMEMEFIRRENRI-NA TS
A. f&%@)ﬁf)‘umﬂf‘fﬁkﬁiéﬂé%?ﬁh‘*ﬁ!&

! '?__:_ Dk ? D IR Fh

digitate
termination

Mlyamoto 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.

4

This document is provided by JAXA.



L¥qrv22a—7 12 FBlFHBN =

) RELVMEVEGERRRIRENARI-NATLS
A BIEDKNTRNT-REHTESINDIEFAHIE

BEEFRIKDRNEITIEM

NASA

This document is provided by JAXA.



1. /4T RR3—7

1.2. 8N &=

) RAELMEMEFURIRIR ‘“1%7‘—%*&%

B. A2 (VI HEME) ©“ER{LEX. ZE LB E (H,9)0 &
NEHE

AT AN FHE (Mumma et al. 2009)

MSLIE K& H
ESA ExoMars 2018 Trace Gas Orbiter C&RB|F E




1. YAIVRRO—7 12 8ZBHN-B=
KREDEEHRIINELRERZDHLT, K. BHR. ZFRILR R,
TS RIEKR. EROH- BB OZDIXEEIZH S,
IBIEAZ M THETR DT BN H 5,

NASAK EREE
MSL: CuriosityD &R

Ming, D. W. et al
Science 343 (2014)

This document is provided by JAXA.



1. AT ARRO—T
1.2. 8= =

) BELHMEYEFEARIRENRI=-NTLS
C.#HcmEzEE FCHNITEMIE+ 0 ETFAIEE

Esba Hh Bk D 38% O
m —50°C (—140~+20°C) O
AXSE  0.0075%F FHHERFEKRLEX) O
KS#RL CO,95%. N,2.7%. 0,0.13% O
Ho<EE 150mGy/&E O

~ §

B30 ~20Wm2 > i FISENIEO

ROMR RE

Yamagishi et al. (2010) Biological Sciences in Space 24, 67-82



1. /4T RR3—7

1.2. 8= B=

3) VikingDfa RO REL
A. 1lgtIEP(Z107EDHMEI R H TESHFE

1976 FENAFT T DFEERT
ERMIIRERBRFR LT THoI =,
2000F1%

INAXT DEEYDREEENIETEZHT
ELNZEMNT Do T=(Glavin, D. P. et al.2001,

Earth Planet Sci. Let 185,1; Nabarro-Gonzalez,
R. et al. 2006, Proc. Natl. Acad. Sci. USA 103)

This document is provided by JAXA.

Kt




1. YAV RARD—T 128 FEHMW-BSF
3) VikingDifaRDREL
B. HiEk E A E D E L iz (1g T E P IZ10MERARE)
TADTEEDHEY

WEMEE

1044l Aa/g
SYBR Green

10

This document is provided by JAXA.



1. HA4IRRO—7 128 ZEHHW-ET=

201 3J:-NASA0)‘?‘ EEH MSL Curiosity7\
Aol M\EEE;}E‘(C H,'C;
ML HS : '753&1

NS SR -
| %ﬁ%%ﬁ N

TR OYE ( e
AT S Bt
A l {,.":"_ OJ ‘; Lo v
T \ = \ah .’"’.‘ . ,5;;:’
e \AE(D@JEﬂliﬂbﬂztﬂb Ennuifﬁg)j'*\b.lét Sl
KE SR E ORI (THIBK A ) TH A7 Al A _Wj._,

; A OB (BT . 1. AF ) H Tt
3 &ét\(iﬁ&@‘l‘*’l&h%é :
TIRDIKD DB g ¢
RELBENH ESTOBARIED DS
f Ll

/’f” -



1. YA/ I RRO—7 131 EERE

1.3. FEEIRIE

MEMEEL>RDITEMN?
1. EYTTETLNVS

K. A EIRIE, A HKAERY
2. RIZCHENTLS

IR - iR FEEZXZE<=ED

This document is provided by JAXA.



1. HAIRRO—T 13 FEEBERE

& JE IR MR TR H Rl BB 78 K

e 7FiE HAEE
o j— SYBR Green | and Il, SYBR Gold,
BREH Ll Acridine orange, DAPI, etc.
5 BER Rt CFDA, CFDA-AM, SFDA, etc.
fif BB R ANS, FM1-43, FM4-64, etc.
FEEVHERF T/ Fluorescamine, etc.

Antarctic ice Alpine soil Antarctic soil stained by
stained by SYBR Gold stained by CFDA-AM FM4-64 13

This document is provided by JAXA.



1. HAIRRO—T 13 FEEBERE

DNAZFH=ITWLWKImEZ R (FEf XKH)

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 &
PI)

14

This document is provided by JAXA.



1. HAIRRO—T 13 FEEBERE

BABRRTREBLE. KBE. XERRLTIRP, FHEF
E.coli E.coli without DNA

Dead Monmorilonite | Saponite
JSC MARS T

Acridine

\ . N %
’ X
I‘ . . \..

-- 3
-~ . .
.

l'v
-
-

This document is provided by JAXA.



1. HAIRRO—T 13 FEEBERE

Possible organic compound from space.

ERITOERY

KIMR - FHR

.o "



1. E4I>ZX:—§

135 ERE % BSA Protenoid  N-1-pyrene) 1, (I |
SN B ECRE L e L X

B0 BDEEY

L2 r T B
SR AbIKFR

NEBREL1E

SYBR Green

LDS - 751

SYPRO RED




1. Y4IORRO—T
SR g e
~

Z W N 15 S=tJ)L -DNA ZEBE Jors/4r PAH
B85 AE  W%E 4B %E  BSA
AO O

SYBRGI
LDS751

DNAZL=G LR D EFEEHITE TES
JO5F4 /4K, PAHEDHYMEBRE TES,

This document is provided by JAXA.



1. Y4IT2RARO—7F
1.3 1FEERE

1.3 :.I: KLT»IE Ei%iﬁﬁﬂfﬂ RICH-OTULSDILIEFENE

. HKFEMBETHEMERS  —
¥,

o« INAMX2T DEE KV10001E
BREMNSUN(104ME g1 iIE)

« MBkKEELTHMEYMLERH
T&5,




2. RRDERHE
LR DR ENR

« BOM =155  POMBRNERORERR

o« RO 1=15E  HEKLISNDEYNEYFZ D
TR REGABIEIZEYTHBREYZ 1A — 54
M= | L1 D,

« ROMo=15EICIF. ROFEE T, thBkEY L
DIERERE E*ﬂz?ﬁ\ba)wb]\ iﬂﬁ?ﬁ‘b@*@@]
AE’CO).&J V&K BB A ETEE,
(/7. 7/EEDLD T 1 EInFEEHT)

- XA nh\L\%omﬁFﬁ’C%’Jb\b&h\otiﬁ
&: HREFEEEELENTMNS,

This document is provided by JAXA.



3. BE-EXKEIE

E‘y:/3> E *E\ //\I]IE%*

Swia  HiE

s SEMIWARIF(LIVR ARARN)ZEERT S

« EYZTIEHT S,

o RICEHENT-B#Y GHlIzH)ZHE A9 5
Al TE &K
e Tum/EVILDEEBEZEFD

— (ExoMars SV BEMER D 10E LL L SRR EE)
e 1048/ T IEDHEEREZRFD

(Viking100-10001E & LV E)
o HHYIRLE107~108 (NASA2020STD:<10 w/w)

This document is provided by JAXA.



fiufids & D LB

e Mars2020: SHERLOC

e Scanning Habitable Environments with Raman &
Luminescence for Organics and Chemicals, a
spectrometer that will provide fine-scale imaging and
uses an ultraviolet (UV) laser to determine fine-scale
mineralogy and detect organic compounds. SHERLOC
will be the first UV Raman spectrometer to fly to the
surface of Mars and will provide complementary
measurements with other instruments in the payload.
The principal investigator is Luther Beegle, JPL.

% D ERERREL/I0LLT
* ExoMars mission (ESA/Roscosmos) will comprise a
Raman spectrometer: B{Z#2{2E1/10
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