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Abstract

Definition of life has been investigated by many
researchers for many years. The researchers belonging to
different fields have stressed their definitions from their
view points. Therefore, they draw the line between life and
non-life at different positions. Now there are many
proposals to allow the meaningless of the definition of life
to lead the goal of origin of life. However, I pretend to
address a brief history of the definition of life and to seek
some criterion of the definition of life, which may not be
useful for researchers but useful for teachers. The criterion
of definition of life must be a good foothold to teach
students sciences including biology.
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B A WEFH) 8 D W EFRIBLED HRa LT D,
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RS T AWEII— DX T V) T 4 — &AW
MHLTETCND (TS 2, FEEMOWE T
DL 72N T IR,
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B =7 4 IERNDOAEMO AR EEZGE L T
o7z [12,13), [FEOKEE] (On the Origin of Species)
[14] DB RS LL T DRtk A3 H[13],

“Probably all the organic beings which have ever lived
on the earth have descended from some one primordial
form, into which life was first breathed” [13]

7o, FEPEZITAMPRELZLZZ TV
Z&ix, MoK AN7—H— (J.D.Hooker) ~0 1871
FEOLLTFOFRICH L TH D [12,13],

“But if (and Oh! What a big if!) we could conceive in
some warm little pond, withal sorts of ammonia and
phosphoric salts, light, heat, electricity, etc., present, that a
protein compound was chemically formed ready to
undergo still more complete changes, at the present day
such matter would be instantly devoured or absorbed,
which would not have been the case before living creatures
were found.”
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H Lveu (Figl),

The starting point

of the tree Life

The space may be { Non-Life

due to the chemical

evolution era. — The meaning of the line
in the Darwin’s original

note is unclear.

Fig. 1. The estimated borderline (dotted line) between life and
non-life. The thick solid lines were imitated patters of the tree
of life in the Darwin’s original note [11].
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B[15], 00T, 18 ftfdlz 72 % &, 2~ b2 (J. Hutton)
1A A HERRLROBLE A DR 2, £7-, kA4
MEFEOHT 2B A2 LIZ[15], Z0EZH51E, <
MNT, 7RV b (A von Humboldt) @, ALk
%, "k & Ol (coevolution) &\ N9 E X TR
MB0[15], 612, 77 v 2 (J.E. Lovelock) 50
HA TG (Gaia hypothesis) [16, 17]~& I3 -7,
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Fig.2. Significance of definition of life.

F7, EMOEIROFFED SR L KA R a2 D)
DN RCHEMDERITEE CThH D, MmOt
W FIC oD mMER®H 5, 1 DIRERENDS
ARO[ i, Tbb, kb, b
) —OIFBHEN IR BT D, AWt b4l 5 71
MTHDH, EMOERBIT-Z Y LTWHRITIUT,
E BT, EOME R TH D AMOENRA A & 72
HDTHD, EDL DML, Az FoIZ
FEoTEMDEIRE TR DT, EMOERLTDOS
DI 350> TUND,

—75, AEmOEIFNIZE L M DER & ORI
TET DML B D, > a AH 7 (J.W. Szostak)
1%, a2, AfmoRRZ BT 5
BTN 720N | &, IRD K 515 U T 5[18],
Attempts to define life are irrelevant to scientific efforts to
understand the origin of life. Why is this? Simply put, the
study of the ‘origin of life’ is an effort to understand the
transition from chemistry to biology.

F7o, FOBBERDO L HITRLTHA[18],
An inordinate amount of efforts has been spent over the
decades in futile attempts to define ’life’- often and indeed
usually biased by the research focus of the person doing
the defining. As a result, people who study different
aspects of physics, chemistry and biology will draw the
line between life and non-life at different positions.

OFEY, VEMOEREZMIET 5852 L > TEER
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DIHMEFED S FA~ DR 2 D Z & Th D,
PRV 72K <K OEMDEZRN SN TEN, b3,
WEL, A7 PEHM LT AL o TC, AamEIE
EMOMDOB|ETTREIL DN, ] EE-TN5,

EMOERLTESHRE T 5 a A% v 7 ORRIT
b5 & A OB R CAEMORLR A A & - T
I, MEARHD0E L,

LU, #i3 biology to chemistry & 1XFik L CTH 5
OO EELIVE L TOZRYY, 77, chemistry
M5 biology ~ transitions OIRFEA T & 13 4EMm
DEFRICEENTNDLLEEZ D, EBIT, HE LW
IBNOBLEMNG RS &, AMmORISOBING 27~ LT
BLZEITEETHD,
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vaRAL v DEZHNSNHE LD HONRH D,
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P, I E CICH SN AEMOERICTHOW R U
A%
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41.1. =>4 VA (F.Engels) DEF:
HAEREE TH -T2 7L A (F. Engels) % 1894

M RO &9 IZEFR LT2[27-29],

‘Life is the existence form of proteic structures, and this

existence form consists essentially in the constant

self-removal of the chemical components of these

structures’

ZAUZBIL T, A v (P.L.Luisi) [29] IE=> 4L
A3, [FEAAR (inanimate) & “fn (animate) OHEFR
DOFNITERREWNTR S, — b ~TEART
BRI BH D] L)~y L (B, Hickel)
DE Z[30], I3 XL, T4 (life) 235FFEA4An (inanimate)
MHEMIND ] EVvHr—L (Rolle) DEZ[31]%
HoTWEERL LTS, LarL, A UIEZD 3
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412. <L b (M.Perret) DEF
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B Z I AT Lo TERY _BF B7[32, 331,
‘Life is a potentially self-perpetuating system of linked
organic reactions, catalyzed stepwise and almost
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isothermally by complex and specific organic catalysts
which are themselves produced by the system’

[T, AR H OFftE 2 Rk (AT L)
ThHY, TOXRIL, BHCREN AL L -
TEPEAZ L BIRIEEIR Ol X B BRI &
FEOODONWTWD, LT, TOAMMBITIF AR
FORIZE S TAHEEIN TS,
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FoLWIHERTHS,

4.13. A3=Y L DEHK
FR=U RO K 5 7 6 FIAOHE A HfE &3

BHIEFHEAT> T3], 34],

(Dcapability of exchange of materials with the
surrounding medium
(2) capability of growth
(3) capability of population growth (multiplication)
(4) capability of self-reproduction
(5) capability of movement
(6) of being exited

(capability of being exited 731E LV 7))

SFD, (DHEPHOBE EWEAHTE D, QET
x5, QOHPETE S, WHCHETE D, O)EK 2
EMWTE D, (6FEH b,

BT ERLLSMIIRD & 5 722 M E A2 A2 T

7-[33].
The existence of membrane  (BEOTF(E)
The interdependency with the milieu ~ (BEBE2> ML L
TW5)
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414 Aoy Y LI T —OER20]

KR Yl I T —[FHFOGR L TIFRD L9
IR RTWN D,
‘an organism, to be called living, must be capable of both
replication and mutation; such an organism will evolve
into higher forms’
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ot
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1992 ££.0> NASA DEEEKH29, 35, 36]IZLL FDEH
DIRSILTND,
‘Life is a self-sustained chemical system capable of
undergoing Darwinian evolution’

(5 —0 4 AT D 2 ENTE 5B
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‘A system which self-sustainable by utilizing external
energy/nutrients owing to its internal process of
component production’

42. Afiv & AR

A (Life) &) SHEIIWE & LT (Living
thing & %\ X Living matter) & {1k & L T4

(Living system &> %\ M Living organism) OD[ij 5 % &
ATWD RIZ, WEE L TOAEMEITEALE L
TOEMHR LD, HONNIEFNSIELRE S LT
D TWob] G52 BB 5.

—75, RIS RANIRE Uiz & b s 14
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1L, AR, BIFENRRETRE AT b 0Rb
HELTHLYRTHD, ZIUTHOWTDimElE, £
PRI & ASUIEZRORE 7 LIZIE, TS
PDHDHHO LI 2700, F—EADRE %1%
DI ZTEHDTH D, B AL, TR & FE
REDFEZFEIZ, WOBIZONTO LY BFEEHREF~
LRI D BT, TR T, Axo T
FLOD & DPHINCRIZENZNEETENLTH
5o LWV Nb0Iz, HxT Mk L)
FEERIRAT, s RHEREBIRCRY oo, BX
THEBOT A OB, EDXHipisas, L
DEHIRFREAEY v ML o THRAL TE72h
Z, WEEIDOBIROEE L L bz, ey iz
TR | [37]

Tpbb, AR Tnwob) & LTOEREHE
FRLU T, &< ETREEIITEORG & 2 D AmOWE
FIIEICE R 2 Y TAHOICE R T HEmiR] v
HSEHER ST 2 LD,

LT INFETHWCE R ) 2o S
1L, AR IE SR L 72 D TR &
BHL T\, L, 2L, EaoEsHidt
MR E L CRIFROXMHR LR DEFRTHD Z & Z TR
THEWRT, MHEm EMR) ] & LTERRT 5,

43. HALEOT XA MR LND ER

Afn (MR OBERITESZHDLZ L, F,
EFRT DI LITBERTHD & Oifmmn 5 Z L1
FTTITBANT, LL, RETHASHTOLSHEAR
(72 AP FOBRECBO Y, < OEROIM
BRARSNTEY, —RAVRBWREZS5121EZ 0
ERNTENLTNDZ LR D, FHS, T4— D4
EFATITRD K 5128 5[38],

It is usually easy to decide whether or not something is
alive. This is because living things share many common
attributes, such as the capacity to extract energy from
nutrients to drive their various functions, the power to
actively respond to changes in their environment various,
and the ability to grow, to differentiate, and-perhaps most
telling of all-to reproduce.

Of course, a given organism may not have all of these
traits. For example, muscles, which are obviously alive,
rarely reproduce. Conversely, inanimate matter may
exhibit some lifelike properties. For instance, crystals may
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grow larger when immersed in a supersaturated solution of
the crystalline material. Therefore, life, as are many other
complex phenomena, is perhaps impossible to define in a
precise fashion.

FRONFITFig.3 IZF DD LNTE D,
7, Life & LTV DOIEIREOMNTERIGII /%
Kt ER) Tho LFIRTE 5,
“A giving organism”& L"C muscle ZfillZR LTV 5,
TR —EHHTE S &9 AT Living
thing DJEMEZ—HR 2 TV D03, 584272 Living thing
TIE7RU,
—J5, inanimate matter & L CRESAOBIZZET TN D
A, ZHUFEET % &9 ST Living thing OJFEM:%
—HHoTWD, 72721, ZALH5ER7R Living thing
TIX7evy, 58472 Living thing % extract energy,
differentiation, grow, reproduce &> 420D
BMEA TR TE S TOZRITIUER S 720,

__A given organism :
" muscle )

extract energy

Living differentiate  reproduce
thing

Inanimate matter
“crystal

Fig. 3. Feature of living thing.

extract energy LT R/NLF—ZfHTHZ L THY,
HOZHMERFT 2 2 LR T 2 HEREICE AR
HNTARY 9%, Grow I & reproduce {2, Differentiation
I D723 D,
YE & L ToEMERNEL LAMOERIT
Voet DEMULEDERNE & ARk (MR
OFFITHFARER 77 LT 5[39] (Table 1),

Table 1. Features of living thing by H. Nakamura.
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JRETIL EMORHR EENNLTODD, WEELTO
Aefin CEMR) ZERT D LMIRTE S

BNZHEF =T % 2 MBI B EmoERIT M
(fniR) O L FEL SN TV 5,

FHS L E£HRT B2 LT LT, —RicAd (Ed
) & RBNTWAIFEN b OB OHEE 2 5
NMITHLOTH D, ZUuT— Gk T4
m EMIER) | DOREETE L2 b0 TH S,
SFEV, PMERERIIITIR->TEOT, [f (A
1K) | OFPFAZIRE L TR,
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—J7, ARk A (CEGIR) OEREITY Z &13,
BB BHEZER > TUOIUTH T A6 CEGIR) L 725,
LML, BHOFIENEDEMEAFF> T e LT,
—fRFGER E LA EMIR) L LT BB &
IR 720,

5. BEEREPIIBIT 4G (EaE) OEE
AR RS EEAE A0 Iy (LR DB
TR ERITRIN TRV, W BUR D S
OFBITAYHERE S B Th DR, L big, LM
L ORI ESI< X 9 7B EAy (EMIR) OF
BIREN TR, UL, A (k) odt
BEDS EMORHS) & L ORENTNWD, T2tz
1%, HOHFEMNEFTRO LIRS TND
(Table2), EADERIETIL 44 L5 HZEN
FANSINA Z EDBZVR, ZIUIWE L LTo4Mm
(EmiR) ZET25ETHLEBIOND, L
ML, Y| LW FEPEFILSHNLITNS
&, ERSCEOT Y EHDHDT, 5IHLE:
NEIZIZEOEE Y LT,

Table 2. Features of living thing shown in a textbook of basic

biology for high school.
VORI

() AL TTETE Y, MEOERLEED
RLTHEHZ &

QBEPBEEELEFZIRLKEEZL ODFEDL(SH
&, TORE &Y, EiEmEE LTDNA &0V
HEBORFEEHWLDI &,

Q) AaEBDT=-DITRILF—ZFIATH &,
ZLTIRILF—EFAT HEEAICIFB RN
Hond &,

Z OFFEO)IFHIEDOAFTE & QIR ORI %
RLTEY Tablel (7R3 HIRNZ K D FHEODOIZFEY
T %, QIEHFHFIZ L DFHIOOIH Y 35, Lo,
OITFIYS T D HEAGIZ BT DRI IR S TR,

AW DBFEERNITEIZ DN TORER D 5 D
2, RO E TSGR U 6 TWD, ZHudE
YOS, Hamik L iR S eg T, FEEE
BHICEIR SN TWA D EEZ 5D (Table 3)
[43], FEBRTITZREIER & O = LI ="t (e
) IZHSRDEETH D DT, KT OV TIIILE
PEE EBIZRHEE L TCEEOTRTZ EICEY, B
W2 b THAH I,

L AT, BIEOFEREEAEICBTL, LA
IR BNy T2 M ORIRIZ OV T OFLIRDY]
ODTRENTWS (Table 3),

FRORICH D EMORHRE, i EME) ©
TERAEREEOBETELZTWEHEDOTHD
LEZ NS, BRHEBICBWTAL, 20X )ICE
TITHYTH0RZ LT, A MR 1220 T

DARA=VERMEICT D ZERRDOENDTHA I,

& 2 AT, R R EE A0 N R A L
—H LU l=xx—), Dhir), MEdn), [HER)
LWV HOHES (Core Ideas[45.46]) ZHAEL T HNE DR
B LZ2BT T D, ENEIUINEROWEL, (b7,
), MEHEY 35 (Fig4).

2O LD BRERHE ONEHEEIIT AV T
17441, K-12 Framework for Science Education[46] & L
T 2012 R STz AR 2B 1E L 7= Next
Generation Science Standards (: NGSS)[47]i% 2013 5=t
fREd, 7 AV OBREE DR & 72D,
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Table 3. Description of feature and origin of life in the

Japanese Government Curriculum Guidelines
FEEEEMIHTS

LD & ERORRIET S5

TEYMDOEME] DNB &0, 2E

7 EYORHY

(7) £ @ & S

EYISHRENHY AL HEEEZL T

HCEEEEIDHEL,

() ffaE TRILF—

(REDE/LY) REDDDTD (7) 12D

TIE EYHHEMZRLUNOHEL L SHIE

LTERZE, ZOHEHISEROEHICHEK

FTHIEEH/RS &, TOIRE, EREMEERK

EYMOBEREITI_E, () ITDWTIE, FF

REREHDUETRD C &, TORR, BEERD

AMEER©ATP O%RE = bav R 7 EER

AOERIZEHND & [43],

-TEY) ORBEZDEH, BE

(5) YD & ZkR

TEYDEL &AL

(7) DR & EYMDEE - AanDigREE

YL DERRIZDWNTHEMRT 5 &,

() EAL DA - EYENED K SIZLT

RBIEONEERETIH L,

(RBDH®LY) (P)ITDNT, EYDEELH

BIRIRDZELIZBRER T TR S &,

HADERE, TOROEYEILDER & EF

SEHZENMRLLTHSD, EDI=H, LD

A EZDROEYEILEZRESFHEDETILE

BRI (TR S 441,

LU, AFSCTILAAD Core Ideas & HEFH
& OBEMRI L O A (EmiR) EFRICOWTER T
AN
TERDOEREI R TH o728, (bE, AW, iz
OANRITEEAT L Z L7, FRETHIFEALE
BITKGF S TND, ZiUT Figd [ZB1T 2T &

nE e
IR @wF
x—

Wk | &Ed
M £

Fig. 4. The correspondence between the core ideas and the
conventional science subjects.

HERTERSNLTWS, L, T=xr$—|, Dk
T, TAfn), THIER] &9 Coreideas D&z J513HH
DNIHIT B ENENOREREH ONFLL EOIA
RO % BTV D, 207, Figd loB T4
OHOERY TRLTND,

[Hfy] &9 Core Idea 13AGHSCTHLY BT
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DA VEMIR) IS5 2E2 605, Lizhio
T, TOERITNTNOIERBIENS L RAZ &
MWTEBENY & H o TS, FFUT, Ao (2.
A ORHSZ RABIM] TRk ols, SiEkR
H2xHDRITHRARETH D,

L, BHE LTiEd aEI s (i)
DIEFZEAL > TATHRNE BB OFFM b T
LE 9723, Core Ideas DB AITe LA (M)
T DRGEZECTIHE NI FEEELSET
W5,

6. FHEEDEMIT OV TDRE

450 Core Ideas | X FAL DFRIEE OEE LT Y
HELRoTCWD, Afy (MR IOV TOHE
N EORERE L CWAENET v r— MR L=
FERDO— B HDUNTHIA 5 [48],

2012 4F 7 AITHEBRBE RFAHE P o4 480
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