
I . ~ 

Utlfl 3 
0 ~· .c:::S~ 

ftl IUft'U 8~ GJJ1 l?l 

(The Origin of Life) 

ft..,. A "'. ... ~ I ..... .. 0 .... ~ 1. 1 ..rVI "' I VI ~I ft..,. ~ .. 
u ty'V\1'V\ 'Hlana~\'ltn.J'Y)11 ~1flll,fln1L "'fiS.U"'ll1 "' ~ n"' ~flatJ1"11 ~ 7 Lu"'ut}l'V\1'Ylll~'1Ytl 

1 ~ S.U tJ fi fl LL ~: ~ tJ 1 tl1ll 'V\ 1 fl1 a i tJ1 tJ fl ~ tl fi3J1 \t tJ i "11 LL c;l t;< lJ tJ ~ flii 1 tJ 7 7 ~ ~ 'U n 7: ,i' "11 ~ "11 U ~ ';) U 'U d 
; 'I 

L~~: n"I1LLlJl1';):iifl11ll n11'V\U1'Yl1"111'YltJ1fl1Rflf~t.lat.11"11ll1 fill1tl LLc;l nir"l1 13Jii,] eraitJ1tJ Lfl~~: ~a 
~ . 

Ltlue1cutJ~m.iuau LUULLc;lL~tJ"I1n17icuit~..,'J.i,1fltJU1'V\in~1cuc;l1"11 'J ll1th:natJt;<UtJft'cuu1.~L~a 
'I .;; ' ... 'I 

VI il ~ I ~ 1. ... ~ I ..... tJ"' il~ 1. 1. .... VI !"' !Vii ...... ~ 
~flll1 nS.U'UL 'Yl1'U 'U 'U~flfflltl'Yl~1'Ull1 .ll'Ufi 7~ty1LL~:~'Ylft''U ~ 'U 1'Yltl1 n11 Lfl L W'lJ a a1ltJ1tJS.U'U 

L'ULL~~3Jrn"l1 ') rnllfl11lJL';)7ty"Ha"l1a17tJ1l77lJ lfiJ'U1l77ll LL~:i"11fllJL'Ut;'lJtJ~U ') ~"11~a~:tl7:lJ1~ 
1~LtlU~1itJll1i"l1c;l~1tl~ 

1. UR·lrtJ~ll~~uir"l1iifl11llL ~a 1. t.ill'Ylitl1~'V\11u LL~: 1. cu«lrt.J~fl1«cu1iiafli~~c;laa17tJ1l77ll 
LL~:i"11flllll1n ltnfl1RU13Tne1"11illiifl Ufl1t;'U111 ~1flc;l1"11 'J ~udiflll1';)1nn17L«n«77f1' 
S.UD"I1~7:~itJUL~1 LL~:'Yl7 "11LtJwrn1'V\'Uflfl1tJflllfl11llLU'U 1tJana"l1~1flL 'V\~1~'U fl11lJL ~a L 'UYl1'Ua"l1d 

~ . ~ 'I . 

iia~L CULL 'YltJ~ntt'Ylifl1 «"'1 LL~:LUUfl11llL ~a~ir"l1ii~L ~a i1ec;lall1LU'UL 1 ~1'V\ ~1tlflfl17 71Y 'V\ ia 
LLlJLLc;lL 'UU';J~U"' nir"l1iifl"'lJ1"11~1~1 nL ~a nuL -iu ~'U 

'I 

c;lall1Lda1'Ylt.J1n17L';J7rul!1n~u ll"U1Yt?l~~~17nt11l77ll~1~at.11"11~il~~Lfl71:~ ., 'I 

... ~ I A . ;.. ~ ... A 0 A ... A ... tl~ tl VIti 1 1. 
LL~:lJL'V\fl~~lJ1n~'Ufi11Lfl.ll LL'U1fl11llflfiLfitJ1fitJL 7a"l1n1L 'UfiS.Ua"l1~1fl';)"I1L ~tl'ULL ~"11 L fltl 'U 

'I . 

fla'ULL 7nLTifiLL 'U1.fl11llfifiL 'U'Yl1"11~L ~a11 :niflrlDn1L ilflll1~1ni "1113Jii:nifl1fltJiin17LU~tJULLtl~"l1 
fi~:L~nfi~:uatJ (spontaneous changes) fl11lJL~adiiltntlf~ty1LL~:\tntl71~ty1tJ71mR\ttJt;<~'U 

I I 

at.JlJ1fi L~'U 
'U 

Thales n~11l1 ~1flL nfllJ1';)1fi 1fl~'UL 'U'Yl:L~ 1fltJ1~ftJfl11ll-fDU'V\1Dfl11llDtJ~l4 
~ 

';J1n'Yl:L~uu 

..- I I ......... A A ~ 1 ... ~,~ 
Anaximander ntJ Xenophane n~1111 ~1flL nfllJ1';)1nfiULL~:'U1 fltJL nfiS.U'U WU1 

LL~ :iiLLt;< "11LLflfl L ilcua"11fitl1: n a tJ 
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I I ~ .I.! .I VI~ I ;.1 ~ <III<IIIA _.~... ft I I Q,.o .... ~ ,j .....r.., ... .... I 

ElEJ1"-:11tJ ') W;J!:Lu~tJ\4LLu~" ~;uLu\4ft'-:13J~1flYl1JJu11"6JftJ'1Hl\4tJ"1J\4 ~flfl~~\4 LfltJnfl1£ltJ1" 

tJ1:n£Ju L1iu 'RL~£l\4L flfl-;)1 n-n£1", Jf'IL t.l1 'l u~t.L ~"~e.H.JLL~:LL1J~·"L flfi';J1n'V\tJfl~1f11" tJ"i.L~: 
'7(j ' 'I 

snJ'1Lflfi';J1nJ1 n" 'V\EltJ nu LTlfl';l1n 1fl~\4 Wt.LLflfi';J1n~\4~\4 W1\43J\4'l!ttJ,f\4L~llii7tJ71"LU\4 
\i 'I 'IJ 'I 'U 

tl1'V\\4£l\4LL~1LU~tJ\47U71"3J1';1\4LU\41J\4'l!ttJ . 
'U 'I 

I I ~ .......... A _,! ... !1'1 ... ... A ... 

Saint Augustine n~1111 ""3J~1f!Lnfi';J1nn17Yl'Yi'l!:~Lu'UI.';l1Yl7 ""71"';11ne.J\4\4Yl7tJft'17 
'U 

..I I 

1u~m:YlYl7-:!ft'11" 1~n 

EpicuTW n~1Th ~~LL~:ifl1Lnflll1';11n~it 1fltJ£if11"D1YlfltJ Yi1tJ LL~:~u LU~fl1tJflll 
. 'I 'U 't 

fl113JL ~ElLL~ !:LL \4 1flf11Je.J"U ntJ71~ty1 tJ11tuL 'V\ ~1d£i~Yl~Yi~~£lL d£J"ll1';1\4i)~a,jtJ n~1" 
rl£l\4tJflfl~t11YltJ1 n17';l!:n11'V\U1 ~~U~L ~El··h~iflL flflll1';11 ni "'1Jij~1fl L UtJfln~1"d '~LL n 

'I 'U 'I 

Paracelsus L~El'h nu U~1''V\~ 'V\\4 Lfh Lflfi1J1-;i1n £l1n1fl ~1 LL~:'~~.JLtJEltJ 
'U 'I 

Jean Baptiste Van He/mont L~£l11L'V\~B1le.l"lJ\4'l!ttJ';J!:Yh1~difli"ii~1fl'~ '~.Yhn11 
'I . 

'Ylfl~£)" 1tltJL£l1L~£l~~\4L'V\~£lLW~"''"'V\~El LL~1LWL1J~fl,r11ft'1;~"'tl~1tJ ~£l1J1YitJ'"h£i'V\l-4Lflfl~\4 
'U 

1 \4'V\~£Jttu .Yh 1~L111LL\.LL';l11 i"ii~1fl~\4L nfllJ1';11ni "'ll£i~ifl£Jcl1"LL t.lue.1u 

tJ7:1J1tufl7afifl~177'l!t~ 11 :A"Liju'l:tJ:~1YltJ1n17LL-nu"~1" CJ· 1~ 1 7tJih~"L';l7ty 
7 "L 1 e.l"£lcl1"fl" 1'YltJ1fl1ft'flfLtJ~tJ\4LL \4 1';11 nLLtJ'UYi17tu \413J1LU'UI.LUU~iin17vlfl~£l" . tJ1: nau 
'I ' 

L'V\fl~~n17£l;u1tJ tJ7:ne.Junuiin17fl\4YitJLfl'D"ilDLL~:enJn7mL~Dn17fln'l!t1U71nLJn17m 
'I .'t 

th" 'J ~u£Jci1"ll1 n3J1tJ .Yh 1 ~fl113JL ~e.1~11 i -lii~1flii n1L \lfi1J1';11 ni ~ 'llii~1fl~L ~lit tJiuu 

,_LLtJ~"'tJ LLflnu"ii, lflfl~u1~n~1Ju"~~~"DtJL t-tfl111JL ~m~ll~~ L 'V\fl~~-n£J"un1'YltJ1fl1ft'flfl \4tlf1d 
. ., 'I 'U 't 'I 

~"iin11 1tiLLU"n\4Lft'3JEl L1ft.t 

Francesco Redi ( fl.fl. 1626;1697) LU'I.4~~ft'~U11i"ii~ifl'll'~Ln,ll1';11ni"'llii~1fl 
. 'U 'U 

L-n1'Yl1n17'Ylfl~a" 1fltJL£l1L~a1w~"1"-n1flt11nn11" 3 lu ~"1u~"'tt"Lrifl~1 1u~a£J"tlflt11n-n1fl 
... ... 'I -I ~I .. ~ ~ .., ... X 'I .· ~· 'I ~ I .. I I 'I 
fl1llfi1n7El" LL~!: LtJ'Ylft'1llufl~nft'\4'Yl fl"'Yl" L1"ii1'l-tL\4El L\41J1fi'Yl"ft'1~ Lti\4\4L\41 u71nLJ111J1tl LtJ 

.I ... ... Q,.o .., .. I X "'· I A .... . .., I ... X 'I -I ... .... 
'Yl'V\\4"3JLLll~'l11\4~" L uflElliL \4e.JLL~1flelli1L nflft1'V\'l-tD\4 LflU\4nEl\4L \4£1 1J1tl L tJ'Ylft'£l"1JLL1J~"1'l-t 

ltJl ,Ju~1LL~1~n£l£l nli1Lilt-tti1'V\Ue.Jt-tuwr1 W'"J\4111t11u~«1ll,f'" '1ldf11'V\t-te.JW.~tJ Redi ~""ltJ 
11fl1'V\'l-tEl'l-tL flfi3J1';11n l -iJ-ne.J"LL1J~"1u L ~ElL \.l1tUt-tL ~tJ"LL'V\~"~1f1tJ1 ~LLll~"1t.tll111"' 'lJL vhtfu 
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. .., ... ... r 11 1 ... ... • ... 

· John Tuherilille Needham (fl .. fl. 1713-1781) Lfl'YiflftEl.:Jflll\41,-thft'tl1tJUn1Lftn ') Uft1 
~I VI ... I ... ..: ......... f't ""' .I .. tJ I ..: ..... • ..1 ""' .I t :'1 
u~~n ~1 'le:J11111~\'1111f1'lL~n ') LOfl"lJ\43J1n111tJ ~·.:lft'l 11ft'.:J11111f1Lftn ') 'YILnfl"lJ\4\4\4L1J\4 

..: ~ ... ~ ~ D I !"I "' "' ' " "' •· " r .. I t (" ... t "' tJ ... ... 
~\'I'YlL n~"1J'U~1 nt.t1~uLL~:Lu'U'l111J1l''l.:J . Vift.:J111fl ~1n\41t.q"u\4'U L Uft'lltJ\4t.t\4n .,,.')1111 

.J. I A ca.. C'. ...... ... ... ....... - I ' ... ...... ~ I 

fl1111L 1l'El11 ~1l'LL~:t;'~l1~:a..ntyty1mLL~:llfi~.:J111fl (Vital force) Elij Vift.:J,.1fl\4ft'11111tlmtJ'YIElfl 

LL nnu '"') 

Lazzaro Spallanzani ( fl.fl. 1729-1799) 1;fl~fl1'Ufl1111L~'U"lJEl~ Needham 1fltJ'YiflftEl.:J 

~11entJ1~u..1 'l ie:Jm 'V\nii" .:~LL~: 'l iL 1~1u1u LL~1'V\~e:J11t11n"lJ1flLLn1Ll'\tl~wil'Yia1n1ff~1'"'-,r, 1111~ 
'I 'I 'U 'U . 

Lrla+i'l11d:Jun~1U1Un1.3JtJ11 n~-;h£ii.:~£i:a1'lLfl ') Lnfl~'U l UL ~EJ.:~d Needham fl1\4';h 

n11~11u1u 'J ~:.Yh 'loXfl1111fm.41tJ'Y11~1tJ~~.:~:a1t~ ~fe:J11nutl~n11na111~11~1113-l~n.la.:~ 
~'ULU'UL 'V\~ 'l 'V\1ll~~tJEI11i''U~~\11'U"lJEl.:J Spallanzani ~'U~.:Jn~1.:Jflfl1~1~~ 19 ' . · 

. ~ I 

Louise Pasteur (fl. fl. 1822-1895) '"'Yl1 n1"J'YlflftEI.:JU~:~1--J1 ff .:~£i:a1fl~:f1a.:JL flfl~1 n 

i .:~ii:ai'l 'l Ue:J1n1fl,t11tJ,fu~:iii .:~ii:aiflL~n ') 'V\7e:J~~u'Y17EJ~EJutJ:tJuEJ~ n17L oU1"1JEl.:JL \ia'V\1a 
'I 'U 

"1Je:J\IJ1entJ L nfl~1 nn1 1Yl1.:11'U"1Je:J.:J~~'U'Y11£1L 'V\~1d tl1Ue:J.:JTl\4l'\1EJYi1a1tJ~~u'Y17EJLWtJflE)\4 
'I 'I 'I 

r .. 1 A x \'1 1... 1 

'U 18Jl'u'V\ 1 ElL 'Ue:J~: L11LRtJ'V\1tJ'UflL 'U1L~tJ 
'I 'U 

John Tyndall ( fl.fl. 1820-1893) 1;J1fl1111flfl"1Je:J.:J Pasteur 11 ~~t.t'YI7EJft'11111nft'i'1.:J 
'I 

ft I .. ..4 ° ... ...1 !"I I .... ~ ... .. I .. ~ I ... 

ft'ue:J 1 (spore) 8Jl' \I'Y11'V\'U 1'Ylbu'U'V\'U 1tJ"1JtJ1tJ~'U~ b~ t;'uEI"J'U'YI'U'YI1'UflEifl11111El\4LL~:fl1111 
I 

II II A II A I ... C'. I f't 

LL 'V\\ILL~\1111 n LL~:L11El ft' 1l1~LL 1~~El11L 'V\111: ft'11~:L ~ 1 t}}LL ~"J~'U~EitJ1.:111flL 11 
Ill A CI-'A fl ca.. ~ ... 1"' ... I ... A II A 

LL1111Lb 'U 1 fl1111fl~"lle:J.:J'U fi1'YltJ1tl1 ft'fl1 'Uft'11tJ n~1.:J'U~:11fl1111 'U1JLEltJ.:J11,.1fl~:fiEJ\IL n~ 

111~1 ni \l~:a1fl1Une:J'U. ') LL~1 LLc;l ntJ\1 'l1iim~ L oXfi1El;'U1tJ1;a~1.:J1fflLL~.:J11'ijfln1L ilfl"lJEI.:J 
'I 'U ; 

:aifl,r'Ubfl~~'" '"'[)~1\11,. 
iiitnuf"ll'ru1ann~11'V\U..:J~fl1111fl~L~U11 :a1'l,f'ULflui.:~~13J£i~iut;'~ n1Lll~"1JEI.:J:n1fl 

&I 'I 'I • 

t ... ... ..... ... 'l ::"1 \'1 ... ~ ..... 
1 U'U11111~1El11fi'Ufi11Lfi~"lle:J.:JLEln1l~ 'Uu fl.fl. 1865 Richter L~fl.:I'Yltl~~,.a Cosmazoan 

. Theory n~1111 :aiflLL 1fi'U'U~W~1l~,f'U111~1n~11~1.:J~U i.:~£i;1fltl'U~EitJ111L'U 'l'tJ"lJEl.:Jft'tJEJf 
'U 

d ... ' f't I ~VI I VI ... I ... .. I .. ~ 11 'VI ... ... .... • 
. ,-..:~11"1J'U1~L~n u~:'Ylufle:JR1111:'Yl ~3JL'V\:U1:ft':u ~~e:Jtl1.:J~ t;'ue:J'l'U111\1 ~n b~~'l'e:J11fi'Uft':Ln~~~1 

'VI1e:J~nn1'U1fl Lrle:J111~.:J 1~n 'l1.4L1~1~El~~i .:JLL1,~~e:J11"1Jn4:~UL'V\ln:ft'11LLOn11L~ity;1fl ~"'"' 
"1JtJ1tJ~u(LL~:ii11cn~u1 n113J1LUUi.:~~:a1fl"ll'i4~c;l1.:~ ') ~uu~~uutt . 

1 u fl.fl. 1903 Svante Arrhenius 1c;)n~11Lft'i:U11ft'Ue:Jf"lle:J'l;.1fltt'Ue:J1~~~'U";l1nfl11il1'l~'U 
:U1tJ.:J 1~n1~ 1~tJLi'fl11:UL11oi1L:u'l~: 36o,ooo n1~L:Ufl1 
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.... tl I tl ... t ~ I 'I -.. t ... fit -.. tl . li ... t .,et .... ..; .. 
3J~f1~11fi1'U'Yltl1!-L)'Yl\1 t\'Eh1'U11 L 'U';If1-, 11~\4 'U3Jfl11lJLtJ'U';)fl LL ~\ILLfi~'Vfl 'YI~u"IJ1 "' 

~LiJuf)u~11tJf!1\l ') an3J1fi3J1tJl3.iiJ'Y11~LiJultJl~~«tiEJf~u";~::'Yl'U'YI1\41ElfllJ1ii~~'"~tlV.lti 
UEJ 11';11 nttuYJq1!-~Yl~«EJ\1~ n~\llliltisiu1tJ11:.G1flttuil~fiL ~11t1uenh~l 1 

1 'UL 1~1f~EllJ1Uf11'YltJ1fl1RflfL ~IJRU 1 ';ILLA:iJfi111Jfl Ul. 'El~111m~~1LtliJ LLft::.0U'Yl1rJLf1£i 
'U 

~ 0 'I tl ' ... ..1 ... ..4 0 A ....... ft •""' .. I VI .. I .. 
3-.1111"11,_. 'Y11 L 'V\LL 'U1fi111JfWlL f1tl1f1'UL 1El\lf11L \.L~"lJEJ\I'lJ1flLu~tl'ULLufi~ Lu';J1f1LfllJ 

Edvard Pfluger (1829-1910) nfii1111 ~1flt.L1nL~lJ~ULntl';l1f11f1flrn\l ') lJ1Yh~n1mLflli 
- , 

... 'I 1 ... tl I 0 " tl ... !"I ... .... .. tl !"I ..: ....... A " ..1 
.f1\h 'U"lJnt:: ~f1tl\11EJ\.LEltJ 'Yl1 L 'V\L fltlLu\.Lt\'1 1EJU'Y11tl LL~1Lu\.Lt\' -\JlJ'lJ1flL \4flft'fl 'U . . . , 

1utJ fl.fl. 1925 Bailey R1lJ17flW-\JLfl11:~~1~1~';11f1t\'11ElilU'Y11rJl\IB1tf11 i~£1~1fl 
• . < , 

. difl';)1f1i "lliii.;1~ L~fltlf111Nt\'lJEltl1-\JL 'V\3J1::RIJ 

J.B.S. Haldane, R. Beutner LL~:: A. I. Oparin nfii11L1lcutJ fl.fl. 192,4, 1929 LLa:: 193~ 
0 -.. 'I 0 .... -.. I ..: ........... .,I ,I t,l ... .... r A tl ... r 

~11J~1fi'U L U'Y11UEJ-\JLfltl1f1U11 « -\JlJ'lJ1flu1:: fiEJ'U"lJ'Ufl1tli'11El'UYl1tJ 'D'~flEJ-\JlJ1f1fltl111JEl'U 
. , ' 

' '" 1 'Yl1L';I'U LrJ 1fi1L ';)'U LL~::EJEJ nsnL';I'UU1::neuetl.Yh '~L~El~1 1an 1 'Uft'iitJLL 111 t 'U"lJtu.::~d"~" 
'U 

.... ..1 0 'I tl t A ttf tl ... VI li 
1

'-1 !'I I ... 

';I::IJ1111::L 'V\3-.11 ::RIJ'Yl';I::'Y11 L ,.,,1fl'Yl-\J 4 '1J'Ufi'U1J1 1::nEltJf1\.L Lfl LLft1 f1ft1tJLu'Uft'11ft'1\4~'U-\J 
I . , . ' ... .... ....... 

"lJEl-\Jt\'-\J3J'lJ1~ 

LUU fl.fl. 1930 LL~::tutl fl.fl. 1953 Harold C. Urey nu Stan/eyL. Miller l.1n1f111" 
I ' . , . "-' 

'Ylfi~El-\JL ~EJ~R';IU11R11~U'Y17tJd)tl';11f1ft'11Elilh4'Yl1rJ tfltJLEl1 le\t1 UEllJ lllL ib.J iJL 'Yl\4 LLft:: 
'U 

Lfl' 1fi1L';I'U3J1113JnU 1flu1i'n1::LLRl ~~1,f1tJ rh L~,tifto11e'U'Y11rJtJ1::LtlYlltl1Yl'U~UlJ1 
fl.fl. 1955 Blum L~~'V\~N~LUm\lt11::iitl1::'Uelli11 :.e1ttLL1nL;lJEl1';1LfltlLL'U'U spontaneous , , 

. generation L~ LL~';J::Lfifl1 u,J1-\J1!:tl!:L1~1t1Uf" Lrlflu1:3.J1tu.~3.i~1f111 3,000 a1UUlJ1LLa1 
A ...... ..: ... ~ tl ..1 0 'I tl ... ....... t !!'\'! I...... I ...... t ......... 

L3JEJ'lJ1~LL 1f1L 13-.IL f1fl"lJ\UJ1LL~1 R1111!:'Ylfl1'U1tl LW.f1fl'lJ1fl'U'Uf1 LlJIJElJl ft'1'U·l119l\4\.Lf11J11~'U1m1 

R'U~El nuf!EJll1Ltlui "ii.;1~.fu~1 
fl.fl. 1957 Sidney w. Fox l~Ylfi~El-\JLEJ1n1~a::iHu (4~LUU«11e\4n7~) lJ1Yntl~n1mLflil. , 

71ll nu l~«,,. 1 vuJii«n1~fla1u1 tJ,-Y\ut ui"1 

fl. fl. 1961 Dr. Melvin Calvin l.1'Y11n11'Ylflftfl-\Jfl~1tJnu Stanley L. Miller LLfl~11-41-\JR 

LL n~3J1L ,Y1 ttl t.l11n!J11 t~w17t11::nau,.,~1t.J'1Jiltl~Wu l ""i "i1:n1fl UElfi';J1n~u!T" 1.1w11~ 
o to~ ..1 -.. 'I ..: ••~ ""' to~ A 11t I • . ..,. ( Vl ... l.. ..,.., ) 
'Yl1'V\~1'Ylft'::RIJ~~\I-.l1"" L UR -\J3:l'lJ1flEl f1fl1tl ';l\llft-\Jfi111JL 'V\'U 11 El""fl1 tJ'11 111J L ufi\1'1J1fl 

El1 ';IL ntl';l1 f1Elil 'U'Yl;tlft'11 l~n1ii~i-\J\11'ULL~::,l -\JLL 1fi~EJIJ~L \1\ln::«IJ~~:;yh L ~L flfl '~ 
~1tJf1113Jn11'V\U1"1JEJ-\J1'Ylu1fl1«flf1 '14LL-nu"'h" 'l J~n1.:tt"u111,,u, ~ina Lflii 

.... A A 
8

1 li I ~ tl -.. tl ._, ... o a ..... 
LL~::'lJ11'Ylr.J1 LIJEJ IJ1 ::3J1~fi111J1L 'V\ft1'UL "111~1 f1ULLft1 fl1';Jft''U'U1!-J1Uf11 1 f11L Ufl"lJEl"1f1fl 

~ . 
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..1 .: .- t -. .1. . ...,. t ..,. ~ ..,. ~ .4 
't1L~1J1:ft'1Jth1 LL~:ft'Tl1~f1Tl"nn-L1-4Lnfl,~L'VUJ"fl1"L~tJ1 t.J1::1.11m 2,000 ~1'UU1.11LL~1 LlJfl 
...... .: A ,I ~ 1 ...... "-' .al ~ 'I I ..,I I "-' 'i.ol ~~ 
"!119lLL 1f1L 11.1Ln~-n~L~1 91El1J1-;J::1J11911'U')f11n'l~::u,eJtJ ') b 'U'n1"1::tJ::L 1~1'Yl~1'Uli1'U'U~1'U ') u 

11.4n~1tJLU1-4i ~iii'ifl"!rt\flfi1" 'J 9111J~ctn•mJ"i1~u1 n1 1 ~ "-;J:: '~ n~111 i1 u,~1,Ya11~u,1 n1 1 

ou8 o~ -=~~ 
Dlfl1J,'U,8~fl11flli'U~,f)~,flfl (Evolution of Life) 

. I 

tl\l,~m1unuluu-;J-;nj~L~Th i"ii~i",r"~~1tJrieJ"fl't.J1::neJu,fu,1J~li1'ULU'U~19l'Yl1" 
'I 'IJ "' 'I 

.... t .:' t ._. .al A ._. I 1 'J I ...1 ..,. ........ ·.... ~ t ..,. I . 

Lfll.I'Yl\lft'\4 \4El f111 flU UtJ\11.1 f111tJUtJU 11 ~ n b U,~fl ~flU 'Yl';l::1J'n191L n~-nu, U U, ';) ::1JLL91~1 ~LL~:: 

ft'11LflijL 1.4 7t.J-nEJ\IEl::91El1JL 'Yh~u, ~\I~UL ~eJ\111iL~tJ1Tl'Uf111n1L U~-neJ";ifl~t.btJLb 1f1-neJ" l~n 
'IJ 

... it "" "" 0 ._. 'J ~ · I , A """ "-' t "-' ~ 1\ILU\4L 1El\1111't1';1 ::~1ft 'U b ~'Yl11 'U11 tr19l~ 1 Elft'1 1Lflll b u, 1::~ 'Ufl ::91 Elli'U 'U1.11t.J1:: n El 'U nu-nu, 
'I 

LU1-4;i"'~El~1\l',. 

... 
flEl 

...1 !"'I .... "" ..,. 
1 ::tJ::'YlL u'U 11~'U1 f111'Yl1"Lflll (Chemical evolution) 

...1 !"'I .... "" ..,. 
1::tJ::'YlLIJ1-411~U1n11'Y11"'211111~ (Biological evolution) 

~" ... 
3.1 11fti'Ulfl11fll~lfUJ (Chemical Evolution) 

';11nn17fl1flti1u1m 1fltJEnfl'v~ctnn11'Yl1"i'YltJ1fl1«flfL~eJncu11 
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. ~ . 
tt1JJa1fltJ flEl 

1:u:~ 1 LrlEl~nL'V'JJii11El~ 1anu·h~th'I';J\4~1\41tJL ~ditJtJ~ n;tJ1'Yl1~Lflij~'" 1ttLLa1 

El:fiElJJ1JEl~1r1fiLU1 ~ :A ~tJnflaJJ~11a nEJtJ-;,::'ti1tJ1i r;;tJ1.le ri'" L nfiL tJ'"a-,,-tJ,.:: neu'Yl1~Lflij , , 'U iiJ 

~ 1 \1 1 ... !"I . ""' I \1 ~ • .,,........... ""' 
ti\4JJ1 fltJEl:fiEllJ~El~1r1fl Ltl fl7L ';)'"l)f ~Lu\4El::flEJ1J'Yl1Eh1 L 1 L '"n1 7'Yl1uLJ n7tJ13.J1 n'Yla'fl 

, . 'I 

L~El,;1tJ~fi,1tJ1 riuEl::flEllJ~El-lElEl n~L ~'" lilL iJ'" le~1 

H-0-H'----. H 20 (water) 

LdEl,;1tJ~ n;tJ1n1JEl::fiEllJ1JEl~' 'l-41 'Yl7:L ';J\4 '~~UlLTl1en'LLEllJ 11JL i1tJ ' 

,..H 
H-:- N , -----. NH3 (ammonia) 

H 

H 
I 

H-C- H ~ CH4 (methane) 
I 

H 

, r ., . I I ,x AI f'l . :'i , · ~ ... 
fl'U1 ua:n1CJf~1-3 '1 L11i:l1'U1l:u n rUtlJ ua: Lu'UU11tJ1n1tl'Ufl-3Li:lnLU1: v:uu L1Vn 

tYfl11:'Ufl-31J11tJ1n1tl'tiEllflJlan~flif-h reducing atmosphere 

u ~ ~!:> ~ ...... ... u ... ~... ' 
1l1011i:lOJ1'U'Vl1-3Pl111f11tY~1 nr~nm 1i1N1YltJ1 LLi:l~Lfl1J 'U01YltJ1f11U~1L'lffl11 

. la n L u 1: tJ :'lf u fl11l ii tYn 1'VH111W L oU'U yt i1 if 111-1 ·1 fl tJ n 11 fl n 1!11 fl 11 L fl11 ~ ,.( ~ 1-3 '1 YfU11L'U 

fi11'W q...t'UV-3'WU11ii,fltr1 tllCJfLltllJllJ LUtJ LLi:l~n1trJSii L'Vl'U ag1uUfl1'Wyt LiJULn a"tr1 LL;j-3 

AI ' u 3 
u1~ntJag1luVJn1uu 
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... 
( 1) U1fl1~ (sugar) 

(3) n7~,1J~'U (fatty acid) 

(s) 1~7ij~cu (pyrimidines) 

(2) n~LSJl'Eli'U (glycerin) 

(4) n7~El:ij1cu (amino acid) 

(6) ~11'U (purines) 

17 



18 

H H ~N ~ H 
0~ 

I'? I I I 
H-0-G-C-C-C-C-C-0-H 

H 
I 

H- c-o- H 
. I 

1-1-C-0·- J.l 
I 

_ HHHH HH 0 
I l I I I I ~ 

H-C...:..c-C-C- -----C-C-C. 
J 1 I I I I 
H H 0 .~ H H 

I 

1-1:-o- o- H 
l 
ti 

I 1 I I I 1 '-
H H H H H H 0-H 

. H 
slucose 

H R 0 
'\. I # 

N-C-C 
H/ ~ . 'o-H 

amino acid 

glycerln fcsttyacid 

I 
c 

; ' N C-
1 II 

-c c-
'- / N 

pyrimid\nes purines 

L3JL~ ~~"1Jeh'1~1~1~t11: nnu~1tJD:~Elil"lJEl~1i1~ ln 1~1L ~'" f) f) nsnL~\4 LL~~fiTl'UEl\4 
:' ,;:.., f.: I A A d !T " 

~11th:nautJ'l:Ltlfll41~1~l4U'ULU\.U~'1l4'V\l4~"1JEl~Ell4fl1tJft11Ynnfl11 ~'U LtlL~'lfl (carbohydrate) 

... ... :'I A ...... ..I ~ ..... !T \'1 A . .. I ~ 
n~L6Jl'El'll4 (glycerin) Lul4ft11Dl4fl'ltJflf1~1tJn'Ufl11 btl LtJL~1'Yl fiB u7:nEJ'U~1tJEJ:~EJ3J 

"VJ 'f A II" A al A d I 
11El~1i1~ Ltl L~1L~l4 EJEln6Jl'L~l4 LL~:fl1'l'UEll46Jl'~u1n~~:3JEJtJ 3 EJ:~EJ3J , ~ 

fi'l~,"lJ~\4 (fatty acid) l4EJn~1n~:ijEJ~~El3J"lJEl~1i1~lfJ 1~,-L~\4 LL~:DflniBL~l4LLa1 tf~ij 
't 

II" I~ I 

EJ:~EJ3J"lJEl~1i1~fi11'UEJUEltJ~~LL~ 2-20 D:~Elll 
't . ~ 

A'f fl'l .. I A ..... ...~... \'1 'f . ...: "VI .. I 
n'l~EJ:3J b \4 (amino acid) LuU~11u1: nB'UElUfl7tJfl3JEJ:~El3J11El~ b U_b fl'lL ~UL ~11 L u~1 n 

1n 1~1L~'" BBnsnL~'" LL~:Y~TfuBl4 LfluEJ:~EJll"1JB~1u 1 fl7L~l4~:iunuB:~EJ1111B~1tlLfi7L~l4 

Lih4'V\~EJ:ii1l4 (amino group-NH2) l4Eln~1n~l4 ~1l41l4EJ:~EJ3J"1JEl~fiTf'UEJl4tJ~ij1~l4~1l41l4 
I ""' .J ... !'I ~ d !'I ~~ 
~1~ ') n\4 LL~:n11Ln1:LntJ1"1JEl~EJ:~El3J"1JEl~fi11'UEll4El1~~:Lul4LWl4fl1~ 'V\'lflLul41.:J'U'l1~'Un Li'l 

lv(iij~u (pyrimidine) n.,u 'W1;'U (purine) LU'Ufl'UV1;Va'11~~\1~11fl'HtY;'1-:J 'lfU~ 
LU'U1-:JU'l'I~u 1~v1vi;iJ~'ULU'U1-:JL~V1 ua:V.1iuLiltn.:J~ , 
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'I ' .I ~ ~ !'I' - 4111 ~ :.. .r ... ... ~ ... \1.,1 ..1 ~/ 
L '-'fiTtu7::neun'-','-'LJJU8Yfl1tJW11''Yh1 6 11'-'fl'-' :;t::flEJ"11~~""1'-'L ,1 L !J.~run,e" 

LL 'V\~"~~1li~Lt""1'-' L ~U Tl,1J1'-' fi11UQrl,tJ1dij 2 LL 'V\~" LL 'V\~"LL 1' OflEJ fi1"El1flflrJ LL3J-;h ,f'-' 
~e"""11enL11'-~~""'"1f1u';J::u"rf,wi&tatr\lil~we"il"~"'1~n1tin"111 LLfii""w'h" 'l ';11n 

A f( I u~u "'t ~-. f( ~-A ... o 
fl1"El1'Ylflll L 1f'U 1\1'1EI~9111 L 1 EIL~91 (ultraviolet) 1' "ft'LEJ fi'lf (X-ray) LL~:: 1' ""'11 "11El1'-'1';J'Yl::~ 

. , 
'Yl::~1"\1' "11ilt1fi1" 'J nw1li11tl';J::~"N1'Ull1'UL11'-1~'-'~"111 1ti 

I ~ I ..1 \1 .., I ~ -'\1 ... • I .. _,.. _,.. I . 

LL'V\~"~~""1'ULL'V\~"'Ylft'EJ" LfiLL0~~""1'-''Yl Lfl';J1flu110~fi11'nL ~1U~1J ~1~1 Uel:: 

tl7::';11 rJw1tA"e~l "Un~11,El"L11'-I'V\11£ln~t.lnf1~11Ltl'-'u,.,.ll1n1fl,e" l~n l 'UtJf'ltt'" , , , , , 
~ 1 t .f I l"'w I . ~ !"I ""' ... \1 tol 

~~""1'-'';11 fiLL 'V\Cl"'Yl"ft'El"'-'';1::1f1tJ 'V\ 01'11LL~::ft'11'fl1" ') 111 1'111 fi'ULu'UEJ'-''Yl1llft'11' Lfl 
.'! J ... A ... ... A A ... .r ...... A ·\. f( I 

L 'UL 1 EJ",El" n1 1111Jfl1,El"El'-' '-''Yl1'llft'1 1LL~1L nf!EJ'U'Yl1llft'1 1''-' 11'U fi1'Ylll1fl1 ft'fl1''V\ ~1li'Yl1'U 

BI 103 

... zO conta!nrng or~anic 
~ompoun~s at end oi 
~~per11T1enta: run 

.flll't S-2 Utl~~fl11'rl~tH)~'UtH Stanley L. Miller 
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<~.JEl1';1~'ltl1~11 ';11fifi1'll~iUYH~,.J.J1'\.t';11 nLL'V\~.Jfl1.J ') ..f.J';)1fiTIItJ~ElnLLfl:111tJL '\.t 
-- 'I 

U11tnn1flfi~iJ\.{EJtime!~~~ 'Yl1 1~«1'lD1-t'YI7£1fi1.J ') ff«:«t~El~L'W.L'V\~.J~1'Ul-t~\41~n 'l1ll~1 
· ... ~~ A ..... A ..... 1,: A ~A A ..... 

n"U~'"dJ'Utl1 1U1 :nEJ'UEl'\.t'YI1tJ LL~:tl11El'U'Y11tJL 'V\~1'U';1:Ln~tl:tlllll1fi~'UL "HltJ ') tlT~El'U'YI1tJ . 

~L n~~\4 L 'U 1 :tt::LL 1 n ') tt tJ.J 11Jijfl11llSJf'Usnen~,'\, 'UEl.JtlU1: fiEl1Jll1 nt~1tJll'nLLfln.Jn1 :~'Ufl~1ll 
..1 ... .,. ... .· . I I ,: ~~ ..1 0 'JI a I I aJ..I "I 'J "'A .. A ~ \1 "' 

nT~'YlllEl'U'YI1tJtl11tl:tlt~El~L"lJ'U'U Lu'U'V\'U'YI1.J'YI';1:U1 ~u~nTnu~tJULLu~.J ~VtLn~"lJ1~~'Ull1 ~~ 

~ 'I .i-1 ~~~ I ..1 ~I X A I :: ..... ... A I A 

1~tJ~'fl 3 ~'U1:tJ:'U ~n'YI.J ~'Utl1'U'Ylbu'U'W'U~'ULL~:LL'V\~.J'U1tJ.JllEln.LVt1llltl.JEltJ Eln4Vt1lll 
' 'I 'IJ 'IJ 'IJ 'I 'IJ 

tteiTU1tJL~Ln~tl~nitnn1111ll~1~El.JDUY17U«11,r.J 6 11\l~~'" n~11flEl , 

1llL~n~~El.J~1~1~';1:11.llfl~LEl.JL,j1Ltlu 1t~L~n~ L'V\ru L iun11 ~olysaccharide ~ "ij 
'I 'I ~ 

flt14~ll~fl1'11 ') nu flEl n~1tJLU'ULLU.J (starch) cellulose LL~: glycogen LLfltl1''HVt~1tintr.J 
'I 

~~L U'Ufl1 f1u 1 nL~ 1'YIL eliuL~tJ1 "'" 

n~L6J1eJ1u 11ll~1nun1fl1 ~lTu Ln~Ltl'U 1 ~lTu (fats) 

n1~EJ:ii1 u 113..1~1nu Ln~Lilu1ti,-Ylu ~protein) LLf1Liie.J~1tJn1fleJ:ii1mi~~,.1fl'l.J«11.J 
~1'11 ') nutl1:ll1t14 24 11iL~ ~.JYh L Vt1tJ,-fiu~EJUll1nll1tJ'V\~1tJ'lfilflLL~:ijfl11llSJf'UsneJU~El.J 

'IJ 

1 
"' I Q.oO VI a I "' ~ 1a I ... A Q.oO ... ..1 VI" I I 'I "'a I A AA ... 

fl1 .Jtl11'11~1.Jnl4 ~u~1tJ 1-4Eln';11nuu u1'YIU'U1·\I"lf\4fltJ.Jllfl11lltl13J11fi'YI';): ~uL 1" ~'V\u!)n'ltJ1Lfl11 

L n"L 11~\4 1tJ1nl4"1JiL~ttL 1tJnl1L~U16J1~ (enzyme) 
I A ... l'a I VI A.,.... A ... t "' VI a I Q.- :;' a I 
~1Utl11El'U'YI1tJu1:L1l'YI-~~'l1lfl'ULL~:cw111-4'UU';1:L~1 ~u113Jn'UU1~1~LL~:«1'lu1:neJu 

eJiLu'YI1£1ffijEJdlu~1 flEl ~11'WE1«L'W~ (phosphat~) 1c;iLilcu«11LVtlJ Liun11 1~iii~u"1Jn1f'WEJ«L'W~ 
'IJ . . 'IJ 

I ~ A ,: r' . ... A I . ... ~'i: IIJ G' 
(pyrimidine~sugar-phosphate) LL~Yl.JtlEl.J"lJ\.tfl'UEJl';)L 'ltJn"lJEl113J ') 11 U1f?fJ t8 tnn (nucleotide) 

LL~: 1 '"~1~U~El1l1 iL1fl~1EJ1 Yl~L 'V\~1d';1:3J1111l~Tri1 L'V\1t~L~~~ij~u1~ 1 Vtqj~un+lL~llDn 

20 

, I loo' • , 
... ...VI"' ... I ... ~ ... 

L 1tln~11Yl ~~\411 n'ifi'U1flfJ8fl (nucleic acid) 

I · I' a I ..I a I ... ..1 A 'I ~ ,: ~~ \1 VI "' 
\ El1';1 tl 1Ub 'V\91 n1 1 t"\4fl11llt u ~tJ'ULL u~'I1 1Yl1'11Lflll'YIL nfl ~ 'U 1:tJ:Yl«1ll'-tbu'I.-L ~~EJ:LL n13J ~" 
I 'I 'I ' • 

sugar + sugar 

fatty acid + glycerin 

amino acid + amino acid 

purin } + sugar + phosphate 
py'rimidine '-- . 

nucleotide + nucleotide 

polysaccharide 

fats · 

·protein 

nucleotide 

nuclck acid 

I. 
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.-=1 !"'1 -.I A _. C' A II 1 A -.,.. C' _. 
1:r.t:'fl 4 lu'U 1 :EJ:'YI811014'YI1Ul ,h'J8Jf£J'Ufl1" ') L ntt'l!1J1Un1 18 "Lfl11:V\'YI1"Lfl3J 

tinlt.J lt1'811~u'YI;m3JL~~~ 1V\qj1filttl"lltiolt.JL ~nu 'J 1 u~,.,.fl1«11~wn1m3JL~~~ 1V\qJ 
I .t... .I 0 G.< ... ... ... ... - - G.< • I 1 .. I ... G.< ... ...... .t 

LV\ ~1U3J 81 1'YI81flqJ1f'UflV\U"8Jf "L ntrt1tl1111113Jfl1 1 :V\11" u1'YIU nun1 flU 1fl ~£Jfl 81 1U 

L;un11 U7f'1n1n1zl1nu (nucleoprotein) .l~Liitt~nL«3J~1V\3J~u3J1 tiwuul~11Ltlu~ms3Ju~ 
~R1fltllri" fl£1 ijfl113J813J11fl~-;J:Bi'1"13JL~n~lV\3JLV\i:i~nl;nL:LV\linu13JL~n~Li13Jl~ flnL83Jutl 

- "t1 , 'I 'I 
..r. ca..- ... G.< .. ... ... 0 

Ufl£Jfl nL83J 1Jfl"l.. £J" n1 18 1JYiU1lV\ 1 £J'Yl1'';11U 1U 
'I 'I 

II 1 ... o tj . ~ 1 ..,( A tj I~ I~ II :tl ~ I .,j 
LL3J11 n1 1'YI1';11U1U L U 1:EJ:LL 1 n ') U U 3JL~ n~'YlL nfl L V\3J L3J LflLuU'1JU81U'Yl3J1';11tl 

- 'I 

13JL~ n~Li13J LLti13JL~ n~Li13J tifi1V\U1~Luu "~u" 'V\ 1 EJ "LL uu~u~" ~-;J:Yi11 ~Hi~ 13JL~ n~ l V\31 
'I 'I 'I 'I 

~ tj G.< ..1 ... 1 .... ..1 
'l!U3J1 L u~n1;m:'YIL V\3J£JU lJL~n~LfllJ'Yinu1:n11 

- 'I 'I 

,_ 1~n11'YI1~1U1U"l..EJ"ll1fl~1n 1 t.J1fiu dit1~U 1flEJEJ"fltJ1:nt~uclaEJ"l..EJ" 1uL~n~ L,Ju 
'I 

~ ""'1 .... ""' VI ........... I ... 1 ... 1 ...... I I C'tj 
U1fl1~ n1flEJ:3J U Yi11U L Yi13Jfl'U LL~:V\3J1i1fl-n£J8L -nfl 8Jf"3JEIUEIEJ1"Elfl3J83J1J1nL L U'YI:Lf.~ 

'U 'I ,'U 'I 'U 

-;J:L -n'13JTiufinu811~LV\lit~unu l ull1fl~1t~1t.J,.fiu 13JL~n~Li13J-;JUfl11Jli1u 1 uL 1~1~EJ3J1811l V\3.1 
'U ~ 

~3J1iufifiu,fu-;J:L~El3JtlElrl'"LEI" LTiflLUUU1fl~1EJ1tJ,-fiu 13JL~n~ \ V\3-J LL~1~"LLEJnti1EJEI n-;J1n 
'U 'I 

13JL~n~Li13J 
'I 

a c 0 

LL'Yl'U 13JL~n~"l..EI" J1f11~ 
'I 

LL'YIU 13JL~n~"l..EI" n1flEJ:ii1 U 
'I 

LL 'YIU 13JL~n~"l..EI" ~11U 
'I 

LL'YIU 13JL~n~"l..EI" l Yi7£i~U 
'I 

LL 'YI U 'V\ 3J El: fl El3J 'W El tn 'W $1 
'U 

"'.... .... 0 "' .... l l-1 .... 111ft 8-8 aunHl1ifl11fll\ll'UlU-uo.nntla o u1nu 
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"""~ A!l 
3.2 1lf»tUlt111Yil~'Vllll'n (Biological Evolution) 

""" VI"' I !"I ..d AQ.oo ..4 0 ...... A 

EJ1';J'U1J L~11Lu'U1~tJ~YI 5 'lJEI-311~l41n17L~£Jn1'ln1L'Ufl'.ll'1~ 

... !"I .. 1 , r-l A ~ """""'""'""" ""' 
11~u1 n1 7'Yl1-3'.ll'11l1Yi L u'ULJ 11 ntJ n11m 'Y\L nfl,Wl1tJ'V\ ~~'Yl11~u1 n1 7'Yl1~Lfi3J 

ti1LU'U3J1LU'UL1~1th:3J1UL 3~000 ~1UU -nm:LrlEH nfl11~U1~T1Yl1-3;a11l1Yi~'U ij1~'V\3J1tJ 
I A Q.oo ... • . I "-' 0 A I A . ... I r 

fi113J1111~\41 n1 7'Yl1-3Lfi3J'V\~flR~L~tJ LLfl'cil:tJ-3fl-3fl1L 'U 'U~El3J1L 'HltJ ') L YitJ-3LL~«1l1Yin17UL 

fl1-3 ') ~fl1'1.41tJL~LTifl13JL~n~-nEl~«17~U'Yl1tJ~'U'V\3J~iu~-3 LLfln17'Yl1~1U1U'lJEI-3U1fl~1a1tJ7Yl'U 
~ ' 

tJ-3~flEJ1 U'Yi 1 EllJ nu~ n1 7L tJ~tJULL tJ ~-3L ~El';l :LtJou'V\\.l 1tJ'lJEJ-3:n1flD~1-3LL ,;';!; -3 

.. 1..1 .. I ..1 0 'I "' ,... . ...... I . ·~ 'I 1 ~ ... A ""' A 

fi113JL u~tJ'ULLu~-3'Yl'Yl1 L 'V\L n~'.lJ'1fl'V\'U"'~tJLL 7 n'lJ\4111 L 'U Rn'I.4U 3J (flJlJ~ !1'1.4 'YlElli'1J1tJ 

11LLtJnEJElnLU\4 2 «3J3Jii~1\4 
,..,-,_"' 

"' 
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• 

A. 

B. 

• • 

free og gregaHs 
·of nucleoproiein 

• • • 

• 

n.etrienr S 1etls 
around aggregates 

Prim'tive 
cell. 

0 

0 

nucleoproteiT\s 
aggregates of cell&.~lor formed within 

nuTrient molecules comportments primitivG ce!l. 

i ~ij:a191L'D'fH~·LL 7 nttL n"ll1th::ll1nf. 2,000 Lt1utJ~··,h'Jl11LL~1 
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0 

0 0 () 

• -(J 0 0 • 
0 • • , • 

0 () • 
, 

LL3J11~-\113J1~fun17~U£J'U 

11 ~!Ill~ ~1\.Lel\.L L~LUUelU ... 
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• ~ ..: ........ u 
fJGUJSJUfl,fJ~CI'~SJ'Ifl~CI'SJUU1fl 

r..l .,. ~ 1 .., .,.: -.- 1 ...I !"I ~" .. I 
L•tHU~'YlL ntl-n'U 'UR3JtJLL 7nL 711. UEJn;nn';l:LL~tl~fln4~3J1J~-neJ~ 3JL~n~'Ylbu\teJ~f\u1:nEJ1J 

'I 'I 

ua1 u.:~LLRtl.:JflmRJJ~YiLfl~L~JJL9lJJ~~LbuflmttJJtmrl1~';)1nn1711JJnu-nEJ~ 1:uL~n~,h~ 'J ~'" 
" 'I 'I 

~n4WJJUifiLfl~U7: n17LL 1 n n~El L'Iffl~L~ JJii"lJU1\t n1 1Vnt11 ';)~ 1 ElLL~ nLU~tiU n1'IJ 
'I. . . 

(respiration) ~;ElL ~11ifn 1 i1:JJL~n~"lJEJ~R17tih-3 ') LU'ijLL'V\~~ 1~vHr~~1\t 1fltJn17Yh 1 ~~,,.~ij 'U , . 

~'U1tl-nEJ-:~13JL~~~ "~"tliw~1tli1L'l.:~Lilu 1JJL~~L'lL~n 1 un,,.«~1tllil1"1Ja~ 1:uLL'l~L'ld~tr~.~,usa ~ 
W!:ft'3JE1Ul11tJ 1 'U 1JJLL'lfiL'l';l!:flfiUL'lflU~EltiEJDn:U1 ~L'l"lJD~n17~1tJ 1 ';1 L UL'IJL'lrl11~L fltl n1'Iffl1 fuDu-

'U , 'U 

1tt£JDn 1'11.1 (C02l fl.:JL'IJ~~iin11~1t11 ';13J1firl';l:d~Tri1 Lc~~'Lfi~fl1f1JDU 1flEJDn 1'If'li':u1 n n1'1Jfl1 f UEJU-
.._ \'1 r..l A ,J ~ A I !'VI.,I I~ I 'I ~ 1 1 

~tl£lEJn L'IJtl'YlL ntt"lJ'U'U';l!:'IJ3JLL~1EIEI fi';)1fiL"'JL'l~ Lu~'U1 1J1~~1'UEl1~L'l:~1tJ b U U1 Lb<il1J1~~1U 
. 'U 

~ 1 A ...... A ..t I ~ 0 1"' 
';l:~EJtJL"lJ1HU77tJ1n1fl L3JDU77tJ1n1flJJn1'IJ,-'""'"w:w:um.J3J1n"lJu 'Y\1 ~~fl1~"1JeJ~U77tJ1n1fl 

'U . 'U • 
..1 \'1 "' I" \'1 I VJ I" ...1... il , ~ o ~ ..,j _... o ...,. ...,. ..,. 

LUatJULLtJa~ LU n1'1Jf1171JEJU ~tlEJEJn L'Iftl'Yl3Je:Jtl uul7tJ1mflUU';l:'Yl1~U1'YlLUU\l, 1 nn1u~,. ~~ 'U . 

Yi~-3~1\tft' -l';l1ntt1"£l1Yl~rJ rn 1 ~ ~ij~~~R13J11 f1Ui'UU7 ~ft'111~ n11ii~i'illiieJ 1 tJ1~ 'U . . 'I 

- .. 1 I \'I,.IA A ... 1' l .. l ... 'I I" ... ~ 1 flnt.R3J1Jflu7:n17fl£l bufleJ U1fiL'l El·u7'Yl'U111tl bUL'IJL'l~ft'13J11fi'Yl';l:~,-T~ :UL~na 'I . . .. . 'I 

'l 'V\lJ~U3J1111tJ1 'UL'JfL'ltfl~ ~~.Yh L~L'IJL'l~ii"lJU'ltlL ~JJ~u:A ~UULUU n17L ';li ruLq;U 11il (growth) . ~ 

LL~:l \4L 1~1flEI3J1LrlEJL'11L'l~ii-nu1tl1 'V\ql3J1 nn';l:ii n11LLU~fleJ nLi]'uwEJ~L'IJ~~L~n ') 

U£ln';11n,fU111tiL UL'11~~rJ~LfltlU~n1rJ1Lflii1 utrn~m: 1 ~11 ') Yl1L ~1~«1 ,-1 ~liLL~: 
fln4ft'3JtM6ltlL.LiJL'lnL ~3J~UL 'Eltl ') ~L'l"lJEJ~n17LU~tiULLUL'l~tl Yl1L ~L'IJL'l~ii,-tJ11~LL~:~nq;n,-7:u 
'I 'U WI 

• 1..1 .... I ... .... ... ~ I .. ... .. I .... • I 'I ~ 
L.u~tJ'U Lu 'lf"'UU Ltl11L'lfL'lL'lLntln17u71Ju1 -\11111tl LU (internal development) "lJU 

- 'I 

1 u-nm:LiltJ1nun~n7.73Jfl1~ 'J 111t1'l 14L'11L'l~n';l:~1L itu 1tJEJrh~~Dtlfi~EJ~tJ,-:«1unu 

EJrl1~~ ..f.:~d1fltJiiit 1fl~1EJ1 tJ,-fiuLiJu~fl11Jfl3J.n17Yl1~1U 1 ~~1 Lit u 1 tJ~1t1~ it 1 fl ~1t~ 1 tJ ,-flu 
'U 'I 

~fi1~U1~fl11J~3Jn17Yl1~1ULLL'l!:fl11J~3Jn17tJi''U~1"1J£l-\JL'lfL'lffi~L'V\3J1:ft'3JTl1J1111:LL1tl~eJ:IJtl 
I ... I ~ 5 

fl£lli1L 1t1n11 nun (genes) 

••aci'ua z 1T1cr 
. !"' .... ..: ~ ...... .. A ... ...1 1 .. -1 ... I .. I I 1 

L'Jf~~H Uft'3JtiLL 7 nL 111\4 U ';1!:3JtJUft''V\ 1DU1flL'l E1 u1'YlU'V\~1tJ'V\'U 1tlu1: fiEl1Jeltl111tl U 
'U 

... ...1 1· I ... I ~ .... . I I ... . 'I ~ I" 1 
'"1flL'l £l u'l'Yl'UL 'V\L'l1\4';l:L'l£JtJfl1EltJ£ltJ1-\JElft'7:LL~: b U1J1-\Jfl1 ~El1';l~~tlDE1 n:IJ1';11 fib 'If~~ U"lJnL: 

. 'U 'I 

~'V\~tt£J£lnli1U£JnL'!fa~,fu ';l:Yi1 'l ~n';ln7 73Jfl1-\J 'J -nEJ~i\1fl~1EJ1tJ.,-flu"lJ1tlfl113Jfl~EJ~Iil1 
. ~-\Jtl£l-l'Yitl1tJ13J'V\1'Yl1-\JL-N1' UEl~L 'UL'lfafl 'V\li~ntrf-\J'V\d-\1 U1fl~1El 1 tJ,-f)u~ii~tlq;n.,.,:UL onud 

i'"\l~J1U11';l!:LUU1J7,.Yi, 17~11£1"' TlW (Virus) 'lua3JtJU';l~1Tu ~~ii~tl~n77:JJ1utrn~rn: · 
. ., 'I 'I 

LfltJ1n~ fi£J 1'1-4~1\4£l~titJ'l:n£JulTfwu7:nau~1tJil1fi~1EJ tJ.,-f)u 1flt~iin7tlil1fl~Df1Ltlu 
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LLnun~1-J LL~:iH thfiu~aaJar.i1,u'leu Liia.J-;}1 niio.Jf1th :nauar.JL i'ltJ.JL rhd 1 1i'H~.J 11iuu11 
~ ~ 

LU'ULB}f~~ ua fl-;)1 n,Xu L 1i'HrJ.Jiiin~m:11D.Jn11ii:.OiCilfl~1tl nu ~a-;J:L -;J1rui.~~mrlm ,}1 i.tl 
. ~ . 

eJ1fltJEJr.i1t.tL6Jf~~~'ULL~1 1t.tn11~1LL'U~IJI\111,'V\1i3Jn-~~i.1i'HL,J1i.1LiJuvnn d n 1ih1 {parasite) 
~ ~ 

a t11J w:~acw il tl1 lHUJ fJ U 'l t1 

~.JL~n~11LL~1l1 111tJ1t.tL6Jf~~~Lfl~~u1t.tHaJtlbb ,-·nL ~1J,_tt.t-;J:iiii1fl~1a 1thfiun1:-;J1tJEJr.i . ~ 

1 UL 1~1~EI:JJ1L6Jf~~iifl11:JJLU~tl'ULLt1~-JLL~::ii1-J~u1 flT:irh 1 ~ 1fl~1EJ11)1fit.tL 'VI~1,_t'U:JJ11l:JJ 
n~:JJrl'U n11 11:JJ n~:u"lJa.JU 1fl~1a ltJ1riu 1 UL6Jf~~1.J1~li'D'~~~::1'J:JJ rlUEif.h~'VI~l:JJ G) bL~:i.aJL~ 

~ 'I ' 

d1~LUU1t11~ G) ~u L6Jf~~~iiin~nt::boziud un:.01ll'ltl1H3TtJ1'VI1iL1tJn'h lJJih 1 (Monera) 
'II 

~.JLLtl flEIEI fl'il111i n~ rn::"lJeJ.JL6Jf~~~LU'UHEI.JU1 ::L11l'l ~a tl1.n1tJ1 ttLsn~ ~ttu i.aJii ff1 1~rh 1 ~ 
Lfl~~ (pigment) mJ~1tlL.~f.4 L 1£Jn 1~u 11'Yn n,Xu,-;h unLC111 (h<t\..'1\..'ria) LL~la.~u ".l11.J1~'nii~iiff11 

'II 

~ri11~'t n~~UUEJr.i~1tJYh 1 iii1>l11:JJH1:JJ11 n~::Hfl.Jal'V\11 1~uini.JLf111::~LLH ~i,~ 1a.~it 11 
'II 

~ v 
A1IJ V I AA A o A 

vn nu b~LL nLLa ~-;JHL "1Jtl1LL na.~u 1L~U ( hluc-gt-eL·n algal') 

ill n~:JJ"lJa.JU 1f1~1a 1tJ,-riu,Xu, :JJ1 j'J:JJ n~:JJ nuarh~'VI'U1LLUU LUUnau~a~ar.J n~1-JL6Jf~~ 
'I 'I 'tl 

LL~ ::iiLrla U1-J GJ :JJ1V:ai11 n ~-11 "lJa .JU 1f1 ~ 1 a 1 tJ 1riu ttu 1 ~LLtJ n a an ~1 n ~·-Ju5u 6J "lJa.JLsn ~ ~ 
'I 'I 

n~a.~"lJa.JU 1f1~1a 1 t11fiu~iitr n~ rn:L oziu ttL 1 £J n-h j} uddntf· (uudeus) Lsn~tfl uH3TtJLL 1 n GJ ~ 
~ 

111£J1uiili1Lfl~tJHar.idL 1t~n11 ldi~inrll (Prof isla), iuii'M q)1tt111t1,-~H~ndLuttu11~u7~"1Ja.J 
'II "' . 'l 'I 

i .Jii:.0iCI1~1-J GJ 1 t.t'll<il-;Jut.t 
'l 

fl1111LU~tl'ULLU ~.J"lJEI.JL6Jf~ ~i~LL~L ~ :JJl l~U 1 n1 1l'l1-J:.01!11~L uu<?lt.t111';1'U n~L n~L6Jf~~ 
LLUU~1-J G) eJ1-;JL;jtl'ULDULL~U!l1~L~~~111~ 3-6 

MONE'-AN CELLS 
· (nuclear membrane 

absent) 

BI 103 

PROTIS l AN C fl L5 
(nuclear· membrane 

Prt1sent) 

"J~fJ~~ 6 Lrla~~ii:.0iCiliitJ1:JJ1ntL~11~U fl11 

·1ia1'VI11n-;J::ii:JJ1n~tt'il1:JJ r'h 1itJ1a.~1nt"lJa.:Ja1'VI11 
~~Uatl ~.:ILL~:: 1 U~ff~ niii.aJL ~tl.:J~a~a~n1:JJ~a.Jn1~ 

'l 

L uuL 'VI'il1 iLsn~~~l.J GJ ·1 t.tHaJtJ~t.t'il1tJL ~11:"1J1~ 
'l 

A A tl'o d d A 1 

a1'V\11 -;J::JJL~tl.JL6Jf~~';I1'U1'U'VI'U.J6Jf.J11f11111ff11J11t:1 

""' 1 .J a I ""' ""' a J.J a I ~Lfl~ Ufl11l'l';l::u1UCI11 (adapt) LL~::Lu~tlULLu~.J 

bali .Jbb 1~~a11:JJ1Yh 1~'t n~tJ,-:: 1tJ"nU~an11'iiTl.J 
:.Oi'il i.~ n1 1 tJfu~1"1Ja.JLsn~~L V\~1d-;J::iii~ n11 

~1~ G) rl'U rh 1m~"lJEI.Jfl11'ii11-J~lCI1Lb'ilfl~1-Jrl'U 
aani.tJ1utrn~rn::~1-J 6) nu ~a 
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PARASITE, SAPROPHYTE, AND EATER 1191J1-41n1.,Yl1-3tl1\4fi1'1Uf'Ufl1~~8L~ 
~ . . .... .- A •• "' ,tJ tt crd t 'I • 

LV\ll1:tnJntlW111Yffi11,1fiEl1V\1,11V\\4-3nflEI 0T'U!J1 L 'YI1EJ1'YI1, L'UtL!l{ie-iEJ'U. L-.f\4L\4fi,nL,El-3 

,1f«~t.in~111J1~u~'1 , n1,tt11-3~?4L~uud~imn11 . Parasitism i-3ii~1fl~ijn1,'M1n\4~~'U'U 
parasitism ~i~n11 tl1R11 (parasite) 

n1,tl fui1iifia' tl,Eh'IL'lf~L{~ ~EJV\~nL;U-3UqJV\1 n1 ,,1f1El1V\1, nfia n1 ,L tl;r.J\4. 

Q,; ...1 !"'I I .... !I'( .... ..... tl"" tl Q,; 

~n1Ynt:,8'181V\11YlLflr.JLu\4Elr.JLflll li1Lu'l-Lfi1,ifi'J..Lezf1fiL'lffH~El\4 n1,L ~r.J'l-LLL ~-3~fi1Ynt::"1Jtl-.3 
'U 

n17Th~a1V\113J1LU'J..LLLtJtJd rh 1 ~difln11L U1Ltlav (decay) ~u1 'l-Lezf1fi,EJ-3i ~il:a1fl fi11 

~11 ":a1flLLUtJdL ivn11 Saprophytism fl1EJU1-3,tl'li-3ii:a1fl~'M1n'l-L1flr.J1fd fia ,jnLfli 
Q,; Q,; A ... ...1 A I ' ... 1 A.. "A " ..... ' ... ...1' A 

n1-7tl7tJfl111iYl«1liL?fEJn17Elr.J1Elfi,EJ~L'lf~~ flr.J11i n'l-L ~ezr~~El\4 'J L'.D'~~YlV\1n'l-L 'U . . 

1flr.Jiill';l:Ltl~r.J'l-LLLtl~'11U71'1V\;!EJ 1fl1 'lffi'1'1,£l-3L'lf~L{ L ~EJ 1 ~ft:fl1nLL rlfi1,fi~'l-LnU L'lf~L{~ij 
'U 

ca.; I ..tea.; I i] ca.; 41" 0 ...... ..r. I 41" 
~n1Ynt:L Gj)''\.4\4 'l-LtJ11L 'l-LtJ,,YH~l1Y,tl'lfffl1 f111'lfl11 -3Gj)'1flLL1.J'UUL 1r.Jfi11 Eating LL~:L'IJ~~ 

.f... I 

Yi1nUL 7r.Jn11 Eater 

CHEMOSYNTHESIZER i'liJ:a1fltJ1-3~ezf~R';l:iin1,-tli'uf11 LUfi11V\1?4~-3-31W;J1nLLV\~-3 
~·'l-Lli1L i1 un11~11 ":a1fl 1flv-,:ih~.a1«11tl7:naualtuYlitJll')fi1n17L~r.Jn«.~1r.J 1flv1 i 
tJ~·n1tJ1'Yl1-3Lflij L 'l-L"1J'U1'l-Ln1 ,LLtJ fiW~1r.J~\4 YfLf-3-31\4';)::~ ntJ~fltl~EJr.JEJEJ n111 _LL~:L'IJ~L{W1lJ1 1 tl 

0 VltJ'I "' VI ~ t 41" ca.; A "' .. ·I .., ~ !"1 \41 L L Gj)'-31\4 Lfl UeJn';l1n'l-LUL'IJ~~U-3ff1lJ1,tlLtl11i1flezf-.3UUfiW~1U~L~1lJ1u1::nEJ'Un'J..L,ULuU , 
1 VI.... ......~.. I ..t ""' I 

lJL~~~,tl'l81V\11 LfiEln L'lf~~Ylllfl1111«1~11tlfLGj)'\4~ L ,nn11 Chemosynthesizer ~L~:,'U1'l-Ln11 
o ... A ..t... I 

fl11 -3Gj)'1flLL1JtJ'l-LL 1r.J!111 Chemosynthesis 

PHOTOSYNTHESIZER 1 U ,:u:fiEJ31J1~~EJW1r.J'fn111~iiel1tJll1 n~U tl7lJ1nL1JEl-3 , , 
f-3ff ~-3iJYi~'l-31'l-Lff-3';)1fifi1-3El1;lflu~fl'\lEJtJ~-3t1JJ L~~:L~tb'Wi11?4LUU'f-3ftYUr""1U~1L,JUL~ft-3~Lflfl 

- 'U 

LL'Ylu ~UL~~t~tl~n7u1n1,«i'1~1l1La~~'h"1 afl1letJ~-3ti1r.J i"ii~1f1u1~L'lfaL{~".ia-3iln1, 
tli'uf1 L Via~~~ l 'livui-3-31\ILLW ~,-h~li~11f;1~th:: lu11,n ~ti lt~um1d1~R11~~iifl11lJ 
«1lJ~,tl~';):Lnunn~EJ1Yfft~"1U~'1nuw"LLflflt1'ti u~1Yfi""1'"11nuw"~'"':t~n1l1'tJLilu 
n11i -3 Lfl11 :~ a1v.1,. t fl EJ'Ib dn l11LR ~ 11 'II~~ !\'1"11 m f ua '"l t1 a. an l 'If~ t111~ ;1J l1.1 L 11 ~lil'll!l~ 
~1 n17Wi'1-3El1..,-11 1flu1iilL i~n-·h n1'1K~lR'17::Hlltf~ V\;El Photosynthesis 111Lana,£l-3ft11~,;, ' . 

"Mu1Y\~nunn?fi""1ut 1L iun 
1

1 FlnB1'1wn (Chlorophyll) 
r..l.- . __ ( ' tl ~ a "f. .I f"l... •· . • C' I ~ 

L'lf~~Ylllfl11llft1ll11tl -3Lfl11Wl'lEI1~11 . flL£l-3'U M1J1ih.m1J11V.~lbt,£l~~ L'J1aaL~a1'U 

~'l~tJ"iiiif1EJ~LLa:~f11tJLLft1 :na1tJLU'UEI1~11,El-3~-3iii~flV.1n1'U~'J.iW11111tlft-3~fl11:~ 
El1V\1,,tlLEl" 
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/ 

I 'i,l I ' I ~ 

1 i'cn~u1 n11"llEl.J i .Jii:ni~~.Jbb'ilb il.lb n~bSJr~~~aJmb 1 n-;Juii.J1 ::tJ::Yi n~11l.l1UeJ1-;J~1tld:Ju 

Moneran cell ~ 

Protistan cell ~ 

saprophytism 

parasitistism 

chemosynthesis 

photosynthesis 

eating 

saprophytism 

parasitism 

photosynthesis 

'I 

1 ~u ~~ 7 d::J'u 1 ::u ::~,ii n11 btl~ L!Ubb tl ~ .J"ll El.J ~ .Jbbd~ ~ Ell.l'Yll.J n1 Llfl1 ~ (Physical' 
~ i.o' I 1 1 

environment) tl.JUbUU~~b UEl.JlJ1';)1 n n11'Yi1.J1U"ll El.Ji .Jii;i<ilfi~1l.l11 r1 ~f1.Jfl1'VI111~~Ll 
.... ""' ..... f( 11i ~ .J bfl11 ::'V\bb~ .J 

1 U"llU1Un11i.Jbfl11::~bb~ .J,ru~~~~au1~~1~fu~a fhsnaa n:.nb"i!U ihsnd"il::r~ n 
'1.1 

U~ElLIElfl fi"il1 fib6Jr~~bb~:t~::~lJHciL UU11Ll1 filfl fhsna El n:_nb "ilUii~lJ11 rlfl1~ L Ufi1111lJ~1 rl1J~11 
'1.1 

~u1~biJUElth.J~ b,)-u 11l.lrlUfhsniib'YlU 1~bUUn1SJrflTfuau1~aan1sn~ nu1a~1 

CH4 .+ 2 02 C02 + 2 H20 

11lJ nun16JrbbfJlJ ll.lb ULI 1~bUUfhsn1 U l 'Yl1b';JU flU 1a~1 
4 NH3 + 3 02 _____ ..,... 

"il1n~n1~n11~b,fud 'Yi1l ~u11u1n1flb~l.l"llfl . .J 1~n~ .JiiLL'ilnlsniiL'YlunubbEll.l 1l.lb tlu 

b tl~uu 1 tJLtlu La~ 1 fl1 fuau 1~aa n 1sn~ bb~::1 u 1 'Yl1b -;JU 11l.l 1 tl ii.Ja a n:.nb 'CUUbeJ.J 

L UU11t11 filflb~El.J~ .J ~.JL~fuf.J~~i.J.J1U~ .JElcilJ1 n f.J~b'VI~1,rU"il::b'VItt£J1ih LV;' 
'1.1 '1.1 '1.1 

aan:.nb"ilU11l.lrlUbeJ.JbUUn1SJr 1eJ1snu (Ozone~ 0 3) bb~::Yl1'VIU1~bUUU1nihtT.Jijl~f.J~~i.J.J1U~.J 
'1.1 

~1U~.JlJ1Yl1eJU~11£J'ila~.Jii:n1~1~ uan-;J1n,ruaan:.nb"Uulu1::~ut:l11~n'CU:Y11tl~niu1Lfliinu1i1~ 
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LiJ~EJ'ULLU~" Lui "ij=j191D n~1t1 nfiTJflEI fh'D:EIEI. n:nr;)'U';l:L ,j1 L tJiJU'YI1J1'YIL un17LLEJ n ff~1EJ 
LlJL~~~-nEI"El1'V\17L i4Dl 'V\1~V'4tr""1'UEIElnlJ1 f171171nnniiw ut,;7 7 zlno?llon"in? 7w71nl Ju 
twn-l7 aerobic respiration ~"LLtlLtl3JrT"1a.Jiin1'1f~Eln:nL';)'Ulfu tJ~ii7EJ1fi11LLEJnff~1fJ LlJL~fifleljjfl" 

. 'I 

'I rA'I~t.l,.., iJ A A 
El1'V\11111tl ~'UL'lf~flLV'4El ~'V\ ~~~~.:1"1'" L 'ULL1J1J anaerobic respiration 'V\1El fermentation 'lf" 

-nu1un17UrT"ff11J17n'V'4\JL~ '"~ "iJ=j19lu1",\l~ l uu';l~uu 
';)1n~l~n~11n"11a~u1n17-nD"n"l7n1Lil~:a19l~'" ';):L~ul~-:h i"ii=ji~nl~~u · 

0 A ~- i) .. I ... 'I ............ 'I I .... tJ..I .. I I !"'I I VI .. '" n1L \.W!Cijj\W1L 'U~uff1J';J1IULL1J1J ~'U'YI'U'YI'YI'U~~ LL<Il';):1Jm7L ~EJ'ULLu~"LLlJlJflEIEJLu'UfltJEJ Lu b'" 7:f.J: 

L 1~1 ~'UEJ11'U1'U uu~1'"n LL~:u, 1 ~1 i "ii;i~rr"'V\~1EJL 'UU';)';)U'U dnrr"ii' ,r';l~fflJ u 1m IIJlf)" 
' 'I 'I ~ 

m7LU~EJ'ULLU~"~'" rn"n-;J:m1a~u1m7LU~11JLL'U1m"-nEI"<Il'ULfl"cyf"j'" 1~·fJL1liJm~'YI11tJ1~11 

Round 1 :. Formation of H20, CH4, NH3 

Round 2: 

Round 3: 

monosaccharides 
glycerin 
fatty acids 
amino acids 
pyrimidines 
purines 

monosaccharides + monosacchat1ides • polysaccharides 
fatty acids+ glycerin • fats, lipids 

~ 

amino acids+ amino acids ------. proteins ,..._ ----.-----• enzymes 

pyrimidines } 
. +sugar+ phosphate ----• nucleotides 

purmes . . 

nucleotides + nucleotides ----• nucleic acids 

Round 4.: nucleic acids +proteins------.·-----. nucleoproteins 

28 

reproduction 
mutation·· 
nutrition 
coacervation (aggregation) 

\ 
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Round 5 : nucleoproteins +organic shells _______ _,. early cells 
synthesis "----v--' 
growth 
development 
division 
internal control 
fermentation C02 

by product 

Round 6 : early cells ------• chlorophyll 

\ l 
parasites 
eaters 
saprophytes 
chemosynthesizers 

/ 
Round 7 : oxygen revolution 

Bl 103 
I 

photosynthesizers 

sugar, 

02 by product 

02 + methane ------'1... C02 
02 + ammonia N2 
02 + oxygen • 03, ozone 
02 + metals ores, rocks 
02 +:organisms ... aerobic respiration 

29 


