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"iotn, mere ¢t tellus, eb quod fegit cunis cselun,
Uz zrad ﬁto Ifatur.:.uz witus in orte,

Cuon disere ¢haosd rmudis Indigestogque moles;

Hoo guidgurm, ndel pondus iners; eongecisgque coden

licn teae Juactorunm dizeondis semins reruwm.”

Thun vwrote Qvid usny centuries £po; ond rresent-dey thoorics
Ere tending o the icdeze that 1ife evolved In the murlgy dust clou{il
51' the prinitive cogmios.
The coperinsaial epproceh to the question of the oripin of life
s the cvlninciion of the nsturalistic movemsat whieh beozan with the
Denadgoence snd reached dis belght in the middle of the lest conbury
%ri‘ah tie Zﬁm*'f:mim. theary of evsiutioms The ides of the Liologiecsld

ity o sveryihing llving, and the evolullon of the hipgher foras of

 1ife Loom the lover « an idon vhick coused & revoll coong tho Immnnists

of' the ninciconth contury «» 1s todny the cornerstone of oiodsin bislepy.
If ihie conccept of evolutlon is puched to its logleal conclusion,

another foma of evolution hies to be pooinliated, pricr to bislopiemld

“evolutlon, nomnly, elizmiesl evolution.

Pith grect insight the physicict, Tymdall, wrote in 1071 in his
"Frogrents of Selenee for Unselestifle People™: "Ierwin pluoced ot
the root of 1ife & prisordiel germ, from which be eosceived thei the

croging richess mad vordcty of the 1ife now upon the cuxih's surfoes
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might e delesads. I this hypothesis were trme, it vould not be finnl.
The ITnmen iveginction would 1afallibly look boidnd the serm ond, bow-
ever boncless tihe attonpt, would enguire into the hiztory of its \
£205038 sese A d2fire immsdietely ariszs to commeet the procont life
of our plonet with the past. Ve wishk 1o know scuething of our rozoiest

NECHEIIY eesee Do0s life bLelong to vial we ¢all motter cr i it on
indepuient prinsiple Inzerted into matter et goze gultelle spoch,
when e plpsical conditions beczme such as to permit of the development
of 11:’0?“}'

Cur diSflevity is not vith the quality of the problom tut with

1is coaplusitye "The evolution movoxmt,” wrote Perpson, ™would be
a sizpis one, ond we ghould scca be cble 1o determine itc dizection

if 1ife kol dcoordbed & single etmrze like thnt of a solld tall kot

izea & connete Iut it proceeds rether like & sbell, vhich cuddenly

Ckurses dode frogments, which frapmenta, belng thomeelves oheolls, burst

in their turn iuto Froymente, degtined to buret ecaln, end so on for
a tizg incommonoursbly lenge. Ve perecdve only what is ncorost 19 us,
rastly tho gondiored movesents of the pulverdzed oxplocicnz. From
thom e hove o g0 Teok, stzoe by atoge, to the oripinel wowment.™
Tven ta formndotion of thiz preblewm ds perblaps beyond the rezch

of aay ono seicatist, for such e sclentist would have to bo at the
rss:ac. tine o coapcetent nathornticdon, a physielst, and euporiczeed

wicts I obould heve a very extonsive krwdedma of

-
F)

crranie ok

coolesy, Looriysics, end geochealstry end, besides all thds, be
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@lzelutely &b howe fn @21 blolopieal disefplines, Sooacr or lnter,
tois tash would bove $0 be piven fo sroune reprecenting ell thome
foenitics aud working élsscly together thearetically es 0ll ao
experinzilallys Such was the view professed by Rernsl in 19?;9.3
Hoaver, toley we hove recoon to be move opbimictic. For the Plret
time 22 haom MGtursr, the céiemen vhich orose sa ceparcetz dlsciplines
ere soon fenod tace_ther, and thls view stretches from the toginning
£33 e end of seientific endeovour.

La the firoh etoge of echenicsd cvolution, the primceval clowd of
Igpdrosen g2o by 8 gezice of ronctions - Irplosicn, fusion, ond fission «
gave riss 1o the elments of tie periodie tebles. This cvend probebly
took plage 20 bEiliton yeours ogos  About 15 biXd3on years loter, vhen
the polnr syotom v belng formed, the highly venctive elouents proe
w2hly exizted In their peduced form - nethane, awmonic, ond wvoter.

Vien the plizst erath vme bedng born from the primitive dust cloud,
%eS billisun yeaxs o0, the rudimuatiry molecules vhich wore the forew
Twmsrs of the comnlex biclogieal polymers of 2 Billion y—:cﬁ‘s Jxter
vare porunss olooady in exigbence. .

In Lhie gokone of thiugs, life 1a only & cpecic) ond very
eonplicetzd Tora of the moticn of patbers I fsose 2o & now property
of motlar viich 1% hed not poccessod caxlier, ond which only occwred
ab & prarticaior porfod in the exisiznce of owr plaact snd voswlted

Loz 163 oolerdly developmente TThe oxisin of 14T¢ wa not an



-ha—

. | 3
ooqurience aoeribed to sae definite plose and Himel® wrote lorpulls,

"t toE o rlRusl pROesss crxemt% upon the sorth over o ingone
eeiverly long sren of time, o Trccess of unfolding which consumed
perkaps wmore nillisns of yoorg then wes yeguired for Lhe cvolutica
of all ths cpreine of 1iving things.”™ A long chemicol] ovobition s
connitrved noccscary Tor the origin of life. Turee d3siinct chezienl
rieces of this cvelatlonary mreocess eould be pesiuleted; fmorgenie,
prganic ehomisivy, ead diologlesl chemistrys

Life, ticn, sty be considered o be an inevitable process snd
Tbomd Yo eprooy i.n the cosmos vherover candibioneg ave fovoriblo.s
Coxpling of rrdessy poyulation t0 the Lindt sittoeinalle by present

20
telescopas, shove thal there ere more thea 10 ciaxs in the univerce.

© Tdke cur v sun cosh oo of these stors esn yrovide the encxzy for

rient sod oatoe) 1ifes. Tho fzetors becmwe undently clesrs thot
there 4z nothing wigque tbout owr oum vhdeh fs fthe mefnzloy of 1le
cn this vlonet, and thot there ere muore thon 102 e opportunities for
thn evlotzaee of 1ife. If ve adopht o process of rostriction ond
cupnesa: el Tooeuse of doukldng, clustering, sesondsyy colliciong,

clge, ondy ovs Fior in o thiucpad bas o plenelssy syetrm, ot only

ore wrt of o thovcond of those siays with pystems of ploneis hag
one or e plasste ob the rigtt ddsthnee from the etar o pwovide
ths weter ond wowskh thet protoplesa requires, thot of thone slows

Ials ane oub of o thoucand los 8 plonct lorpe cnough o Lold an
>

sirasramrs, thet tha sulteble chanfead compociticn foxr 1ife to axrdse

.5".. \‘;- ’ ---b'.
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oeourg ouly onee in & thouwsand tines, only ém.- wgtar in 1-’.!12 ueets the
megecoony »igid requirenents. Ivea oo, these zxe 108 plznotoxy
systony guitodie S 2. -Ew:h wvee Hexlow Cnepley's concoyvoiive
estimie? fim-tha Bumng, however, hes fmposed less rigi@ requiree
mends and bog eé‘aﬁheugmumitafatars-thatmhwmort lite
63 5%, Lete, 1013 stm‘.s

" s conclusica hich astrancnors kove reesbed by thoe rigorcus
mndzets ::-:E‘. acieaanaionl evidence wns alresdy peophetiszclly doscxibed
Tty the Tiolian, Glordans Druno, in the 16th centuwrys "flky, wiwerse,
all-coiiraeing obbor, enl Imwaswedle space alive with novonod secss
Bll ticse ore of one nature. T spoes there orw coundloss constelle
stiong, cunz, ool plencts) ve sce oxly ths suns booause thoy pive
Yighty the plnocts remnin iovisidle, for they ere opil ond dovk.
m sre 2lgo wrdberless earibs clreling sronmd thelr euny, 1o worse
mll*w iecg Intmldted thoan this ficbe of gurss For no roozoesile
mind con assune iimb botwvenly bodles vhich moy be far wmore wpnificent
thrn curg would nod beoor upom thew eresiures sfndisy o ovea sv-..‘pericr
‘o thome wpon owr nren Zorth." |

Tt geareh Tor exdintorresiviel 1ifz is the mrime pond of spoce
biolozye The rosudb of such o diccovery wmny hove an effech on nuskn
thinking fop mape profcund thon the Dorwinlan o Copernican revolutions.
17 our eoldilon Anio spoce sl::mld in .the nepy future doemonnipote $hed -
Mordlon 1iTe fp & roollty and it arlgin dodopondount of 1ife on corth,

8 coxinlnty, we counod cocope the conclusion thal there is nothing
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wrigue coout the origin of 1ife on eexth ond that the Interplay of
corute furocs ond wmebler wondd heve given rise o oiailar cmmce
of overts 1a the cowtlors mubor of plenciary syctons In the
endvorste : b
Wile thore 18 o Aistinet poreibility of owr Finding oo ancver
to the guistion &f the exlntonce of 139 in cr o viaaetery systom
by an Inepection of tho plaseis vith cur dsmediate o remote Zensors,
the 0‘1‘?" sy by L’i}iﬁh ¥ een snowver the queations for synliows cutside
cup rloxeis is by maldng radis contect with other cividizotiong in

‘orler upoes.  TThare i one xoce of men; one rece of Lodsy voth hove

breath of 11fe from & single tothere Mt sundered pover holds us

diviced, oo $izk ome 1s nothing, while for thre other the tyazen sky
1z eoteblisghed thelr mme edtedel fovever® wrobe Pindar 4n the sixth |
Hooon (do. |
Epover, we heve the posslvility of an experimmntad aopeoach o

tha pobloe Ao the Imvs of cheutoizy and pivoles are wxfversal, the
rotrnedng of the stages ly vhieh 1ife appenred on corth vold givey
eirang support to the thoory of iis exdrtonca elsswlore in the
wilverces  Lotorrtery experimeats on coxth cng revesl which meterinls
Sl eonditicus zveilable in tbe usiverce might give rize to the

azie chenizal ecponcnts of living mtem - muelede zeids and
roclias. Faperinents moy oven rewesl how the tremsitisn from
crenlcnls to the orderliness of living eyoions m.y. Eave tolon place.
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The idea of 1ife axisinp from nm-~life, « the thoory of
cpontanoous penevntion, kod been sccepted for gonturics. One ol
culy 49 accopt the evideace of the senwes, thought the anviontsy
vorme from md, wagoote from decaying meet, aud mice from old dinen.
The anefent Zoyytliens believed in thige Recsll “Arthony oad Cleopetre®
Aet T, Soone VIT viere Lepidus tells Merk Anthany, "Youwr gerpent of
Teypt 45 tred sseee oV of yoor mud by the operation of your oun -
8o 1& you orocedile®. Sedstolle bad taught the ewne doctydne da
s lbtepiyoics. Mewbon, Hervey, Descartes, von Lelownt, ald cecepted
this vithout cerious guestion. Evea the Inglisk Jesuit, Jolm Tuberville
Ncedhon, coudd pudrseribe t0 this view, foyr Govenls tellis not that God |
crceied plavta and andenls Glro®fly but thot be bode the corth ond

- wsbers 4o bring them forths And God snif Yot the ecxih Bring forth
gIEsE, ﬂnmb ¥iaid meod wad thy frult tree yielding Sriibe enense

Iet the wutevs toing forth abindantly the moving crecturs t2at bath
1282 vaens”

Porbour's ricorous cxporimentation outlawed the theory of
gpontanscun gonorstion, which woa hosed on m:aetm cuseryation
and tle villisgness $o accept the supoeflcind evidsnce of the eenscs.
fue rtory of Louls Partewr is often told to tegtmning stidents fia
blolopy as & triurph of reasm over rysticiom. Bub todoy wo beve
eviCones Top the vootrooys The repsonehls view mey be to Telleve in
gponboneons pensration thowh I & restricted and 8 logleal conge.
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conditicms for e origtn of 1ife. In & leiter to a fricad ko vrote -

"aat i (end oh wint a pig ﬂi}ammﬁc@ﬁwmmm-

Little pond, with ell sorts of smonie and phosphoric salis, ldght,
hemt, eloctricity, ctes presont that & protein corpound wos chomicsily
fovoed Tealy to wilergs stA11 more eaplex cbanges.™  Darvin's eva
tlimﬂaggmpar}zapabetmwdto%cinnmmormm’ﬂfm
MMmeWWamwmm-xﬁtmw
“anwgmxmmmmammmmmdmmm
the soeilest nicvocoople ones furmed by spontenuona vitality.™> e
m%su@mmammmfwmmmmmw
Dervin's cumtonporeries. £t the height of the controversy over the
origin of the species, little or no sttontiom vas pald to the remoto
guection of the origin of 1ife,

e grect iopotun, hmm,tothmima‘mlsmﬁyermm

ef 1ife Lopan with the Pussian blochanist, Oporinm. Alvesdy in 1924

e welluinny booklet ws published by Iim in Bussion pointing oub thet
Teess thore vos no Nmfismerial d4fferonce botveen & Living copondems
end Vfelesa sutiers The complex cocbintion of monifoctationg and
properties memmmxcofwemmmmmmm _
o the evolubion of motter.® Thirteen yemss Ister, he piblished his

_m“mtm&mex’w«"g MMWMM@Seditm

el ip ths olsssiec on the subject.
fecording to Qpurdn, “Ab Pirst thore were the simple solutions of

3~
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Wazicwhm,vhmbmmmdhyﬁﬂmm#_

their component atoms and the crrongement of these ntoms in the =molo-
cular stougiure. Bab croduelly as a result of growth ond incresped
complenity of the molesules new yruperties haove come dnto belng amd
& per colloidal-cherdeond] opder was iposad upmn the ware elimple

'org,mj.ccmmm Trope never @opertiss were determined

by the gpatizd mrangemeat and outual relatismohiyp of the moleeulos.
Bren s contigmetion of cvpmie metber was sti1 dnsufficient to
give rice to priumy ving thinge. For thic, tho colloidal sysioms
in the proccss of thelr evolution hmd 19 soquire properiles of & stl)) -
higher ordor, vhich would pamit the atteloment of the next and wore

odvenood phese 4n the wromnicseblion of autter. In thils procets biologieal

ordarliness siready coomd uto ypromdnence. Competitive speed of growil,

strugslas for existence and, finally, noturel selection detormined sueh

& form of metorisl orpanizatio which fs cherscteristic of living

{hines of the wosent time.” _ 3
Tadopmlently of Operin, Eeldase bed speculeted ot the enrly

eoxditions guiltsblie .fm- the emorgency o torreetrial 11get0 "I,

snes Witre~viodet 1ight acts oy & mixtboe of wader, carbon dicxide,

- gnd grmonia, oovest vaxioty of crpande subslances are mnde, dneduding

susarsg, tnd sporvently acme of the mwmwichmmue

Tl uR seness Before the arizin of 1100 {hey must hove zecumlsted
131 the zrizitive ceonna yemehod the counstitusncy of hot Adhute souo.
Todzy wu ovgnnisn st trust 4o Juck, ekill, <o sirength to obiasdn its

1.
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foods The Pirst precursors of Jife found food vallcble in ccanlderable
quantiiiag, andha&.m corpetitors in the stouggle for existence. Az
the printiive atoogpreve comtsined little or o oxygen, they mist bove
cbtalned the encrgy they needed for growth by swee procoss othor than
exiiation ~ in fect, by fermemtations ¥or, as Sostewr pub it, farmente
etion is ife vithout oxypen.” '
mmwmmmwmwm'smin'm

Rotiomplict Aruml, Je D» Dorral of ithe University of Londecn theoarized

bofore the RBritish Physiead Socicty in & lecture eniiiled "The Physicnl

.
Basls of T4fe"s “Condensaiions amd dolhylrogenstions sre bound o lead

$o dncressingly unsaturated mbstences, and ultimetely to sizmple snd
_ posaibly oven to condemsed ying siructires, slmost cerizinly contalning

nitrogen, such &s the pyrimidines and purines. §he eppesrooce of such
mlﬂcniﬂﬂmkummmnmmﬂym.em. Tha wrimnry diff4~
culty, hovever, of imegining [rocesses going thus for is the extreme
dilution of the syotem 42 it is supposed to taXe yplace in the free
veoan. The concontration of products is mn obaslute nacossity for
any further evoluticn. Ooe method of conecentration would of cowrse
mpmmmm@mmmmmmmdm
early coastlines, jrofuced By the same physicel fectars of wind and
vave that producs them todays I has occurred to me, however, timt
» mich move fevourdile condition for ccncentration, snd e vhieh
mgt certainly have talen place on & very Jarge scale, io that of
absorption in fine clny deposits, morine and fresh vater. mrmctmt
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xnowiedze of the strustures of clays bas shown vhet en endemous role
thoy sti30 play in Uving processss. Thore is probebly tolsy more
Aiving matter, that is protein, dn the aofl snd in the estuarine end
sea-bed claye than ahove the surfoco or in the voters. It las alresdy
been shovn that argaaie chemicals of & vide weriety are preferentiaily
abswbedmamh%ingmsﬂarw- It is therefore certain .

- thot the primary photochemieal preducts would e 50 sbaorbed, and

auring the movemert of the clay might cssily be held blocked from
further poseibly degtrustive tronsformatinse In this vey relatively
large concemtrations of mlecules could b Lormed.”

ing the £iret experimnts desigoed to test zome of the theories
of the crizin of ife vere tiose of Calvin and his nacociates who, in

- 1951, irrsdicted wvater sod carbon dicxide and obtalnzd significant

31 _
yields of forenldehyde end formic ecid. In 1953, Stanlcy Miller, then

o graduste gtudent in Harold Urey's Ioborutexy, ossembled a saxple of

the assuzed prisceval terrestrial stopsphere, consisting of methone,

erxpeds, mmm,mw,mmean to an electric

discharge, simleting lghining. Aning acilds and other arganic coo-
32

- pounds found in Jiving systous vere fogmods

Sinpe this clessicel experiment severn) investigators have entered
this fleld. lNctedle mawmg them axe Sidney Fox of Florids State |
mmrsit;? z2nd John Cro of the tUniversity of amstmi'k The majarity
of blfestions bave dealt vith the fwmetion of amino aclds and the
;mleie acid eonstitwinta, frou B wide varlety of conditions which nw.
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be consitored mebiologieal. Fox's work hes centered around the
arigin of proteine, Am%mm%mmtom
stapce Troteinoids have besn cbteined by the thermal polymerizetion
of the 18 emino noidge MWMM';MMWW

to forn microspheres hoving diameters ia & bocteriel vange. Starting

wvith smnontum eymnide, Oro hes synthesized Adenine snd & mmber of
blochomical intermedistes of purines.
mmmmm,MMwMtMammormamh
using the vorious forms of emergy which were known to have axisted
in the prizmitive eorthe Tbe constituents of the etmosphore of the
Frizordinl earth, sre being exposed to ultravialet light, electric
disebovees, Lonfzing radistion and beats Tesals colls supply the
- Mgituing, sumieidal fubes the ultruviolet 1ight, the electron beam
of the Linegr sccelerster at the Unlversity of Colifornis, Derkeley,
€ives ue our B paTticlese The resction products ere being anclyzed
for enins ecids, moines, pyrinidines, etc. An attempt is being wade

mmnmmeammuwmmmmm.m '

to tho roplieating eystems we know toduy.
mmnummm»rwmmmmamma

Sterting with the prindtive atwoepheres, wve hove t;_aen &ble to synthesize

ﬁem.‘l. conztituents of the mislede ucid molsewle - the jamrines,

Mmﬁ&ﬂm,thmribmmﬂdmm,mmﬂmme

denosin and the mwlsctide sdenylic meid. Under sinmiler possidle
primitive earth conditions, edenceice triphosphote ATP appesrs to be

1.

1
i

1] SR
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Pormed in a._ppmciabln yield. Published results from scversl leborstoriss

thus demonsirate that the firgt end second etages of chemicnl evolution,

nmely, the ianrganic sod argamie, mumumwmm
the Lbaretcays
mmMﬁtmmam&mmmu
outlined 4n the lnboratory, The biochemical knowledge that hag been
sosesed Vithin & few yesrs hns given us & deep ingight into some of
nnture's zmost secxet procecses. With this understanting o belp us,
the tine needed to solve our groblem may not be long. We cannot deny
the fmuensity of the prospect for any man's philosophic position or
siziak from fts pursait on secownt of the difficulty of the tesk.
Over 500 years ago, Copexnicus in Do Revolutionibus Grbium
Coolegtium yeversed the welentific thinking of his tims about men's

'mmmmmm A mired years ago, Doxvin's theory
_ wml%imd@hwﬂmﬁhkﬂadthemimmsantmh

tracing his origin from the brute. Todey, we are graduslly learning
to accept the Cparin.faldene hypothesls that 1ife ig only a gpecial
and complicated property of matier and that ou fond there 18 no
diffarence between & living organisn aod 1ifeleos matter.

Te conclude with Bsalew Shaploy: "The new discoveries and

Sevelopments contribute to the unfalding o & magnificent universes

sessserees Hith our confrercs oan distent planetsy ﬁthmfeuw
enivels snd plants of Jand, air, and ses; with the rocks and waters
of 8il plznetery crusts, ond the photong and etans that make up the
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BLaxs v vith 211 these wo mre sssociated in sa exigtence snd sa
evolution sevosenase And 89 groping philosophers snd gclentists
wmwmmmmumwmwmm.’
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