
s o i l i ~ ~ t i i l ~ ( ~ s  i l l  tl1c < I l l 1  'i!-Kl qolv 01 <, \71(~tli'Lili, 

i n  t l i c  i i i q  of 'i gh(,tto 1 jot, 01 C\ ('11 in  the (iral) 
tension of J traffic siiiiil, it becomes difficult 
to r~i 'ncnilx'r  o i i i  LII yci pin poses-0111 d i i c ~ ~ i i t  

and endless need to i ~ i i d c i s t ~ i n d  the  drepci 
sOIi1~'Gs 01 t l l ( 5 ~  I ( ' S ~ C I  111q t i  l'lls \ 1 1 ( 1  tllf 

cst soliicc, the i o o l   ins^, lies S I I K > ~ \  in 0111 

o\ \n  ~ ~ ' i t l l l c ,  111 tin' i i i i t i i l c " o  l l i ' t i i .  

That t l i c  iiatinc of iii.111 hiis been at once tlic 

soulcc ol In's t l  i i i in1)l i  ~ i i d  the s e e d  of his 
tr~qccl! l u s  bee11 e v i d e n t  since the G 1 < ~ > 1 ,  plii- 

losopho  s, if no t  l n ~ l o ~ ~  In t1u' lnu-s of M r x -  
ander  1)01)(~: 

\ i i O  t ins 1s even more hi ic  111 ,I \\orI(l I I I ~ I C ~ I ~ -  

ingl! subiect  to n u n ' s  doinniioii. 
r .  1 hen' a1 c,  ol course, niti+ \\ a? s to \ I C W  t he  

~ i d t i i ~ ( ~  ol iiitin, but  with all ( I I I ( \  i c s ] m , t  t o  i l i c  

p l>i losopbr~ s <i11(1 t l i e  poets, t in-  p i  oplicts iin(l 

tin- pLi!\\riglits, I submit t l ~ t  ni  .t scientific 
and (iiiasi-i'atioiial '1% i t  is appiopriate and 
iiitlt'rd \ aluable to coiisidei nian a pai t of the  
i a t i i i ~ ~ i l  nun c i  sr-as the  liittci -(Id! l i iodncl ol 
t\+ o billion ? eai s of c\  ohition and as a n  aston- 

ishinu;  ('1 ot8ation ol the' 1 (wi i i  kabk~  potentials 
i i i l u ~ i ( ~ ~ i t  111 oiganl/cd nitittci-\ c t  of oin' p n ~ ~ ,  

\\ i t11 tho c k ~ t l o n s  .nu1 the  toi ins t i i i d  [lie ino1c'- 

rules, \i it11 t in '  \ \ a \  c s  iiiid ihc  pa1 t i d e s  t lu t  
(,0111PI IS(> t l l ~  l ) l l l l \  ot t l l ~  t O51llOS 

Modem 1)ioloq is lie\\ poised to p10\ idr ~i 

I icn J I I ~  p i o l o i i ~ i c l  i i ~ ) p i  o t id i  to the niidei - 

si t i i idnig ol tin' i i i i t i n c  ol 111,111 11id \\ i t l i  that 
i n i d c i  stitii(lniq \\ i l l  c o m e  \\holh neu po\i cis 

to ,iltci iiiii?is \ c i \  bcnm; I \\(' JIG 1 0  (liiillli(>l 

h c s c  pow c i  s to 0 1 1 1  inlcut a n d  n o t  l o  the 
i t ' \% t O ~ t l  ill \ ,  l l l ( ' ~  W C ?iHl\l SOOll, 111 (OlHi!lCll- 



l i \  ing 'incl the non-In ing imd thus pormittod 
'in cas! accq>tanc t~  of the coiitiiinit~ between 
the' iii<niiinate and  the animate matter,  based 

tm it! , in t In' (>arl! p,irt oi this c ' o i i t i ~  , wit11 
flu' insight t l y  p r o \ i d d  into t h ~  ii.iiin~> 0 1  
iitoins am1 iiiolcciilt~s, ' 1 1 ~ 1  nit11 the' tt'cliniiincs 
i n d  i i~ s t imnc~ i t s  tliiit could he dc\ iscd \\it11 
this kiio\\1(~igc-\\ it11 the ~'~clioisotopixs, the 
I 1 1  t ra-cutr i l  I ~ g c ,  ilic \ - i \ i ~  cmici  J, aiid the c k ~ -  



came too tightl! iiitchrwo\ cii, cb\ en i f  more 
(4ficic\nt, they would soon ha\(> come to an 
evolutionary dead end, incapable of miitan 
change. There is in tin's perhaps a moral to be 
observed in our modern social stmc'tnres. 

One relevant example of the ~lissociabilit~ ot 
cellular function is the recent synthesis in a 
tc5t tube of an intact, infective 
O n e  can only wonder it Mieselior, fishing his 
nucleic acid ou t  of an unknown soup of co111- 
pounds with the t-rin 

ccllulai component 
a n d  isolated and pu 
I n ,  at will, tnie 

79 

use he planned to make ot this knowledge. 
DNA is most olten found ;is the now f i t i ~ o t ~ \  

double helix. Each strand of tl1c two-pl! helix 
is composed of linked subunits, of wliich there 
are principally lour kinds. A n d  the two strands 
bear ii defined relationship such that, if the se- 
quence of units i n  o n e  strand is specified, the 
sequence in the other is (letel-n~ined. The 
hereditary infomution is corn e\ cd in special 
code in the o rdcu~ l  scqucwe of siibunits. 

1 tluwcll, in eileet, is a to  iciul Each 
sync,  each unit of  l i c w d i t ~ ,  c80nipnses t u c t  







t ' inth 1 ('Ititc~I, t l u b  i n o i  c ( l i s p t ~  'it(, A I  c tlic 

licii~oglobins. I n  the ilplia chain of the hcnio- 
qlobin ol the horse, tlwi c '11 (' sonic 18 dif- 
feiciic-tts f10111 th.ii ol the 1ii111i,in. l lo isc  . i i i d  

human lux e been on sep'ii ('1 o l~ i t i ona~  y 
p ~ t b s  toi q u i t e  ,I  lony l ime  Colt\ c i  \ e l \ ,  123 
inni io i l c~ds  th.tt ~ r c  common to t h r  liinii.iii 

i(~liioqIo1)i'ii <iiul the hoise 1 l e i i i o q l o l ) i i i  mus t  
I 1 piohabilit\ l i t>\(> been picsciit 1 1 1  the  
Iicii~oglobm of then co in~ i io i i  i i i ircsto~ 'it s o n i c  
i c n i o t e  t ime D i e  iilpha thiiiii oi t 1 1 ~  mouse 

hvii ioqloh~ii  i lso liits some I <S d i l l c i  ctn ci l I o n i  

[ l i c i t  of 111,111 hitel cxstniqh, ho\ \  01 ct , these <iic 

n o t  t h e  S J I I I C  IS 'is ~ i c  fo~tnd in [lip lioisc In- 

(Iced i t  one ( oniptii cs ic lioisc ,111~1 (lie mouse 

k~~ioy.lohin ( ~ > l \  ,ippct\u~d iu ~ . l i < -  < ( H ~ I  sc <Ãˆ  

Ã§ \ o l l i t i o n  \\ ith (lie i is (  oi 1 c i  t (  hi s ( .m N ( 

f i l l t i  i! t S 0i t \('I1 Oldt'i C\ O l l l ~ l ~ i ~ i \  h( \ ^  1 01 
SIlli \ \< '  i l l l l s l  t l l l l l  l o  ~ l l l  C\ ('I! 1110!( \ 1Ltl .1 )1 (1  

~ i h ~ q m t o u s  p i o ~ c i n  to t l ~ c  ( \ t o e l i 1 0 1 1 ~  i o i i n d  



H U M A N  

Gly asp val glu lys gly lys lys i lu phe i lu met lys cys ser 
gin cys his thr  val glu lys giy gly lys his l y s . t h r  gly pro Comparisons of the Amino Aci 
asn leu his g ~ y  leu phe g ~ y  arg lys thr gly gin ala pro gly chains of Cytochrome C from 
tyr ser tyr thr ala ala asn lys asn lys gly i lu i lu trp gly 
glu asp thr  leu met  glu tyr leu g lu a s n . p r o  lys lys tyr i lu Various Species. 
pro gly thr  lys met  i lu phe val gly i lu lys lys lys glu glu 
arg ala asp leu i lu ala tyr IPU lys lys ala thr asn glu 

T U N A  F I S H  

Gly asp val ALA iys gly lys lys THR phe VAL GLN iys cys ALA 
gin cys his thr val glu ASN gly giy lys his lys VAL gly pro 

as11 leu TRP gly leu pile gly arg lys thr gly gin ala GLU gly 

tyr ser tyr  thr ASP ala asn lys SER lys gly i i u  VAL i r p  ASN 
ASN asp thr leu met glu tyr leu glu asn pro iys lys tyr i l u  
pro gly thr  lys met i l u  phe ALA giy i l u  lys lys lys gly glu 

arg G I N  asp leu VAL ala i y i  leu Iys SER ala thr SER 

H O R S E  

Gly asp val g lu lys };iy lys lys 1111 plie VAL GLN lys cys ALA 
pin cys h ~ s  thr vr1l glu lys ~ l y  giy lys his lys thr gly pro 

asn leu his gly leu phe gly arg lys thr gly gin ala pro ~ l y  

PHE THR tyr thr ASP ala asn lys asn lys gly i l u  THR trp LYS 
glu GLU thr leu met i i u  phe ala fily i l u  lys lys lys thr g lu 
pro gly thr lys met i l u  phe ALA gly i l u  lys lys lys THR elu 

arg GLU asp leu i l u  ala tyr leu lys lys aia thr asn glu 

M O T H  
Gly vat pro aid 

GLY a m  ala GLU asn GLY LYS LYS I L U  PHE val gin arg CYS ala 
GLN CYS H I S  THR VAL GLU ala GLY GLY LYS HIS LYS vdl GLY PRO 
ASN LEU H I S  GLY phe iyr  GLY ARE LYS THR GLY GLN ALA PRO GLY 
phe SER TYR ser asn ALA ASN LYS ala LYS GLY I L U  tht  TRP GLY 
asp ASP THR LEU phe GLU TYR LEU GLU ASN PRO LYS LYS TYR I L U  
PRO GLY TKR LYS MET val PHE ala GLY leu LYS LYS ala "sn GLU 
ARG ALA ASP LEU I L U  ALA TYR LEU LYS glu ser THR lys 

YEAST 
l h r  glu phe lys a l a  

GLY ser ala lys LYS GLY ala . thr  leu PHE lys . thr . arg . CYS . glu 

leu . CYS H I S  THR V A L  GLU LYS . S L Y  G L Y  pro . H I S  . LYS . val . SLY . PRO 

ASN LEU . H I S  . G L Y  i l u  P H E  GLY . A R G  his ser . G L Y  S L N  . ALA . gin . GLY 

TYR . SER . N R  . THR . asp . ALA . ASH . i l u  . lys . LYS . asn . vai . l e u  . TRP asp 
GLU . asn . asn . met . ser GLU . TYR . LEU thr . ASK . PRO . LYS . LYS . TYR . I L U  
PRO GLY THR . LYS M E T  ala . PHE . g l y  GLY . leu . LYS . LYS . g lu . lys . asp 

ARC asn ASP . LEU . I L U  . thr TYR . LEU . L Y S  LYS . ALA . cys glu . , , 

in e l  el J cell, vi h c ~  c' i t  plii\ s 'in esscuh.il iole 
i n  the' i~wt~ibol isni  oi iiiitiients to  p ~ n  idc en- 
w\ . The c~ tochioi'ne of ( l i e  lmni'in is <i c l i ~ i n  

ol 1 0 4  t i ini~io iic~tls 

chi 0 1 1 ~  ot the lioi sc hiis 12 (iiflci t-nccs l i oin 
tliiit Of f l i ( ' 1 ~ l ~ h i 1 1  (;Olllq tti1!licl ]h ick  I l l  tun( '  
the t i i i u  fish ( \ toeh ionic  tii I 0  d i lk~ i r i i ccs  
don1 thiit ol the Imi i i a i  c \  to< ioinc ail(! ' tc tn-  
, i l l \  one less .inline t i c i d  . i t  ( l ie  Ln d i d  of tlic 
i lull1 

But s1iK f ( \  to< I I I O I I K  is t 01un1011 to ' t l l  I. ells 
i\ t' C ~ ~ I I  $ 3 0  liu thci !?,K k I I \\ c C X J U ~ ~ ~ I C  t l t v  
t -< to< l l l 0 l t W  0 1  it still ! i O ) ( '  1 eniol" SptY It'\ J!l 

un (>itcl?i itic t h e  i i t o t  t \ \ (  h u d  26 diftci( ii( < s 

I l l  'NIdltiO,! foil! 

(led t i l t  I K  id ( i t ( !  

tiiid OIK'  deleted < i t  the i 11 cud o! ( l i t  ( 
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tui-y, O I K -  ilia> wonder what  they will consider 
worthy of note. Our  i - t~c ' i i i ~~ i i t  \vtirs? Our  ick'o- 
logic<il d i d  iticial Linaticism? UtircllY lil\cll! 
More  likel! they will reciill that  this was the 
c'enti~r! in which man first left earth or the 
ccntii? in which man first kindled i i u d c a ~  
fire. Xiul the! will sunll> recall that tin's \bas 
tlie ccntiii\ 111 \\liicli in.m first understood his 
11 i1 ic i i t~ i i~ ' t~  i i ~ i ( l  evolution, first s'i\\ cl(liii.l\ 
how he ~ ~ i n i c  to  he. tlie fust tiiiic i l l  .ill 

t ime,  J l i \  inn cu-atm'i' understood its oM'p11. 
)t I tini biased, l)ut of these I l)(\lic\ c- 

11 seem the  most extrtioi d i i i ~ i  J . The 
in i i~r i~gi i ied  becomes I t\ilit? . We ai e the lien s 

d i m s ,  \J, c hii\ c become tlic l<ittei -(:la\ 
l'ronicthciis But  ( ' \C i i  111 the  &lI<'K'lit lii)th5 
m e n  \ \ P I C  men i i ~ ~ d  the qods ~ \ e i c  gods. i i ~ ~ d  

not  use <il)o\ e his iititine to  cli.ii t Ins 
o\\ w c  c.111 I M B ~ I I I  t o  col~tioiit  that 
(1 c l i o ~  c, soon \\ c sliiill h.t\ c flu' 

is]\ t o  dltci 0 1 1 1  m h e i i ~ i i ~ ~ ~ ,  oni 
e n  t h e  d e c k s  1i.id ,I I\ oi ( I  

IllOK t 0  t 0111C \\ 

nutCi~i--~ts  a piopci t v  o! In iiiq ( cils l t~glil \  
s p c i  itih/rd ,iii(l mil K ttte!\ 0 1  q i i in~cd  

l i  V, ( ( O I I S I ~ (  I i l w  ) I  . t i l t  .IS tiit S( ' k t  0 1  i l l < '  

l l i i~ ld  \". I!IU\\ i i l ! ( I (  1 ~ t < t ! l ( i  HHK 1 1  of lis I M S K  

c ~ o l l ~ p l ~  %\ l l l ~ ~ ~ ~ ~ < i t l ~ , l ~ s  & t l l < I  < \ I > (  t l ~  l 3 l l t  \i(> 

(i(> Ll,on\  ill( I t  d \ ? l t ~ I \  \ I (  11 ~ l l l h t l ~ l ~  ~ 1 1 1 ~  I [ \  
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