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Envisioning DNA: The Nature of Science and the
for the Double HelixSearch

', by Stephen Pasquale

Science is a distinct and uniquely human rva-v of leaming
abor.rt the rvorid. As a process. science is distinguished lrom
other lvavs of knorving b1. strict reliernce on empirical data.
logical argument, rules of evidence, skepticism, and testable
explanations that lead to irccurate preclictions. As humans,
scientists collaborate and compete rvith one another. and
they are influenced in varving degrees bv ethical traditions,
societal :rnd cnltural norms, as g.ell as personal beiiefs and
:rmbitions. The history of science recolu)ts many tales of
discovery that exemplif) '  these attributes. In biologr', the
search for the structure of DNA stands as one oI the nrost
memorable of such episodes.

\\ 'hen 23-vear-oldJames Watson rrnd 35-year-old Francis
Crick met for the first t ime at Carnbridge Universitys
Cavendish Laboratory in I951, ahrosl 90 years had elapsed
since the German biologist Haeckel f irst proposed that the
cell nucieus contained all of the "factors" necessary for t]re
tri lnsmlssion of hereditary inforuration. It had also been hall
;1 century since the rediscoverl' of Mendel's iar,l's impl,ving the
particulate nature of the gene. During the l irst half o[ the
t*'entieth century', rvork bv geneticists and c,vtologists had transformed scientists' understandings of the gene fronr a purell'
hl,pothetical construct into a chemical entity' loc;rted in the chromosomes. Genes had been experimentall,v mutated using.x-
rar,s irnd nurpped along chromosomes as if the,v were strung out l ike beads on a string.

Stil l , in 1951, there was no consenslrs among scientists as to the chemical nature of the gene or its three-dimensional struc-
ture. Chromosotres rvere knorvn to contain almost equai masses of protein and deoxyribose nr,rcleic acid, or DNA. Most scien-
tists at the tinre assumed that the proteins, because of their variet,v and versati l i t) ' , were the most l ikelv candidates for the mo]-
ecr-rle of heredityr DNAb limited repertoire of nr,rcieotide subnnits. each containing phosphorous, deoxyribose sugar, ancl one of
lour organic bases-adenine. guanine, o'tosine, or thynnine-car.rsed it to be widely vierved as a boringlv repetit ive scaffold
(TGAC TGAC ...) that supported the supposedly information-encoding and self-replicating proteins.

Jirn \\ 'atson. in 1951, a ne*'ly-rninted Ph.D. pursuing postdoctoral studv at Cambridge, had become interested in the chemi-
cai nzrtllre oI the gene during his grach-rirte stndies r.r'ith the phy'sicist-turned-biologist Salvadore Lurta. During sumrners, Luria
had taken Watson to Cold Spring Harbor L:rboratorv on Long lsland to interact rvith members of the so-called "phage group."
This smal l  band oI  ph1's ic is t -b io logrsts sas keenly in terested in  the gcnct ics oI  bncter iophage,  the v i r l rses that  in fect  bacter ia.
and thev helped to shape voungJims scientif ic interests. These scientists w'ere \/ery aware of the history of genetics, as well as
recent experiments that stronglv suggested that the gene was in fact macle of DNA. In 1944, Osrvald Aven', Colin jvlacleod,

and \laclvn lvlcCartv at Rockefeller Llnir,ersitv had demonstrate d tl-rirt the so-c,rl led "transforming principle" (a chemical com-
ponent of r. irulent prleumococcal bacte ria that can convert hrrrmless strains into disearse-producing cells) is not made of pro-
tein, poLtsecchrride, or frrt. The onlv tl.r ing Ieft rr 'as DN'\.

Bu r ' s r rong  op in ion  d ies  h . r rd .  : kcp t i c ;  . . r f  n r  t  con t i nucc i  t o  l r c l i c vc  t l r ; r t  r he  genc r i cs  o I  bac t c r i a  uas  a rvp i cn l ,  anc l  t ha t  r he
qe r re r . r I  u ro re  con rp l c r  cc l l s  r vc rc  mrdc  o I  p ro le in .  l t  * ' ns  no t  un t i l  l a j ]  t h r t  phage  gene t i c i s t s . \ l f r cd  Hc rshev  and  N la r tha
Chr rse  c , r r rd r r c ted  the  kev  expe r i r ne r r t  t hn t  t r r r ned  t l r e  r ve igh t  o f  ev idcnce  i n  [ l l o r  o f  DNA.  The i r  so -ca l l cd  ' \Vn r i ng  B lendc r
Erperiment" clearlv demonstrated that it rvas the phrrge'-s DNA. not its protein, that enters the infected baclerium to direct the
prodnction of geneticallv identical nerv phagc

\\ ':ttsrrn ;rnd Crick rvere alreardv crrn!.lnceL1 in the fir i l  of l95l that DNA u.as the keri For them. three big qr-restions loomed:
\\:hat \\:as the srmctnre of DNAI Ht-rn'ciid it replicare? L{or.r. 'did it encocle proreinsi T}rev appreciirted that a sr:ccessful ;rltack
. . t t l I t . ' I l t t : : | . ' . l I . D \ \ \ | r l t L | l l r c t . c r t t t i t . ' d ; l I l i | l l ' ' t . T ' l | l ' t | i n t e r r | i s . . i n l i r . ' - ' . ' ^ ^ - - . ' ^ L , . ' . ' ' ' L r | r - I ] ] n | r ] r . r . d l ] l t ] r t . f h . l n- . t - . . . - - . . . . .  . . l l ( \ l J t t L l .  l t l r L l L l l r L l l , l r l l . t l \  . t l , P l ( , d L l l - u t l L  L t t d t  c l l l l / l \ , \ L u  l l , u l (  l l l ! r l l

r r i , r r " '  r n r l  r l < , r  r e r n ' n 1 g c - [  f r r r  r r l c r ' ; r n r  t h c r r r i c r r l  : r n d  p h v s r c r l  d l r t : r .  T l r i r n k s  t o  p l i o r  e t l o r t s  c l l ' s c v e r a l  s c i e n t i s l s .  s { ) n t e  i l ) f o n r t t -

t i t ' )n \ !-3s alrerrdr- rrt  hand: DN.\ had e backbone i t f  i inkeci sng'.rr:rnd prhosphrrte sroups: the for.rr organic brses lel l  into trvo

, l , r r r , ' '  r l , ' r r b l c  r i n g e d  l l r r r i r r t ' >  r r r r , l ' r r r t i t ' - r r r r t t - t l  I r r i n r i J i n e s :  . t n d  t h c  b r t s e s  r v e r r  o r i e n t e d  r r t  r r  r i t l r t  i l t l ! l t ' t o  t h c  s r r e a r - p h o s -
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Another kev piece of evidence hird been provided jr.rst the vear befr:re by the biochemist Errvin Chargaff. According to
"Chargaff s Ratios." the amount of adenine in any DNA srrmple :rhvays eqrrirls the anorlnt of th,vmine (A = T), and the amount
o f g r i a n i n e e q u a l s t h e t o f c v t o s i n e ( G = C ) . F u r t l ' r e r , e a c h s p e c i e s ' D N A a p p e a r e d t o h : r v e a u n i q u e r a t i o o f A + T t o C + G . F o r
\\iirtson and Crick. this evidence logicall,": implied that the prevailing view- of DNAs base seqlrence as a simple repetitive pat-
tern of the tr.pe TCAC TGAC ... \vils wrong. The bzrses mllst L-)ccur instead in a varied sequence to encode genetic information.

\\.'atson irnd Crick's approach over a period of l6 montirs to the puzzle of DNA structure clearly exemplifies the roles of col-
laboration and competirion in scientif ic research. For example, erch researcher brought differentiraining and interesb to their
collaboration-gv'x156n. a biologist trained in genetics and interested in experimentation. and Crick, a phy,sicist knowledge-
able about x-rav diffraction technology and keenly interestcd in theory Neither had experience r,r'orking rvith purified DNA,
horvever. This meant collaborating rvith other scientists with the requisite expertise and interest in DNA. :

lvlost notabie arnong these coliaborators, and potentiail cornpetitors, were Maurice Wilkins and Rosalind Franklin of Kings
College in London- They were expert x-ray crystallographers rvho irad been rvorking for about a year on the strncturtj.of DNA.
The Cambridge and London groups informal]y shared ideas and certain aspects of theii data. It wasacnrally Rosalind
Franklins x-ray photos of DNA that convinced Watson and Crick as early as the fall of I95I that DNA must be a helix. In a
classic example of horv scientists can interpret the sarne data differenthl Franklin herself temporanly abandoned the ldea of a hellx.

Another formidable competitor in the race for DNA structure was the Nobel Prize-winning chernist Linus Parlling of,the'
Calilornia Institute of Technology. Earlier that year, Parr-rling had determined the first three-dimensional structure df a biologl-
cirl macromolecule, the a-helix of protein. Watson and Crick were impressed by Pauling's use of multiple approaches'in solv-
ing this problem, including his use.of simple wire-and-paper models. The nvo'quickly seized upon Pauling's notion of a helix,
and applied his rnodeling approach to DNA-despite the criticism from Franklin and Wilkins that models were a less-than-
seriousapproach, unlikely to yielcl the correct answer. As it wor.rld turn out, history might have been written differbntly had
the London group been operr to moclel building.

Wirtson and Crick were aware that Pauling was now turning his attention to DNA. Thev were much relieved when, early in
I953, Pauling published his own structure for DNA. It wars a triple-helix. Thev knerv immediately that Pauling's model was
wrong. They too.had devised a sirnilar triple-helix rnodel in late 195I, but were quickly convinced by Rosalind Franklin that
their model was incompatible lvith her x-ray data and thus could not be correct.

The two then moved on to two-charin models, but there were false starts here as rveil. At f irst they put the bases facing the
outside of the helix. When it became clear from Franklin's data that the bases must be located in the center, Watson next tried
to force l ike-with-l ike (G-G) hvdrogen bonding on the bases. This rvorked, arvkrvardlr', but only because Watson had been
misled by erroneous textbook pictures into using the *rong chemical structure for trvo of the bases. A colleague in the lab
quickly set Watson straight on this point, however.

Lln a Saturday rnorning in late Febrqary,1953, serendipity and the prepared mind at last came together. Without consciously
attempting to find base pairings that satisfied Chargaff 's ratios. Watson began moving models of the bases about on his desk.
He rectrurrts that "eureka" moment in his engaging 19t58 personai account, The Double Helix:

-fhough 
I init ially u'ent back to my like-rvith-l ike prejrrclices, I sa*'rl l  too rvell that thev led norvhere.... I l ] began shift ing the

bases in and out of other pairing possibil ir ies. Suddenlv I becarne *rvare that an adenine-thvmine pair held in place b,v two
hydrogen bonds rvas identical in shape to a guanine-cytr:sine pair held together by at least trvo hvcirogen bonds. All the hydrogen
bonds seemed to fornr naturally; no luclging was required to make the rwo tlpes of base pairs identical in shape.

Some Iucky trial-and-error rvas involved here, but as Crick would later write, "...the important point is thatJirn was looking
for something significant and immediatel,v recognized the significance o[ the correct pairs when he hit r.rpon them by chance."

The rest is history Watson and Crick comrnunicated their DNA rnode I in the April 25. 1953 issue o[ Nrrtrrre, accompanied
bv separate papers o[ Wilkins and Franklin shorving horv the double helix rvas consistent with their x-ray data. Watson and
Crick',s elegantlv sirnple dcluble helix accounts lor all of tl-re facts known then iurd norv about DNAs structure. It correctiy pre-
dictecl a mechanisrn for how the mcllecule replicates through complementarv base pairing. and it made possible the subse-
quent deciphering oI the genetic code. Collaboration. competit ion, ethical consideration. ]ogic. respect for evidence, skepti-
cisnr, chirnce , revision, and accurate prediction-rrl l  o[ these attri i :utes o[ science are clearl] '  evident in this prolound and ye t
ven'human chzrpter in the stor,r, of DNA.
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