
Chapter 19, p.219, insert rollowing sacond paragraph (that is, 

after ... these copies nmde copies of 

Some time later, an even m o m  astounding event occurred. 

We have r,ot safd much, BO far, about the necessity of 

establishing "controla"--but when doing an experiment one must 

always k r y  a vm3.eby of methods in order t o  check %he n a t w s  and 

authsntfcity sf' 8 reactionr WZth regard to Kornbergls experiment 

just described, for exan'qd.8, one w o u l d  assme that  a11 four nucleo- 

tidss must be present in the vessd, in order for DNA synthesis t o  

take place4 but the only way to know whether this is the case is 

to set; up 6t bat tery of tes+b-tUb@S, o d t  one or more nucleotide8 

f r o m  0a&# and obssrve what happens. TkZs 9s what Kornberg and 

n i a  aseocfates d id ,  They disoovsrsd that the l o g i c a l  assumption 

- is correct: for I bit; of natural nrJA to copy itself in an artiPictal 

environment such as they  haad created, all- four  nuc3.eotides we, 

rleCe89my. 

In doing this experimen8, Hbrmbtsrg b d  incubated lzis mixee 

f o r  t w o  t o  thres hours, then had used optical and chemical methods 

for measwing the increase in DNA. 

colleagues decdded to t r y  a new msasursment tschniqw. 

barease 2n DNA oorrelcate w i t h  an increase In the v iscos i ty  of tho 

solution in which the DMA w a s  rep1icatirigP Again, they s e t  up the 

In 1957, however, he and his 

Would the 

same controls that krad been wed previously; but this time, in 

addition, they took measuremnsn.S;s far longer than the two t o  three 

hours that  had been khcs cut-off point before. 

The h v m t L g a t o r s  w0re happy to discover that viscosity a d  - 
correlate wlth increase in DKA. They had indeed found a useful 
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new rnethoa of' nreraswement. But they found something else9,too- 

something much mope important;, 

a so1ut;ion f r o m  which guanine nucleotide had been amitted--and 

In one of the control tesi;-tubes, 

in whfch, therefore, no natwal DNA could have been sy thes l z sd -  

an inves t iga tor  noted, at the  jtaurth hour, that ta very rap id  In- 

crease i n  viscosity was taking place, This continursd u n t i l  the, 

sixth how. If Increase in viscoeity comelatod wP.t;h the fornation 

have, w2thout one of the nucleotides T 

That evening, Kornberg and his associates considered thelr 

severcil possible sowat~1s of c3pcerror. Perhaps aumeone had mfs- 
n 

t;akenly put into the mix the guanine that should have been omitted. 

Perhaps tifie control test-cube had bean contminat;ed by bacteria.  

Perhaps there was something wrong wiith the squlpmenl that measured 

viscositg, Therefore, they re-ran the experiment the next day, 

rapld increase i n  viacosilty, at the same t ime-interval after in* 

ControZs w w e  again s e t  up, eaoh u d t t i n g  various oft the 

ingredients known to be essent9al for Iabosatopg synthesis of 

EudQp3pl;t DNAr It waa found that, given enough t . h e ,  rapid Inci-ease 

in viscosity occursd even i n  the test-tube from whiah natural DNA 

--Gh@ model, OF "primerR, i n  previous experimenta--had been omitted, 

Tliirs~ pa;r.t;icular vetssel produced an unusual, kZnd of DRA, w l t ; h  the 

following sequence : 
4. : t .  'o".* vi.  

T A T A T A T A T A  



Subseqwntly, a n o t h s ~  experlmcntal m i x  produced another 

Note that Hornberg's or ig ina l  in ten t ion  w a s  not to  f ind  

out w b t n s r  DFlA synbhesis would take ?lace wftliout a bit of 

natural Z4A as the rnodsrj kyr and krs. his colleagues were sS-mpLy 
/- 

rwriiing a routine check on kizs raw-material requirements of' 

nat;wd DTJA when rep l ic  atfng i n  an artZPicia1 environment. 

Mia% they found 9s 8 sceent i f ic  example of serendipityo 

!&we, then, at a niom advanced level of' l i f e ,  was rein- 

forcement Tor the findings of oxpsriments tha t  had recreated a suppoaed 


