
Genetic Paradigms 
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part 3 is an excellent scielltific revie,\. 01 4830-7. 
of the current kno~yledge of triinscription- 
a1 regulation ~n the lac overon and its uses 

T h ~ s  hook \vas motivated b\- the ~ n a h ~ l i t y  of 
a P11.D. student duri11g a11 oral exam to tell 
the author n.hat Xlax Delbriick did, e\-en 
though they worked in the eponymous lab- 
oratory. hliiller-Hi11 laments, "h/lolecular 
Biology has n o  history for the yo~ulng scien- 
tist." The  result is a book that beeins x i th  
Noah and ends with Goetlhe. In between is 
a terse but complete narrative of the genetic 
vehicle that allon-ed the working out of the 
Central Doglna and the regulation of gene 
espresslon, hliiller-Hill's scientific career 
spans the entire development of the lac 
operoll froin theory through repressor isola- 
tion, DXX sequencing, and prateill three- 
cii~nensio~lal structures. It began with his 
B-oalacrosiilase mechanistic studles as a 
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thesis project anLi the isolation of Lac re- 
pressor as a rostiloc with Walter Gilbert. 
His productive laboratory in Cologne se- 
quenced the repressor protein and has un- 
folLied much of the complexity of lac operon 
regulation in the past tn-o decades. Al- 
t h o u ~ h  Miiller-Hi11 started life as a chemist. 
this hook is the perspect~l-e of a geneticist. 
It is one part chronicle, one part memoir, 
and one part scielltif~c revien. The  time is 
right for this retrospective, since molecular 
structures of P-galactosidase and the repres- 
sor with DNA have just been ~vorked out. 

Part 1 begins \vith the h a c k o r o ~ ~ ~ l d  to the 
Cartesian publications of Francois Jacob 
anLi Jacques h/lonoii. It ellds in 1976, n.hen 
Monod died and Gilbert, distracted by 
DNL% sequence determination, failed to at- 
tend the second Cold Svrine Harbor lac 
operoll reunion. What most stuLients see in 
toclay's hiolog\- and genetics textbooks as 
the paradigm of gene regulation is the pic- 
ture of 1976. 

Part 2,  Misinterpretations, is in the spirit 
of the all cotirant inernoir, stopping short of 
revealing alcoholisln or rnental illness. In 
additio~l to iiescrihillg several fa1~1. pas fro111 
his o1v11 laboratory, the author llalnes 
names, pointing out, \vith literature clta- 
tions, the gaffes of noteL{ geneticists, bio- 
chemists, crystallographers, and genome 

- 
as \.ector and indicator In eukar\-otic sys- 
rems. Today's molecular biology \vas pres- 
aged in the stuii\- of tlhe iac operon. A 
genetic vector nit11 o\-erproduction was 
first constructed for the isolation of Lac 
repressor (and amber suppressor Su IIIt 
R N A )  in order to do biocheinistr\-. L%nal- 
\-sls of the lac operator DNA by Gilbert led 
to the sequence of rhe lac1 gene by Philip 
Farabaueh. Combi~led n.~tlh the Herculean 
genetics of Jeffrey H. h.liller, this sequence 
foreshado\ved p53 hot spots and malleabil- 
ity of D N A  \\.it11 tandem repeats. 

-Absent from Xli~ller-Hill's account is the 
introduction of allostery by h~lonoii, J.-P. 
Changeux, and Jacob in 1963-an essential 
feature of macrornolecular control through 
small-molecule interaction. L%lso missing 
are the von Hlppel school's attempt; to 
understand Lac repressor spec~ficity and 
thermodynamics ln the context of the other 
4.7 milllo11 base pairs of gel1olllic DNA and 
the ions of the i~ltracellular milieu. 

Milller-Hill declares the lac operon a 
paradigm because of the biological principle 
that "\\-hat n.orks survil-es; ~ v h a t  does not 
v-ork beco~lles extinct. Elegant solutions are 
used again and again. Paradigmatic systems 
have thus revealed their beauty earlier than 
others." Actually, there are three practical 
reasons for the lac operon's paradigmatic 
position: ( i )  p-galactosidase activity has a 
1333-fold dyllalnic rallge upon i~l~iuct ion;  
(ii) isopropyl-thio-P-galactoside is a gratu- 
itous inducer, not affected bj- P-galactosi- 
dase; (iil) when hydrolysecl by P-galacto- 
side, S-gal gives the familiar blue color to 
bacterial colonies on plates or to tissues. 

Xliiller-Hill's real lament is not lack of 
interest in history but a paradigm shift in 
biological research foreseen by Gilbert in 
1991 (Nature 349, 99): to the high school 
st~ldent biological research is  no\^- surfing 
the Internet; to undergraciuates it is PCR 
amplification of c-DNA libraries; to gradu- 
ate students it is genetics experiments by 
sequence hornology searches through a ge- 
nome database; and to the rest of us old 

geezers 1t is nord-processing rearrangelnent 
of manuscriprs, proposals, and unread pho- 
tocopled publicat~ons. There is st111 a lot to 
do. For a structural hioloelst, the RNA 
polylnerase entry at the lac promoter is a 
\.ast void. The recent publ icat io~~ by Inada 
et al. (Genes to Cells 1, 293 [1996]) on 
mterplay het11-een glucose and lactose and 
the lac operou \\-ill require major textbook 
revision. 

Who should read the present book? All 
textbook authors and teachers must read 
parts 1 and 3. Stucients sho~lld read part 2 to 
see that some eiants, i11cludille their thes~s 
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advisers, have clay feet. 
Ponzy Lu 
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A Physical Atelier 

The Quantum Theory of Fields. Vol. 2. Mod- 
ern Applications. STEVEN WEINBERG. Cam- 
bridge University Press, New York, 1996. xxii, 
489 pp., illus. $47.95 or £32.50. ISBN 0-521- 
55002-5. 

Soine time ago I 1-isited a harpsichord-mak- 
er in 111s ~ v o r k s h o ~ .  The artisan slho\ved me 
his materials, explained the varlous stages 
111 the constructloll of har~~sichords, then 
treated me to a recording of Igor Kipnis 
playing a fandango on  one of his instru- 
ments. But the object he took the greatest 
r l e a s ~ ~ r e  in sho\vmg lne n.as not a f~nished 
harpsichord but a block plan-clean, pre- 
cise, and utterly apt-that he had built 111 

order to sculpt sou~ldboards of surpassing 
beauty and eloque~lce. This maker of \\.on- 
derf~ll instruments \vas also a maker of \\.o~l- 
derf~ll tools. 

Reading 1-olume 2 of The Quantuin The- 
ory of Fields took lne back to the haspsi- 
chord-maker's '~vorkshop, because Steven 
LVeinberg is one of our most gifted makers 
of theoretical tools as \yell as a 1-irtuoso 1x1 

their use. His new hook con\-eys both the 
satisfaction ofunderstandino nature and the 
feel of the atelier, for the "modem applica- 
tions" of its subtitle include both the deri- 
vation of physical consequences and the 
development of new tools for understanding 
and applying field theory itself. 

Quantum field theory is the theory of 
lnatter and its interactions that gre\\- out of 
efforts begun in tlhe late 1922s to joiln quan- 
tum mechanics and relati\-ity. Thanks in 
considerable lileasure to its successes over 
the past quarter-century, quantum field the- 
ory has become the preferred conceptual 

938 SCIENCE \ OL 275 14 FEBRU.-\R\I 199; http //\I\\\\  s c ~  




