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and the synthesis of enzyme, in the absence-and,itt.1h" p:T."it: 
^-J -^*alina o

/ ffi# Y#'r"""*t hours (in order to block induction of the J and remat'ing, a
f

y' mixture of streptomycin and iO pt tgu was used)' Figure 4 show-s that' in the absenco

f of inducer, enzJrrne ly.rtrr"ri. stJps about 90 min (or earlier) after entry of tho z+1l+

' f genes into -the g celis. when inducer is added at this stage, enz5roe synthesis is

f resumed, showing that the initially constitutiveplffi-,Yuot''s have 
"?tnbfrlj^

i ;..,.,;;.,it *i:";XT*l;,"1iJ."_ ,fiH*tNllllllllllllllllgJ:ffiu
",.-.1*''i 

i , \ in the heterozygotes, might not correspond to the segregation of homozygous
'\S" | ' ' 

\ s+i+gryyfgr recombinant* 
-*ittt 

concomitant disappearance of the heterozygotes'

\ \ This is excluded because the earliest homozygous recombinants only appear 2 hr

' -.r./

n-.$! ,af ter thet imewhenconst i tut ivesynthesisceasest(x. ig.5).
. \ r,\ e:-r , 

-ilFro* 
these_ observations we may conclude that theJpnstitutive (i-) allele

\ )< \ .) ' ,1,; !s inactiv", Onu"\ \  \  i r ' . ' . ' ' t ** j*nl" :1. ]  - - - : - - - : - ' - - - -  - '/ \- , ,:-:' ' ' .. 547r*g{"@-
, . i  i . .2.:_7

ff ': - - . -' ::" 5. Discussion and conclusions
rr 

t:--.r/'

n

.,' 
, , 

'"' !' 
itfin"'";nclurions which can be directly drawn from the evidence presented

'| 
obove may be summarized' as follows:

Thesynthesi.orp-gorn"tosidaseandgalactosid'e-permeasetnE.coli, iscontrolled
bythreeextremely"r*"rvhnkedgenes(cistron'l@Thzgenedet.ermines,
in part at least, the struJture of the galactosidase prot'ein mllecule' The y gene pro'

bablydoesthesameforthepermeasemolecule,butthereisnoeYidenceonthis
point. TQi gene in its activeiorm controls the synthesis of a product which, when

present in the cytoptu.*, pr"*rr-ts the sfiThtsis-offigalactosidase and galactoside-

permease, unless iniucer is added externally (inducible beha'viour)' When the'i gene'

product is absent o" in".tio" as a result of mutation within the gene' no external

inducer is required for p-galactosidase and galactoside-permease- sSmthesis (constitu'

tive behaviour). nne_d_gt;e,?rr'offi[ is very highly speciffc, having no effect on eny

other known sYstem.
(2) While proving that the interaction of the-ilDzJagtors^involves a specific

cytoplgry-pqg5segg€I. the data presented' her6-clo not, by themselves' give any

indifation as to the mni" of u"tiottof this compound' Two alternative models of this

action should. be considered, i ,

According to one, 'hi"h 
*" shall car thu{$$g)f"u"ll:y :"'ll1Y .T ll:

$
u"il;*:"-;;';i;s "v*:*L 

requires. t* 
-l1$*f*1i,* f "*:ffi;*^r*; i* it"irrdo"iute organirm. such an inducer (a galactoside) is syn'

in".rr he'd+ gene controls thesJrntlT:"::^":1{:igene controls the sSmthesis of an enzJ':mo

:Tf l-,t:llffi #*:"nn'T;;*::"";};ffi "Jii"::Hiljl,:i::.*::i;:;T{igdilitt$,-b$hi',i*rh" i- mutation inactivates t}3.su"" 1': ll: l'1":l: ll:
lilililTt.*i''f -.""'a"r"tiooor"*"g::::':1":::'f lY,:*::T":::i:.:::i:;
;.TJrffffi;*il#;;;ooer .on*tito*tioity, and for the kinetics of conversion of

the zYgotes.

;;J;; also bo re.call3d that, acco,rdine t"^^*::::?: o Maze (1e57)' heterozvgosis prevaile
r ru urdr ----_i; 

descendants of E' col'i' zygotos'
formanygenerationsin-tl. ,r-* ^r -rr ^^rr-ro

e'is9!9193t" :gElhutis' Thij
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and for the

inhibid bY certai4

iooe uy Monod &

iiroducls

synthesizing sYstem' thesize more
(b) p Predicts that

tr'F-'pp"h6be thq e l:.-"*
systems a,s

fCli""-g-t e & Jolit, 1953), g\r1::onidase 9'::*::
ilfr:ffiHi,.ffiJ;;;;;"g,in"r"Li'*e or E. cold and penicillinase or B' cercus

(Kogut, Fo[ock & Triclgell, 1956)'

(cj me inducer modeljf
. lhis assumPtion, fust sug'

i-epression nlilot been vinclicated in recent work

ff :#'ffi 'ffi ffi;ffi ;i'd;lv;*'Ji1'.f :H"."Yfl ::'f l:T*'*.Tl*
r957). oi rrol"to"t inducible systems has been hoL:.b:

qqbe jnhitli+ed
many years &

and other Eo-anon: dpaeifi a- tqre${6n

model is

I?6 A. B. PARDEE' T" JACOB AND J'  MONOD

According to the other, or "repr€ssor"' lodel 
tn-",i"-ti."l:113:r1*":fif]'|:;

r.'T;;;"?;ffi ffi;F""';,*'"*o*:::i':""^T::i:iili?"H:yet:
ff#ilf;'ruffi-*;;;"i''v"*'"Jri.u.11u::i*-::;'1;t--'i*:"ll-3ili;1ll

in the:rp of the
,vr  t  vt  r+vFYv

well for the

. In the

the requirement

"oo" 
it61i-), the repre-E-r is not formed' t

for an indueer disappears' This model accounts

ffi riclt :ppst :,l:l'J33"f H::':,":'l*ffi
"mr'::*ffi;;; 

otiJ. ru"t *nilr, *uoora be brieflv reca*ed. Ere**ho-s.mrhrsis'-
r ,-^^:4^-lI- '  lhLihil- ' l  lrrr nprfa,in

' ' of their action' w&8 tlrst oDserveo ul tv{'o uy rYrwuvu w
ts (or evenFubstra!9sl " " "ase (of E' e'oti) (19534) or with
E*i"" working with constitutive galactosrcr, 

-r--^ c rrr^^r-,ro*e\uoren--D..'n...v wurmr- - -^1)' and by wijesundera & woods {1953)'
O-yptpt *rr-.yrrthetase (of 'd ' aerogenes-) (L9531

and cohn, cohen t rionod 1191s; indepencrently working with the methionine-
+t ,i. ramo.rlrn,hle

ffH:' l;-''',l'H*;":-.*"El*:'*"'": :1m1^:{Jffitd1g:l frH
"""""*"i.1 i""* i::i:i:t*-:l":""*fmlffiii;

l#.rT;t";"if,ll lt'n. "o6. 
rr was suggested, "i 

ttot tirne that this remarkable

,#ffi;r;u# ""Ja 
t" a* to rhe displacement of an inlerryl.l.v-synthesized inducer'

responsible fo" 
"o"ttitoiJ" 

synthesis' 
^and 

it was pointed' out that such a mechanism

eould account, ;n part at llst, for the proper adjustment, of, cellular s;rntheses

(Cohn & Monod, 1953; Monod' iOSn;' no'i"g'tlt* pu*t t*o.:"'tp" years' several

new examples of this *f""t l"t" Leen obs"erved and studied in some detail by

Vogel (1957), Yates & P;;;"" (195?)' Gorini & Maas (f95?)' It now appears to be a

generarrure,foro"*oi'']ti*;t:*:::t":-,:;;3T:"fff "":f 
-Til:ff."t;*

;ffi;;;6 el;;L-ph""o*""o''' the coittrol of eru

of metabolism.
( )Thefactswhichdemonstratet'heexistenceandwid'eoocurrenceofrepression

effects justify th" b*i;;;"-ptio* 
-of 

the repressor model. They do not allow a

choice between tne twl;a"i Fu$h"r ao"stdetattont make th" i

arylJrr*nr"" 
since it does not require an indepb'ndent inducer-

(a) The repressor rno

cffi ;J;;.Ja;u-,"p.i,,o, shourd be
, irr" g"conYeNron

o?ra
JZI
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mutant should. be largely insensitive to the glucose effect while other inducible

systems should retain their sensitivity. That this is precisely the case (Cohn & Monod,

1953) is a, very strong argument in favor of the repressor model'

(5)
toa

and confirmed with nodel-ma.y.lead

the basic-fr 66-m-on to all protein-s5rnt'hesiuing systems would be

,in5ibitien-hy.sp*-e_aifig repressors formed under the control of particular genes, and

antagonized, in some cases, by inducers. Although the wide occurrenee ofrepression

effects is certain, the situation revealed with the present system, namely a genetic
..complex' 'comprising,besidesthe..structuraI, 'genes(,,@-

i) whose function rlate the expfegclgq of the neighboring genes is,
. "F----

this..situation

h is known to exist in the control of immunity and zygotic induction of
sol

and

rriidinito this

(b) Does the repressor act at the level of the gene itrelf, or at the level pf the
(enzyme-forming system) ?

Wollman (1956), when a ,\-lysogenic 6 of E. coli is injected into

of vesetat-iv*Ct16Ec-ffi,vblopment is started, which-----. *.r--
6Ia primary, step the synthesis of specific proteins.

). is performed, zygotic

does vegetative phage develop when such zygotes are
The l-lysogenic cell is therefore immune against

manifestations of prophage or phage potentialities, and, the'i'mmuni'ty is expresseil in

the cytoplasm (Jacob, f958-59). is stric ifi.c, since it
does not extend to other, even closely related, , u-nder tho

of proteinsGfressor, able to block
mined by thcse findings.

the repressor model are two Qtidstionq-which for lack of

evidence we have avoided discussing, but which should be explicitly stated in

conclusion. These questions &re:

basic'mechanism

@toJacob&

(a) What is the chemical rlQtrre;f&31essor.?Should it be considered a primary
a secondary product EfTire ge-n6t

'We aro much indobted to Professor Leo Szilard for ill
work and to Mme M. Beljanski, Mmo M. Jolit and Mr. R.
cortain experimonts.
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By Franqois Jacob, David Perrin, Carmen Sanchez

and Jacques Monod

The analysis of different bacterial systems leads to the conclusion that in the

synthesis of cerbain proteins (enzymatic or viral) a

ible for the structure of the Iator

gene) governingThe ex tormer through the intermediary action of a

l"#.,i"r.,- ft" r."g.rtotor genes,+rhreLErye so f9 biien identified show the

remarkable. property of exercisinpro
nes fdr strudfure, cl-oselY linked r, and corre-

I s1ouence. To

*'*plui.t 
.-thls 

effect, it seems necessary to invoke a new genetic entity, called

-"olperator," 
which would be: (a) adjacent to a group of genes and would control

tn=r;AfnlL a"a 6) wonid b,e sensitive to the repressor prqduce-d'by a particu-

The Operon: A Group of Genes Whose Expression is Coordinated
by an OPerator

=:S_

lar regulator gene (1 ). I; the of the group

ofg" ie.*outdbeinhibi tedthro@ortneoperatof .This

I

t '
t .

hy i"+;nafivp nredietions concerninE the mutations which

could atrect the structureof the operator' In effect:
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