
sidaseandofthegalactoside.permease,seemedtocorrespondtornodificationsof
the hypotheticat op"ruior. rt will be recalled that three distinct genes have been

recognized in ttris syst'em : il) y, thu g"*e for structure of the galactoside-permeaso;

(2) z, the gene for 
"t'o"ioi" 

oi i5s B-galactosidase' of which certain alleles permit

the synthesis of a #-tfi"d;;;;v*Iti"utty-inactive protein, Cz; and (3) i' the

;"*iil;; fu synthesizing a repressor specific for the sy-stem- These three genes

are closely linked. rt *1ii"*ttut be recalled that bacteria which are diploid for

the senes of this s'";;; ;; obhined oy,:*TT::i:::-t:TX1?tl,l"*-

The Aperon: .A' GrowP of Genes

liil"l***"' *;"T;;piling fragment oi the bacterial senome (l=t-

units of salactosidase and of 9" o*i"i".t{'-!?j:",:*,::tl-"^T:::"n* "t "u
#HT f:'*ff'ffiT#Tird. ;;;toi' tr," .nil*osor,ne in :u"..T. Y*::1.

Uaitsof--@
anrount found in

iO, ,rot ait"clalle' The excess 
"f "tl-t ^l1"j**:tr::t:;r::t+"Xqstrry-mrr'::l-Fiesent on the.factor

)
f-i*.'.*"*t to indicate the presence of

ioo""o Br,ctenr/ 
u 

I*oo"t-o B'tcrunrl

il^^4prd
Calac- Pratein

tosid,asa Cz

Fe( Galac-

ntease tasi,,ilasc

tL or '&

' / " {1q2,ffi;;;, -:&Lt-' .

tl.-.?,

fr;' { ''j -

Grxoffg ( 't\, "{zra.{Frotein
Ca

Per-
rneaga

F-Laa

lt o-e*r,*'d-
" ti,n-4{.t
'1 p K;x/';'' '
c, l- -T,,1;

w-:
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According to their characters, the mutations o" and o" seem to affect a genetic
element which is not expressed by an ind,ependent cytdplasmic product. The
remarkable properties of these mutations are inexplicable according to the
"classical" concept of the gene for structure and distinguish them equally from
mutations affecting the regulator gene, i. on the other hand, they conform to the
predictions arising from the hypothesis of the operator. Several simple defective
mutations, having a pleiotrophic, coordinated effect, and non-complementable,
have been described for other bacterial systems, in particular for the metabolism
of galactoseta). we suggest that these mutations could affect an operator.

The hypothesis of the operator implies that between the classical gene, inde-
pendent unit of biochemical function, and the entire chromosome, there exists an
intermediate genetic organization. The latter would include the tmits of coord.i-
nated expres$on (operons), comprising an operator and the group of genes for
structure which it coordinates. Each operon would be, throulh the intermedia-
tion of the operator, under the control of a repressor whpse syltnesis would be
determined by a regulator gene (not necessarily rinked to ih\e group). The
repression would be exercised either directly at the level of the genetic material,
or at the level of "cytoplasmic replicas" of the operon. This hypothesis would
expla^in the correlation which is very generally observed in bacteria between
functional association and genetic linkage for the sequential enzyme systems.
It has other verifiable consequences, notabry that the 

"nry*". 
of a sequence gov-

erned by the same operator should not be separately induced (6).
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,-'! ': A Deretion Analysis of the Lac operafor Region in
- : Escherichia coli

Mueh of the information on the reration of the structure of a genetic region to itscontlol and expressioll comes from sturries on the eDzymes involved in Iactosemetabolism in Esch,erich'ia cari, (Jaeob & Bronod, 
-196r). 

Three enz,znric activities,Fgalactosidase (z), sar-yto.s1i.e=ne+,nease {d..glg galactoside i"nJ*l.utyt*", .r"specified by the kw re$on of i6 
"r.**"'o[" Tiie revcr-of these enzymes is co-ordinatet.v controlred ny 

" "rt9nr.;;;;;;;"" produced. lry rhe ri gene which iscloseJy linked to the struetural genes for the enzyrnes. The site of action of the

I ,rJ

't,': I

1

I

I
l
t

nepnessor has been detemined by rhe isolation of 
1uta.ntf.(g") *lr"h-!g*_h_" iil"sensitivity to represor, and which rhus produce prg";;d;f,"rbff*nrur,o"ro,in ,

1l:,Fcil.or$prroor. Trr"sg nutants:Jl' o"o closery rinked-6;. mutat-ions
:l*Sg:t-l,Lq p-e'"+"g of- -t!. s*o". A'.oth*':"-luo";#;;; ; ;dffift;rn this area, shute 

"tr 
tl: p,fo-gngU-on.of ibre_enzyrylig aetivities of-tls_ lan rcgpon.rt has ben proposed th;i oo ind o* *"t*ao* together define the operator, notonly as the site ofactiol_1f tle repressor, but also as the initiation site for the tran-

:"y1"3 
of messe'nger-RNA from-the s#r*ur' ge,oes. A gru*p of genes if,us con-t*jl-d- 

i- 
termed an operon. -:_<-:*

rn this paper it will 
\ 

shown thai the operator, defined as the site ofrepressionof t'he operon, does not ri-e 
in -the 

o*u r.gio' io which oo mutants are found. Thisconclusiou has been *u"ls from a stuai of various deletion muiants of the raagenes*$utants car.ying deletiglq of different seg-urents of tke laer*gi* uo. t*,,
Xl:Yi::31 

mutSts b-y€st€stiq, ek-sl*;.rqr6*ts on meribiose_aqar {Beckwi+,h

:. i ',.-:
:.: .--: ". : i

T,;f*:1ry4ryy*gf*ittr*o*-sqry1e*soi riici.-m; ?;;";rxse*"o, 
"*,,""**can be ea'sily distinFdshed from each oth-el, since onlythe deletions 

"o"u-itol'ffi
i,#j*:if;:jl-jo;,jt? TT""" g.T,,r in rhe oo muranrs {r;i" ;j and do norfurther reveri to ta*+ phenatype. Wirh rh" *"opr1ry,]di1i, ii!i&lu"*o* *un&e-lhslvLlo-eontain d"le.tiqliby-their failure tu grve_ih€jr,re€om5**=;rfrin;l
l*c:+su EJI s. I).---

t All of the deletions, except M12 and. Mllz, incrude all four oo mutanfu tested(rig. I). The extent of these deletions was further determined by examining themfor deletion of the 'i gene, the nearest known marker to th* ope"ato"'J of the operon.

:::?:***,f.-.ll"g!:_yere.derived 
r,o^ uo i- oo strain, ft was neeessarv touse. geneuc 

"3rcruolqy.es .T g:Fdg the preeence o abS'Iryg_ef. the f gene. Theuutants were srossed 
;r.rltr {,!:1!lqti or genqli;_go:netitoErr-i="- i*nn=a;r"*talte.l or r:Z=lwith ofu 

"ro*"tu.,ti1, *,.d rh-;qged;*ar;" *ft*"rbinanrswas tested, As Jaeob & Wollmsn .( r9ffi}.Aa;a?;;;;A=;",C*G=m;clie;;
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in tre rac regron is "**11" ;l'- ii:":*'*#*lt$JirttfrH:T"1ff f; **
e;;#;u*ry"t*1Y:;Yi

Strain J P-Gtt""**lat"* 
?ermeass

H"":ffi :?-t{#g#*lffi****x"n:'"t.1ffi!iiri':E6irecombinants from sucn

shain as a result.of " 
**"Fg#". Th" "orrclo"ioos 

from these exnerimglts'"; 
,a.,

., ii;+,.'
: bti 

: .,:i1:

''3..{J " ii"".,
,.'rt,.', i *;;,/. P, l#, ,$: .

.Y',;t,:*,i,tf,',.* \q;t ; l:.== -,.-"
lno
L-:.- ' -a-:t ..1:'::

"c-i-ltz2 i;t 
0 :-* -

?r '

Ioc regron.

Tbich

ofthe z

".1'-a ,.r-:,, 
-N& " :-,. ;'.: . ; - , . :-: ::r ::: ,:- .:. 

,

<oun! produced by B cotrt;tutive streilr' Tho ;: -A,,ac,ivi,ies"*aqffi.f;off"J?!*ry8{:H{ffi.s$**:**i$?i,!i]l ',;=," ': ': :::il
!)orlnoos6 vas ssseyed r

g-p-galactoside, *rr"r-11-"ii*:*-Ttdio* 
** 

Lrl ** used. After- ireuuatron thi'aells wers n ' t,l',''

[*tir"r co,r,ure wil,h:"*"ff'q 
?'*: fi{i?{X1ilm*,flt,*;:'*XHtrT'i ;. t v :

f*i@#trffiJ""ftT *#*itr'-#i,1f;."t$-f#'';**H5'::r"i,,- "*totioo was heot'eo m

* :mf"-;s HHtftff*-*:x?"#r:';:*"m,r##'trff#;#"ffiF'11 : !- "
: .r  

".ho*utasr,o!,wasusedasecontrol 'T1--Y';"1=;;; l t"ofa!-*r3r,carr;rdelet io*sinthe 

! - . '  _ " i ' , : ' r  " . ,
.-, iili"ilffiil';"ti-'iry. 

eu of lhe revertants' rrrt'n tne ercsPwlv'r vt "z --- ' 
1"r ;1 , ,....' ..,;,"

i1usiraredinEie-l.-T-t!ep:qp-e'$''u4f].-fff.f ff *fi #f;23,"}:ft:$tg'*T5"ff;fr;u#'J H;:H#T:':**t::":t':::;* *l-'SiiTffiHff#'ff '#::ffi *| j:*-T.:th;'i;-o:*'ffi -:*'n:.T;f"ffi :"J;H.ffi :ro-r*i.-gr.elg]f *:-,?#lffi::ffiT'Xl-"i'#*"

tng-d g-ene-
;irf,;;;."tations ue h th€iHlilPgle ite. then itlvoultl bo exPeeted

none waat

I}o to
plesence

,iff is invotved in qrg sellf

al lh.e 4 as defincd !Y z;

r"p*"sCI-.se"f #;;; ulraa9+Sr'*rvt
oftn" wilit-t'ype i+ gene' nintoids.Ut! 11ji-"*,,-^t rlrc nermease. Dll#on MI5'

il*-e.r;:.:9':t*TlT,f*:";:)*S$*I5-+4!+is:s:::.1;*; -lfff, *ii"u it deletes the rest,
asensecomplemectary-**---.,r.'^:--;--;.+,"indi;ti;-tt1it

# ;l1;:Hffi,":ilffi';I might be angueo-r''4" 
;; i-;;#d bv rhe fiuding t'hat in a

an interPretation, howel
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revertamt, MlI6, carrying an exfunsive deletion including the i gene, the permeare is
no longerrepressible. RevertantMl16deletes theoperatmr (repre.ssor-sens,iti,oesdklwhile
MtSdoes not. Thus t'he operator must lie beyond the furthest knovrn lac- mutation
(oBJ at t'he beginning of--f,he a gene. If the operator is eti-llpar*ef,*hest*uetural-gene,
t'hea it must !e eithet extoemely'small or irnisually insensitive to mutational altera- '

tion. Alteraatively, einee no z- ar oo.mutations have-been.four&in this region, it is
pos$ible tJrat the operator is a sopara,te lscue.from the stractural gene (see F g. 1).

Y '  .  , ' ' - . .  o i
Vr77 | S '-alt8'

yl4 (t,84

f- ---14'2-l

fl-Mttz
miTs-r
TM]TITI

TETTER TO TgE EDISOR

h". 
-f- 

fp $eA,-oLaaaUns i*-ilt*-Lrc *giot. !!rq deleiione were meplred using ihe z- md
g- merkert indioi4t€d horo. Mutsnt l?7 mape outsido deletion M12 {tr*cob, person*I oomrnimi-
cetion). Roveria.nt Ml12 give recomtrirra,r-rts vith oll !ac- mutsnts tsted to-dete. Tho deletion
rrruta,nts, lI22 and 1d"23, wore isolated from of16; the rest were derived from o!. lluta,nts ar, lI8,
2 and 84 have sll boen classified oo.
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