
7 

Orde rs of Magnitude 

/"' /tL / J-- ( 
th~ / ; " 

:le sha ll as sume;/K (fvl) ha values of the orde r of magnitude 

( - 6 K M) = 10 mol . / l ite r, and f urth we shall assume tha t we ha 'Te 

. - ~ ifJ/!1- :2i: -J __ ; .-// 
7J - ~-- :;;==+P I A 7) "'£:.I?. /tf./1. 

·.vc e stima te that in the wi ld type b,acterium growing in m¥limal 

medium the concentra tion of the metabolite , M, lies between 1/lOth ~nd 
10 K/M 

I f the molecul a r ve ight of the metabolite is of the orde r of ma~nitude 

~ ~''Z. ;it;' t~~~·A- ~-~ ~v/.~~~/~ ~'//E ( ~~ 
o~o~~~t;;.:=_z::;;;iLZ;_:;~~~i; ··~~~,:~a~g~~ynr 
J:~k :p~r r - .. • t-er. ilfe f~rthe r a ss Ui1le that 

1/ /1 ) 9' 
lo?, L~~lo ~ 

;:;; It k~~ · .. L .. ~ r·~-~~;:,.~..z;~.-c..,!Je 
~ c....-• 1 ~~ f' - ··- ;{ ~J r 

From i.lie=se( a{).s'mrrf?t1ons a nd esJJ-JP~~~,a.,.. . ...i..;t... f-.ollolvo:y-~t f the wild type 

b a.cterium grows in minima l medium and i f the concentra tion of <ep (n ) is ~~ 
A--•/~ t'( ~ 

about 10 t_bme~ lower tha n the concentration of the metabolite, M, ~ 1(/1--t. 
~tr-. ;}.i.f; ~~ ~ ...... .,. . 6~ ' ,,._-;/t ': 4

1! IV c;; /.-1:-',~f 4 
the r a te of enz;yme productio~ the baeteri"tlffl. is suppr e ss e d ab out 1 0 

fold., j:i;iie i'hled ~httti J(;L ;, {- aj j(, '~/} .<,J f?;e may nm1 eXdmine wha t 

happens if we r q ise the concentra tion of M within the wild type ba cterium 

1 ,_ 'JVU,.[j-~ 
t.b-rt SPOhT~fn mini'ina l me dium by addL1.g the metabolite , for instance , a 

pyrimidine or an amino a cid , such a s a rginine , to the medium in whi ch 

the b acterium grows . ( a ) Let us dea l first with th2 ca se 
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' cr-p£- fr / ,, • .... . / #/~~ ... ~~ 7'~N~=~r~n~;e .... p~es~~ted 
metabolic 

predicts, for instance in the cas e ~~~ ~~ 

of a mK±Kh&x±&~x pathway leading to an amino a cid (M = AA) , that in 

cert ain specific circumstances a precursor of the &nino acid M, for 

instance, A( -1), may induce the formation of the enzyme , ~ . T'ne con-

ditions under which this may happen are as follows: Let us consider a 

mutant which l acks , for instance, enzyme ~ (- 2 ), and which therefore re-

quires arginine as a grovith factor. If this mutant is grown in a 

chemis tat with arginine as a limiting growth factor slov;ly j then, as 

the equations show, the rate of the production of the enzyme E is in

creased (for very slow growth in the Chemostat, the enzyme increases 

by at least a factor of 2 ) in the worst case when this particular 

amino acid limited the growth rate even in the wild type growing in 

minimal medium. In gen2ral one may expect a much greater increase. 
·--. . .,.,... ~ .. 

The theory here presented .)redicts that when the same mutant is grmm ::--..... 

with arginine as a limiting growth factor rather fast just a few per 

cent lo\'ler than the minimal growth rate of the mutant in the presence of 

large amounts of arginine , then the precursors of the amino acid , AA-1 

or AA-2 will induce the synthesis of the enzyme D . This prediction is 

based on the assumption that a. coupling enzyme , 

precursors and that therefore no repressor is formed 
1) ~ 

by the bacterium. j(A precursor of the metabolite, M, 

cannot handle these 

from the precursors 

will however act as 
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Re cently ~ /A_,. ,..,,, f• ·rl ..... • ·•-· £1 

/Mil ton We ine r rlti..m'l:N:ti.?Jx p._,vod tho -~·iay ~unraveling of 

the myste ry of the induction of t?> - gal a ctosido.se by ;, AP1lli"~t e-v'Jthe 
t/).{~4 ' 

notion that this enzyme i3 formed in ~ae~eri ~ wJ::l.,;ic~ ~eird· ~~-4.t, not 

b ecause tlle: enzyme is capable of s plitting lactose, but rather b ecause 

this e nzyme is instrumental in tra nsferrlng galactose residue s to the 

polysa ccl1aride tha t forms part of the c E: l l wall . He sug~ested in part1-
~l1~·4' /A, . .e 4.-... ~ • 

c ular tha t the sub.::>trate of the enzyme if gal-1-P -&F tniore like ly ~ 

I sha ll h e r e a ssume, rightly o:;."' wrongly, fo r the s ake 

of argument that thc r :::: a r e t wo e nzymes involved . 
Q"Y fi{"l ) - I / 11\ I) •' 

d a s e . which t-ransforms l/ t.;r b•~ in "co ~ U.::: . i.-: .... t i.-Je 

Tne enzyme, t?> - galactoai -

V f:J ~~ Ge:--l (/) ~_nd 
l. E;(X...> '" ,.. ,. , ;: 

u.nothe r enzyme) which tra nsfer:::: s U f ~I (rtf.4.1ll)t o the p olysa ccharide of the 

ce ll wall. 
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Th~ eoJlfJOl::H~d r er r c ss os the formation of ~ 

J-.4-! ·,-v.~--·.r· :.Jf .:Yv ~,A,< .. U:, 
en&~o p•g&l~e~@~~~e by 

rJversibly ~o~ning the compl ex 
1::{-z..) 

#E.., ~~ ( / j 

I I 
,. ./< . 1 af .· .;t,~-rJ. e . Jl"i-t 

I /'\ I'\ .,/.r-1\ ~, f · ·,IJ;. ·L·!. ""~~~ ,, 
.__..I .-···V V r..J,- ~trh •· . . L 

~~, '"'.;) -"_.; 
/ The r ep r ess or is a galacto~iclc . In t h e p r esenc e ofjll t s cTiern~ara.na.logue 

r ~-U·"'"'t.re-~ 
i tho imh~ TMG, the e nzyme t empl a t e complex is prote~tcd/ir,~TMG . ' 

t·. It <~ t "'"'f ~/~··""! l-t.7- ~~~ ;:1: ~&-"!) ~~ 
/ is pre sen~ in sufficiently high C:)ncentra tions inside the ce ll. 'FMG is ~s 
' ~- ... -r.y,_ ~ ~/f' ~~~~ 1 "';'1"1 (,.,""6_ . ./ (r4-.. .,< (. ·~ 
) C-a-!"eaJ.-'inaJ.!c'~"!"'"tr~'~i:tO'.s'e , a ccording to our assump tion , it eo"e!"S the e nzyme 

7 . t empla te con ";) l ex . rr?{le comp ound • /.; I':) D <1····~· is d. p recursor of the re -
t ' . A. ... ~ !!' ~ ~ . {b;;..,,~M• ..... ~" " t """ ' ~~~,-o;v '~filii .it~., 4 ;. fibs · v, ..... · -· - . IIJ.' • • 

p ressor. I f c e lls e grown in glucos e a nd if , the r eby, the leve l of 

this precursor is increa s e d, the p roduction of the enzyme is r ep r e ss e d 

a t low concentra tions of TMG . 
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Be cause the r d t c of the production of the enzyme _, Z_, in-

creases fas t er th~n linedrly wi th increasing TMG concentra tion_, we 

must assume tha t the induce r, TMG_, mt,;sht a ls o a ct by competing Hith 

(; p [)~,./ for £: ;; .. qrrtcr-~ii~?;;' ;:;ducing the r d t e of production 

1'%~ .. // ' .... . J ' f'' ) of the ~f .... ep r cs.s or 1 t· l.J l ·f: (I. . It is f urthe r po;ssible tha t 

Tf'IIG o.ls o compe t e s wi th the compound UDF Gdl f or 2nzyme C: 

and thGr cby s l o-.;s do·,m the production oi' UDP Gal which.,... ae~Pding t,c 
1/ ~~~J is a p r .. ec~. r. s~J)f the ~llrepre ssor . 1.•Jhy does TPG 

I I ~ . { l I IJ· ~II) 4 I· 'f!<'o,!J ~''if l· 'r\#'\~ r~' \.-(;\';;•(]"'( f trnrfibit the fomation Of the enzyme a t mode r a t e C0i.'1-

c entrations of the induce r_, 'l1MG _, vT ithin the c2ll .' There a r c tvro 

possibiliti es . TPG may compe t e wi th the chief r epr essor 

for the enzyme EX, which el iminate s this r e;>ressor by trd.nsferring it 

to the c2ll wa ll_, and in a ddi tlon TPG :;:night compe t e wi th UDP Ga l f or 

enzyme 3 and the r eby preve:11t this compound from 

b e ing elima t ed by going over to Gal-1- P_, -• .,hich mi ght conceivably b e 

transferred in some unknown way to the polysa ccha ride of tl1e cell ·vall. 

As stated before_, the constitutive mutans a r e likely to mutants 

which have a high equilibrium constant fo r the r eaction m which they 

combine with the enzyme t empl a te compl ex . Cons equently_, we might expe ct 

tha t in constitutive\mutants _, which do not make e:;.1zyme a t the fullt
1 

r a t e _, 

~ - galactosides , which have a higher equilibrium constant thn TMG for 

combina tion with the enzyme templ a t e compl ex and which therefore do not 

induce the wild type _, may neverthe l e ss successfully compe t e in such a 

mutant with the r epr e ssor . Pe rhaps the fas t es t way to unravel in de t a il 

the ph enomenon of ~ - gal a ctosiddse induction would consist in s t udying 

the induction of this sys tern when the ce lls grovJ in the abs ence of a ny 

other ca rbon source on gal a ctos e . 
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1 ' M ¥ f M (~~ 
A chemica l ana logue{of a me tabolite~n enha nce the synthesis 
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of an enzyme not only by compe ting f or ~ enzyme-t empl a te compl ex with 

a r epr essor but a lso by compe ting with ~substrate f or an enzyme t ha t 

make s the r epr e ssor( or mak e s a pr e cursor of the r epr e ssor) .7/;;·J.is mode of 
" ~ ~ 

''- a ction of an induce r (which_, incidenta lly_, need not C!io:~~ b e a r eal in-

·the cell. 
:\' 
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