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.Abstract 

The l~ffect of isopropylthloe;alactoside on the Indu.ction .or 

the Galactose Operon· by D-Fucose 1n a Lactose Deletion 

· r-lu.tant · of Escr.erichia ££ll. 

D. C. H. McB:rlen & v. !l.tOses •.. · B:'1.ocherr:t. J .. 

La~<1rence Radiati.on Laboratory.· Univers~ty. ~f Cal1forn:1.a,··. 

Berkeley, ca!iror.n1~. 

The·. gr-atuitous induction of the galactose operon in.· 

F.scherichia. coli by 5 X 10~3 M D-fucos~ 1~' shO'Iln to be in-
.. -

i · h1b1ted by 43% in. the presence of an equi!TX)lar concentration ,. 

or 1sopropyl-e-~thiog-a.lactos1de in· a mutant or the bacterium 

lacld..ng the lactose operon. This result is compar~d td th . 

results .obtained· by othet~ workers usillg. strains of the. bac- . 

' teri~ \dtp ;COmplete genetiC apparatus Snd 'PoSSible mechanisms 

···or the inhibition ·ax-e discl.issed. · .· 
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The Effect of·· Isopropylthiogalactoside on the Induction of the Galactose 

Operon by O:..Fu~ose in a Lactose Deletion !·futant of Escherichia Coli. 

by. D. c. H. r~cBrien and V. r>1oses 

. t8.wrence Radiation Labo~atory, University .of California, Ber.<:eley, Calif. · 

Buttin (1963) has demonstrated that D-fucose (6-desoxy-D-p:alactose) · · 
. . 

.is an effective. gratuitous inducer of the galactose operon in Escherichia 

~· However 11 1n the presenc~ or an eq~molar concentration of isopropyl~ 

e-D-thiogalactoside (IPTG) the induction of galactokinase in mutant 3300 

of the bacterlwn by· 4 x 10-3 ~1 fucose was ~hibi ted by 70%. Williams & .. • 

Paigen. (19G5) have shown that this repression can bo overcome by increa..<>in~ · · 

·. the concentration or the inducer. induction and rap~ssion behaving as .. · . . "~ .. 
' ....... · 

competitive :phenorena.. Moreover, these authors have shovm a simil.a.r · ·· 

effect of fucose upon the induction of the lactose operon by I~rG •. In 

...... 

View of the· possibility of an interaction 'during the simultaneous induction · 

of the two operori3, the present authors considered that it would be inter- · · 
' .• I ' ...... ' •. ' 

. •. ". 

. . . ~ .. 
. ·, .. 

;_ ::· 

"• .. ' 

.· . ·.· 

. ·. 
- . . . 
·' .... 

''. ": , .. ,. 

. ,i : 
· .. 

. ~sting to investigate t,he effect of IP'ro on the induction of the· galact~.~e· ·. . 
•. • • • • 0 .. • •• • 

operon by fucose in a stra1."1 of E. coli. deleted for the :lactose operon; 
.. --~ ., 

in such a strain a.n· inte:Z..act1on C<?Uld not occura 

E., coli 2000 X74 • a strain carrying a conplet~ deletion .of the· lactose .. 
- __.._...... • ' • • 1 ,· 

region (NaQno, Rouv1ere · & Gros, 1965) • wa.S e;rown on glycerol-minimal 

::. ~diwn supplemented .with arginine,. histidine and thiamine. Four:: parallel 

cultures were taken whilst the cells were grow1np; in eXponential phase a~~ 

3~; IPTG and fucose '~lara added as indicated in Table I. Samples Here . 

withdrawn from the oulturos onto chlorarriphenicol (100 ~P.'/ml) at regular 

. interVals wh1io:' tho eo :US . c'ont.inued to grow' logari thmieally as. determined. 
; • ' ~ .t • : ~ .;, •• : 

. ,• ... · ·::;., 
.~ ·. . 
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by turbidity measurem€mts at· 650 miJ. The samples were suhsequcntly 
.. 

aosayed for galactokinase activity wing the rn:thod of Buttin (19G3), 
. ' 

except that the reaction products were separated by one-dimensional ·: . 

paper chromatography usinc; butan-1-ol:propionic acid:vrater ( ~6. 8; 32.5: 

30.7 v/v/v) as sclv~nt. The ob~erved incox;oro~ion of [o • .l4cJ ~'llacto~e· · 

into galactose.:.:l-phos'phate is sho,.ffi in Table I. · From the table·. it 'dll. 

be seen that the ·rates or synthesis o.f ~lactokinase in cells treated 

with fucose and. with fUcos~ and 5 x lo-4 M !PTa were aimost identical, 

but that with cell~ treated with .fucose and 5 X 10-3 H IP'ro the rate or····· 

... 

' . . . . ' . ·. : 

synthesis of the enzyrre 1ri excess Of. that in th~ tiniriduced control l-tas . . .. 
~-=--. 

consistently inhlblted by approximately ·43%• : .. -: 

·.The interactions· or · IPTG . and . D-fucose in· the induction of the. galac-.: 

t~se and lactose operons, obser-Ved by Butt~ (1963) and by ·tvilllams' & 
I . . • 

P8.igen (l965) .0 can be explained irt at least three ways.. First I they ~ .. 

. be catised by the corrpet.it.ion of .. the two protein 'synthesizing systems. . 

: ·operating sirwltaneously, for a limited supply. or precursors or cellular 
... 

apparatus. Second, the induction or one ope~n& ·or a prOduct thc~of P . . 
. may act 1n an unspecified wey as an illhibi tor of the indu'ction of the 

' . . . 

·other. · Third; each inducer may 'act as a corrpetitive ·inhibitor in the . 

·.· :··· .· 
.. . .. 

. · . 

' : ·~ 

'·.· 
': t·· .. 

reaction of.the otherwith.its aoceptor.site·in the ·cell (presumably the 

~pres.sor). · Neithe~ the .first nor the second explanation. can acqount for. : :.:; · · 
.·· . . . .·· . 

. the :tnhibitior{.by IPTG 'of th~ 1nduot1ve effect' or rUoose on the galacto~·e :'. :.·. 

. . 

• . • . . II ! • I ~ . • • • • ' • . • ' • • ' • • ' ' I • • ~ • ~' •• • ' • •• 

. operon in a lao~ose•deleted str.ain o~:!.· coli,.~~ althoup-)1 the possibility- ?r :<~:"< 
th~ o?eration of such procesne~ 1n cells ~ith ~ complete geneti~ apparatti~ . :·: 

. '. j . '·. . ·. . • ' . . • ,· ,. . . . •·• . . • ' ' ~~--~ . • • : •• 

cannot be. excluded. Buttin (1963) noted a 70% inhibition.· in the formation· .. · · · 
. . .. · ... · ... : .. ·· . +. .. ·... .. . .. . ·. . . . . 
of galactokinaee .. in .a .. lac strain Under. sirriilar ·experimental· conditions to 
. . . . . '. .. ' ·: . .· . ' ' ' . ··. I:·-' ... ' I . • • '. • •• 

. .. tnose which produced a. 43% inhibition in 2000. X74o However·, the3e st.rains · 
'., I I 
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were not derived from the s~ parents a.."ld the disparity in the extent 

of inhibi t16n may have be~n deterr:nned by parental differences. ._The 

third explanation. satisfactord.ly accounts for the results or th~ present. 

experiment and is .in ~ccord with the Vievt of D1.:1ttin · (1963) that. the · ... 

intervention . of I~rG in the .regulation of the biosynthesis of B-galacto-

siclas.e and p;alactokina.se takes place at two distinct cellular sites. 

Our thanks are due to Dr. s. Cooper for a stimulating discussion 

' .... 

· which led t6 the performance or this experirrent •· D. J'l1cB~ acknowledges . . . ' . . 

•. 

the receipt of a N.A.T.O. fellowship rrom the Brltish gOVernrrent. The 

work reported 1n this paper was sponsored ·by the u.s. AtorT)ic Energy 
' . . . 

Corrmission. 
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Tabler •. The assay of galactolcinase activity 

- . ~:· • _Each 150 IJl ·smTir>le o.f bacterial suspension was _in~ubated at 37° for .-10 min. \'lith 20 pl toluene in· the 

· . · =: __ -~ p~sence '=or.'m:1.&1es{um chlor1.<;1e.lo-3 r·1$ ~A 10.:.3 H-·and e-rrercaptoethanol 5 x 10--2 i\l. To each sample 
.. ,::, '/::: .. ·' .. '" : . . . . ' .· : . . ,· ' ' 14 ' .. . . 
_. ~·. ,.> .. · was added 100 pl of a solution contaJning 0.25 .. moles [G- C) galactose (2 11c/llrrole). 0.4 JJmoles ATP, 

•·: ··}·,_/~+~~~~~0~33 ~les n~cslum chloride, 0.8 -vrroles sodium.f1uoride and 8 llmo1es glycylglyci~/sodiurn hydroxide 

·.: ··,. ·.:~;-·"··!!~~;:~:··:;:iurrer: CpH ~7.5) •. : The. mi~ture ~~s .lncu~ated for ,15 min •. at. 37°. t~n 50 l11 allquots were \fl thdra·.-m int~ 
:,.,.: ~~-~:)~~~ty~:~~_1ri~ .pl 9S% et:ar!ol and ~pottei ~to \-fuatnBri ~~o~,:-4 ~hromatoeraphy p~~r~ After ~eveloprrent for 20 hr.:: in. 

: :< • • ·~=~;~~~-~----~-;·.:: •• • • ~ ~ •a ~ : : • - -~ • ;• • • • .• • : ' '· ··: ..... • . •• o •• • ' • ~ ,· • • • • •• • 

-~ :: ='·._ ::::·>=·~bUt&'1.-1..;.ol:prppidnic acid:water {46.,8:32.5:30.7 V/V/V) spotS were loca~~d by radioautography, excised 
_., .- ._;.:~::.~:~-_--.~~- .· - _: ~--. . -. . : . . -.;. .· -...... _. . _. . . -_ . 

::::. --~'-·~;--:~·-.:· ' and: counted on· tr..e- papeJ:> using t\10. closely .opp~sed end~vTirldm-1 Geiger:-.~·!ul1er tuhe~ with a cornbined effi-
··/·<~<~:·_~--:·· .t 0 • '.· '.· • . • • •• 

'· . : ._.· :··::·: ':>;. ciency of approximately 15%. 
·. 

, -,:·::_~}{X~.- ~--. -:- _. - . .- , .. . ·_,. 
Formation of galactose-1-·phosphate ( cou.nts/min. per m1 5u:;p.=nsion) •·. ·_-: -.. ~-to:.-·: .... _ 

.. •-. ~.\~~~:j~~::;:~ .. :: c; .. • 

-... : ;:: ·-:/:-'::.~ '--~:~2~=~ . ." 

·:. < -:..·:- . 
corrected for .·backerotind and co-incidence 

_._ .. 

: ·- o~---- ~;·:~·::.-.·· . 

'· . :~. . . concentration of IPm 
. ~~ '~ .. -~;~~ . . :. ~ - , .. _· -~. ! .. _.--~-- -:> . 
.. · . concentration of D-rucose - :·- 5- X 10.;.3 I-1-

~-. ~~- ___ ;~:·. :- • • •• : • ~- ••• :-- > ••••• • • ; • 

~ 

.':_:;-:. ~; ·::·<: .. · 

·. 

:: ~ -~r:. · . minute's of induction 
·-:: ..... -_"'_ -~~;: ... - • ~ -:- <!• ... . _ 

··.·-:.: ..... 
r. ·:: 

·. ' 
.. :: . - "':.!. .... - :..~ '. 7 . 3300 . 9100 

... :~..,_?·-: --~-

27. . 8100· = -· .. -:~s~,~:: __ . :_ ·:: 
~ -~- ..!'·- "• • .• :. 

'~. 33 100 
.:< ' . 

~1 .. 
. - . :.. 

:.~<~~-;?.-· 

67 .. 
;- ... 
. - ~-._.: ... "' . 

"':":·- _. ... ___ ~-_: -~~~; · .... -~ 

- 5::::::;~·. 

·. 

~-~~·-:..--, ..... ___ , ___ ·----·-·------· -----·------. -·-------

. ' 10,300 .• 

'' 

10~200". 

---'·- .. --· ....... 

' - . 55,500, . 

. -~·::·:·> 67 ,Boo 
• i,'• 

.... ·::./ 

~-· -.--.-. --~-- ·---.--..--

S X 10-~ f·1· 
5 x lo-3- r-1· .,. 

11,700. ;•. 

34,600 

117,200 

.(0,590 .. _ 

5 X 10-3 !-1 

5 X 10-3 t1 

6soo 

23,900 

36,200 

- 113,.300 

•' 

,_ 

I 
1.11 
I 

.. 

.. 



This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com~ 
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accurac~, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use o.f any infor­

mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on beha1 f of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




