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‘fAbstract
The If“oct of Isoprovylthiogalactoside on the Induction of
~ the Galactose Operon by D—Fucose in 8 Lactose Deletion
'Mutanv of Escherichia Coli
D.C.H Nch‘ien & V. Moses. . Blochem, J | _
Lawrence Radiation Laboratory, Uhiversity of CalifOrnia, S .
Bemeley, Calif.‘omia. L N
o The- gratuitous induction of the galactose operon in .

vEscherichia coll by 5 x 10"3 M D-fucose is shown to be 1n-

‘ 6f 1sopropy1-64Drthiogalactoside infé mutant of thz bacterium
':f lacking the lactose operon.” This resﬁlt‘is compared with
| j‘rusults obtained by other workers usiny strains of the bac--

o terium. with complete genntic apparatus and possible mechanisnsi‘
ot the inhibition are discussed. . o l

_vf'hibited‘by H3% in the presence.of an equimolar concentration #A'l'
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' The Effect of ‘Isopropylthiogalactoside on the Induction of the Galactose

‘Operon by D-Fucose in a Lactose Deletion Mutant of Escherichia Coll.

by. D. C. H. iMeBrien and V, Moses

Lawrence Radiation Laboratory, University of Californie, Berkeley, Calif. "

Buttin (1963) has dernnstrated that D—fucooe (6-desoxy-D—galactooe)

.is an effective gratuitous 1nducer of the galactose operon in Escher*chia

coll, However, in the presence of an equimolar concentration of iSOOTOpyl-i{}>:'

B—Ehthiogalactoside (IPIG) the induction of galacto&inase in mutant 3300
| of the bacterium by 4 x 1073 M fucose was inhibited by 70%. Williams &
Paigen (1965) have shown that this repression can bo overcome by incrtasin
:,the concentration of the inducer, induction and repnession behaving as

' competitive phenomena. Moreover, these authors have shown a similar

~ effect of fucose upon the induction of the lactose operon by IPTG. In -
view of the. possibility of an interection during the simultaneous induction

- of the two operons, the present authors considered that 1t ‘would be interw

operon by fucose in a strain of E, coli deleted for the’ lactose ‘operon; f o
| in such a strain an interaction could. not oceur, ‘ | ':l
E. colt 2000 X74, a strain carrying a complete deletion of the lactose
.iregion (Nagno, Rouviere & Gros 1965) , was grown on glycerol-minimal .
iionedium supnlemented with arginine, histidine and thiamine, Tbur'parallel
‘i: .cultures were taken whilst the cells were growinp in exponential ph se at
4‘;- 37°, IPTG and- fucose were’ added as indicated in TEble I. Samples WGTL -
?fwithdrawn from the cultures onto chloramphenicol (100 up/ml) at regular .
- inte*vals while the celis continued to gr'ow 'io;'arithmically as. detormined "

. [

eésting to investixrate the effect of IP’I'G on the induction of the galactooe 'f.ﬂ .



”'-may act in an unspecified way as an inhibitor of the 1nduction of the

sl

:_by turbidity measurements at’ 650 my. The sanples were subsequently

assayed for palactokinase activity usina the nethod of Buttin (1963),

"except that the reaction products were separated by one—dimcnsional .

- paper chromatography usinv butan-l-o0l: propionic acid‘uater (46.8: 32 5 _
30.7 v/v/v) &s eclvcnt. The obscrved incorporation of [G—l c] galactoée '“;:'
':'1nto galactoee-l-phosphate is shown in Table I.  From the table.it will Son
be seen that the rates of synthesis of galactokinase in cells treqted “

=k IPTG were almost identical,

with fucose and with fucose and 5 X 10

but that wi th cells treated with fuéose and 5 % 10“3 M IP"G the rate of

| | synthesis of the enzyme in excess of that in the uninduced con rol was .- ”;

'1}._consietently inhibitcd by approximately k3h.-; ‘ v"jm.f~vr" ..,’; : X

o “The interections of IPTG and D-fucose in the induction of the galac—};;il‘ :

tose and lactose operons observed by Buttin (1963) and by Williams & : “ o
»iPaigen (1965), can be explained in at least three Ways.. First, they.nny_> o
~"be caused by the competition of tne two protein synthesizinp syetems; - :_.

’ froperating simultaneously, fbr a limited supoly of precureors or cellular ﬁ;? 'i

. apparatus. Second, the induction of one operon, or a product thereof,

'other. Third, each 1ndu°er may act as a competitive inhibitor in the :‘,.
reaction of the other witn 1ts aoceptor site in the cell (preeumably the  T37u
.repressor) Neither the first nor the second explanation can account for e
the inhibition by IPTG ‘of the 1nductive effect of fucose on the ﬁalactoqe ?;f .
:‘.operon in a laotose-deleted strain of ‘E, 29&3) although the poosibility of/ ﬁf,».

t'the operation of such procesues in cells with a complete genetic epoaratus"gﬁ

'+ cannot be excluded. Buttin (1963) noted a 70% inhibition in the fbrmetion{i’i
of galacto&inase in a lac strein under similar experinental conditions to”fiiy
- those which produced a HB% inhibition in 2000 X7H° However, theoe strainat“
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lwere th»deﬁved from the same parents and the disparity iﬁ. the _extérit o P i
of inhibltioén may have been' déterr_nined by bafer*.‘tal di{‘ferences. The
third explanation'satisf‘actord.ly aécounts for the r*ééulﬁs of the pr‘gsent. .
.vémer‘im-ent' é.nd J’.é in aééord with the view of Buttin' (1963) that. t‘.ﬁe
1ntervon‘cio*1 of IP’I‘G in the rerrula.,ion of the ba osynthesiq of B-paiac‘t'o-n .

o sidase and p-alactoklnase ‘cakes place at two distinct cellular sites. L

Our tha_nké are due to Dr. S. Cooper for a stimulating disLCuss:im
':whiéh led to- the berfdmance of‘ this emerimﬁt; D. McB‘ acl‘mowled;q:es. L : 5

the receipt of &N, AT, 0. fellowship ﬁc‘om the British ;z;overmnent The .- . |

- work reported in this paper was sponsored by the U.S, Atomic Energy i
. P
Corr'nission. i
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'I‘able I "he _assay of galactok.’mase activity

S _Each 150 ul sa’rple of bacterial swspension was 1ncubated a’c 37° for .10 min. with 20 nl ’coluene in the
'presence of magpesiwn chloride 10"’3 H EDI’A 10"'3 M-and B«mrcaptoefhanol 5 x 10~ -2 M. To each samole
.was added 100 ul of a solution containing O 25 moles [G- C] galactose (2 uc/umole) 0.4 umoles A"P
:-Oo33 vmoles magnesium chloride s 0. 8 umoles sodium fluoride and 8 moles glycylrflvcine/sodiwn hjdrox_ide
:bdffer (pH 7 5). The mixture vas. incubated for 15 nin “at’ 37°, then 50 pl aliquo‘cs were wlthdrawn into
b 00 ul 95% ethanol and spot;ted onto Whatnan No. 13 chrowxa’cogr'aohy paper | After developrent for 20 hr. !
cut&a~1~ol.pmpionic acid water (146 8:32. S 30 7 v/v/v) spots were located by radioauto*raph?, excised
'.and counted on the paper uoing two closely oppoeed enduwindov Geiger—-‘fuller tube with a cor_rbined eff‘i—
.iefxc!y of:appmmiate}y'15$_: . ‘ - - | |

For‘mtion of galactOf‘eul-‘phoao‘utc (counts/rrd*l. r,er' ml suspension)

L corr\.cted for backo;r’ound and co—incic‘ence -

_.concentration of IP“"" : — : 4 - ' 5 X 10 i _ ‘ 5 x 1073 M
.:"concentration of D-I‘acose - - . 5x10°'3 M T 5x 10"3‘ M’: o 5 x 107 M
'.l_xézﬁndtee_cf 1nddc€ior; - _. R T _ s _
: 7 _334004_ . 9100 | T I 11’700..":;:,;_:,‘ 500
N 7 27. - 8100-‘ 33,100 o El ,600 C 23,500
| Cow e Lo " 300 e5,500 iy 2004_ S 35,200
ST SR T r . SR 70,500 ST 3,30




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-
R 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 of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, '"person acting on behalf 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.






