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ABSTRACT

} as being determined by a balance between ‘the competing effects of

1nduction and catabolite repression. - Thehphenomenon of catabolite

- repression is considered in two parts: the acute transient phase

"which 1s usually observed when glucose is added to cells of Eschere

{chfa coli'grow1ng on qlycerol, and the permanent phuse which is
shown by all strains and which persists as long as the added glu-

cose 1s present. By studying the kinetics of g=-galactosidase syne -

thesis before and after the addition of qlucose to each of a series

of related strains. including 1 ’ 1 , and i and o deleted, ft is
demonstrated that the acute transient phase of catabolite reprossion '
1n~thjs system 1s mediated through the operator gene of the lgg
operon, -

The specific role of the lgghrepréssor_(j-gene product) in

| transient catabolite repression is investigated by studying the

pattern of repression by glucose at high and low temperatures in

strains of E, coli with temperature sensitive mutations of the {

sax-l .. ucRcTIsAL o -

‘ﬁmdfThe rate of synthesis of the enzyme e-galactos1dase 1s vfewed - f?fi.



S :?constitutive and loses 1ts transient repression when nrown at 42°,

',,;f.duction 1s used to 1nsert F lac it 1nto this strain, both 1nduci-?_ﬁ;

P‘ﬁ.TQ;b111ty and trnnsxent repression are simuItaneously restored, It is

AnVi'repressor 1n a way that increases the aff1n1ty of the i—gene repres- o

Zf::_f-repression to both repression of alka]ine phOSphatase and repress
15”.'9,,sfon caused by !ow levels of cnloramphenicol is considered, and it -
i qg suggested ‘that the permanent phase of catnbo11te repression s o

'ffﬂi“non-spec1f1c and does not influence s-ga1actos1dase synthesis via

'*mffgene. A strain possessing a thermolab11e ropressor becomes part1a11yroff'

- f}The 1nvolvement of the 1-gene repressor in transient repression is:

-:also studied using a stra1n carryinq an amber supressor-sensitive

ifmutation In the i-gene. This strain is phenotypica]ly CO"St’t"tive"

_;rand also fafls to show transient catabo]ite repression. When F- o

f}.concluded that the 1-gene product interacts with a catabo11te co-

- sor for the operator. thus increasing repress1on of e-galactosidase.ﬂfa“

The reletion of the chronic permanent phase of catabolite

the regulatory system of the lactose operon, A dilution hypothesisve:

" to explainithe permanent phase of catabolite repression is proposed' ;J&;a

‘and fScdisCUSsed along with another mode1 from the 11terature.

S
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~E. coli show that this is not the way the ¢e11 functions. Under some. :,

.41-_‘-~ g

. I. INTRODUCTION

AR

'vA.' Tﬁe Genefal‘Problem of Control of Express16n of'Genetic Information‘[l fa

. The problem of understanding the mechanisms for the control of

'éxpression of genetic information is central to all of bfo1ogy. ANl

o Viving things, including viruses, have evolved means of controlling the?f .*§'f”
f, rates of synthes1s of the various proteins codnd for by their genetic

"material. This control is necessary for nconomy. adaptability and difftffwﬁwxwwi

fefentiatton. The bacterium Lscherichia colf the most 1ntens1vely ‘vﬂ”

studied of all organ1sms and the organism for which the most detailéjfﬁfif:3T}fk

. about biochemfstry and genetics are known, has enough genetic mat8r15f5ﬂ J,\z

to code for about two or three thousand aQeragé-sized prote’ins.62 If ;ﬁ7 |

all these genes were expressed without control, any one protein could hiﬁ?5%
 , be produced in only a fraction of one percent of the total of all pro--i. e

“teins, and all proteins would be made all.of the,time. A1l studies of-i”¢}-'

conditions a given protein can account for five percent or more of the;fﬁ'

- total cell protein, and under other conditions that same protein can befl:,

.'valmost entirely absebt. Thus both teleo]oqy and experiment argue that»

1iving organisms control the rate of expression of their genetic 1nfor€3-
mation, . v |
The argument for the case of animal cells {s even more obvious,. In
man, for example, skin cells, liver cells ahd.brain cells are all deev_
cended from the single fertilized eqg ceil‘and all are believed to have
the same cohplement of information in theirvgenetic material (DHA)., Yet

these cells have differentiated and produce very different kinds of pro-.
teins,




;Zfr.v

Molecular biology and fields that contrihuted to its foundations

,.fhave demonstrated that the genetic material of all organisms except

Jwﬁsome small viruses is DNA that the DNA is a helical double strand of
. ?comnlimnnfarv bases, that there 1s rolinnnritv befween the nrimary i"
sfsequence of amino acids in a protein and the sequence of bases in the
t;DMA that codes for the amino acids, that the code is a triplet code and._
fwhat each amino acid codon is, and that DNA is first transcribed 1nto :
n'imessenger RNA and then. translated. using ribosomes and transfer RNA
ﬂ{fand very specific activating enzymes, into polypeptide chains which

‘if?fl ‘fold spontaneously to form active enzymas, ’

5! . .,
L

E B, The Best Understood Example of Control of Pretein Synthesis '

';t

- The best. understood system for controlling this sequence of events ‘

Elis the lactose operon of Escherichia coli, 19,20, Operon is a coined

':éiword that means a unit of coordinate expression and refers to a sequence
. of adjacent nucleotides in DNA which is transcribed into a single nole- e
L  cule of mRNA Aﬂ ‘operon can contain one or many genes but at least inf
 the cases so far studied seems always to be under the joint control of

one operator and a specific repressor, The operator 1s a region on the

. DNA adjacent to the genes under its control and is hypothesized to -

"l‘vfunction by binding the specific repressor molecule. thereby preventingf*,i,'J ’

transcription of the genes in the operon and hence synthesis of the
proteins correSponding ‘to these oenes, In this scheme all the enzymes
‘or proteins in one operon are coordinately controlled $0 that either ,”” .
all or none are made at a given time, ;

Very early studies of metabolism in E coli showed that wild tyoe '

strains of this bacterium, when growing on most carbon sources, contained



'.‘required enzynes for its uti1ization are synthesized at about one

nism is ca]led induction, and lactose and many other s-qa]actosides

. IPTG was shown to prevent or release this bindinq.

-3

| 'vbn1y.very-low,levefs of the lactose-degradiﬁg'eniymes 8-ga1actos1dase.;- J"
| whichAhydrdlyzes lactose to glucose and ga1éctose. and g-galactoside

'perméase.uwhich controls the rate of entry of g-galactosides into the = ... . .

ce11.35 However. when.these same strains are grown on lactose, the

thousand times the rate in the absence of Iactose. This control mecha-

- are cal]ed inducers.?? The repressor for the-lactose operon {s known»=-5”7

"'_to bé'(at least partly) protein. The first evidence that the i=gene LT

product is a protein was the discovery of temperature-sensitive mutants  1'

“in the {-gene, 18433 Further evidence came from the isolation of amber-:f‘_’

:supressor-sensitive i mutants.3 38 ‘This repressor has now been 1so-'{ R

Tated and shown to be a protetn of about 150,000 M.H., which binds.

IPTG, is non-inducible. and occurs in about ten copies peé r;ene.]5 RN

. This repressor has also been shown in vitro to bind specifically to thé}{?5

.operator region of DHA containing the 1actose operon and the 1nducer ‘?‘5"

16

C. The Phenomenon of Diauxie

A different control system for this same operon was a1so discovered: B

in the earliest studies.35

formation of the lactose degrading enzyméﬁ if there is present in addi&,;

tion to lactose one-of several sugars which_suppdrt a higher growth

rate than does lactose, such as mannitol or glucose, For example, if

L. coli are-grown on a mixture of g]ucosé and lactose, the cells first =

metabolize only glucose until 1t is all used up, then stop arowing until

g-galactosidase and permease are induced, and finally resume growth

‘This second qontro1 mechanism prevents the ;;Ag '



~ classes: one group. including glucose, seeme¢~to be always 1mmed1ate1yf

o usable by constitutive enzymes, and theAcherlgroup, 1nc1ud1ng‘1actose,

v'1 was metabo]ized by inducible enzymes, -fhusva_period Qfladaptntian,wasF

:Alfvnism was proposed to explain the phenomenon:™
“the glucose is exhausted, the cells have no éniymés,for using lactose::

‘tein. The rate of intracellular breakdown bf'proteins during diauxic .

Cata very high rate, relative to the total. rate of protein synthesis.-

, us1ng the lactose. S1nce the growth response 1s diphasic. this phenome-;

””'non was called diauxie. ‘Monod arouped a 1arge number of suqars into two;

required before growth could begin after one of the second group of ﬁf:

. sugars is giVen to the cells. Any sugﬁr in the first group is used 1hf*?,

preference to a sugar in the second group when bacteria are grown in a

- {;;,mixture of the two. and d1aux1e is observed when the preferred suqar 15 ;:fjw

d'”f dep1eted. Much later than these first observations of diauxie a mecha-:?

W34

- an intermediary metabolite 15 produced which represses the synthesis of ;

 the lactose degrad1ng enzymes. even in the,presence of lactose. WhenA’

_.and no amino acfds for the synthesis of new enzymes, so they use amino

acids derived from the increased rate of breakdown of tntracellular:pro-

“growth of E. coli has been measured and fnund to be about ten times ,?;K5”":;'
; higher during the diauxic lag period than durinq exponen*ial growth 53

In the diauxie between 9lucose and 1actose. B-galactosidase 1s m::tdéT o

duriﬂg the lag period bafore visable growth occurs on 1actose.40

soon as hydrolysis of lactose begins, glucose 1s formed and metabolized=£j74

“and the differential rate of B-Qalactos1dase synthesis is decreased - |

quickly, It is believed from the fact that 1actose w111 not fnduce

transacety]ase in mutants lacking a functional gene for B-qa1actosidase,i “

!

that lactose ftself is not a true inducer of the lactose operon but is

S ey g

during growth on g1ucose*'




“chahééd byvs-galactosidase‘{nto the real_inducer.s In the considera-
tions outfined.above; induction of the lactbse operon by lactose is
autocatalytic and the final rate of synthesfs of the enzymes coded in  ; o
this operon ié &etermined by a competition between an induction proée§$  lﬁ'

and a repression mechanism,

"D, ' The Repression by Glucose of Induéed’Ebiyme‘Synthesis

The repression by glucose of the rate of synthesis of 1nduc1b1e4[ifﬂf..

enzymes was first reviewed by Ga1e13

and was ‘called the "glucose .
effect". Most of the enzymes whose qvnth851s is repressed by glucose ;{tt:{ .
‘are catabolic enzymes used to convert sugars and other organic mo]e-;;%

; cules into compounds involved 1in intermedxary metabolism, Since many: Tﬁ?iquf_
compdunds besides glucose which support rapid growth of'g:;ggll’also fﬁfl° '
repress the differential rate of synthesis_of,catabo]ic enzymes., the;.'f

 ,01d terms g]ucbse effect and glucose repression were renamed "cata-, 
bolite repression” by'Magasanik.3] o ‘ _

A large number of studies have been reported which 1nvestigate}théxll]
effect of mény kinds of changes and stresse§‘on the degree of repres¥‘ ;'
s1on by catabolites in bacterial systems; Restriction of the rate ofijg

“catabolism by mutations affecting degradatﬁve enzymcs.'n by rate 1ir1t-

fng addition of a carbon source,® or by removing the carbon source49 e

will derepress (increase) the rate of synthes1s of B-galactosidase._;frf.s
Restriction of the rate of anabolism by rate 11m1t1ng addition of the
nitrogen or sulfur source.6 31,33 by 1nh1b)t1ng the rate of protein: 57?

synthesis by chioramphenicol,45

or by removing a required amino R
acid,28’3]'39

will repress (lower) the rate of synthesis of ge

galactosidase, These studfes all indicate that the enzymes which ff'ﬁ



Lo f proposed by Nezdhardt and Magasan1k42 to exnlain the g1ucose e‘fect
7'i; When expressed in the repressor terminology. of Vogel, 61 this hypothe-;y
" sis states that "the rapid rate of glucose metabolism leads to hiqh

*"”*7717fintraceliular concentrations of the repressors which regu]ate the

tﬁ:"dized mechanism supports many observations, it leaves two‘1mportant -

:o:ffIOQY-a small molecule effector or corepressor).:and (2) what ié-theo, ;

lbotare 1nvolved 1n providing the cell with carbon and with energ/, 1n : ,?v;,
§ genera1 the only enzymes affected by catabo1ite repression, are syn-.of;fofhfr
- thesized at a reduced rate whenever the total rate of Ponsumption or :fu

L)

.'“'dissim11ation of carbon suurces exceeds the total rate reouirod for

;fbiosynthesis._ This generalization supports the "feedback"” hypothesisvtlj

d Although this general-vfﬁf

- synthea1s oflinducxble. catabolic enzymes",
-vquestiohs‘unansweréd:o (1) what is the 1den£§ty of the intermediary

'73fmetabolic.product which acts as a repressor (in more recent termino;”55

e nechanism‘by which a raised concentration of thfs'compound leads to  ﬁ
. ‘@ decreased rate of synthesis of an 1nduc1b1e enzyme’ The ansver to”
| j the first quest1on the identity of the catabo]ite corepressor, has - |
not been found for the repression by glucose of any inducible onzyme;"
“l.but has been 1nvestiqated for the repression of B-ga1actosidase in 13
E, coli, and a- correlation was found between severe repression of ff?
B-ga]actosidase and increased motabolic pool sizes of four. compounds

derived, from glucose via the pentosephosphate cycle.52

However, H:.;i
| was not possible to 1dent1fy the ef‘ector as ‘one of thaese conpounds.
“and -this will probably require the use of an 1n vitro system capable :
of svnthesizing the enzyme under 1nduc1b1o contro] ' :
| The second question, the mechanism of :action of the catabolite . f‘}i.

repressor, has been under investigation for many years, MNakada and ”?‘ ‘



A(A: L

i ) -7- : S . . v H
ﬂagésan1k39 {nvestigated the roles of the fhducer and the catabolite =

. repressor in the synthésis of B-ga1actds€da§é by E;_coiﬁ. They éeba;;f»-f-

rated the phases of enzyme induction and enzyme production by removing _
the inducer by filtration after 3 or 4 minutes contact with the cells

and before any enzyme activity had appeéred. By interfering with RNA f .

synthesis, using 5-fluorouracil, and by interfering with protein syn~-

thesis, using chloramphenicol or amino acid starvation, alternately in;f 

“the two phases of enzyme synthesis they concludad that during the 1n-'7"
 duct1on phase a short-lived messenger RNA specific for 8~ga1actosidase'

o is produced which directs the subseauent short burst of synthesis. of

the enzyme when the inducer 1is reﬂoved They also found that addit1on  '

~ of glucose inhibited the 1nduct1on of B—ga!actosidase but did not

affect the production of .the enzyme by previously {induced cells,

‘Therefbre. they concluded that the catabolite repressor inhibits the':_”

. synthesis but not the translation of the unstable messenger RHA speci=

fic for s-gaiactosidase. : _
Less is known about the site of actlon of the catabolite repressb?? L
and the mechanism by whichvit slows or prevents transcription of mes§ 1f"
senger RMA specific for the lactoﬁe operon enzymes, The most obvious -
guess would be that the small metabolite, the}c&tabolite corepréssor,:;'
interacts with the i-gene‘product (the Jacob;ﬁonod repressor) to ine’ -
crease {ts affinity for the operator, This would have exactly the ; R
opposite effect of the binding of the 1ndq¢§f to the-i-gene'repressof;' ."
which decreases the affinity of thé repreSsor‘for the operator and '”

fncreasas the rate of transcription. This explanation fits well with-.ff

the decreased rate of synthesis of mRNA specific for s-galactosidasesglvi.

and with the fact that catabolite repression has a coordinate effect



S ;7]] on the 1actose operon enzymes._ rf f,f‘

- j'?',‘_Thef.r fact that i” .constitutives show repression of B-ga’actosidase_

:’*f.fﬁi-gene repressor.4 164 33 A second repressor for Bnqalactosidase in _f

 "'1n glucose media is the same for both i* and 1° strains of E co11

" mBe

However, the conclusion of a11 who have reported 1nvestiqat1ons;;f
;carried out to answer the question of the 1nvo1vement~of the 1'96ne*?
o repressor in catabo]ite repression has been that 1t is not required{j

, for catabolite repression by glucose of 8-qa1actosidase synthesws.

ynthesis in the presence of glucose has led tb‘the conc?usion that3

f;»_at least part of catabo]ite repression operates 1ndependnnf1y of the

addition to the repressor defined by the experiments of Pardee, Jacob
: and ‘Wonod50 has been postulated4 to account for the fact that ratio. off |

the differential rates of synthesis of 5-ga1actosidase in giycerol and?

This conclusion regardinﬂ i=gene involvement, based on repression by |
’lg}ucose_inli" constitutives. can be cr1t1cized on the basis that tota1i3%£;f§vﬂgﬁf
ahsenca of the repressor molecu]e was not.demons,.at-d in these ex-__“f'w" }
'vperimenﬁs. An absencerof the defined function of preventing gene

'expression was the only ev1dence for the absence of the f-gene repres;'{”‘;'

~sor, but in ana]ogy with point mutations in the z-gane it would be

expected that most point mutations leading to 1° constitutives wouId f
still permit formation of an 1nactive'1-genefproduct analogous to R
cross-reading material (CRM) in the case of 8-ga1actosidasé. The'.ﬂ‘

' product of the i"-gene mignt still be 1nvo1Véd in the repression

‘caused by catabo]ites; since it may be an allosteric nrotein whichiﬁ?
has merely lost the ability to combine with the operator unless it ifffW-"
has interacted with the specific catabolite which is active in re«

pressing the lgg_operon.zs



'f'ever. it 15 still not certain that 1-qene product is absent dur1ng
ﬂthis period and it is not known why exoression of the z-qene is more
'~-rapid than expression of the i-gene in this situation, Exoeriments

~,.: have been reported which were designed to exp]ain th1s orie hour de!ay. "“

% L oL X . . S 9
L . Lt e
\ :

"Loom1s and Magasan1k25 found'that glocose cou]d‘repreoé'the one

<hour period of constitu*ive synthesis of g-galactosidase that follows ol

50

transfer by conjugation or F-duction’® of l2£.1+z genes into ceTTéi'h7=,;

that are i z or deleted for all of the lac genes, They conc!uded

- that the i-gene product has no role in catabo!ite repression. How-,‘f7i'

and the conc]usion was that reprossor protein prPcursors were befng

' made during the period of constitutive synthﬂsfs and that these coqu

, interact with inducer. It is thus very poss1b1e that the erressor »~'*'~

precursors or subunits could also interact with catabolic products‘ofﬁ'ff4

- glucose. to be activated or more quick]y aggregated thus giving the ._“:"

N'observed repression when glucose is added.,

_E., The Two Phases of Catabolite RepressiohéoTransient and Nontransient"

Until quite recently it nas been almost universally accepted that -

the repression caused by add1t1on of a rapio]y metabo1ized carbohydrate

continues as long as thc added carbohydrate 1s present and the meta-; "ji1
bolic 1mba1ance remafns, One case was reportod in 1061 2 1n which a L
fepre ssion was caused by the addition of o]ucose and a spontanaous
recovery from the repression occurred long before the added gTucosé

had been used up. Paigen has investigated transient repression in , !“‘

Escherichia coli, and he found a family of'mutantsAof‘gL coli strain

K=12 that are not inducible for B-ga]actosidase for about one cell

generation after the cells are transferred to qlucose from other carbon




. -12- .
'kinetics of a-gaXactosidase synthesis of g1ucose was first studied in {"‘v
- each of a fami]y of four related strains of E coli 1nc1ud1ng one 1n |
which both the i-;addﬁoﬁQEnes,vbutgnotfthe-zﬁgene.(the structural genéf?;;;ﬁﬂ

a7

for g-galactosidase), have been deleted.;” Differences obsekved in

repression among these strains, 1% shown td~bé specific for the lac~

tose enzymes and not'due to an a]teraﬁibn iﬁ the metabolism of glucosé;:”fffi“lb-
can be used to make conclusions regardinq 1nvolvement of the lactose .
' 'operon control genss, , ’

The question of the role of the 1-gene product, the, repressor,~:f
vas next investigated using temperature sonsitive j=gene mutants.ss,

One mutant (1TL) makes an {-gene product which 1s unstab1e at 42° but

not at 32°, Another mutant (1733) has 1mpa1red synthesis of i-gene
repressor at 42° but not at 32°, and reoressor made by this mutant T

at low tenperature is stable to heat when the temperature is raised

;Repression by g1ucose was examined at both hzgh and low temperatures
for both of these mutants and for their parents in order to gainAmore;ff:. f?; H
information on the relation between the functionaT state of the re-  {7w

pressor and the phenomenon of transient catabo]ite repression,

The third method used to test the 1nvo1vnmont of the repressorlxn:ff o
.»transient catabolite repression made use of an amber—suvressoro ._f
-sensitive i -mutant which behaves as a functional de]ption of the 1- -ff, :.;- -f
genc, The i-gene product in this mutant has lost all of its aff1n1ty =
for the operator, since the strain is fully ;onstitutive,.and has |
lost its affinity for the inducer, as measured directly in binding

- . .
15 It therefore appears that the fragment of the 1-cene

experinents,
product that is made before chain termination occurs is w1tﬁout e1ther"‘

of {ts two known functions, and a concurrent loss of one or both



)

. changed,
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‘

o phases of the glucose repression would provfde supportfnq evidence for
ithe 1nv01vement of the 1—gene product in catabo11ta repression.

B Finai]y. the nature of the. permanent phase of catabolite repres-.if; g

sidn was considered. Evidence was cited against the involvement of a o
specific control mechanism, and a possible explanatipn'for the pheno~ - |

medon'was made., The patterns of total soluble proteins from a giveh o

- strain grown. in different growth media and from dffferent strains were :“J”'
‘ compared by acrylamide gel e]ectrophoresis in order to see how much |

the total complement of proteins changes when the growth medium is ,,ngt' _1

o8
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© 1. MATERIALS AND METHODS . . :
mpredations
- IpTG "E'iSOpropvl 1« thio-B-D«ga!actopyranoside,;.»i', '
oNPG ; o-nitropheny1 a-D-galactopyranoside o
lvv,.QNpF  v':,vo-nitrophenyl B-D-fucoside
,m:fDNA.bJ P ' deoxyr1bonuc1e1c_ac1d
ii;iauAvfff;&fi ;l(ribonucleictaéid
';iii - t;‘fﬁﬂﬁ.structural gene for the repre;sof of the 1ac operon
SR A ' inducible for the lactose ‘oparon |
'”'5' ; -regulator constitutive for the lactose operon
:.° l; .. operator gene of the .lactose operon
06  ~ operator constitutive _.,.,” '
:‘z ' :vstructural gene for auga1actosidase
y structural gene for sogalactosfderpermeaée-
lac _ lactose (operon) vvf{l - 4;
F lic < lac genes included in ﬁnfgpisome. the’fért11it}
factor 5 |
Bl enzyﬁe units
L M ) molar concentrat{oﬁli‘. S
\CRf ,l?y_defecttve catabolfte repression gene ,
'B]‘ 'icells require thiam1ne (vitam1n 81) for grouth 'ﬁ_ |
!Sms, :sensitive to streptowyc1n : - : f}fi;{i 1. e
| - thr” -f ~cells require threonine for growth o
:met“ L cells require methionine for growth
pro- cells require proline for ﬁrowth
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cys

leu”

Clac” s

»A try-aée
alk, phos,‘x
4L

4TSS

5w

~cells require histidine for growth

ff”;ce1ls require 6yste1ne forigicwthf

. cells require leucine for growth

U

- cells cannot'grow on galactose as the sole carbon

source

\

. cells cannot grov on lactose as the sole carbon -

SOUFCG

'uf,defective supressor gene

: fcells contain the F sex factor, can donate 1t.

are “males"

- cells lack the F factor, can receive it from F*

strains

"point mutation in requ]ator gene sens1t1vc toa

supressor gene, thus some functional repressor -
is made in sut strains

étructural gehe for tryptophanase

- alkaline phosphatnse

repressor is unstable at high temperatures

(thennolabi]e)

: - synthesis of repressor 1s‘1mpaired at h{gh

temperature
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ff ‘§,' Strains of Escherichia coli Used in this York

'_  Strain ; © | - Relevant Characteristics x_, ;f”i¢;' Oriqin ;,;if
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*a1k. phos, constitutive isolated by the method of Torriani and

thhman.60 ‘ ‘ . .



- microgrowth chamber

f‘?“

,C{' Cu1ture Madia and Grouth Conditfons '

Except as noted, cells were grown at 37° 1n M63 medium51

2 mg/1 of the 1ndicated_carbon source andvany spacffic_nutnients res
quired for growth, The amino'acjds cy§tefne, histiding. methionina,
}1eucine. proline and threonine were a¢ded to glve a final cdncéntratian i
of 50 yo/ml, and thiamine (B;) was used at o;.s' ug/ml, | |
The cu]turesvbeing used currently were Foutine]y‘maiﬁtained in
11qu1d culture at 37°, and the evoning before an experiment about _
5x 10 cells (0 1 - 0,5 ml) were inoculated into 50 m1 of fresh mediwnv
. and grown overnight with stirring. The culture was 'diluted with warm
fresh medium and grown unt11 the optical deneity 1ncrease was exponen- )
tial for at lYeast one doubling before the experiment was started,
‘Teﬁpgrature control to +0.3° was provided by growing 25-30 ml of cu1- _'
" “ture in a 250 ml Erlenmeyer flask immersed in a circulating constant
temperature water bath Aeration and agitation were provided by a
teflon-coated bar magnet placed in each flask and rotated rapidly by :
~ magnetic stirrer motors positioned below the lucite water bath tank 1nﬂvy
which the fl&sks were -immersed. | | - |
For the experiments in which CO, production was measured, 1.0 miw i  
i_of an éxpénentially growing culturé wés trénéferred to the U=tube B
60 pictured in FiQure 1,.apd aerétion and mixing
- were provided by constant bubbling of wateresaturated afr at 3-5 m1/miﬁ”:5

'(50-80 bubbles/min).

D. Measurement of Growth

Growth of the £, coli cultures was followed by measuring the absor-

bance (optical density or extinction) at 650 mu in a 1 cm cuvette,

conta1n1ng?:vL;.ﬁ
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Figure'1. Growth chamber for measurwng the growth of a bacterial

D culture and *the rate of ]4002 product1on. PR R




| =19~ |
u§1ﬁg a Beckmdn'DK-Z doubleAbeam spectrophotdmeter. ﬁrev1ous work;fn
. thié laboratory37 has demonstrated thaﬁ during exbonent*a1‘growth ‘
optical donsity at 650 mu of 2 culture of E, coli is directly propor- H
"tional to tétal protein over the optical densi*y raﬁqe O 1 to 1.8. Fb?v
the experiments involving catabolite repression caused by addigion of

glucose to cells growing on glyceral it was aIso necessary to show that '

changes in absorbance in the period after addit%on_of glucose are stil];'f L

proportipnal_to changes in total protein, and to find whether the
~constant of proportionality was the same or different, Fiqure 2 giveﬁl-**f
‘,’the ;esuits of an experiment desiqned.to fest,the probortionaiity of |
culture extinction and total protein during a growth shift caused by |
addition of glucose. Incorporation of MC-'labcﬂed L-leucine into tri- ;\'
ch]qroacetic acid insoluble material was used as a measure of total
protein synthesis., ~Strain 027 Waé diluted into growth medium containe
“ing []4C]]-L-1euc1ne at a final specific actfvjty of 3.3 muc/ua and an:,
1initial extinction of 0.01. Growth was measured as described above, -

and beqinning at a culture exfinction of 0.10, 0.5 m! samples were

perfodically added to 0.5 ml ice-cold 10% trichloroacetic acid, Afterfg‘f -

. the samples had been kept at 0° for a minimum of 30 min, each was fi]-;fﬁjf

-~ tered through a millipore membrane filter (HAN“ 025 OO N.45 u pore

. - sizes M111ipore Filter Corp., Bedford %a;sachusetts) prewetted wfth

water, The precipitate was washed five timns with cold trichloroacetic:]:,'

acid and five times w1th water, and partfa]ly a1r dr19d by suction,
The whole filter was then dissolved with agitation in scintillation
.solut10n23 and Cab=-0=511 Thixotropic Gel powder (Packaru Instrument Co.,

Downers Grove, I1linois) was added to maintain the precipitate in



;] LEUCINE INCORPORATED (10-3dpm /ml culture)- - =~
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e EXTINGTION OF CULTURE
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‘ Figure'z. Relation of culture extinction to tota1 protein as measured
.by incorporat1on of [1-]4C] L-leucine into ac1d insoluble mater1a1 o , { ?“v_&

.ﬁ}?ffilf‘"H- Glucose (10 mM) was added at arrow to a culture grbwing exponentially’

XBL 682-40404.. Ca e




i .2]- ) . )
suépéns{on. The sanples ware count d 1n a Péckard TE1-Carb_5cint111a-“°r?
tion counter equipped with an externa1 tahdard

The chemical determ1nat10n 0[ protein gava the re]ationsh1p of »
225 g protein/ml of culture at an extinction of 1.0, 37 Using the fact |

55

that leucine makes up 8.2% by weight of total £, co]i protein, and

converting the slope of the Tine:in Figure 2 of 10,1 x 10° domfunit _. ,_
extinction into g protein/unit extinction by ucfng the specific acti_ifii-f
- vity of the 14c-1euc1ne. gives the value 170 ug protein/ml of cu]ture/i;f;:i;v,;
unit extinction. This agrees well with the value obtained by che”1Ca1_fg;;_ﬁ.

. determination, since it depends on the stated specific activity of thef "

added 1%

1abe1ed medium,

For experiments 1nvolving the micro growth chamber, growth of the' o

culture was measured by light scattering using a millimicrovoltmeter

(Keathley Instruments Inc,, Cleveland, Chio; model 149) connected to

‘a strip recorder (Autograph model 86; Mosely Division, Hewlett-Packard

Instrument Co.. Pasadena, Calif.), Figure 3 shows that the voltage

output of the photocell caused by light scattering of the cells in the

. culture 1is direct}y proportional to the extinction of the culture

measuréd at 650 muy as described above, The slope of the line in

o Figure 3 is 0,351 mV/unit extinction. 'This'graph was used to convert

mV readings into extinction values, and the micro growth chamber and
microscope lamp were 2lways adjusted to give 2 minimum voltage reading

of 0,045 mV with distilled water in the growth chamber,

C-leucine and on several volume measurements in making up the =
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£, Enzyme Induction and Assqy

‘ assay procedure was used: 0 2 ml samples of the culture were mixed in fﬁ

; _acid-washed test tubes with 20 u] of a ] mg/ml sotlution of chlorame i e

vigorous]y ag1tated for about 5-10 seconds with a Vortex mixer, This: :ﬁ

N v B« R3Dn

(1) s-Galactosidase was 1nduced by addinq 10 u?/m1 of a 5 x 107

2

solution of 1sonrcoyl-thio-B-D-qalactos1de (IPTG) in water to give a

| _final concentration of 5 x 10° ", B-Galactosidase activity was

assayed by measuring the rate of hydrolysis of ONPG in a modificatfcn T

of the nethod of Kepes.22 In the early part of this work the fO]Yowingf‘

phenicol to stop protein synthesis. Before the assay was started one .?lef-

drop (approx. 15 ul) of toluene was added to each tube and the tube wasil*' P

treatment destroyed the cell permeability barriers and made the sub- ’j}if;

strate accessible to the intracellular enzyme, When the tubes had ~ = "

| equilibrated at 37° the assay was'started by adding 0.8 ml of a

3,3 x,10‘3-ﬁ solution of ONPG in 0.1 M phosph_av.te buffer, pH 7.4, con.-.:"i-".‘v

~ taining 0,125 M HaCl. When an easily visible yellow color had developed, -

the assay was stopbed by adding 0,2 ml of I.S'ﬁ.Na2C03. The tubes were °

then centrifuged and the yellow color of the released orthonitropheno-

 late was measured at 420 mp. One unit of enzyme activity is defined

as the hydrolysis of 1 mumole of substrate/min at 37°., A1l volumes in

~ this assay procedure were méasured using an adjustable syringe control

and cuf-off disposable Pasteur-type pipettes pretreated with a watere

soluble silicone solution (Siliclad, Clay-Adams, Inc,, New York, Mew

York, 10010),

For assays of constitutive strains where, because of higher levels

of enzyme, the sample volumes had to be smaller and for experiments



l”'{";:c1ean weighed 10 ml stoppered she1l v1a1s containing O 2 m of chToram-

v*fi'for volume errors.« Before assay, one drop (about 10 ul) of toluene f”

**} was added to each sample. and these were restoppered and shaken for

T30 min at 37° ; The stoppers were then removed and the to]uene was E
v 5} allowed to evaporate for about 30 min at 37° . The assay was started

f¢fbby adding 0.8 ml of 0.74 M Na,CO

- in a bench-top centrifuge before the yellow color was measured at 420 mu.

‘,.aza;-'

“;where the greatest possible accuracy was necessary. the fo11ow1ng assayri

grfprocedure was used Samp?es (30 to 100 uT) nf culturn were added to

B phenicol solution (1 mg/m]), and the via]s viere rewe1qhed to correct

3 About 100 mg of solid BaCO3 was
| then added to each v1a1 and mixed with the solution to aid in removinn

~suspended matter by centrifugation for 1 min at 1400 x g (maxirum speed)

Sometimes the assay was performed at temperatures lower than 37°: »7;

J;'"1f~jrin order to keep the assay times longer than 1 or 2 mfnutes and thus fﬁpr¢;fl°;

reduce errors in the time measurement, In these cases, the rate of fé

hydrolysis of ONPG was corrected to 37° using the relationship 0o *afatv'i:fff -
| 1,68 determiﬁed By comparing the rates of hydrolysis for the_samé o
.mixture of enzyme and substrate at 37° and at 27°,

(2) L-Tryptophanase was 1nduced by adding L-tryptophan to a finaI

. concentration of 2. 5 mM The assay was based on the method descrfbed f

- by Pardee and Prestidge, ]v Two seriés of 50 ul samples were taken 35'3 SRR

over a period of G0-90 minutes between the addftion of the inducer and k};’.f.
the addition of'glucoée. and during a period of abput 180 minutes after,':'
Ethe glucose addition. One series was added'to 0.15 m1 of 1 mg/m]
chloramphenicol solution and later, aftér shéking for 5«10 min with

[

one drop of toluene at 37°, was assayed for L-tryptophanase by adding



) directly to a mixture of 0 1 nl of the assay medium and 0.9 m} of the |

"3;Mc010r reaqent to give a measure of the 1ndole bacquound coior, which

"‘u'T';ﬁ 1ncreases throughout the experiment. The absorbancy of all tubes was - i

' -25-

i  0.1 m! of the assay nedium (2.5 ng/ml L-tryptophan and 0,075 mg/m) pyri- L
o doxa} phosphate 1in water) to start the gssay and 0.9 m1 of the co]or , |
vrgageut solution (1 9 p-dimethy!-~amino-benzaldehyde, 64 ml 95% ethanol,

: and d"mllcuuc.'ﬂzso4) to stop the reaction.. The assay was run for dee
‘.creasiug 1éngths of time ranging from aSout 400 minutes for samples |
| taken at a culture-extinction of 0.05 to abuut 30 minutes for 'amples ?1ﬁ”f.}'I}

u.v] taken at an extinction of 1 5. The- other series of samples were added

neasured at 568 my after at least 20 but not more than 60 minutcs at 37°
The 1ndole blank samples were graphed and used to obtafn a background |
value which was subtracted from the 568 mu‘extinction of each enzymeﬂ_;

tube, -In this modification, using smaller séup1es assayed for 1ongpf‘

f“ltimes. the 1ndole background was xept to a Tower Tevel, and better nre-}:"_
“:'cision was possib]e. The absorbancy mu1t1p1ied by 27 qives mumoles of ;§f;l‘ -
o 1ndp]e/m1., One enzyme unit {s again TVmumo!e substrate hydro1yzed/minv:;]i‘

. at 37°,

| F._The Diauxie Experiments

To ensure 1dent1cal concentrations of nutrients 1n each fTask, the

_ ‘"'follow1ng procedure was used, - Stock so?utions of glucose (1,5% W/V)

and lactose (6.0 w/v) were made up in water. Two ml of the qlucoee \
solution was added to 200 m1 of M63 medium sa]ts without a carbon
source. This was divided into halves and 1.0 ml of the 1acto§e'so1u-'*iu“

tfon was added to one half, Eéch of these 100 m1 solutions was then

'divided»into'SO m} portions, and 5 X 10'2 M IPTG was added to one of




e  each pair to give a final concentrat1on of 5 x 10”

N ";:Lgrowth flasks were prepared that contained 0 15 ug/mI g]ucose with and

. :fili'tose w1th and without IPTG, After it was denonstrated that IPTG did fi

‘f_ f-. was omitted The chosen strain of E. coli was centrifuged and resus-
T"V,'_.,"lpended 1n 100 ml of M63 lacking glycerol but with added glucose (0. 15
’€£  ug/ml) to give an extinction of about 0.04, Thirty ml was then added:

v' :i,to each of three flasks containing reSpectwvely' no additions. 300 u1

. of the above stock lactose, and the same lactosc plus 300 ul of

S K ‘Meaﬁurement»of

S fiNled with anthracere crystals (chroma/cell detector assembly and

. from the flow cell was bubbled through concehtrated KOH to trap CO

-4

", !n"this Way’““L”“
'fwithout IPTG. and a mixture of O 15 ug/m] g1ucose and 0,60 yg/ml 1ac-3.y

f.not change the results in the flnsk conta1n1ng only g]ucose. this f?ask

5 10’2 ﬂ.IPTG. Samples were taken at intervals for measurement'of i

growth and for assay of g-galactosidase, .-

14 02 Production

,Forimeasuring-the rate of 14 CO2 production fron C] and Cﬁ 1abe1ed

~ glucose, ce?ls,wére grown as described in Section c. -Tha afr which .7

- provided mixing and oxygen for the cells also swept.the released COZ |

via small black tubing through a 4-5 ml volume scintillation flow-celi;'§:°4' |

'; >counter;.ﬂuc1ear Chicago Corp., Des Plaines, I11inois), ‘Eff1uént gaf?
. and prevent escape of“4C02 fnto the air, The counting efficiency. was: -
| 40-45% measured by bubbling '4co

2

of known specific activity, Ata =~ .- -
" flow rate of 4 ml/min there was a one minufe.de]ay betveen release of_ ;f:1'

']4602. cauééd by adding actd to‘[Ba(H14CO3)2]'in the chamber and the ”

appearance of counts on the counter, The final specific activity of~'_;



' of cells in all cases, so the final concentration of g]ucose Was about'ﬁ‘vff

1072 y,

the C-1[ *Clglucose was 10.3 ymoles/4,00 p8/20 41 and of the C~6[1%C]

glucose was 9. 85 ”moles/S 63 pC/ZO ul. Twenty ul was added to 1.0 m]lf ;

"H, The Glucose Shift Experiments

In a11 experiments investigating the effect of addition of glucosef‘A‘;ﬁ;j

on the kinet1cs of B-ga]actosidase synthesis, the foI]owing general

.; " procedure was fo1lowed. An overnight culture was diluted and grown aé_}ﬁff“"'"

describéd‘above until exponential growth was estab]ished The culture?_fff;V.'

was then diluted to an extinction of 0,05 to 0,07, and 30 ml was trams=

ferred to the experimental flask., Every 15 or 20 minutes alml samn1e12{?'"

‘was removed for avgrowth reading and was then returned to the flask, i.f’:

Samnles were taken for later enzyme assay at invervals decreasing fromqj;va.

' 15 minutes at the start of the experiment to 2 or 3 minutes Just afteé;ﬁ'

the glucose addition. whare the greatest accuracy Was necessary, .
Usually 10 or 12 samples were taken over a 60-90 minute period before :“'.
addition of glucose, and 20-25 samples in the 90-120 minutes fo]]owing‘{
glucose addition. The usual plot of results is total enzyme activity 1”;

against extinction of the culture, Since growth is exponentia] and

- enzyme synthesis is proportiona} to total protein synthesis ’although .

the proportionaYity constant may chanqe) this plot usually gives

straight 1ines.



| ‘:E,_kr.f Effect of o-N1trophenyl-a-o-rucosfde (opr)

v"r;;gf night with shaking at 32° or 42° for E 102 E 103 HI-4 and E 321
Ifé ;and‘ati37°»for 230 U. - The cu]tures were then diluted to an extxnction
| Ffﬁfat 656 mﬁ'o?'abbut 0. 01 (equal to 2. 25 ug of bacteria! protein/ml).,I5 
.hi‘jiand 10 ﬁl quantities of each culture were 1ncubated with shakinq at
' 'x;5fthe above temperatures in separate flasks conta1n1ng efther no addition”?
S osm IPTG, 1 mt ONPF, or both IPTG and ONPF 1n the previous amounts"?

iAijf'Growth was fo]?owed by measuring ‘the culture extinction at 650 mu and

’,,f,enzyme assay.

For these experiments, cultures of each stra1n were qrown over-

'”ij‘after five or six doublings, triplicate samo?es were withdrawn for

S J, Matfnq Experiments

: Stra1n JC 2637 was used to insert 1 1ntb-the 1’5“ssstrain |

"5f112-12-A-84 The requirewent of Jc 2637 for proline was confirmed; _
:Aff colonies of this strain failed to grow for a: least 7 daysvin the ab-;“zkf;;fl ;ii
* sence of added proline. About 2 x 102 cells/m of. the donor were-chu-jf*_~nn?5g£

bated with 1 x 108 cells/ml of the recipient strain for 2 hr at 37° Sl

‘ﬂv without agitatioh in glycerol minimal'med1Uh conﬁaiﬁfng all the orowth,i;_zé;~v ‘*
brequirements for both strains. The culture 'was then diluted with '
: buffer and p]ated on gl/cerol minina1 plaues containing histidine and
i; cysteine to select for the recipient strain and against the donor.
V.VWhen visib]e colonies vere obtained the plates were inverted for 1-2
min: ovcr f11ter paper soaked with toluene and the colonfes were then
tested for g-galactosidase activity with sterile ONPG solution,

| ;‘Co1onies_showing no nitrophenol color for at least 5 min were rep?ated.f;-



| ) '- 29. ) N n |
~-and further colonies selected which showed no ONPG hydro1ysis for 1 hr.v’"‘
These were found to be lac’ on eosin-methylene b1ue-1actose p1ates., o _'H

One 1solate was.desxgnated PM 1 and was used for further studfes, It f‘f

"showed the same growth requirements as the recipient parent and not
~ those of the donor, yet had become inducible. The conjugant PM 1"
' thnre‘ore must have recefved an it -gene ‘from the donor, and the most o

probab1e genetic condition for PH 1 4s 1'S“so+z*y+/r itotzty*,

‘vK; Chemicals and Radiochemicals -

Isopropy1~1~thio-8-0-galactooyranosiéé'and o-n1£robheny1;3-0-

ga1actopyranoside were obtained from Calbiochem. Los Anqe.es.

California, o-Nitropheny] -g-D-fucoside was a gfft from Dr. K, Paigen,};

and gh?oramphenicol was obtained from Parke.vnavis and Co.,;ﬁDétcai;,'%f?f ;;*

Hichigan, Other chemicals.were.standard coﬁméricaT prodﬁcts. .
"'[1-140]1euc1ne, [1~]4C]glucose. andv[G-TAC]gfucose were purchased

froh HeQ Enj!and Nuclear Corp,, Boston, Massa@husetts; Ba(H}4CO3)zjl'

was purchased from Huclear Research Chemﬁcals;fInc.. Orlando,

Florida, |

]

L, Aénylamide Gel Electrophoresis

Proteins are separated in gel electrophoresis accordinq to diffpr-ff}?{,
“pnces n:net. charg and»oxffor@nces in s1ze or shape, Therefore' the if; 
 experimental variables that affect reso)ution of 2 r given saﬂple of : ? ,
proteins are pH and-ge? pora size. Discr1m1nation bgtween_two protejnsfﬁ;;;’
on the basfs of sfze can only occur in the Eé?ative?y narrow range of K

gel pore sizes that are similar to the dimensions'of the proteins,



)v55gv¥vThis consideration and the fact that proteins of the sane size can have

. the same charge at one pH but different charqes at another pHt 1nd1cate

ey 4'gf to determine the conditions which give the maximum resolut1on for any

> system of interest.

o fydifferent gel concentrations ranging from 2,5% to 15 . A1SO. both -

ithat a range 05 pore sizes and severa] different pH* s shouId be tried ff

' The pH 4.5 method deve1oned by Reisfeld nt a1 53 for bas*c proteins]g

:f~n and the pH .8, 1 sinp]ified mnthod of Clarke7 were each tr1ed at several

;nfnhor1zonta1,and vertica] s]abs of po]yacry]aﬂ1ue ge}s were . attempted
i witn”li&tle success._ The system which gives best results for total "o

ater soluble prote1ns from broken Escherichia cold ce1ls is- adapted i

‘}from the simplif‘ed method of Clarke.” A monomeric gel mixture is n;f}p
 lnichem1ca1Ty polymerized 1nside 7. mm i, d x 109 mm Pyrex tubes supnorted
vert1ca11y_w1th their bottoms closed by small serum caps or tightly |
i strétched.Paraf1Jm.' The tubes must be thoroughly cleaned with detér-' Zi'?%';f?1
gent and rinsed;aand a final rinse in a di} ute soTution of Kodak Photo-nnngli}fff
Flo (about 1 part in 1000) aids in the latnr overTaYerino with water, e
Stock solutions are made exnctly as described bv C1arke except that -

so]ution C. contains 0,19 g ammonium persu\Fnte per 100 ml. 7 5% qels

;,“? are made by m1x1ng solutions A, B C, and D 1n the ratios 3 1:3:1,

; ;4T'Inmed1ate1y aftar mxxing these stock so1utinns, 3. 2 m1 is pipctted

"i,po1ynerization and to form a flat upper qcl surface. This step is

nl into each- -tube and witnin about five minutes must be overlayered with :f"“ %,

3-5 mm of H,0, The H,0 15 necessary both to exclude 0, which 1nh1b1ts-5:"..5-i

V critica]. and great care 1s neccssnry to Jnyar the H,0 without mixxng

2"
‘and diluting the gel solution, Gravity f]ow_through a finely drawn



"-iidisposible pfpette or a bent #25 gauge hypodermic need1e works wei!.
'”Po1ymer1zat10n is complete in 3045 minutes. ' _ | '
| The H,0 layer is removed and the gel tubes are 1nserted in bored

2" .
- rubber stoppers, in holes in the bottom of the upper electrode come . -

‘ ':”fpartment. A11‘gel tubes must be equidistant from the electrodes,

' _‘afranged:either circu1arly around a central electrode or linearly
 with a straight wire electrode, The apparatus used in the present - - '
' studiéé was made frpm'lla“ Lucite and has six tube positions in a
:v:1-1/49_x 7“;upper compartment that s 3" deep.' This fits onto a 10#@%2;
" compakfmeﬁt.with the same cross-section but 5" depth."Each compart= _";
| ment has a straight Hicrome wire e]ectrodg runniﬁg the whole 1ength
» a1bng oné edge of the bottom. Both upper and lower electrqde COfM=
' partments contain the same pH 8.1 TRIS=glycine buffer used by C1arke;7
f The covefs are removed from the bottoms of the polymerized gels, and
f;thé gel tubes:are dipped into the electrolyte in the lower compartmeht:n.
. Electrolyte solution 1s then poured into the upper compartment to about
1/2" above the top of the gel tubes, | | B
The saﬁp1e to be run 1s mixed with solid sucrose in the'ratio‘of
50-100 mq/ml and with a trace of 0,5% Bromophénol b?ue'ih 1% acetic
~acid fo act és a tracking dye. The volume ofvsample‘added to cach.
'“il tube 1is chosen.to'contain about 50 wg of total proteing 1n.the present;f
_procedure this is 40-100 ul. The Bromophenol blue runs at the salt Sl
front, preceding all protein components, and indicates when the _
electrophoresis 1s_c6mp1ete. The sample can}bé“iayered ohto-the geIV}
surface by'\etting the Beavy sample solution run slowly from a pipette |

Y

held a few mm above the gel surface in the filled upper electrolyte



‘urgv_ e_be limited to about 2. mA per tube and the e1nctroohoresis shou1d be
'VV'f;:‘(Hewlett Packard 7128) has to be periodical]y 1ncreased during the ruo

- "when the power is turned off

“ }3;j'carefu11y renoved by gently rimming with a 1ong hypodermic need?e
"55; f111ed with HZO end run between the gel and the waI! of the glass.
"'1 tube. Once Ioosened all around the gels can be uushed out of the

'r:'f_tubes with Tow water pressure. Each gel is soaked for 1 hour qr over—}¥'51f11iffﬁ

.7 and transparent.

"'f _:.32.ti;fki,‘_,'.“‘

,'Tffcompartment. Voltage 1s then applied w1th the 1ower electrode as anode. o

’tiﬂecause of distortions caused by e1ectr1ca1 heating. the current should o

'carried out 1n the 2° co1d room. The resistance of the tubes fqoes up’:”}

'during the run so that the voltage on the constant voltage power supp1y &

'tfto maintafn a g1ven current. One and one-ha!f to two hours is usua11 |

:fﬁf'required before the dye front migrates out the bottom of the tubes.

The tubes are next removed from the apparatus and the ge1s are :

IQQ,night in a solution of 0. 1% Naphtho? Blue-BYack (amidoschwertz) in 7% R
i acetic acid, Each ge1 is then returned to an 8 mm tube partially
| f'constricted‘at ooe.end; and the baCkground;stain is removed byt
electrophoresis ot 3-5 mA/tube in 3% acetic acid with the dye .
B nfgrat{og'tOWard the anode. Each'separate.Sand~of protein will

‘”;'be stained blue-black and the background gel w111 be left clear _

Two separate samples can be electrophoresed in one tube by 1n-
‘sertfnq a tight fitting waxed cardboard or sheet teflon -spacer into
v' ;the top of the tube. in the upper electro1yte so]ution so that it *i
: presses against the gel surface. Because diffusioo is so slow in

B these 7.1/2% gels,’ different samples can be added to each side of thefi~~?:t -



; :f:o‘along the length of the final gel: pattern.' In this manner, very c105e N ff@”?v

".’tifin current and voltage between tubes,

1Ucompar1son can be made of two samp!es. e11ninating variations caused

-33-

L o;geI'ho&‘oTéCtrophorééed;'énd'tﬁe‘i mo'Separat1on'w11i be visible a11

"by 1rregu1ar1t1es in gel composition and gel length, and variations D

The total soluble protein fraction from E. coli was obtained by

growing a chosen strain fn 50 ml of a desired medium with maqnetic

?x,stirring until the extinction at 650 my. reached 1.0 = I.g, which
fmeans about,zso ug protein/m]. The whole culture was centrifuged

~ for 10 min'at'zs,ooo rpm (40,000 x g) fn the RC-28 Sorvall, SS-34

head.-‘fhe pellet of cells was resuspended in 1 0 mT of the suoer- .;:'

natant growth medfum and sonicated for 3 times 1 ninute intervals at

: naximum power. using the Bronwe11 Biosonxk apparatus with the samp1e

{n. a 1 x 5 cm brass tube 1mmersed 1n 1ce-water for coolinq. The v
vvx}-sonicated sample was then centrifuged for 60-90 minutes at 40,000 rpm

: (max, 140.000 x g) 1n the 40.2 head in the Model L centrifuge. The '*"v‘ﬁ

supernatant was dia}yZEd overnight in one liter of 5 times diluted

o o , ‘ y
~ Clarke TRIS-glycine buffer adjusted to pH 8 + 0.5 with NaOh,



UL, EXPERIMENTAL RESULTS  © -

i”f.A Studies of Diauxie S g ‘ o [ : | w
» The first studies of diauxie were done with two strains described_:

“"fffuby Gartner and Riley,14

the tryptophanase constitut1ve R101 and 1ts
ifparent CGOO-]_ The mutant GRIO] was. described as showing no catabo]ite
;grepression by glucose of tryptophanase in contrast to the pronounced:"
?:repress1on shown by the parent strain. CSOO-I was also reported to h
;gshow a normal diauxie on glucose and 1actose, while GR101 did not o
. f‘( Riley,'ﬂo1ecu1ar Biology Department Seminar. BerkeXey. May 1965)lv

'Efs'Figure 4 compares the behavior of the two strains when qrowan on a-  3

quv:mixture of glucose and lactose, The top half shows that CSOO 1 QfVGS 8
| f'typice1 beﬁavior: a lag of about one hour occurs between cessation Of
"?eﬁé*growth when the glucose is all consumed and establishment of a new . -
(?a:};jfsteady growth rate on 1actose. GRIO]\behaves like a complete Y . Léc;sfif
" tose cannot get into the cell without aﬁy(berﬁease éctivft¥’¢a"d no.. } T
| growth {s possible on !actose;' Another y~ mutant, 230U-Id°es grow Vérii”ig5
1 ;};s‘°w1y (doubiing time 9 hours) odﬁ1actose_after exhausting the giucdse';fi s?;‘,

o su"p1" in the same dfauxie nixture,

The degree of repression caused by addition of 107 -2 ik qlucose was :

y 'fsgmeasured for two enzymes in the ahove two re]ated strains, In CGOO-i;}Z;Y?
' .1‘tryptobhanese synthesis was repressed to 202 and s-§a1actosidase wasi  “4 N
, }, Eepressed to 40% of the rates in g1ycero? In the mutant FPlO] trypto¥ 1i“7;i;'
" phanase was repressed to 30% and B-Qalactosidase was resressed to 50%. 7
vlof the rates 1n g]ycerol Since these strains. did not ahOW any marked
resistance to repression by glucose of either g-galactosidase orvtryptOy»;“

phanase, further investigations of tﬁem were abaﬁdoned.
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Figure 4, Diauxie behavior of the related strains €600-1 (i*oty*) and
 GR101 (i*o*y=)., Closed m’rclgs are culture containing only glucose;

open triémg]es are culture containing both g?ucbse and lactose,
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 _ diauxic lag on glucose and lactose, It is knonn that IPTG can abol1sh

Ziiff"the lag to about one third the ouration in the absence of IPTG. in
- j}i Figure J from 28 minutes to 9 minutes. and in another experimant from
":;{7f:15 to 5.m1nutes. From rigures 5 and 6. one can calculate 8~ga1actosi-
i'ff ;7dase is being synthesized at about 100 times the uninduced rate during
."ﬁthe first phase of growth on glucose. Howevcr. as soon as the g1ucose

| is used up and growth begins on lactose, the specific rate of synthesis
| v.increases further by a factor of three from 560 to 1550 u.U./m1/un1tj

o extinction.

~ strain 2340/F does synthesize B-ga]actoswdase at a rate that is not in-;v

'r',creased_by the presence of IPTG, However, after the g1ucose has been

| ;'qrowth at the maximum rate on lactose with a shorter delay,

glycerol :_XPTG and on a mixture of gTucose and acetate + IPTG, InEa
- the diauxie between glucose and glycerol, the doub11ng time was fnie

" t1ally 70 minutes and increased to 84 minutps after a lag of 12 m1nutes e E

B ';-‘35* L,
F1gure 5 shous the results of a diauxie experiment with strain B

2340/F lac. 1nterest1ng because even though 1t 1s an 1° constitut1ve-‘7

. and makes h1gh levels of B-galactosidase at al? times it still shows a P

the diauxic lag for an. i* strain.37 For strain 2340/F lac, 1PTG reduces?”'?‘~_.

Figure 6 shows that during the first phase of growth on gXucose, f

| an consumed, the culture contain1ng IPTG increases its rate of syntheeﬁi}

sis of B-galactosidase s1ightly sooner, and this culture also begins

Strain 2340/F lac was also grown on a mixture of g1ucose and

" in the absence and 19 minutes in the presence of IPTG, In the diauxxeng?‘j}afﬁ

between g1ucose and acetate the inducer IPTG had no effect on the

results, The initial doubling time was 108 minutes and was followed by'
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Figure 5, Diauxie with strain 2340/F, Three separate cultures .
~contain: open-circles, glucose only; closed circles, glucose + -

- lactose; open triangles, glucose + lactose + IPTG,
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~only; closed circles, glucose + lactose; open triangles, glucose
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2 long 1ag dfrabout 3 hours with no measurable growth. The gréwth rate
~then 1héreased gradually to a doubling time of 7 hours at 8 hours after

the end of gfowth on glucose.

8. Loss of Trahsiént'Repkession in an {-0 Deletion Yutant

(1) Effects of glucose on rates of g-nalactosidase synthesis;

© " Fiqure 7 shows the effect of adding glucose to a final concentration

-of 10 mM on thevrate of synthesis of g-galactosidase in fully induced
strain 3000 (i*to*) and in strain 3300 (i"6*). In both cases, the
growth ratelincraased about 35% and a transient period of severe represQ' :
sion was obsefved after the addition of 9lucose which lasted 48 minuteé
for strain 3000;and 36 minutes for strain 3300; this was 0.7 generation
- time for both ﬁgsés. .The differential rate of 5-ga1actosiaase synthe=

L sis afteé recovery from transient repression showed some f]uctuation  ":
in dup]icate experiments performed oh different days, but was most
often about 45% of the rate before glucose was added. . |

In con;fast, Figure 8 shows the behavior of strains 087 (both'f
. and o deletéd) and RV/F (essentially i* with?b deleted), For both of

these strains the increase in the growth rate on addition of glucose

~ was normal, but no transient severe repression followed qlucose addie -

;'f_ tion. However, the differential rate of B—Qaiactosidase synthesis wasf"

_ immedfately and permanently repressed to about 45% of the earlier raté_ »
“in the absence of glucose. | - | |

Strain 3300 was also tested for qlucose fepression in the presence
of the inducer IPTG to see whether there wo&ld be any reversal of qlu-

cosg repression analogous to the reversal by IPTG of fhcose repreésion_”J
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~ Figure 7, “Trgnsient glucose repressioh of g-galactosidase synthesis
“in str&ins 3000 and 3300. Strain 3000 was induced with 0,5 mM IPTG.‘
'G]ucosé (10 mM) was addéq.at the arrows. The mass doubling times
(min) before and after glucose ad‘dition and leng_th of transient
repression respectively for each strain were: (a) strain 3000: 98, ~ -

75, 48; (b) strain 3300: 70, 51, 36, - N D
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Figure 8. .leucose repression of s-galactpsidase synthesis in strains
027 and RV/F. Glucose (10 mM) was added af the arroWs. The mass
doubling times (min) before and after glucose addition respectively
for each strain were: .-(a) stra;in 027: 8v'l. 65; (b) strain RV/F: 84,

64.



}“7fzfof an 1 constitutive reported by williams and Pa10eﬂ-

g3 ’f*;lyduring or after the transient phase.

",.jthéstransient,phase;'or on_thevieﬁgth of this phase., The on1y'diffee o
| ﬁ'sientsrepiess1on in the presence of IPTG.
”°e>?mutationa1 changes in the lactose operon affected catabo?ite repressio,v

» -~ duced synthesis of L-tryptophanase was examined in strains 3300 and

";-42-7'

64 Yo ef"ect

- of IPTC (5 mN) was observed on the growth rate. the Ienqth of the

“Qétransient phase. or on the rates of B-gaIactosidase synthesis before.;

The rop re.sign of strain 2000-0%, a oar*faT fq ,6%) operator con-' “
stitutive, ia the presence and absence of IPTH is shown in Figure 9. "
"{ fhefe was no effect of the inducer on the percentage repression during

| ﬂ)frence:betWeen the two was the greater percentage recovery from trang:‘fﬂ

(2) Effoct of glucose on tryptophanase synthesis. "To Eheck'that;

ﬂ%_;only of the enzymes of that operon, the effec» of gTucose on the in- 8

.Fﬂf;°67f Although quantitative differences 1n the rates of enzyme synthe#
.hh':sis are often observed between -different experiments, Figure 10 ShQ“SQ
that ihe kinetics of rapression of tryptobhanase are very s?mi1er 1n  
 these two strains which differ markedly in the repression of g
"'galactos1dase synthesis. o :

~ (3) Glucose metabolism in strains, 3300 and oS It 1s known tﬁat

67‘
' _}transient catabolite repression. can be abolished by a change -in the ;@;U”ﬁ“
pattern of glucose metabolism.sz Any study of the specific qenetic |
'corre1ations of the abolition of the transient repression of the 1actoseﬁf:°'}
':_,enzymes must therefore ensure that the abolition reél!y is the result -

Vuof a specific genetic change in the lactose operon and is not due to an

alteration of 1ntermed1ary metabolism, Since the pentose phOSphate
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Figure 9. Glucose repression of induced and uninduced g-galactosidase o
synthesis in strain 2000-0%. IPTG (0.5 mM) was added at +; glucose
(10 mM)- was added at +. The mass doubling times before and after
glucose addition and the lengtﬁ of transient repre§sion (min) res-
pectively were: 95, 73, and 80 for both cases. (a) Cells induced

with IPTG; (b) uninduced cells,
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‘Figure 10, Effect of glucose on the induced synthesis of L
‘tryptophanase in strains 3300 and °(6:7‘ . L-tryptophan (2.5 mM)

was the inducer. Glucose (10 mM) was added at the arrows. The. |

" mass doubling times before and after glucose addition were (min): .' !

- (a) strain 3300: 76, 56; (b) strain 027: 67, 58. :



" higher the ratio of
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‘cycle'wés implicated in catabolite repress1on.52 it 1s important to see

whether there are any profound differences in this metabolic activity

between'the two strains,

In a pair of strains in which only one shows transient repreSsion, ',13

'_ and in which the genetics of the lactose operon are apparent}y,identi? 1{f;-

‘cal, differences were observed in the respiratory release of 14C02 from .~

-

(1.‘4C)g1ucose and (6-14C)g1ucose.52 Similar techniques were used to o
. compare the release of CO, by strains 3300 (1=0*) and 087.(1.and o de= .
- .leted), and Figure 11 shows that there is little or no ¢ifference

‘between the pentose phosphate activity in these two strains, The

)14 14

C to 6= 'C released as C0,, the greater is the -
proportion of glucose being oxidized via the pentose phosphate cycle. -
Metabolism entirely via glycolysis and the citric acid cycle would

produce a ratio of 1,

C. Loss of Transient Repression in a Temporature Sensitive Control 5f¢7

Mutant
A ——————

(1) Effect of temnerature on transient rebression in 1L ang §*

strains, 4The‘effect on g-galactosidase synthesis of adding glucose

to cells growing on glycerol at 32° and 42° is shown for the it strain
E 102 in Figure 12 and for the b strain £ 103 in Figure 13, UQoth~
strains had similar growth responses to the'additjon of glucose:

Tittle change in doubling time when qlucase was added at 32°, but a ,'

- 10-25% increase in the growth rate when qlucose was introduced at-42°.'-

For strain £ 102 a transieat repression of enzyme synthesis was obe

servad at both temperatures, lasting for about the same lenqgth bf time -
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Figure 12, Repression by glucose of g-galactosidase syhthesis in
strain E 102 at 32° and 42°, IPTG to 0.5 mM was added at downward

arrows and glucose to 10 mM at upward arrows, Mass doubling times
- {min) before and after glucose addition and length of transient re=

pression, respectively: at 32°: 78, 77, 25; at 42°: 70, 66, 29.
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V*je  Similar experiments performed with 103 ehowed th&t
.h ?itrans1ent repression. while present at 32’, was no 1onger evident at S
: ’zf.;§1420 (F{qure ]3) The mutation from 1 to 1TL thu: simultaneousTy

.'iff:abolished acute trans1ent repression and penmftted a partia]?y con= ?ff

itLtive svnthnsis uf e-ealactosidase when the cnlis wera grown at ,r7

42“,:., ,

(2) Effect of teyperature on the 1TSS strain and its parent The7i

;7;1755 stra1n and 1ts wild type i* parent. HI 4, “exhibited a different e

; pattern of behav&or. Both strains showed an erratic growth rasponse ,;
;ﬁ?'fto the add1t1on of g1ucose at both tenneraturos. Insteed of a sharp f“”
f~¥ff1ncrease 1n growth rate of 20-40 wh1ch 1s typical?y found with ﬂanyﬁ:-
| :fatrains of E. coli under such conditions Wl- 4 ~usually showed 2 fa11 %
ﬁ“e:;j in orowth rate when g]ucose was added -and E 32’ 1nvar1a51y showed a
'j;vslowing down of growth from about 0 7 to 0, 1 gennrations/hour, which
fQiLbecane apparent ‘some 45-60 minutes after thc eddition of glucose.
w"'“The effect ef glucese on the orowth resnonse of 321 and Y1-4 has 2
'7';not been studied in more detail, . The gonotype of these strains
obviously d1ffers 1n this resnect"rom E 102 and £ 103, but thie
-difference probabi; hus nothing te do with the 1-gene nufation. .ac%i

The w11d-type stra1n NI-4 showed no. tranvient repression of

' 5ffe-ga1actosidase ‘at low tcnperature. but transient reprprsion was .

observed at 42° (Figure 14) Strain £ 321 (iTSS), on the other hand

......

'v'showed seVere transxent regvession at both temperatures (rzqure 15\

(3) Ef’ect of IPTG ane OHPF- on the ratn nf g=galactosidase -

g " ynthes1s. Jayaraman et a1 21 have used ONWC to s ud" the functfon;}}55;':
e;'YoF normal and modified repreesor in a variefv of requlator mutant

;_‘This.semeeteehnique was-used in order to clarify the condition of
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Figure 13, Repression by glucose of 8-ga1actosidase synthesis in
strain E 103 at 32° and 42°, IPTG to 0.5 mM was added at downward
arrows and glucose to 10 mM at upward arrows, Mass dbubling times
(min) béfore and after glucosé'addition and length of transient

-27”*:rapression. respectively: at 32°; 70, 72, 23; at 42°:'118. 65, no

transieht repression; | [i
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“?,4 Figure 14, Repression by glucose of s—galactosidase synthesis in

strain WI-4 at 32° and 42°. 1PTG to 0.5 mM was added at downward,

_arrows and glucose to 10 mM'at upward arrows, Mass doubfing times .,

" (min) before and after glucose addition and length of transient

repression, respectively: at 32°:’67; 61, no transient repressioh;

at 42°: 93, 56, 28,
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:_. Figure 15, Repression by glucose of B-galactosidase synthesis 1n,.ﬁ

~ strain E 321'at 32° and 42°, IPTG‘to 0.5 mM was added at downward

' arrows‘and glucose to 10 mM at upwérd arrows. Mass doubling t{mes
(min) before and after glucose addition and length of transient
repression, respectively: at 32°: 78, 73 (with large increase be-
ginning after 45 min), 27; at 42°:120, 90 (with largevincreaseﬁbeiir
ginning after 60 min), 22, | |
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.'iaﬁthe repressor 1n the temperature-sensitive strains E 103 and E 321
l'if'which show varying trans1ent catabolite repro sion responses in- the f.

"‘,Q?apparent absence of repressor in both cases. The e two strains were'

'{: compared with their wild-type parents and also with 230 U, an §7 con-f
“ ;o

‘i;;;stitutive that is known to exhibit transient repr&ssion. o
Table 1 gives values for the specific content of a-qalactosidase;ffif1?f 

.fin ce11s grown exponentially for 67 generations under constant con-'ii";li:
,  _1j ditions._ Each value is the average of three samples taken in quick |

""ftfsuccession at the same extinction, Table I shows that the Tt mutant‘f

| Ei{‘E 103 and its 1+ parent E 102 are totally insensitive to ONPF at both?E“AT““‘f
; 'ff 32°. and 42° Both the constiputive and the induced synthesis °fv3‘,. ffFﬁf1f;f f
v.“:, 9a1actosidase 1n1E 103 at 42° are'unaffedted by the presence of OMPF'inf;'}i]ﬂ}?

',Thus. both E. 102 and £ 103 grown. at 42° contain some reprefsor, since?*; 'i:*f’hf

U E 102 is 1nducib1e and E 103 s on?y about 20% constftutive, and evenffff < uif;f

, "5‘fff though this repressor vwas sensitive to IPTG (since both strains were fﬂfﬁiiiQJf

- further 1nduced) it was not affected by ONPF, L
Strain E 321 (1TSS) and its 1t parent WI-4 also appear to contain 1,ff b;h §
'Tj; repressor after several generations of growth at 42°, WI-4 was in- "'_”.A
- ducible in the normal way at 42°, E 321 was about 88% congtitutive v_‘;v “v
- when grown at 42°, yet it was severaly repressed by ONPF, and this |
f‘;f?fi. repress1on was slightly relieved by IPTG,

Strain 230 U, like other normal {- strains.Z] contained no re=-

praessor that was significantly affected by either IPTG or ONPF,



Effect of IPTG and ONPF on fhe Differential Rates of g-Galactosidase synthesis

AN

'Tab1e | O

Separate cultures of the indicated strains of E. coli were grown for 6-7 generations in qlycerol-minimal

salts with the indicated additions at the temperatures showﬁ. Specific'enzyme activities (enzyme units/

mg bacterial protein) are expressed as perceﬁtagés of activities in fully induced te11s‘of each strain..

Strain E 102 E 103 WI-4 ‘ E 321 230 U
Temp. 32° 420 | 320 42 3 420 | 30 g2 37°
Additions | 5
e t——— .- ) w
None 0.7 0.1 - 1.7.7.7 20 0,0 .00 | .14 88 90

1PTG (0.5 mH) 10 100 | o 100 | 10 16 | 10 © 100 | 100

ONPF (1 mM) 0.8 04. | 1.7 a1 0.0 0.0 | 1.4 49 88

TG+ ONPF.- | 100 00| . 97 104 | 19 70 | 12 57 | 87




“;'*fjinduced with 1IPTG, there was no measurable effect on the growth rate°
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A

Effect of Glucose i 1"5"S and 1‘5"5/i Straths ﬁﬁjff"_'J S
21 ,”“?The~addition of glugose'to 175Y5 cells (strain)]1é~12#A—84)f5'-E;"M“”

| g“grpwing_dn glycerol increased the growth rate by:11%, No-tfanSient*~

“repression of p-galactosidase was observed, and the steady differen- 3’5ﬂ5:;f” !
tial rate of énzyme synthesis fell 1mmed1ate1y to 617 of the rate
" in the absence of glucose (Figure 16).

%hen glucose was added to the 1-sus/ dip]oid (strain PH T)

;‘}ffbut transient repression was now observed (Figurc 16) Immediately s
after the add1tipn of g1ucose the different1a1.rate of enzyme synthée
. sis fell to 21% of the rate on glyearol and 55 minutes later (0, 3

‘generation) ft recovered to about 65% of the origina] rate of g]ycerol}

“'fi; Es vEffect-of Glucose on_p-Galactesidase Synthesis in a Catabolite

Repression Resistant Hutant of E. colt

: ~ The kinetics of repression by glucose of ;-galactosidase synthe-
| sis by the CR™ strain LA12G is shown in Figure 17. Addition of 10 m'wi
glucose caused a 20% increase in the growth rate from a doubling time :5i§ 
of 78 minutes on g]ycero] to 65 minutes. The'sp°cific rate of syn- vff:l w.

’ thesis of 3’931°°t°51da53 was repressed for aO minutes (0,77 genera-iffw‘

tion) to 18% of the rate on glycero] and uhen recovered to 84% of theA L

P initial rate on glycerol,

F. The Permanent Phase of Catabolite DéB;ésééon

m Re1ation of percent increase in urowth rate. to percent

regression. Strain °67 was grown on MG3-glycerol medium, then divided}ﬁfi:-

into portions and added to flasks containing various amounts of.
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. Figure 16, Repression by glucose of B-galactosidase in strains

112-12-A-84 (175Y%) and PM 1 (i"5Y%/3%) at 37°, 1PTG (0.5 mM) was

: added at +; 10 mM glucose was added at +; The mass doubling times

(min) before and after glucose addition and the length of transient

" repression, reépective]y are: 112-12-A-84, 59, 53, 0; PM 1, 60,

60, 55, Bacterial protein was calculated from the relation, unit

extinction at 650 mu "= 225 ug protein/ml,
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Figure 17, Glucose repreSSIOn of e-galactosidase synthesis in stra1n

ﬂLAlZG.‘ IPTG (0 5 mM) was added at o. glucose was added at ¢, The

mass doubling times before and after glucose addition and the length .

of trans{ent.repre§sion (min) were respectively: 78, 65, 50.
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V.'.gélucose; Table II shows the change in ngWth’”aﬁe'aﬁd;the change tn.

| specifft'rate of g-galactosidase synthesis as a function of the final
concentration ofv91ucose. The growth rates were determined to a pre-
cision of 2%, and the specificvrate of 3-ga1a¢tosidase synthesié,
‘which was determined from the slope of a graph of E,U, versus ex-
tinction of culture, has an uncertainty of 2-5% measured as the
average deviation of six samples for each culture,

The CR™ strain LA12G was used to test the effect of glucose

concentration on the permanent phase of catabolite repression, The ;“g‘“*

~ standard glucd%c shift experiment was carried out in two parallel

flasks; the usual 10 mM glucose (0.18%) was added to one flask, and R

22 mM (0.40%) was added to the other. Addition of 0,18% glucose

caused a 12% increase in the growth rate and a final specific rate

' of synthesis of g-galactosidase that was 90% of the rate on glycero?.fi?f'“

- Addition of 0.40% glucose caused a {3% increése in qrowth rate and - ﬁj'J:

a repression of g-galactosidase to 85% of the'rate on glycerol,
These . two strains were also grown on,M§3~acetate; and the
medium was enriched by adding glycerol. They~were grown on M3
glycerol and nutrient broth was later added.; The first cafbon
source was present at 0.2% w/v, and the'second carbon source was
added to give a final'concentfation of 0,4%, Both strains showed
a perfod of decelerated growth before the growth rate increased
after glycerol was added to acetate medium; the lag was 25 min fﬁr _
LA12G, and 70 min for 057. Table III surmarizes the results of these
experimenés. The specific rate of synthesis for strain LAI2G was
measured after recovery from transient repression; strain 037 showed 1

no transient repyression,



‘ ' 3f rate and on the specific rate of 8~ga1actosidase synthesis in 1

- i-.5‘8-';~...,'; )

Table II

'**¥ Effect of different concentrations of added g?ucose on. the growth'i;

‘“ﬁstrain °67i' Changeslare;expressed relative to the va?ues for .
' ! Qrowth qh_giycéro% 6h1y: 0.8} gengrations/hour and 9700 E.U./

. extinction,

NI ‘Cdncentkation of added glucose (M) _~"l'

103 1w - 0

Percent change L : . B
- o ; #17 - . #25 v =B
- in growth rate - - - ' . '

. Percent change in Cone e T
- o =66 - S «57. 0«69
- AE.U./AExtinction : N .




L'ﬁ:\jf'mj"_[_ Table - |
‘Effect on growth rate and on spec1f1c rate of synthesis of B«'
gaTact051dase caused by adding glycero] to cells growing on

facetate and by adding broth to cells grow1ng on glycerol, Stcain
-4

- VLAIZG was induced with 5 x_lo M PTG, : § S @i'(' =.ji_‘
c
- %7 RE |
‘Generations  E,U.,/unit | Generations - E.U,/unit
per hour .extinction . ner hour extinction
Acetate | 0.46 5150 | . 0,40 2800

- Acetate + // L . o \
Glycerol 0.5 4800 | 0,78 - - 2860

+ Percent ) B = o . .

. Change | © #63 - LD7 - T4 496 02
Glycerol » 0.68 o 11,400 | 0,72 3170
Glycerol + ) . I ,
Broth - 1.43 7000 | 162 2560
Percent : o o .
change. +108 =39 o+ -19
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R*i‘to repression by ch1oramphen1c01 and to repression of alkaline_phos-f f ff4i£~'5"

f;-f phatase, Low concentrations of chloramphenicol repress g.gu1act051-.]*'

'_ dase synthesis muéh more markedly than they inhibit growth.sg lthen

" chloramphenicol was added to four strains of E. coli to give 2 finaT_fols"
" concentration of 1.27.ug/nl, both the growth rate and the Qifferen-'“n“>"

tial rate of 3~gala¢tosidase synthesis were immediately reduced to a =

. new constant rate. fo transient‘repressioh was observed in any of

.. thése'strains, in contrast to_the‘repressioh_caused by qlucose in

- Flgure 7,  Tabfe IV shows the extents to waich the growth rate and ©

- g-galactosidase were repressed by this low‘cohcentration'of'ch1oram-}¥

phenicol,

The eniyme'alkaline phosphatase is tthth not to be subjeét td%ﬁ
. catabolite repression,z9 For this rgasoﬁ,itlﬁas desirable to study S
;~ﬁvvthe possible effect of glucose dn the synthesis of this enz}mé in |
' i " the deleted strains, o§7 and RV/F, which showed permanent, but not ,,;fﬁﬁt‘*"

transient, repression of g-galactosidase synthesis. However, when

atteﬁpts vere made to 1solate an alkaline phoéphatase constitutive )

: . " mutant from strain °67 by selection on B-g1ycerophosphate in the

presence of inorganic phosphate,60

'lost their entire p-galactosidase activity.4? Therefore, a compér1- 

- son was made of the two enzymes in the two reiated strains: 027.'
constitutive for g-galactosidase, and 027

1ine phosphatase and negative for g-galactosidase, Fiqure 18 shows

the effect of adding glucose on the synthesis of g-galactosidase in

025 and of alkaline phosphatase in og7~10. Both strains were growing;3 .

in low-phosphate medium, and this caused a lag of 20 minutes before

(2) 51m11ar1ty of the permanent;phase of catabolite repressfon  >;5£?%-‘"

PNt i X e I 2 O L

~all 20 such mutants isolated had

=10, constitutive for alka- -




%l

Table I¥ .

Effect of chloramphenicol on the rates of qrowth and the differen=

C

tial ratas of 8-galactosidase synthesis in strains 3000, 3300, O¢9

and RV/F

-'”Cultures of each strain, growing exponentially, were each ‘
divided into two parallel cultures to one of which was added chTorém- EA,il;A
;phenicol_(1.27 ug/ml). Growth (measured by extinction) and ge ,"

gé\éétbsidaée activity were followed n each culture for 2 hours, ';“;:1' A

- Strain 2000 (inducible) was induced with IPTC {0,5 mM). Rates are

expressed on a relative basis,

Strain 3300 3300 %5 RV/F

Growth rata:

- chloramphenicol | 100 100 100 100

+ chloramphentcol | 71 71 69 . 74
Differentia] rate of

| g~-galactosidase synthesis: “ | |
- chloramphenicol 100 100 100 . 100
+ chloramphenicol | 26 27 a8 10




- ﬂh?"f91ucose affected either growth or enzymn SYnthesis. Tho same strainsfﬁ

;'}ai'did not. show this growth lag when cu]tured in 4r3 medium, ‘which cone f”

”'P»phosphatase constitut1ve mutant from strain °67 without simul-

':'f}taneously losing all B-galactosidase activity vas suggested by Dr.

; “ ff:and regulator genes of the lactose operon have been deYeted and 1t

S froguIator for alkaline Phosphatase so that port1a1 deletion of.thé ff-‘ <

7fita1ned 0. T 1norganic phoSphate. Table V comnares the effects of
"’fglucose and chloramphenico] on the differentia1 rates of synthesis N
: ¢ ,
of these two enzymes {n strains Og7 and 067 =10, _ o )
- A possib]e explanation for the failure to isolate an alkaline ;:ﬁff S

G S, Stent (personal comunication}, In strain °67 both the °perat°r:

j?t_is not known how far thc de]et1on extends beyond the i gene. .The 1’ﬂ
B structura! gene (P) and the Rl regu1ator gene. for aIkaline phospha-‘;
tase - also 11e beyond the { gene, and judged by 1ts Tevel of o1aa1ine L
'fjf.phosphatase activity, strain 067-10 1s probably a constitutive nutant;; .;'
ki of the Pl regulator oene.12 1t is possﬁo!e that th1s rutation 15 a. =
Z;V partial deTetion of the Rl regulator gene, and thus in strain og7

the structural gene (z) for e-galactosioaseAmay 1{e close to the R .

R1 gene miqht overlap into the z gene. as shown in Figure 19. The :jﬁxﬂ,l
59

 map of the E, coli chromosome pub)ished by Tay]or and Thoman

shows the R1 regulator gene on the far side of the structurol gene _'"T::»' |

Kot NN 7 e, it el e et e A S

~ from the lac operon, but the order of the Rl and P gooes s not wel}f PR
‘estabolished (Dr., A. Garen and Dr, W, Averner, personal communi ca= f ,;Tf v_;_g

" tions),

¢

(3) Evidence from acrylamide qgel e]ettrophooesis.” The pattefn_?f,'f

-~ of bands separated from total proteins by qel electrophoresis was
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Figure 18, A comparison of the effects of glucose on the synthesis

of g-galactosidase in strain 027 and alkaline phosphatase in strain
027-10.' Glucose (10 mM) wasaaddedvat solid arrows; the growth rates
increased at the points shown by the.broken'arrows. Mass doubling
times (min) 'befor’e and after glutose addition respectively for each :

strain were: (a) strain 027; 76, 62; (b) strain 027-10; 89, 73.



of the effects Of 91ucose and chloramphen1co1 on the e

:mfchmparison

""‘-?'.'differentfal rates of synthesis of s-galactosidase and altaline -

s ,phosphatase 1n strains °67 and 067-10 respnctive1y

_ Exponentiale growing cultures were treated with glucose o
"f:”(lo m%) or chloramphen1co1 (l 27 ug/ml) The different1a1 ratesf;;j;*i
F;f 2of enzyme synthesis are expressed as percentages of tk~ corres-,;

:1_';poqding rate§_befpre the‘addition of glucose»or-ch1oramphenico1.u;}f‘

B

S » alkaline -
g-galactosidase . ,phosphatase i

- (ogy) (0g,~10)

h‘7‘Residﬂaiﬁdiffereﬁtiﬂ1lfaﬁes

'ff‘in the presence of Q!bcbse;v o 472 A_;tf“ f . 523

;fj; Residual differehtiél,rdtes

. . "ﬂ th_:el A'pfesehceA‘ of-‘cb-]br.am- ) : 44% . -j» 59%
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;?Figure 19, Possible genetic relation between strains og7 and
027-10. Strain 027 differs from the wild-type by deletion of. the
o and i genes, Strain 027-10 may represent a further deletion
including parts of z and R1, Abbreviations: Ac, thioga]actoside
transacety]ase; vy. galactoside permease; 1z, B-galactosidase;

0, lac operator; i, lac regulator; RI, aIka]ine-phosphatase

regulator; P, alkaline-phosphatase structural gene,




E 3.1-64--,;;5 e T e
7. 3000 2000-0°, and LA1zc grown. on  the ffé,

1;compared for strains'o
E,same medium and for each of these strains grown on d1fferent media,

tf‘uincluding M63 salts with g]ycero1. acetate, Tactose, d1ucose, broth
‘ L;for yeast extract as the carbon source.“ Most aamnles could be |
dseparated 1nto 20-25 bands of vary1nq fntensitv. The result was
4ithat a given strain groun 1n different mndia gave very sim11ar 'l{?f
fi1ookfng separation patterns that differad 1n. at most. one of the
dtwenty or more bands.' However. d1fferent strains often gave patterns
;that had severa1 of the- bands dispiaced or present in greagly L
' -:f: changed intensity. Each band must on the average contain a 1arqe
i;iiix;? number (perhaps 50-100) of different protéin species. The on]y

o 3‘f;iprote1n that could be 1dentif1ed in one of these bands vas 8-

“Q:,galactosidase. which appeared in a band that miqrated about 20% as
n-f;fast as the dye»front. This enzyme could be {dentified by cutting
ﬁ"jxa gel longitudinal1y and then sta1n1ng one half in the usual way

:i and treating the other part with ONPG, which turns yellow when

‘“"5::hydrolyzed At least as examined by this technique, the pattern of
tota1 proteins synthesized by a bacterium differs more from strain : fd““ﬂd

"' to stra1n than it does when a given strain 1s switched from one

't‘-growth cond1t10n to another.v'
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IV. DISCUSSION:

A. The Phenomenon of Diauxie

" The lag in growth which occurs after glucose is all used'dp k.. ff£ f .

when wild-type strains are grown on a mixture o% glucosevand lace

' tose'is presumed to be a manifestation of catébo]ite‘repfgséion.
In thé presence of glucbse. the weak iﬁducer lactose éannot‘induce ;‘i'

| the synthesis of g-galactosidase which'1§ rquired fdr growth on

g  1actose._ If has been'knowh.since at_least )960 that the rate of

synthesis of s;galactosidasé s determined by the balance between

the tompeting'effects of induction and.rep;éséion. ?or example,

1 mM lactose does not 1nddce a detectable leQeY of g-galactosidase

in 5;_2211 bewing on rﬂucose;n yet lactnse at low concentrations

(0.2 mM)Iwill induce Cel]s growing on g}ycero? to almost the same

level as the inducer IPTG at the same ccncenttation.10 Since IPTG

is a powerful enough inducer to induce cells growing on glucose to

a higher level of g-galactosidase than is hré&ént when the same ceTl;iigfh

are growing on lactose, 1t would be predicted and is found that {n-.iféb

ducible cells éupplied with glucose and lactose no longer qrow in e

diauxic manner if IPTG is also present in the med1um.37 The pre-

sumed explanation was that'the cells grown in»the presence of IPTG "f
| had sufficient enzyme to parmit immediatevufi]ization of lacfose. ”
Since most i~ strains of E. coli (including strain 2349/F)
synthesize g-galactosidase at a rate at least as great as that for

a fully induced it strain, it would be expected that i~ strains

would also grow without a diauxic lag on a mixture of qlucose and
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_ ,owever. as shown 1n Figure 5 the 1 strain 2340/F does
~"":‘_":show a diauxic Iag. and this Iag is only part1a)1y abolished in the;f

“'{presence o. IPTG F1gure 6 snows tﬁat this strain does not synthe-

;"jf?size s-ga]actosiuase at a highen rate wnile grow.ng ow glucose whenﬂf
RVIP’G is 1nc1uded 1n the medium, however. the cu]ture containing |

Y;IPTP does 1ncrease 1ts rate of synthesis of s-qalactosidase after ;sf

"Li;the g]ucose is exhausted sooner than does the culture lacking addedj;f
E;IPTG These resu]ts seen to 1ndicatc that the rate of synthesis of;f
as_Vthe enzyme s-galactosidase 15 controlled by a balance between ine :
' ‘_g*fduction and catabolite repression, that this balance is affected -
'hff eiby nany things. and thao diff erent strains vary 1n their sensitivf—hfh?
il;ffties to induction by different inducers and to repression by _‘ |

R / )
',;;‘different carbon compounds. o

There are at Teast two possible explanat1ons for the diauxic
& f;Iag shown for the i constitutive 2340/F.- Either 500 units of e-v
)',:1ga1actosidase per ml per unit ext1nct1on 1s not a high enough Ievells
:ﬁifof enzyme to. enab]e this strain to begin. 1mmed1ate ﬂrOWth at the
Qi 'maximum rate on lactose when the last of the QYUC°S° has been used
- "ff?;h'up. or the process of increasing the rate of synthesis of s-ra1acto-i
‘ ”‘eg;isidase by a factor of three’ when the g]ucose runs out and this

ﬁ ”f‘_enzyme 1s derepressed is the critwca] factor and temporarily pre- ";w

el vents rapfd growth on lactose. The presence of IPTG could reduce -

‘1'fthe durat?on o. the growtn lag by speedinq the rearvanqement ine f
””f_:volved 1n derepress1on or by o11ow1ng the ce11 to reach a higher e
'Ieve] of s-qalactosidase more quic«]y bv beq1nnino to synthesize A i' L -f

'this enzyme at an 1ncreased rate at an ear]ier time.'
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"B, Loss of Transient Repressidnin:an-ise Deletion HMutant

The sxmw]ar repression pattern observed in strains 3000 (inQ
duued) and 3300 shows that a change from i¥ to 47 does not by'1t?‘)
‘ :se1f alter the repression caused by g1upbse. This 1mp1ies that,
unlike the weak 1nduce( lactose, IPTG fu]ly-induces the cell so

. that in the présence ofvlﬁTG an,i+_strafn behaves towérd ffansient

repression like an 1~ strain; Thi$ obsdrvation does nof exclude
ivlthe ifgene product~(the fepressor) as a:possiblé cand&&éﬁévfor

_ 1nvolvem9nt,id catabolite repression, since in both induced strain :

© 3000 andlin,strain 3360 repressor is present, ‘In stréfn 3060 it
has been a]iered by 3ntéréction with 1nduéer, whereés 1n'stra1n |
. 3300 it has been altered by mutation, w{th‘pﬁysiologicaIYy similar ,.H
consequences. The mutational change in strain 3300 seems complate
since IPTG has no effect in this strain either in the presence or
absence of glucose, | |

Deletion of both the 1§ and'o,gengs.‘as in straih og7. results
vin the tofél loss of the transient repression, but the steady »
differential rate of enzyme synthesis jn the-presence of glucose
was similar to that in strains 3000 and 3300 after recovery from
the transient repression. We may thus concludevthat transient
repression is dependent on the i gene or the o gene, or both, but'
that the decreased final rate of enzyme sunthesis inAthe presence
of qlucose 1s independent of these genetic factors, The requts‘

with strain RV/F, which differs from strain o in possassing a

67
functional 1 gene, the product of which is known to be able to

20

affect the trans chromosome,“" agaln showed no transient repression,



7‘aféis dominant to i

C'if.ivconstitutive. _

,_;other three strains. Since in the i-o gene regu]atory system ‘
* 20 and because strain °67 is a complete operatorl;f

57 , no difference would be expected between strains

| “?1*f067 and RV/F 1t the transient repression is’ denendent only on the o

'7ii-o system, and no difference was found Also, since the only

7fl.fifeffective difference w1th regard to the iac operon requ]ator genes

| :?nivbetween strains °67 and RV/F is the presence of 1* in the latter

"'iiif ompared with 1de1 in the former. 1t 1s certain that the {-gene

E *}Tyf“product has no roie n transient cataboiite repression 0"1655 the :

”i;ioperator gene is functionai These observations, however. do-not _fs

"e~f;prove that the i-gene product is invoived in catabolite repression. f

‘,,y but oniy that a functiona] operator gene (as in strains 3000 and

S %3300). or at Ieast a partly functiona] operator (as in strain

, z’%ZOOO-oc) is required.-

Since strain 2000-0 is oniy about 10» constitutive by virtue :

' %.r:of 2 mutation in the operator gene which presumabiy leads to a

'?T‘L\decreased affinity between the repressor and operator. it might be

- _n‘predicted that oniy the inducible part of s-gaiact051dase synthesis o

| ’f‘fshould show transient repression with giucose. However. as is

:shown in Figure 9 it was found experimentaiiy that the- uninduced

if-;f7synthesis aiso showed a transient phase and that. in fact. the

“'=Ton1y differences ‘between induced and uninduced synthesis were the_;

'°f-higher rate of synthe31s and the greater percentage recovery in f’

f‘synthesis after tne transient repressxon in the cuiture with added i?

":IPTG, The main Significance of the resu]ts with strain 2000-0°
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“tants have an altered glucose metabol1sm.3? Also, Neidhart

- -69- ’

‘"°'c6mba}ed:wfth‘sfra1n 027'fs that gven'partiaI functioning'of the.
: operatok gené is enough td permiﬁ transient repression._vOne may
thus 1nteépret (but not prove) the pattern shown by strain 2000-0°¢

' :;:‘ as due to activation of the 1-gene product dur1ﬂq catabolite re-

v f;vpress1on so that 1t now has a greater affinity for the operator,
.E!¥¥' 11ead1ng to a repression of enzyme synthesis. Th1s could not
>' f :happen in st#gtn RV/F, because 1n that strain the Operator is
| 3:?believed to be totally deleted, so that increasing the degree -

‘ N ,f? of actfvation of the repressor would not be expected to produce |

”'Jafany effect.

~ Even though the four strains 3000 3300, °67' and RV/F are -

c1osely_re1ated genetically and were selected and isolated on‘the

' “ basfs of the characteristics of their lactose genes,57 it is
?i';_ poss1b1e that other changes occurred and contribute to the ob-
- “served differences in repression in these strains. The transient

_fesponse in catabolite repression can be abolished by a change in

qlucose métabdlism with no alteration of the lgg_operon,37 and a

~claim to have isolated strains resistant to catabblite repression

" by virtue of a change in a regulatory system specific for this

26’27 has -been criticized on the grounds that these mu=

41

isolated a mutant of Aerobacter aeroqenes which lacked glucose

‘repression of induced enzyme synthesis, but was still subject to
'j’repression by glycerol and gluconic acid: and this mutant strain.

~was shown to have an impaired glucose metabolism. Three criteria

have been used to test the similar1tyvof qlucose metabolism in



"support the idea
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'»ffgibbfkfhfér’ahd ibw fémperature§. and thfs'repreSS1o£ is at 1easth,

f'9?{fpart1y reversib!e by IPTG, S0 that. the bind1ng sites for inducer ""“ib

"'"{: and operator have not been lost even at 42°, This 1eads to the .: |
‘v }poss1bi11ty that at 42° a form of repressor 1is present 1n E 321

:'*liwhich_has 1ittle or no repressing activity unless it is first

actfvated by ONPF " The fact that strain E 321 Also‘show5>tran-’ |

'f';sient catabolite repression at 42° suggests that repressor may
%f;%?ra1so be. activated by glucose metabolites, These results 1nd1cate
‘-';:that changes in susceptibility to ONPF repression and to glucose

~::,:repression are both due to mutation in the i-gene locus “and

47

‘flithrough repressor-operator interaction.

It is not known why strain WI-4 is- anoma]ous 1n showing no

. ~ .acute transient catabolite rapression at 32°, but since th1s strain‘jiagf}f f?;,‘

'and 1ts der1vat1ve £ 321 do not grow normally on glucose (see page rlf,.;'

43) and since it is known that a change in glucose metabollsm can

4,52

cause a loss of transient repression, an altered glucose

+ metabolism may be the explanation.
Strain 230 U is an i~ point mutant, and therefore presuﬁably R
.contains an altered'repressor molecu!é.- This strain is fully

constitutive and doés not respond to ONPF, but does'exhibif tran; o '

sient catabolite représsion.37 Since transient catabolite repres-

. sion appears to be effected through the repressor, it appears

that at least for this strain glucose metabolites are more power-

ful than dNPF in promoting the binding of repressor to the operator,

that transient catabolite,repression is mediéted_Q{}vgh”
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e ,:/';~ o | o .
D. Effect of Glucose on i~3YS and 1°SYS/i* Strains

" The ébsence of tranSient repression in the i=SUS gtrain §ub—
, pbrf§ fhe 1de§ of a ro]é fof the repreﬁsorbih this phénoﬁénon; ,
.The repressor in this strafn has presumably lost aff1n1ty for the f" o
operator, giv1ng rise to the constitutive phenotype, Gilbert and .

- Muller=- H111]6 have shown that this repressor has also Iost affinity ;

'_'for the 1nducer. This argues strong]y for the presence of a large

:C:?unctional deletion in the i-gene in this strain, and is thus cono'..
sistent with transient catabolite repression being modiated by the
i-gene product. The 51mu1taneous restorat1on of both inducibility
and trans1ent repression by the 1nsertion of i* into 1~SYS confirms T
this conc]usion. | | |

" The observed re]ation of transvent catabolite repression to

various mutations in the 1-gene may be exp1a1ned by a mode1 in

‘wh1ch the repressor is a trivaTent mo]ecu]e rather than the bi-
valent entity orig1nal1y suggested by Jacob and Yonod, 20 This 1dea
has been brief]y discussed by Clarke and 8rammar.8 and was also con~; ‘_;N
‘ sidered‘by'Loomiﬁ ahd Magasén1k25 but was fejected by them for -

8,47 The three postu-'

reasons which were subsequently cr1t1c1zed
lated sites on the repressor wou]d be an inducer-interact1ng site

.(I). an operator—interacting site (O), and a catabolite corepressor~,fs
interacting site (cr)., Ac c0td1ng to tnis model 18 the O-site
1nteracts with the operator in the absence of 1nducer and prevents ~' 

‘transcr1ption. In the presence of 1nducer the I-site binds to the

{nducer and ihe O-site is allosterical]y modified 1n such a way: that



"¥:§?;and 1ncreases the affinity of the 0-site for the oporator. Thus =
. ﬂ?'the CR- and I-sites have opposwte effects on the degree of b1nd1ng .

“'rfﬂ;of the repressor to the operator, and can be vicwed as being comnet

Q 5?}}fcatabo11te repression may be compet1t1ve phenomena.6 By letting

B '- ,;the th ree repressor sites mutate 1nuependcnt1y and by combininq the

L g-gaTact051dase, which is needed to hydrolyze the k-acetyX 1actos-i:§;f

v _74_.

~1t no longer has affinity for the operator.,and transcription pro-5

36 -

5 .;ceeds.-‘ The CR-site interacts w1th the catabo11te corepressor :,f

- 1t1ve._ Evidence has been puinshed 1nd1cat1ng that induction and”

fﬁiappropriate alleles for the three sites into one gnne, a11 the known,
\f phenotvnic varmat1ons of transient catabo11te represswon behavior

’can be accounted for by this mode1

" E.. Glucose Repression in a Catabolite Repression Resistant Mutant H‘ffi\{;:':“
Loomis’and ﬁagasanik-iso]ated a mutant of E, coli that was I

A

:'ab1e to grov 1n minimal medium with NnacetyY 1actosam1ne as the

“sole source of nitroaen when 0.4% glucose was a1so prosent in the

"meu1um. This mutant was. thus resistant to g1ucose repression of .

* amine and make the nitrogen available to the cell, " They reported

Ry ‘that the differential rute of. B-ga]actosxdase synthesis for the CR™ . :

. ;ﬁ3 or 20% higher than when the same train 1s grow1nq on’ qucero]

'-vm1nima1.med1um.

- mutant LA12G, when growing onwglucose min1ma1 mndiuq, is the same -

26,27 They did not pub]ish any kinetics of g=

'.gqiqctasidase'synthe51s and did not 1nvestigate-the response of |
o the synthesis of this enzyme when glucose is édded to induced ce115  |

. _‘growing on glycerol minimal medium, as has been doue for the other St
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strains 1hvéstigated 1n,this present work, .As shown in Figure 17,

when this same glucose éhift experiment is done usihg strain LA12G,

1 which was reisolated using qumisland Magasanik's 1nd1cat1ve'p1ate

assay,26 a transient repression was observed and the specific rate

of B-galactosidase synthesis recovered to 84% of the rate for
~growth on glycerol, Although the permanent phase of catabolite
~repression is still seen with this strain, the percent recovery

s the.highest measured for any sfrains that are reported in this _tv

'study._ The final specific rate of g-galactosidase synthesis after

addition of glucose was usually 35% to 50% of the rate before

glucose addition, and 71% in Figure 13 was the highest other value - I

obtatned, It thus appears that when measured by the present tech-

nique, the glucose repression of g-galactosidase in strain LAI2G

. differs in degree but not in kind from that observed in all other

strains studied.

/
{

F. The Permanent Phase of Catabolite Repression |

In all of these experiments, there seems to be no relation

‘ ~ between the length or severity of the severe transient repression

- and the final percent recovery of the specific rate of g-galactosi-

dase synthesis, There does seem to be a loose relation between the
degrée to which growth is increased and the deqree to which g-
galactosidase synthesis is repressed by addition of a second carbon
source, A This 1s shown for different concentrations of the same

added sugar in Table II, and for different enrichment mixtures in



'“'-~'ﬁif;Tab1e III However. no quantitative relationship can be found

y 76

‘.'5T1and the trend for greater growth stimu1atioﬁ to Tead to qreater ;i' e

"' repress1on,1s~not-consistent in Table II. espec1a11y at 0.1 M

" glucose, where'ﬁhe growth was slower than on glycerol alone, yet e

,‘jvg.ga1actosidase was severely_repressed. o '
Iﬁ is genekal]y agreed that .a relatfonﬁhip‘é*1sts between,i-; ﬁ
’:catabolitg_repression and the rate of substrate metabolism, Many.:;z
;'ﬁobservations suppoft this View,'which_wés f1}§t fo%mq1ated on the .i;

31,41

. basis of studies of Aerobacter aerogenes, . 0k1naka and

. Dobrogosz44 grew a ML strain of gé_ggllion 17 different carbon and_iit
 n1trogen sources, and plotted the grbwth ratevagainst the differ-i;;Jw
-ential rate of c-galactosidase synthesis for steady-state aerob1ck ]
'-f.growth on each medium. They found that in qeneral the higher the ;:
“rate of growth_the greqter_waS-the effect of'catabo11te repression By
47Z _on B-galactosidase. : 'f1_§4; |

.The results reported in this thesis show that in the lac

B operon acute transient.repression is mediated”via the operator ;

_ gene and the product of the regulator gene, These same results R

also indicate that the lac control genes are not involved in the

: permanent phase of catabolite repression. which {s always seen afﬁer{f ff7

l'; recovery from the severe transient phase. when it 1s present, It
_thus seems that this permanent phase of repression may not be a
. spec1fic;11y controlled repression, but may be only an apparent
) repression, on a;differential basis,,produced vhen glucose stimu~
lates an }ncrease in thg rates of synthesis of many other proteins

during the growth shift-up, with a consequent dilution by default
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: ofyaIl'proteins not so stimulated,  Increqse§'1n growth rate are

vknown to be associated with increases in the proport1on'of total
. 30 .

protein found in the ribosomal fraction,” and the synthesis of

enzymes specifically associated with glucose metabolism is probably.
a1so,st§mu1ated. .Sincebs-galactosidase is an irrelevant enzyme as -
far as gluéose metabolism is concerned, its rate of synthesis would

be expected to suffer by comparison with the rate of total protein

' .- synthesis. The study of alkaliﬁe'phosphatasé. another enzyme.ifré-‘

IeQant to_g1ucose metabolism and one that is considered not sensi-
 .‘tivevto qlucose repression,zg and certainly not subject to any ‘
acute form of catabolite repression, provides a test of thi§ none
specific dilutidn hypothesis. Figure 18 shows that in the related
strains_og7 and 027—10, both B-ga1actqs1dase_and alkaline phospha=
tase are repressed to about the same extent by addition of glucose, -
.The studies using chloraﬁphenicol also Tend support to the {dea
proposed to account for the'permanent'phase’qf‘cdtabolite repression,
Chloramphenicol 1s an inhibitor of @rotein synthesis and appears to
_cause catabolite repression when used at 1oﬁ concentrations, suffi=
cient to cause only a partial inhibition of growth,58 Table 1V
shows thaf in strains 3000, 3300, and 027. a low concentration
(1,27 ug/ml) of chloramphenicol producad about as much repression as
g]ucoée in the phase after recovery from acute transient repression,
The reason for the particular sensitivity to chloramphenicol in strain -

PY/F {s not known. The results in Tab1e V show that glucose and

chloramphenicol repressed the synthesis of g-galactosidase in strain

c-

027 and of alkaline phosphatase in strain Op 5

10 to about the same

extent,



 .;:been divided into two phases, the transfent and: the pormanent re-'

: pressfons and therefore most of the early work which invnstigated
M'the effects of various perturbat1ons of anabo11sm and of cataholism  §?}
’iffi?on the synthesis of induc1b1e enzyres probab1y is app1icab,a to the'f:5f
:-fvpermanent phase and not to the transient phase of catabolite repres-;j:
_“ sion._ The transient repression 1is on?y seen when many samples are ;
, 'fséyéd over a short period of time after the chanqm in conditions  “;5ﬁ5

' ;f; which caused the change in rate of synthesis of the enzymz of 1nte-
‘1.rest.v_Most of the experiments in this thesis were designed to in= f;7¥ﬂ;5?l£;'%

vestigate the transient repression of s-4a1actosfdase, and the'

s ;¥:‘;the same 1 and o genes which were used to control the induction of .
‘“”Tf this enzyme (and}the whole lactose opéron); However, these same "
4;fresu1ts indicated that the_permanéntiphase of’catabo{ite repressionfﬂf

‘; ,¥ of this cperon was not controlled using the i and o genes,

‘ "'j cussed in the first section of this thesis, the hyoothesis of
- Neidhart and Magasanik, 42 which postulates that catabo11tes which :  2'}'  SR
" _are formed from glucose accumulate in the cell and repress the ‘ :”r7f _‘37 i

"formation of all enzynes whose activity would augment the already'

78~

The phenomenon of catabolite rebresSion'has oniy’febentlv"

_J;_resulﬁs showed that the transient repression was controlled through'"ff ‘} |

The question then arises, what is the mechanism re5pon<ib1e e "
for the permanent part of "catabolite repression. Any proposed
scheme must be able to account for aTl the accumulated”observatidns' "'”;

of catabolite repression which exist in the literature, As dis-

~ large fntracellular pool of these compounds, seems to be consistent s

with the observed effects of changing the relative rates of e
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anabo?isﬁ and‘cétaboliém on the degrée-of rapressién‘pf jnducib!e
catabdliévenzymes. | v L | ( |
The catabolite repression (CR)'gene hypothesis of Loomis and
Haqasanikzavis one attempt to.acgount for the changes in ihe level
of permanent catabolite repressfcn caused by va?iousvenvir;nmentaT
changes, Howgver. this model is weakened by the difficulty of pro- o
v1d1ng'$ sitéffdr interaction with the proposed second repressor,
the CR repressor, to control the rate of expression of the 1éctose
.;'bperon'génes. 8oth the operator-z gene end and the permease-
transadety]ase end of the_lactose oparon have been eliminated as.
possfbilitiés, and the only remaihing site fn the Taetése operon 1s
the ragion between fhe structural gene for g-nalactosidase {z qene)
and the structural gene for permease (y gene).» |
The no specific control or dilution hypothesis proposed in

this_thesis fs another attempt to explain the none-transient part
of catabolite repression. Because conditions which increase reQ
pressién afe the same ones which nbrma11y‘incréase'the rate of |
growth, it may be true that large increases in the rates of syﬁ—
| thesis of structural proteins and proteiné fnvolved in qrowth and
division occur when glucose or similar metabolites are added to

E. coli and therefore all other proteins, although not speciFiQ3
Ac$11y'repressed, are}made in a smaller percentage of total protéins.}
The analysis of the patterns of total proteins made using acrylamide
gel electrophoresis was one attempt to test the plausability of this |
1dea, Because E. coli synthesizes ahout one thousand different | |

proteins and only about 20 different bands are visible on the stained




‘ ;E’unsupported and a rigorouv test of it w111 be di‘ficuIt. ﬁne o

;1Tj“‘sta1ned protein)

N‘,;'dels"a-Qu1te:d1fferent'pattern when a given strafn 15 qrown'oni L

‘j»different media would lend support to the 1dea. but little: change

' 1n e1ectrophorctic patterns woqu not disnrove the idea. The
' /

.3, findinq of these exper1ments Was that di‘ferent strains, even vhen L

“T?;f’quitn close]y genetically related, gave elcctrophoretac patterns f.'_f_

more different than those from any one of tnese SLPdiNS‘QPO?H on

"3E~severa1 different carbon compounds. Thus this hypothesis remains’ g

) A?‘;?iinprovenent would he to use 1abeling fntroduced at the time of thelﬁ"

':change 1n growth conditions to see 1f the protein made after the

change (the radioactive protein) has the gamé_pattern of banding as*ff‘ .:;157-u

the protein made in the period before the environmental change (the: = R

_ Catabo!ite repression has not been studied in as much detail
'Zfor other onerons and other enzymes, It is not known how genera?
is the two-phase repression shown for catabolite repression of 35 

- ‘galactosidase in E;{¢011., Future work will show how the rate of

~expression of other operons {s controlled and affected'by changes ~ il

. in the environment, and thereby will tell ‘us whether- the catabo.1te L

"'ﬂurepressioniof sagalacto idase is a contr01 mechanism that has qenera17f“j:f :

application,
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V. SUMMARY AND CONCLUSIONS -

'~Thé'fate_of synthesis of the enzyme s—galactogidasé'is viewed

as beihgvdetérmined by a balance betwaen the competing effects of -

vibductfonvand'catabolite repression. The phenomenon of catabolite

repression is considered‘in two parts: the acute transient phase,

“which is usually observed when‘g1qcose is added to cells of

Escherichia coli growing on glycerol; and the permanent phase,

~which is shown by all strains and which persists as long as the

added qlucose 1s present. By studying the kinetics of gegalactosi= o

. dase'synthesis before and after the addition of glucose to each"'
Iof a series of related strains, including 1", i~
_lefed. {t is demonstrated tﬁat the acute tranéient phase of cata= |
‘bolite repression in this éystem is mediéted.through the operator
gene of the lac operon, o

| The specific role of the lac repressor ({-gene product) in
transient cataholite repression is 1nvest1ga£ed by studying the
pattern of repression by glucose at high and lYow tcmperaturés in
- strains of ga_ggli;with temperature sensitiQe.mutations of the i
gene, A sirain possessing a thermolabiYe'repressor hecomes par=-
iially constitutive, and loses its trans1eﬁt r@pression when grown
at 42°, The 1nv01vement of the {-gene repressdrfin transient re=-
pression 1is also studied using a strain carrying an amber supressore
sensitive mutation in the i-gene, This strain is phenotypicalfy

| constitutive, and also fails to show transient catébo?1te repress

sfon, When F-duction is used to insert F lac 1* into this strain,

,and { and o de=
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t'iﬂ;both 1nduc1b111ty and transient repression are simu!taneous1y rea~v" 
“.“';g'tored It 1s concluded that the {-gene Product 1nteracts with a
liv;tcatabOTite corepressor in a way that 1ncreases the aff1n1ty of the
 :-i:f1~gene repressor for the aperator, thus 1ncrnasing repression of
};;fﬁjvﬁ-ga1actosidase._ﬁ | | |

' _The re1at10n of the chronic permanent phase of catabo11te

7ﬂlrepress?on to both rcpression of alkaline phosphatase and repros~
"vﬁfs1qn.caused by lov levels of chloramphenicoljis considered, and it }f?T

'.f;,is §dgges£éd that the permanent phase of catabolité repression s .

’g non-specific and does not influence s-ga?actosidase synthesis via

’ gthe regulatory system of the 1actose operon,
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PR ’)f ' APPENDIX 1 8 )
"“!ﬂ”i; DISAGGREGATION OF PLANARIANS 8

; .. P

This work was begun soon after 1 came to BerkeTey and Joined o

'# Professor Calvin s group in Septembert 19:2 Both ce11u1ar and

i  molecular disaggregations were attempted, the ultimate hope being ’
that.planarians could be trained to run mazes, and then disaggre-
gated'and the molecules.which stored the new‘memorylidentified ‘ |

~ and isolated | | -

' Severa1 enzymatic methods were attempted using papain tryp-
sin. pancreatin, collagenase, hyaluronidase. and Xysozyme in con-
centrations ranging from O, 4 to 3,2 mg/ml The wornms usua11y1d1ed
;i after 1ncubation at room tempergture for one day,'but microscopic‘
exahination showed only pieces of tjssue and ﬁmaller aggregétions -
‘of cells with very few isolated cells, | f | N

In non-enzymatic attempts it was found tﬁat:TO.Q mg/m sodium,‘:w:
!sury!lsnifé o sglution would ccmo!a* y diss o’ve a planarian in
one day. Doth O, 5 mg/ml sodxum lauryl sulfate and 29% 020 had
similar . ffects: the inside of the worm would be released, 1eaviﬁg_

" a shell-like piece of skin, MaCl (0.25 M) and distilled water had

only slight effects on;the worms--whicﬁ would die after‘one week ,

would have thé mucus greatly loosened from thé‘undefside of the

~ body, and could be easily broken up with a stirring rod, Mo whole

cells were visible in any of these preparations, |
The ultréviolet spectfu of planarians treated in several wéys

were used in an attempt to characterize the resulting solutions,
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v :“A-fresh preparat?on of p1anar1ans by the method?of Awsevin and ' 
o "‘Tf{;Buchsbaun (K. D. Ansevin and Q Buchsbaum,.d Exp. Zoo? 14@, No. 2,?i¥
.'affAMarch 1961). when centrifuged in a clinica] centr1fuge for 2 or for»fiT

f:jﬁls minutes at maxinum speeu, gave an aosorptfon maxinum at 253 my, -

EifiTWO worms d1ssolved 1n a mixture of 4.8 mg sodium lauryl sulfate

‘ghh!i;,Plus 1. 0 mg hyaluronidaae 1n 4 ml gave a 51n31e maximum at 265- o

: "ntz,*f'270 mu, but the supernatant from a small voTume of water 1n uhich j_)

fff;z worms dind and d1sintegrated through natura] hazards qavp only a’ “"

t;@ii“f:.w;ﬁfiscattering Spectrum. when severa1 worss were minced u1th razor -
v.blades and ‘the centr1fuqed mince was washed twice with 0. ?5 " '~]Lffii“fff :
" sucrose and then resuspended in 1, O i} sucrose. the sppctra fron | i

g ;,the suspensioq/measured after various perxods pf settling and cen-5i

- trifugation,showed only: two broad peaks at 275-980 e -

Severa1 hi;tological stains were used as an aid in 1dentifyinq-?-ﬁf

~ the materia] resulting from these disaggreﬂation attempts. Di1ute-

’»,Giemsa, toluidine blue, eosin, and hematoxylin were used with and

: "without buffered formalin f1xat1ve. The best results were ngen L

,by a mixture of eos1nand heﬂatoxy11n which qave some differential

A . Lfmited disaggregation_was achieved w1tﬁ‘0.2% t?ypsih 1n‘coh- ,';j?.ii

 bination with 0,3% NaCl at ph 7-8, and with 0.1% and 0.7% hyalurom -
nidasé in combination with 0,003% EDTA and 0.5 - 1.5% HaCl, ihen

‘ stained with an eos1n-hematoxy11n mixture‘ smal] amounts of red- R n
Stained, large-sized heterogeneods materia],‘looking like cel]i :

walls or shradded tissue, and much larger quantities of light to

dark purple=stained material consisting of small particles, perhaps
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'tf:“fcéllfnﬁc191;fwére'vaible; Many 1nd1V1dua11y 1soTated particYOS

r;'?f'were a1so seen in these preuarations. and vere tentat1ve1y identf—\-‘ B

;‘1 fled as nenblasts. -

The best cellular disaggregation obtalned was accomplished

ing a mcthod developed by Charles Barnes (Universzty of Caiifornia
v vMedica) Center. San Francisco, Personal Communication). One plana- B
rian was put 1n£o 1,0 ml of a fresh solution of 40 mg/ml highly
| puri”ied trypsin (Worthington 81ochemica1 Corp,) with 3, 5 rg/ml
- MaCl qnd 0.0o‘mg/ml CaC12 and an adjusted pH:of 7.8, After about
30 minﬁtes.thé worm was dead and broken into pieces. The super-
natant'was.then decanted and repiaéed with an equél.g01ume 6f the -
same enzyme solution. The suspension was then agitated with a
~small spatula and repeatedly drawn into and expelled frém a small
"~ bore 2 mi pipette, yielding a suspension that contained no particles {f
.or aggregations large enough to be visible at 10 X magnification, .
Examination at magnifications of 440 and 900 revealed little broken
or shredded material, but many round partic]és called neoblasts and
several rodvshaped particies'that Tooked like rhabd1tes; Prepara-'
tions made by this method were centrifuéed’for 30 minutes at 20,000
x 7 on a stepped sucrose nradieﬁt of 0,75, 1,00, 1.25, and 1,50 H
sucrose, Some separation was obtained, but few intact whole cells
could be found in any of the layers,
Molecular fractionation experiments wefe;done with 14c-Tabeled -

planarfans, In the first experiment 57 worms were put into 15 ml
of sprinq'water contafn1ng 4,0 ng of sodium phobidnate 2-CM (10.6

uc/tg) with pH adjusted to 7.2. The total activity of the supernatant'lf



R _ _‘worns were renoved rinsed repeatedly and homogenized in 5 ml of

=90

i; decreased approxfmately 11nearly from 68 x 10: disintegrationslmin.f

| if;1n1t1a1!y to 32 X 105 dis/min after 2 days.‘ On the second day the.

0 1 ik tris buffer, pH 7. 4, in a g1ass homogenizer, "The homoqenate*[l;n
- was centrifuged for 10 min at 1800 x g and again at 207,000 x q.

. after addition of NaCl to 0.1 M. This clear supernatant was next .

 n§gi'sp1ra1 string drip method (v, D. Hospe]horn. Anal. Biochem. 2, 1924
‘llfia[1961]).« The non-dia?yzable material was concentrated to about -
"1‘;1f0 2 ml usinq "Aquacide” and then wasned from the dia1ysis tubing

| "xaand recentrifuged The resulting supernatant was put onto a

‘ i’?;spectrophotometer, and the optical density at 280 and 260 my was N

.. counting, A Small optical density peak at tné_exclusion volume of

. [/
'<;Vd1a1y2ed overnight aﬂainst 0. 01 M tris buffer, pH 7.6, using

:3;> 1 x 20 cm DEAE Sephadex column and eluted w1th avgradien:_elutfon"f

apparatus, running from 0.01 ¥ tris buffer, pH_7.6, to 1.8 g_NaC1;?ag

fach 1-m1 fraction was scanned from 290 to 250 mu\with a Cary_14

plotted for each fraction. Samples were alsnvremoved from selected -

fractfons and the ]46 activity was measured by‘Tiquid écint11lationf¥

: k@he;cblgmn‘ﬁhd a 260/280 my absorption ratio of 1,0, and contained

. most of the radioactivity that came off the'cclumn. This was

probably unchanged;propionic acid, A 1arg¢ sharp peak with a
260/230 ratio of 1,6 was next to be eluted,.and was followed by a
broad peak having a 260/280 ratio of about TQf and only a Tow- level
of 1abe1inq. _

Another batch of worms was labeled for three days and homo-

genized and centrifuged as above, but not dialyzed. The supernauant_ﬁs



_ !;;i waslfhénpapb11éd in the coldroom to a Séﬁhéde¥ ¢-200‘co1umn equiIi; ;5ft.'”

R}

S A

‘brated w{th pH.7.8 phosphate buffer,. Fractiqhé were collected, andlléf“ ;
absorption at 260 and 280 mu and radioactivity were measured and  ;Qi;v‘
plotted for each fraction. A single large peak of activity and of B

B opticai density (with a 260/280 ratio bf 0.6) was eluted from the

column, The radioactiVity peak was dispTaced‘from the optical denén»v" )

sity peak and was eluted slightly, earlier, This expefiment was

) repeated with another batch of labeled worms, and was fractionated

 'vusiB§ a véry s)bw running G-200 Sephadex column and 0,01 g.phosphate  T f;'
:buffér'étﬁH.é;O. This time two peaks were eluted: the first had BN

© a 260/280 ratio of 0.82, the second a ratio of 0.62. The First

peak had a specific activity related to optica1‘density t&ice’as ‘

~ high a§ the second peak. The fractions corresponding to the second

- peak were pooled, concentrated over HZSO4. and rerun on another

| G~200 column, This gave a single peak with a traiTing‘shbu1dér and :_U

almost equal 260 and 280 mp ébsorptions. TheApeak fractions and

the shoulder fractions were pooled separate1y;‘concentrated, and

one-han'o? each was hydrolyzed 1n.6 N HCY, 'These four samples were .

then chromatographed on baper in two dimensions with phenol-water

and butanof—propionic acid-watef. but for some unexplained reasén

the films put on these chromatograms showed no exposure after four |

. weeks,
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APPERDXX II

:IVDUCTION oF B—GALACTOSIDASE xn ozo CULTUREQ f;“_fliﬂilf_fﬁ

e

';'Becaucé of the possibi]ity of learning something more about thé‘cﬁ,

~.iprocess of induction of g=galactosidase in Escherichia coli, it
. "~zﬂ seemed worthwhfle to attempt growing E. coli in media containing

_ -'i high concentrations of 0,0, and then to study the kinetics of enzyme ’;

: 'filf:production when these cultures are induced, | o
. Strain HL 3 (i+o zty ") was innoculated 1nto M63 g1ycerol medfa ifi?

) containing 0, 5G, 75, 90, and 99% D,0. urowth was followed by e
.periodica11y measurfnq the optical density a* 650 mu.a The 1ag K

'“?fF"L_; "before measurab1e growth occurred was longer for each increase 1n

-DZO concentration, and the doubling time for the 99” DZO culture j_-ff

"ffjx; was 3.2 hours, or about twice that for the_contro1vqu1ture 1n nore Q;?:_ff?gﬁ;-‘

L mal medium. , - :
The cu]ture that hdd grown to stationary phase in 90% DZO was_‘ffoiﬁ"ifg "y
subcu?tured into fresh 90% 020 M53 nlycero1 medium and 1nduced B -

with PTG at 5 x 10°

# when the 0.D, reached about 0.4, Samples
“were removed at one minute intervals and oddpd covtubes containing

~ toluene for assay of s-galactosidase as described in the main body
of this thesis. The doub]ing time for this cu]ture was 2,08 hours
and énzyme activity appeared at 3.0 + 0.5 minutes after add1t10n
of the inducer--the sawme induction lag that is Shown by cultures

grown fn H,0 media,

2



| added to a final COncentraéion of 5 x 10

. times to give a final concentration of D 0 of QOn. and one part was;3

.93.

This experiment vas repeated with a ster11e cu!ture of ML 3

| "fgrown to stationary phase in 99% D,0 M63 glvceroI medium and sub-

cultured in the same medium. When the 0,0, reached 0.9, IPTG was

-4 M and samples were taken R

at 30 second intervals for assay of’ﬂ-galactoqidase. I8 p]ot of

enzyne activity versus time after addition of inducer showed the ff,fgff'

appearance of B-galactosidase at 3.1 % 0.3 minutes. - The doubling ‘\,%'i7f,_”

,,time for this culture was 3.0 hours.

‘One experiment was done in which strain ML 3 was grown in ordiogfffgi

',nary M63 glycero] and {nduced with 5 x 10'4 M IPTG whi]c in expo-

nential growth. Enzyme production was followed for 10 minutes to

determine 1ts rate, and then the induced cuiture was diluted into

99% DZO M63 containing 5 x 107% M IPTG. One part was diluted 10 -

diluted 100 times to give a final 99% DZQ»°°n¢eﬂtrafion, An attempt??ﬁjfh;,
was made to follow both groch and rafe of enzyme production in fi‘ :
both of these cultures. For both the 90% ahd the 99% 0,0 cultufes, ;fgf <* co
B-galactosidase synthesis probably began after the normal 3 minute

lag: for the 10-fold dilution production vas estabTished 4 minutes

~after dilution, and for the 100-fold dilution enzyme act1vity was -

measurable by 10 minutes after dilution, Data on growth in the

| . / - o
period immediately following dilution was not precise enough (be=

cause of the very low 0.D.) to determine whether growth began at a
constant rate fmmediately after dilution into the D?O medium, but
when eStab]ished, the doubling time for the 90% DZO culture was



:}  £;;€ é62,50§f§ 5ﬁ§”f§5ftﬁé,992 éultufe'wdSEB;thdﬁré;_iThe;speciffc' }°

'fﬁh;;raté,df7sydthésisf6f,eéga}actosidéSe in Aeniymé Q"fts)ynit 0.0,

2

‘ur'3f¥was 5400 for an H
f:_i? ;ﬁ§for:tﬁe IOOefold’diiuted cu]ture'withrfinal D

20 Concentfationf

Sofogm.,

OJCOBtf01; 5800 for the 90% culture, and 2800 - . -
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~ UPTAKE OF IMDUCER

":ffThnse experxments were undertaken in the Fall of 1963 with thci; ;';“f:

f hope of learning something ‘about the amount of inducer that was |

8 fvtaken 1n and bound by E. co]i in the process of induction of the

o Tactose operon, This work was done long before the lac repressor

'-}ihadkbeén_successfully.isolated §nd identified as protein, A pera.

- mease négative strain was used to avoid the complication of con-

centfation of'in“"cer that occurs in y* strains. Methy1-3°§-3-0-

| galactqside (TMG) with a specific activity of 27 uC/mg was used in  «: -

these experiments. Because of the 87 day half-life of this iso=
tope; the labeled THMG was repurified by payhr chromatoqraph/
using butanol-propionic acid-water,

Several experiments of the following ggneraT tybe wefe carried
out: a Cglture of bacteria was grown up, ceﬁtrifuged. and resuse
‘ pended in twice the volume of the packed Ce11§Ato_give a 50% suse -
vpension of cg{ls. Equal volumes of 1abe1gd TMG were added to each
of two tubes containingvlgo m} of the 50% ce?]_suspension, or 1,0
ml of growth medium, The cubes were fhen incubated for various
lengths 6f time, the cells were centrifuged, and the supéfnatant
and the blank tube were counted énd_the activities compared, The
ratio of the activity inside the cell to the activity outside the

cell could then be calculated fbr different concentrations of TMG 

“and for different times of incubation.
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: ?ivsfﬁFor a concentration of TMG of 1 X 10

| "ft%ltake showed that the uptake was about QOb compxate after 3 minutes : _--

-_; of. 1ncubation at 37°.'and the finaT ratio of concentration of 1n- f”

' Tf ducer 1nside the cell/outside the ce11 Was 0 7%.‘ Therefore, i¥

there were no bxnding of inducer 1nside the ce11, this would

A”,;mean that about 3/4 of the cell volume vias accessible to the

"'Jinducer.

1nducer. _At this concentration'of inducer, about 120 inducer

 'iﬁfmo1ecu1és.wou1d be present in one cell volume if tﬁcy,WEre S A

Ai distributed This result is also consisteﬁt with some o? these
a '1nducar mo1ecu1es being bound inside the ce?l. and less than 3/4

of the cell volume being accessible for equi]ibration with

A related experiment was dome in which the same y~ strain

of E. coli was harvested, broken with the French Press, and cen-
— . . »

. trifuged, iThg’supernatant was added to labeled TMG, the mixture

/ . - -
‘vias put into a dialysis bag, the bag was put into 200 ml of growth.
. medium at'0°; and thevinside'and outéide of the bag were sampled

for s;fnti?Tation couhting at various ]ength; of time after the

the kinetics of up-,, ﬂ

beginning of dialysis, At 18 hours, the ratio of activity inside/

" outside was 1,166, This ratio stabilized after 80-120 hours of
dialxsis atv0.994.' Therefora, no binding of inducer céuld be
ﬁeasured by this method, | . ; | |

| Severa1 unsuccessful attempts were also made to construct
a column containing bound inducer which could be used in an

. attennt to isolate the repressor molecule from broken cell



‘were ref}uxed'with tetrahydrofuran and InCl

'..’97;

3suspensjons._.5y}éne beads 8% crosslinked with divinylbenzene

2 in an attempt to

1'gét bound residues of the form: _styrene-CHZ-an-CHZ-CHZOH,

“which could then eventually be linked to an inducer molecule, ”

Howeyer.'nb evidence could be found for successful addition to‘

the beads.




APPENDIX IV

NTrEPTED SELECTIOV PROCEDURES FOR AND A8 ArmST e-oALACTOSIoASE
L"T.f{';;E‘ﬂfzf3/.?gx;g§‘ CONSTITUTIVE STRA'%S

The two compounds phenethy] B-DugaIactosido and cinnawylns- fiif:?i
:”;7ffD-ga1actoside were used in an attemot to seiect cel?s of E coli :;' |
’i?;which were phenotypically 2z~ under non-starvatwoo conditfonq. |
vv”;?ance,hYdrolySis_of these compounds by 3f9a1actosidase releases R
ic:pofsooousvoloohoTs constitutive cells should be selected agoinst.vq.r
.fand these oalactosidns are referred to as suicide compounds. '
.However, whon soverol stra1ns, inc1ud1rg i i ’ y ,and y°,
 were p]oted-on concentrations of phenothy}_ano cinnamy? o}cohol.

" that were shown to inhibit Growth of these strains, no signifi- .

lfo!§~ cant decrease in the_numbor_of colonies onnfholplotos occurred, .
Dr, Melvin Cohn (Personal Communication) o}$o~fouod that these

-galactosides did not function well as suicide ‘compounds for

selection of lactose negative ce11s but only orrcsted growth

reversibly under certawn conditions,

The compound threonyl- B-D-galactoside uas synthesized
‘commercially, and was to be used to se1ect ce]1s that were

resfstant to catabolite repression and heﬂco uou1d Syﬂthesfzc _ ;'§2j;51;|

'Bfgalactosfdase_in the presence of g1ucose. A threonine re-
quiring strain would be used for the selection. since 1t could
xv not grow ‘unless it made B-Qaloctosidaoe, nécéssary to make the

':threonine available to the cell, The'comoound was made and'



o
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: Kiveriffed to be the risht 1somer by HMR, but 1t was discovered'
"‘7w¢ﬁ5,that g.ga1actosidase would not hydrolyze th1s qalactoside in

B o vitro._.. f-x"‘ -

The compound 2 NH2-1 3-butanedio] which differs from

."”V?Tithreonine on1y 1n having a -CDOH 1n place of -CHzOH was also : L
"~vifwfed to a threonine requiring. strain but couid not be used by'

“"f-this strain;in place,0|'tnreon1ne.

“
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