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ABSTRACT

Recent work with a mutant CRP independent of the c-AMP requirement 

for induction of the lactose operon suggested that the CRP binding sites

in the promoter regions of the inducible operons are dissimilar. A 

mutant strain was developed that is independent of the c-AMP requirement

for induction of the arabinose operon, but dependent on c-AMP for

induction of the lactose operon. While the mutation was not reliably

mapped to crp, several lines of evidence indicate the genesis of a second 

form of c-AMP independent CRP selected for inducing ara. This suggests

that CRP binding sites in lac and ara promoter regions are dissimilar,

and therefore, all CRP binding sites are dissimilar. It is proposed

that regulation of transcription may occur by unique variations in

promoter region sequences.
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INTRODUCTION

The Regulation of Metabolism

The phenomenon of enzyme adaptation to specific substrates by

bacteria and yeast has been known since the beginning of the century.

In enzyme adaptation or induction, as it is now known, enzymes are present

at significant and effective levels in a cell only when the substrate

of the enzyme is present. If the substrate is removed or degraded,

the enzyme is lost by dilution from subsequent cell divisions. In 1938 

Karstrom proposed that enzymes were of two classes: constitutive (pro

duced continuously irrespective of the environment) and adaptive (enzymes 

produced only in the presence of their specific substrate). Immunological

studies on cellular mRNA changes and studies on changes in intracellular

protein and amino acid pools before and after induction showed that 

induction was due to de novo protein synthesis rather than activation of

precursors.

In 1953 Monod and Cohen-Bazire found that enzyme levels could be

repressed. In enzyme repression compounds synthesized by bacteria as

amino acids and vitamins repress the formation of enzymes responsible for

their synthesis.

Abbreviations used: CRP, cyclic-AMP receptor protein; c-AMP, 
adenosine 3’-5* monophosphate; ara, arabinose operon marker; lac, 
lactose operon marker; cya, adenyl cyclase marker; Strj*, Streptomycin 
resistant marker; crp, c-AMP receptor protein marker.
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Later, it was found that several enzymes were regulated simul

taneously by a specific substrate, as in the coordinate induction of 

enzymes responsible for lactose transport and metabolism by ^-galactosides 

While levels of each enzyme differed and total enzyme levels varied

according to the conditions, the ratio of each enzyme level, as

galactosidase and ^-galactoside permease, remained constant. Further, 

not only /?-galactosides but also structural analogues (called gratuitous 

inducers) not metabolized by the enzymes could induce enzyme formation.

The Operon; As a Method of Regulation

In 1961 Jacob and Monod proposed that these observations and

thereby, the mechanism of enzyme regulation were due to control at the 

level of transcription. They proposed that genes were of two classes:

structural and regulatory. The regulator genes were responsible for

regulating transcription of the structural genes.

A regulator gene was to achieve control of the genes in their 

reference model, the lactose enzyme system, by producing a repressor

that prevented transcription of the lactose enzymes by binding to a 

region ’ahead* of the structural genes known as the operator. In the 

presence of a ^-galactoside or a structural analogue the repressor became 

disassociated with DNA and permitted transcription by RNA polymerase.

The polymerase recognized the transcription initiation point by a specific

binding region near the operator called the initiation or promoter region.

These processes in the lactose protein system were extended and 

developed into the concept of the operon. An operon is a group of genes

of both the regulatory and structural class, organized in bacteria to
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include a series of metabolically related proteins (such as all those 

for lactose transport and metabolism, or all those for histidine synthesis) 

usually arranged in a cluster on the chromosome. If the genes are

linked, they can be transcribed as a polycistronic mRNA, leading to the 

constant enzyme ratio described above.

It has been found that gene regulation is either by positive or

negative control. In positive control, operons function only after an 

inducer protein has 'switched it on.' In negative control, the operon 

functions unless the operator is switched off by the repressor protein.

The cAMP System

Operons each have their own specific regulator proteins responsive 

to a substrate or compound (such as a tRNA species) related to the metabolism

of a substrate. In addition, a single control protein has been identified

that is used by several inducible operons, including the lactose, arabinose,

maltose, galactose and glycerol operons. This protein is a positive

control element, and depends on c-AMP for its function. The protein was

identified by studies on transient and permanent or catabolite repression.

These repressions occur when glucose is added to a culture already growing

on a carbon source metabolized by an inducible operon. Addition of glucose

results in inducer exclusion (22) causing an immediate, severe, transient

repression of the induced enzymes. This transient repression ends after 

about half of a generation to be replaced by enzyme levels repressed to

a third of the level seen in the absence of glucose (permanent repression). 

Glucose, via the glucose transport system (PTS), inhibits adenyl cyclase 

(19) thus lowering c-AMP levels, resulting in fewer CRP-c-AMP levels for



promoting transcription. This phenomenon is believed to be a major

cause of permanent repression.

Two types of mutations resulting in resistance to catabolite 

repression were identified. One type occurred in cya, the gene for 

adenyl cyclase. The other type identified a protein factor later 

identified as the CRP (7).

Dependence on the CRP-c-AMP system, therefore, results in repression 

of transcription of inducible operons in favor of the preferred carbon 

source: glucose. It has also been suggested that the c-AMP control 

system provides a way for the bacterial cell to balance available energy 

for synthesizing inducible mRNA against the synthesis of other mRNAs and 

other RNA species (12).

The CRP

The CRP is a spherical protein (20) with a molecular weight of 

45,000. It is composed of two identical subunits (22,500 daltons 

each). There are two regions in the protein: the c-AMP binding region 

(CRP<x) and the DNA binding region (CRPj3). The protein contains two 

sulfhydryl groups (cysteine) buried in the CRPa region and two available 

sulfhydryls (cysteine) in the CRP/? region. On binding c-AMP, the CRP 

undergoes a conformational change, involving the approach of the two 

opposing faces of the CRP/3 region. Each face adopts a /jsheet conformation. 

The available sulfhydryl groups approach each other, but do not form a 

disulfide linkage as this would inactivate the DNA binding ability of 

the protein (8, 20). It has been proposed that the protein exists in

two forms, inactive and active. In the absence of c-AMP equilibrium
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favors the inactive form. C-AMP binds preferentially to the active 

form, resulting in equilibrium favoring the active form (21).

The binding of c-AMP is highly specific, with structural 

analogues failing to bind or inhibiting DNA binding. The c-AMP site 

is believed to recognize the ribose, cyclic phosphate, and base moieties

(2).

Binding to DNA by the active CRP-c-AMP causes another conformational 

change in the protein. The binding is believed to occur by the anti

parallel ySsheets of the active protein recognizing symmetric DNA 

sequences (8, 20). The specificity of this recognition, however, is 

not rigorous. CRP-c-AMP complexes have been found to be able to bind 

to a variety of natural and synthetic DNAs. However, conformation 

changes in the CRP-c-AMP complex occur only when binding to the lac 

promoter region (20) and binding is 7 to 11 times better to lac promoter 

regions than to non-promoter regions. On the basis of this preferential

binding to the promoter region, it is believed that the CRP promotes

transcription by facilitating DNA-dependent RNA polymerase binding to 

an adjacent site (15).

The Ara and Lac Operons

The arabinose and lactose operons are both inducible operons that

depend on the c-AMP positive control system for transcription.

The lactose operon is composed of four genes, a promoter region, and

an operator region, all linked. The genes and their products are shown

a



6

The lac i gene product is the active form of a negative repressor

protein that binds to the operator. It is able to sterically inhibit

transcription by blocking RNA polymerase passage. The operator may also 

overlap the polymerase binding site. As stated above, the repressor

dissociates from the DNA if an inducer binds with the protein (12).

In addition to negative control, the lac operon also has the

positive c-AMP system. A CRP binding region is located in the promoter 

region 'upstream' from the polymerase binding site.

cap Binding site . POLYMERASE. OPERATOR

PROMOTER

Apparently, an interaction occurs between CRP and polymerase

transcription occurs. Mutants unable to bind CRP because of 

region mutations or mutants lacking the c-AMP system produce 

wild type levels of induction (6).

The arabinose operon is composed of four linked and an

gene, shown below.

before

binding

only 2% of

unlinked

D
------- L

A B CI o
j------------1----------- 1

REGULKTOREPIMERASE \SOMERASE KlNASE

D- XYLULOSE- 5- P

The arabinose operon is controlled by a positive-negative control

protein. This regulates transcription of the three linked genes, B, A, D,
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and the unlinked gene E. The araC product exists in an equilibrium 

between two forms: an active repressor (Pl) and an active promoter 

(P2). The Pl form binds to the operator (araO) to prevent transcription. 

The P2 form binds to the initiator region in order to promote transcrip

tion. The inducer, L-arabinose, causes equilibrium to shift to P2 

presumably by binding to the Pl to remove it from the operator and causing 

a configuration change to P2 (9, 17).

In addition to the araC product, the arabinose operon is also 

regulated by the c-AMP system. By electron microscopy it has been shown 

that araO (the operator) and aral (the promoter or initiator) are distin

guishable not only by mapping via deletion mutants, but also by the 

complexes that form at these two regions. The promoting complex that

forms at aral forms only when the reaction mixture contains CRP, c-AMP, 

the araC protein, RNA polymerase, and L-arabinose. Presumably the complex

seen at aral contains all three proteins. The complex is needed to

initiate, but not to maintain, transcription. The repressing complex

that forms in araO requires the araC protein and, surprisingly, the CRP-c-AMP

complex and RNA polymerase. It has been proposed, therefore, that the 

three proteins are required not only for induction, but also for repres

sion (11).

The operon has a highly novel feature in that the operator is 

located before the initiator. In the lac and \phage systems, the
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operator precedes, overlaps, or contains the promoter, inhibiting

transcription sterically. The exact means of repression is not known 

for ara, though it has been suggested that the Pl bound to the operator 

may induce a linear polymerization of Pl molecules extending over 

aral (17). It may also be that the repression complex prevents trans

location of the induction complex to aral; i.e., the induction complex 

may form 'upstream* from where it was identified by electron microscopy 

(11). In support of this, it is believed that Pl is epistatic in its 

effect over P2 and P2 cannot induce transcription until Pl is removed

from araO (9).

These experiments were carried out in the hope of further delineating 

the nature of the c-AMP system. They involved trying to discover whether 

the CRP binding sites in the promoter regions of the lac and ara operons

are similar or dissimilar. It has been believed that these sites are

similar for all genomes under CRP-c-AMP control (1).

Work had been done previously with a mutant with a CRP independent 

of its requirement of c-AMP for activity (designated CRP-*-). This mutant 

had been selected by mutagenizing a mutant already defective in the c-AMP 

system: a cya deletion mutant (unable to produce c-AMP) and selecting for 

survivors on a lactose medium. This mutant was found to produce 50% of 

wild type levels of j8-galactosidase. The mutant CRP worked only nominally 

for the ara operon, in the absence of c-AMP, while giving wild type 

levels when supplemented by 5 mM c-AMP (10).

The isolation of mutants independent of a requirement for c-AMP

in the induction of ara was achieved by mutagenizing a cya deletion 

mutant and selecting for strains able to grow on arabinose minimal medium.
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The mutants were then characterized for their ability to grow on arabinose, 

maltose, lactose, mannose, glycerol, and glucose. An attempt was made 

to map the mutation to the crp marker by a generalized transduction.

The mutation was characterized by means of enzyme assays for its ability 

to induce the arabinose and lactose operons.

While the mutation was not reliably mapped to crp, several lines 

of evidence indicate that the mutation did involve the genesis of a CRP 

independent of its requirement of c-AMP for inducing ara, yet dependent 

on c-AMP for inducing lac. This accounts for the mutants’ ability to 

grow on arabinose and inability to grow on lactose. The differential 

response and ability of the CRpi suggests that the binding sites for 

CRP are in fact dissimilar for the lactose and arabinose operons, suggest

ing that each of the operons regulated by the c-AMP system has dissimilar 

CRP binding sites.
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MATERIALS AND METHODS

Bacterial strains: The parent strain of the mutants and reference 

strain for the assays was CA8306TS (cyaA, thy-, thi-, StrR)(Streptomycin 

resistant, thymine auxotroph derived from CA8306; J. Beckwith, Harvard 

Medical School). The two mutants derived by mutagenesis of 8306 with 
NG were designated MS100 and MS110 (cyaA, thi-, thy-, StrR, crp*).

Media: SBG minimal salts medium (4) supplemented with thiamine.

R (Rich) medium: tryptone (10g/l); yeast extract(lg/l); NaCl (8g/l);

RG, R medium with .1% glucose. Each medium was used as broth, soft agar 

(.8%) and 1 hard agar (1%). Difco agar was used in all defined media.

All defined media were supplemented with thymine (.001%) unless otherwise 

stated. Lactose was Bacto-lactose by Difco. L-arabinose was from Sigma.

Mutagenesis: Log-phase cells (CA8306TS) washed with Tris (pH 6.0) 

were resuspended in 100 jjg/ml N-methyl- N-nitrosoguanidine. These were 

aerated 20 minutes, washed, resuspended in RG and permitted to grow 1 

hour to permit repair of damage to DNA. RG medium was then washed from 

the cells, which were then resuspended in SBG. Then 0.1 ml aliquots of 

this suspension were spread on SBG + arabinose (1%) and SBG + maltose (1%) 

After three days of incubation at 37°C, isolated colonies appeared on 

each of two SBG arabinose plates. The largest colony from each was 

streaked on SBG arabinose to obtain clones. The mutant that grew faster 

was designated MS100. The other mutant was designated MS110.

Characterization of mutants for growth on different carbon sources: 

CA8306TS, MS100 and MS110 were grown on SBG supplemented with maltose, 

arabinose, galactose, lactose, mannitol or glycerol, and one plate with 

glucose but no thymine. Carbon source concentration in each medium was 1%
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MS100, MS11O and CA8306TS were then grown in broth culture to

determine growth curves. MS100 and MS110 were grown in SBG with 

arabinose, maltose, galactose or glucose (1%). CA8306TS was grown in 

SBG and glucose (IX). The cultures were grown in 50 ml Erlenmeyer

flasks with fluted bottoms and sidearms. Growth was measured as

increase in optical density with a Klett-Summerson colorimeter. Incu

bation and aeration were carried out in an Environ-shaker at 37°C, 200 

rpm. The growth curves are depicted in the "Results" section below.

Transduction: The method of preparing lysates and mapping by

transduction used was that of Miller (14) for general transductions.

A virulent strain of the Pl phage (Pl^^) was used for preparing the 

lysates. The objectives of the transduction were to map the mutation 

to crp, to test behavior of the CRP^ in a new genetic background, and 

to provide a defined strain for the assays. The crp is located at 73

minutes on the EL coli chromosome (3) and cotransduces 40% with the 

streptomycin resistant marker Str^ at 76 minutes. The recipient was 

CA8306 (cya^ thi-). None of the transductions produced clear results 

due to contamination of one of the stock nutrient solutions and of the

8306 stock used. One transduction did produce a group of survivors on 

SBG with arabinose of whom 47% were streptomycin resistant, but none of

the constructs was used because of the possibility of contamination that

became apparent. As a result a primary isolate, MS100, was used in the

assays.

/J-galactosidase assay: The method was that of J. L. Botsford (4) 

as adapted from Miller (14). MS100 levels were compared to its parent,
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CA8306TS. Each was prepared for assay by growing overnight in SBG 

with glucose (1%), then subculturing to get the cells into exponential 

growth. Two induction mixtures were used on washed, log-phase cells:

.1% lactose in SBG, or .1% lactose in SBG with c-AMP (5 mM). Samples

were taken every 12 minutes. The absorbancy of the induced culture 

(^660^ was determined for each sample taken in order to normalize data 

(i.e., to adjust for the increase in enzyme activity resulting from 

increase in cell numbers). The degree of reaction was measured by

absorbance at 440 nm.

L-arabinose isomerase assay: Method was that of Schleif (18).

Again MS100 levels were compared to CA8306TS. Each was prepared for 

assay by growing overnight with SBG with glucose (1%) and subculturing 

and growing cells to 0.5 absorbance units (A^q) to obtain cells in 

exponential growth. While apparent transient repression occurred for 

Glasco (10) from growing cells on glucose, it was found that thorough 

washing of cells in SBG before assaying eliminated any repression effect.

Two induction mixtures were used: .1% L-arabinose in SBG, or .1% 

L-arabinose in SBG with c-AMP (5 mM). Every 20 minutes, 2.5-ml samples 

were drawn, protein synthesis being stopped by chloramphenicol (200 ug/ml) 

and by placing the sample in ice. Absorbancy of the induced culture 

(^660^ was determined at the time each sample was taken to normalize data. 

A water bath at 37°C was used for incubating the samples with the reaction 

mixture. Fifty pi of toluenized cells and 50 pi of reaction solution 

were used in the reaction mixture. The degree of reaction was measured 

by measuring color intensity; at 550 nm (Beckman "Spectronic 20").
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RESULTS

Growth on Solid Media

No growth appeared on the glucose-no-thymine plate, thus verifying 

the origin of the mutants. MS100 grew very well on arabinose, fairly

well on maltose and galactose, poorly on lactose and mannitol and not

at all on glycerol. MS110 had the same characteristics, except that 

no growth occurred on mannitol. CA8306TS grew poorly on maltose and 

galactose and not at all on the other sugars.

Growth Curves

The two mutants were characterized for growth on arabinose, maltose, 

galactose, and glucose. CA8306TS was grown on glucose to give a reference 

curve. The four carbon sources were selected for their ability to permit 

growth of the strains on solid media. The purpose of finding the growth 

curves was to give phenotypic profiles for MS100 and MS110. The profiles 

could then be used as references in verifying the mutants in later 

experiments, and might yield information regarding the effect of muta

genesis.

Readings were taken every hour for 72 hours. The generation time

was determined by the following equation based on the exponential nature 

of population increase. All generation times were determined in early

generation time = &tln2 t = time
In n n-nQ ~ chan8e in absorbance

nQ over At

log-phase.
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According to the growth curve, MS110 cannot grow on maltose.

MS100 did show some growth, with a minimum generation time of 7.39 hrs 

reached after a lag period of 56 hrs.

MS100 grew well on galactose with a lag period of only 10 hrs. 

Generation time was 6.59 hrs. MS110 grew much slower with a lag period 

of 35 hrs, generation time of 6.23 hrs. The lag phase was much shorter

for MS110.

MS100 also grew well on arabinose, as was expected. The lag period

was only 10 hrs and the generation time in arabinose was the lowest for

any carbon source at 2.85-3.0 hrs, MS110 grew the best on arabinose of 

any of the inducing sugars with a lag period of 25 hrs and a generation 

time of 2.56 hrs. The maximum density achieved was approximately that

of MS100.

On glucose, MS100 had a growth curve very close to that of CA8306TS, 

with a lag period of 10 hrs for both. MS100 had a generation time of 

4.52 hrs and CA8306TS had a generation time of 4.36 hrs. MS110 grew much 

slower with a lag period of 24 hrs and generation time of 5.98 hrs.

As can be seen from the growth curves, the two mutants are dissimilar

A surprising result was the ability of both to grow on galactose. This 
may be due to mutations in the gal operon, to the CRP^, or to a feature 

inherent in the galactose operon. CRP-independent transcription of gal

mRNA has been reported to occur in vitro (8). The latter could be tested

by growing CA8306TS on galactose. These arguments might also be applicable

to the growth curve for MS100 on maltose.
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L-arabinose Isomerase Assay

In the absence of a defined construct with the crg£, MS100 was 

used in the assay. Its response to induction was compared with the 

parent strain CA8306TS. Each was grown overnight in SBG with 1% 

glucose and subcultured before the assay and grown to 0.5 absorbance 

units (A^q) » the absorbance characteristic of mid-log phase cultures.

When MS100 was induced with L-arabinose alone, it gave isomerase 

levels 7.5 times greater than CA8306TS induced by arabinose alone. That 

CA8306TS was able to show any level of isomerase at all, is probably an

artifact of the assay, which is directed toward all ketoses. It may

also be due to a low level of transcription permitted by the equilibrium

that exists between the two forms of the araC protein.

When c-AMP (5 mM) was included in the induction mixture, the level 

of isomerase produced in MS100 was tripled (therefore implying a tripling 

in transcription of ara mRNA) while isomerase production increased 16 times

in CA8306TS.

A feature to be noted in the assays is that MS100 showed about 

50% of wild type (using CA8306TS supplemented with c-AMP as a reference) 

induction levels in the absence of c-AMP. This parallels the behavior 

of the CRP1*- selected for induction of lac, which gave 50% of wild type 

induction of ^-galactosidase in the absence of c-AMP (4). Also to be 

noted is that addition of c-AMP to MS100 results in isomerase levels

that surpass CA8306TS levels, being 30% greater after 2 hrs. This may 

be due to a ’superactive’ form of the CRP that results from binding c-AMP 

(the tripling of isomerase levels indicate that the CRP1- is still
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capable of binding c-AMP). This may also be due to mutations in the

transport system. It may also be due to a modification in the araC 

protein which is augmented by the CRP-c-AMP complex, a possibility which 

is explored more fully below. A final note is that greater growth was 

seen in the assay culture grown with c-AMP than in that without (data 

not shown). While this may be a product of increased arabinose metabolism 

it is also known that cya mutants grow slowly on a rich medium, unless

provided with c-AMP (16).

^-galactosidase Assay

Neither CA8306TS nor MS100 produced measurable amounts of jS- 

galactosidase when induced with lactose alone. Both gave almost identical

induction levels and rates when induced with lactose and c-AMP (5 mM).

The feature to be noted in this assay and for the two assays is 

that MS100 behaved in a reciprocal manner with respect to the crp-*- strain 

selected in lactose. In the absence of c-AMP lactose crjr£ gave 50% 

induction levels of the lac operon and insignificant induction of the

ara operon. MS100 gave 50% induction levels of the ara operon and no 

induction of the lac operon (as measured by production of $-galactosidase)

As stated above, data for the isomerase assays was normalized by 

dividing the by the A^q of the culture at the time each sample was

taken.

The /?-galactosidase was similarly normalized, dividing A^^ by 

^660’ This absorbance was divided by the number of minutes of incubation, 

and multiplied by 650 (650 nmoles of ONP produced per unit of absorbance 
at 440nm). The units of the ordinate then are nmoles ONP formed (min)-^ 

(ml cells)”"^.
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DISCUSSION AND CONCLUSIONS

The result of these experiments has been the isolation and

characterization of MS100 and MS110. It is clear that these mutants,

derived from CA8306TS, are able to grow on arabinose independent of 

any requirement for c-AMP. For solid media, growth occurs best on 

arabinose and fairly well on galactose. In fluid media, growth is 

fastest in arabinose, though longer in galactose. The reason for the 

difference is probably the fact that selection for mutants occurred on 

solid and not fluid media. The reasons for the mutants’ ability to 

grow on maltose and galactose have been cited above.

As the deletion in the adenyl cyclase gene is not subject to

reversion, the genetic system has somehow compensated for its require

ment of c-AMP in the ara operon. The mutation must be capable of 

showing positive-negative control as it is not a constitutive mutation.

The assays showed that all isomerase activity was due to de novo protein 

synthesis and not to endogenous protein, as the standards or blanks 

showed no significant activity. Arabinose was added to the standards, 

but induction was prevented by immediate addition of chloramphenicol.

One possibility is that the aral promoter region may have mutated,

so that it was independent of its requirement for the c-AMP system.

Such promoter mutants have been identified in revertants of L-8, a 

mutant with a deletion of the CRP binding region in the lac promoter (6) 

Such a mutation might still require the positive control of the araC 

protein for transcription. The principal argument against this possi

bility is the ability of MS100 to respond to c-AMP, showing that the CRP 

is still capable of promoting transcription.
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Another possibility is that the araC product might have been

mutated so that it no longer required the c-AMP system for promoting 

transcription. Such a mutation could remain responsive to CRP when 

c-AMP is supplied (the promoter region would not be changed, as in the 

previous case) and might explain the surpassing of induction levels

in CA8306TS by MS100. A wild type CRP-c-AMP complex could augment the 

modified araC product induction of the arabinose operon. The principal 

argument against this case is Schleif’s discovery that both repression 

and induction require the c-AMP-CRP complex (11).

The strongest case can be made for the CRP^. Such a mutation can 

account for the response of MS100 to arabinose alone and arabinose with

c-AMP. As mentioned above, it could also account for the ability of 

MS100 and MS110 to grow on galactose and maltose. While this may be

inherent with the K12 EL coli or CA8306TS, MS100 and MS110 were able to 

grow better on solid media with the two sugars than CA8306TS. Also, the

reciprocal results of the isomerase and -galactosidase assays with and 

without c-AMP parallel the results found with the crpi mutant selected 

for lactose. The lactose mutant has had the mutation mapped to crp 

and this crp-*- has been tested in another genetic background (8). The 

CRP1*- also fits well with Schleif *s proposal that CRP-c-AMP is used in 

both induction and repression. Further, some of the transduction efforts 

suggest a 40-50% cotransduction rate with the StrjL The final proof 

must come from an unambiguous transduction.

It has been shown, then, that the CRP binding regions in ara

and lac promoter regions are dissimilar. While they must be similar
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enough to permit binding of the CRP (no more than one DNA binding 

site has been proposed for the CRP), they must be unique enough to 

permit selection among mutant CRPs. If the binding sites are dis

similar, then the CRP region must be relatively non-specific. This 

accounts for the non-specific binding of CRP to various natural and

synthetic DNAs. It may also account for the different c-AMP require

ments of the two operons. The ara operon requires almost twice the 

concentration of c-AMP for half-maximal induction (21). It may also 

account for the ability of CRP-c-AMP complexes to serve as a negative

control element, as was suggested by Schleif for ara, and as is suggested 

for the cya gene (5).

The 30% greater level of isomerase realized by MS100 over CA8306TS, 

when supplemented by c-AMP, may be due to the CRP having more than one 

active form. This goes beyond Wu’s model of an inactive or active CRP.

It may be due to a dual role played by c-AMP. C-AMP has been shown to

be necessary for effecting an equilibrium favoring the active form of

CRP for recognition, but it may also help the CRP to alter promoter DNA

conformation to promote transcription.

As evolution should have produced similar binding sites if they 

had been needed, the existence of dissimilar binding sites indicates

O that they must have a role in regulating transcription rates. This may

be due to an adaptation to the metabolic conditions that develop in the

presence of a particular carbon source or media environment. An example

is the difference in the lac and ara operons c-AMP requirement. It has

been proposed that lac requires less c-AMP (i.e., lac is less dependent
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on the c-AMP system, in order to maintain induction of lac in the face

of catabolite repression caused by the glucose produced by lactose

metabolism. The arabinose operon, thus, needed only face the mild, 

self-catabolite repression (13).

Whatever the reason, it appears that gene regulation and, therefore, 

metabolic regulation can occur by dissimilar promoter region sequences 

as well as by Jacob and Monod’s structural and regulatory genes.
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