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14.1 Levels of Regulation

1. List when, during the flow of genetic information,
bacterial cells can regulate gene expression

2. Speculate why microbial geneticists for many years
focused almost exclusively on the regulation of
transcription initiation



Two Approaches to Regulation

* Regulation of gene expression
— transcription initiation
— transcription elongation
— translation
 Alter activity of enzymes and proteins
— posttranslational

* Three domains of life differ in genome
structure and regulatory mechanisms used



Steps Leading
from the
Information
Coded in DNA to
a Functional
Protein
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BACTERIA

Secondary structure in 3’end of mANA
prevents degradation of mRNA,
Translational repressor proteins can bind
to the mRNA and prevent translation
mmam!ng
AntbenseRNAcanbhdtomRNAand
control whether or not transiation begins
{p. 337).

1 Binding of a metabolite to a riboswitch in

" mANA can block translation (p. 336).

Small molecules can bind (noncovalently)

| to a protein and affect its function. An
-~ example is feedback inhibition, in which the

productofamabouc pathway inhibits
the first enzyme in the pathway (p. 225).
The structure and function of a protein
can be altered by covalent changes to
protein. These can be reversible

sible (e.g., removal of amino




14.2 Regulation of Transcription Initiation

1. Compare and contrast housekeeping, constitutive,
iInducible, and repressible genes

2. Describe the two common motifs in DNA-binding
proteins

3. Summarize how negative transcriptional control and
positive transcriptional control can be used to regulate
both inducible and repressible genes

4. Outline the regulatory “decisions” made by cells



Reqgulation of Transcription
Initiation

 Replacement of degraded enzymes

— constitutive genes

« are housekeeping genes that are expressed
continuously by the cell

— Inducible genes

 are genes that code for inducible enzymes
needed only in certain environments

— such as -Galactosidase
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nducible Genes
B-Galactosidase Enzyme
 Inducible enzyme functions in a catabolic pathway

* Inducible enzymes are present only when their
substrate (inducer - effector molecule) is available

* [3-galactosidase reaction catalyzed is lactose
hydrolysis into galactose and glucose
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Repressible Genes

* Enzymes that function in biosynthetic
pathways are products of repressible genes

« Generally these enzymes are always present
unless the end product in the biosynthetic
pathway Is available



Control of Transcription Initiation
by Requlatory Proteins

* Induction and repression occur because of
the activity of regulatory proteins and DNA
binding domains

* These proteins either inhibit transcription
(negative control) or promote transcription

(positive control)
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Negative Transcriptional Control

« Binding of regulatory protein (repressor) at
DNA regulatory site (operator) inhibits
Initiation of transcription

— MRNA expression is reduced
* Repressor proteins
— exist in active and inactive forms

— Inducers (substrates) and corepressors
(enzymatic products) alter activity of repressor
by binding
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RNA
polymerase

Promoter DNA
Operator
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Repressor No transcription or

Transcription occurs.
protein

Inducer

Repressor
protein

(a) Negative control of an inducible gene

Transcription occurs. or No transcription

Corepressor
Repressor protein

Repressor
protein (aporepressor)

(b) Negative control of a repressible gene
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Positive Control

« Binding of a regulatory protein (activator
protein) at a regulatory region on DNA
(activator binding sites) promotes
transcription initiation

— MRNA synthesis Is increased

o Activation

— Inactive protein is activated by inducer
(activator protein)

— active protein Is inactivated by inhibitor

12
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Activator binding site

No transcription
or

Activator
protein Transcription occurs.

Activator
protein

(c) Positive control of an inducible gene

RNA

polymerase
_—»

No transcription

Inhibitor

or Activator
protein

Transcription occurs.

Activator
protein

(d) Positive control of a repressible gene
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‘Decision” Process in
Gene Expression

* Enzymes of a catabolite pathway are only needed
(increased mMRNA synthesis) when the preferred
substrate is available

* Enzymes not synthesized when substrate absent
« Efficient use of energy and materials

14
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Regulatory “decisions”

pathway present?

A

' Y

Yes No

v

Preferred carbon
and energy source
present?

A

' Y

Biosynthetic enzymes

End product of
pathway present?

Yes No

No Yes
Synthesize Do not V
enzymes synthesize & - Synthesize
enzymes enzymes
Gene/operon Gene/operon Gene/operon
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Negative Control of
Lactose (Lac) Operon
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Regulatory gene lac operon
1 1
4 . - E. coli
' : Mﬂomosome
, Encodes B-galactosidase Encodes lactose  Encodes lac
lacl promoter  CAP site Operator permease galactoside  terminator
lac promoter transacetylase

* Inducible genes

— three structural genes coding for lactose uptake and
metabolism

— lac repressor (lacl) binds operator

* Inhibits transcription

* Enzymes normally not produced unless lactose
present i



lac Repressor

« Tetramers of repressor form and bind to three operator
sites (O, O,, Oy)

 Bends DNA, prevents RNA polymerase from
accessing promoter

* Presence of allolactose binds repressor — no longer
binds operator
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iac repressor tetramer ac reprassor telramer
(a) Possible DNA loops caused by (b) Proposed model of the lac repressor binding to
the binding of the lac repressor 0O, and O, (red) based on crystallography studies
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Regulation of the lac Operon
by the lac Repressor

Copywight © Thee MeOrw-Ha O Ine. P d for tape o diaghay
B lac operon
regulatory r . 1
geno Promoter  Operator
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ﬂj Inhibits transcription.

fac repressar (active)

(a) No lactose in the environment

RNA polymerase
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l l Transcription
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—— TANA mRNA —

Galactoside
0 p-galactosidase Lactoee "an”?ﬂslm

¢ Y Alctactose  The binding of allolactose prevents
the lac repressor from binding 1o

ﬂ the operator site,

{b) Lactose present
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Positive Control of the lac Operon

Reqgulated by catabolite activator protein
(CAP)

— regulates in response to presence or absence
of glucose

— allows for preferential use of glucose

19



iy

The Tryptophan (trp) Operon

« Consists of 5 structural genes which code for
enzymes needed to synthesize tryptophan

* Negative transcriptional control of repressible genes
by trp repressor

* Operon only functions in the absence of tryptophan
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trp operon
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sequence
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(a) Low tryptophan levels, transcription of the entire trp operon occurs {b) High tryptophan levels, repression occurs 20
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Quorum Sensing

* Cell-to-cell communication mediated by small
signaling molecules such as N-acyl-
homoserine lactone (AHL)

* Couples cells density and intercellular
communication to transcription regulation

21
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Quorum Sensing in V. fischeri

« High concentrations of AHL produced by
Increased density of cells diffuse back into the cell,
bind to the transcriptional regulator LuxR and
activate transcription

* LuxR stimulates transcription of the genes for AHL
synthase (luxl) and proteins needed for light
production

22
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