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Regulation of Gene Expression
Chapter 13

What you must know:

» Genes can be activated by inducer molecules, or they can be
inhibited by the presence of a repressor as they interact with
regulatory proteins or sequences.

» A regulatory gene is a sequence of DNA that codes for a regulatory
protein such as a repressor protein.

» How the components of an operon function to regulate gene
expression in both repressible and inducible operons.
» How positive and negative control function in gene expression.

» The impact of DNA methylation and histone acetylation on gene
expression.

» How timing and coordination of specific events are regulated in
normal development, including pattern formation and induction.
» The role of miRNAs in control of cellular functions.

» The role of gene regulation in embryonic development and cancer.




Regulation of Gene
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Bacterial control of gene expression

Operon: cluster of related genes with on/off switch

Operon
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Three Parts:
1. Promoter - where RNA polymerase attaches
2. Operator - “on/off”, controls access of RNA poly
3. Genes - code for related enzymes in a pathway

Regulatory gene: produces repressor
protein that binds to operator to
block RNA polymerase

trp operon

Promoter Promoter

Genes of operon
DNA /< ’E;. I‘L'_I‘I [[ trpE | trpD | trpC [ trpB
></0perator
RNA

Regulatory Start codon Stop codon
gene 3 polymerase

mRNA mRNA 5’
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Inactive Polypeptide subunits that make up
repressor enzymes for tryptophan synthesis

Protein

(a) Tryptophan absent, repressor inactive, operon on
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Repressible Operon (ON=>OFE)
Genes expressed Genes not expressed

Promoter
Genes

nnll T T PRV [T T WNX

Operator Active repressor:

corepressor bound

Inactive repressor:
Corepressor

no corepressor present

Inducible Operon (OFF > ON)

Genes not expressed Genes expressed
Promoter

Operator Garige

—

7 [T P~ o /s
Active repressor: “ Inactive repressor:

no inducer present Inducsrbound
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Repressible Operon

» Normally ON
» Anabolic (build organic molecules)

» Organic molecule product acts as corepressor
- binds to repressor to activate it

» Operon is turned OFF
» Eg. trp operon

Genes expressed Genes not expressed
Promoter
——_ _, ' Genes
N il T T PN Y T T 1N\
Operator Active repressor:
corepressor bound

Inactive repressor:
no corepressor present
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Corepressor

4117117



trp operon
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(a) Tryptophan absent, repressor inactive, operon on
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Tryptophan
(corepressor)

(b) Tryptophan present, repressor active, operon off
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Protein
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Inducible Operon

» Normally OFF
» Catabolic (break down food for energy)

» Repressor is active 2 inducer binds to and
inactivates repressor

» Operon is turned ON
» Eg. lac operon

Genes not expressed Genes expressed

Promoter
Genes
< X

Active repressor: ﬁ Inactive repressor:

Opelrator

no inducer present inducerbound
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Regulatory Promoter
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Active
repressor

B

Protein
(a) Lactose absent, repressor active, operon off

lac operon
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RNA polymerase
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(inducer) repressor

‘ Permease ‘ Transacetylase

Protein

(b) Lactose present, repressor inactive, operon on
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Gene Regulation:
Positive vs. Negative Control

» Negative control: operons are switched off by
active form of repressor protein
- Eg. trp operon, lac operon

» Positive control: regulatory protein interacts
directly with genome to increase
transcription
- Eg. CAMP & CAP

g
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cAMP + CAP = Positive Control

» CAMP: accumulates when glucose is scarce

» CAMP binds to CAP (catabolite activator protein)

» Active CAP - binds to DNA upstream of
promoter, 1 affinity of RNA polymerase to
promoter, 1 transcription

Promoter

/—/_\
DNAqu;DM [ ez

CAP-binding site ? RNA Operator
polymerase

‘ Active binds and
cAMP \ CAP transcribes
T:active Inactive lac
CAP repressor

Allolactose

(a) Lactose present, glucose scarce (CAMP level high):
abundant /Jac mRNA synthesized

Regulation of Gene
Expression by Eukaryotes

Many stages
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» Typical human cell: only 20% of genes
expressed at any given time

» Different cell types (with identical genomes)
turn on different genes to carry out specific
functions

» Differences between cell types is due to
differential gene expression

lei Eukaryotic gene

! R expression
g regulated at
"~ mRNA in cytoplasm dlffe rent Stages

9900509999350 Polypeptide

% Active protein
0'.
-

Cellular function (such
as enzymatic activity,
structural support)
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Chromatin Structure:

Signal i » Tlghtly bound DNA 9
—woreus less accessible for
g':l;m::'il:':m?::li}icatlk:n: t ra n S C rl pt I O n
Histons cetyiation adid! » DNA methylation:
DNA DNA demethylation
PN Gene availablo methyl groups added to
\ , ~ “for transcription .
T DNA; tightly packed; |
RNA ¥ Exon transcription
Vs r i i
“"\' N'l Primary transcript . . .
Tniton » Histone acetylation:
_RNA rocessin
/\,_/TEZA- "I acetyl groups added to
. T e histones; loosened;
>
S— transcription

Histone

tails

DNA
Amino acids double
available helix

for chemical 2. TN
modification S N

4 Nucleosome %
”  (end view)

(a) Histone tails protrude outward from a nucleosome

Unacetylated histones Aetylated histones

(b) Acetylation of histone tails promotes loose chromatin
structure that permits transcription
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Epigenetic Inheritance

» Modifications on chromatin can be passed on
to future generations

» Unlike DNA mutations, these changes to
chromatin can be reversed (de-methylation of
DNA)

» Explains differences between identical twins

» Eg. DNA methylation (gene silencing), histone
acetylation, X chromosome inactivation,
heterochromatin (silent chromatin)

e

Genetic Science Learning
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Signa.% Transcription Initiation:
NUCLEUS > | | | |
Specific transcription
%) Chromatin .
romatin modification: faCtorS (aCtlvatorS or
".,"%;A{acn"e‘l,t,fayl;ﬂ'a'ag repressors) bind to
DNA —
PN G avlan, control eleme_nts
Gene (enhancer region)
_ _
.;NA“,\’W erimary ot > Actwatg rs.. Increase
Intron transcrlptlon
[_RNA processing ]
i » Repressors: decrease

Cap—~ — mRNA in nucleus

CYTOPLASM

Transcription Initiation Complex

i Promoter
DNA }Actlvators Gene
—— i “
Enhancer g'::é:to ntrol TATA box
General

transcription

Ofactors

. . DNA- (#) g

Activators bind to 3?;:}?19* @
enhancer regionS Group of mediator proteins

+ other proteins /ﬂ>

+ RNA polymerase lL

RNA
polymerase 11

RNA
polymerase I1

Transcription e
initiation complex RNA synthesis
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Cell type-specific transcription

Enhancer Promoter

Control
elements Albumin gene
Crystallin
£s£~\~ @, gene
LIVER CELL LENS CELL
NUCLEUS NUCLEUS
< Avallable Avallable
activators activators n

Albumln gene

not expressed

Albumm gene
expressed

jﬂt:7\ i—
Crystallin gene

not expressed Crystallin gene
expressed

(b) Lens cell

CYTOPLASM
.~ mRNA in cytoplasm <

Degradation
of mMRNA S

_ . Regulation of mRNA:
e - micro RNAs (miRNAs)
e e and small interfering
chemical modification .
RNAs (siRNASs) can
%“‘“’e"”‘e‘" bind to mRNA and
of protein

Sve degrade it or block

e
0000

]

" e9 Cellular function (such t rans I a.t on
% as enzymatic activity,
structural support)
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Hairpin

Hydrogen

(a) Primary miRNA transcript miRNA miRNA-
protein

/ \ complex

D~

_\. \’—-_- *

-
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mRNA degraded Translation blocked
(b) Generation and function of miRNAs
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Summary of Eukaryotic Gene
Expression
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Chromatin modification

Transcription

* Genes in highly compacted
chromatin are generally not tran-
scribed.

* Histone acetylation seems

to loosen chromatin structure,

enhancing transcription. : 5 5

* DNA methylation generally
reduces transcription.

* Regulation of transcription initiation:
DNA control elements in enhancers bind
specific transcription factors.

Bending of the DNA enables activators to
contact proteins at the promoter, initiating
transcription.

Chromatin modification

RNA processing

mRNA
degradation *

Protein processing
and degradation
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* Coordinate regulation:

Enhancer for Enhancer for
liver-specific genes  lens-specific genes
—— ~
il I 01—
RNA processing

* Alternative RNA splicing:

Primary RNA
transcript [ = s e

N
mRNA [ | or [T

| Chromatin modification |

Transcription

Translation
Protein processing
and degradation

Translation

¢ Initiation of translation can be controlled
via regulation of initiation factors.

mRNA degradation

e Each mRNA has a

Protein processing and degradation

characteristic life span,
determined in part by
sequences in the 5’ and
3’ UTRs.

* Protein processing and
degradation by proteasomes
are subject to regulation.
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* Small or large noncoding RNAs can
promote the formation of heterochromatin
in certain regions, blocking transcription.

: [ Translation |
* miRNA or siRNA can block the translation
1 of specific mRNAs.

* miRNA or siRNA can target specific
mRNAs for destruction.
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Embryonic Development of
Multicellular Organisms

~ Section 18.4

Embryonic Development:
Zygote - Organism

(a) Fertilized eggs of a frog (b) Newly hatched tadpole

. Cell Division: large # identical cells through
mitosis

. Cell Differentiation: cells become specialized
in structure & function

. Morphogenesis: “creation of form” -

organism’s shape

4117117
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Determination: irreversible series of
events that lead to cell differentiation

Blastocyst

Totipotent { ©

Morula Q ”
Oocyte O‘i
~ a
- — Tl e le) — Human Fetus

ey

Sperm NS

Pluripotent
Inner Mass Cells

vi“ [2GYS \,/ ‘
»{A LANG
Circulatory System N Immune System

Nervous System

‘ Unipotent

4}/),

(a) Cytoplasmic determinants in the egg

Unfertilized egg

Sperl;;j\\\\\\jk@ :

Fertilization l

Molecules of two
different cytoplasmic
determinants

Zygote
(fertilized egg)

» Cytoplasmic determinants:

:\:nei:r;ii?/isionl maternal substances in
: egg distributed unevenly
in early cells of embryo

Two-celled
embryo
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(b) Induction by nearby cells

G\ (32 cells)

P Early embryo » Induction: cells triggered

to differentiate

Signal
transduction

NUCLEUS » Cell-Cell Siqnals:

molecules produced by
one cell influences

pathway Q neighboring cells
Signal/’/o‘ Qo g J

receptor 0/0

Signaling —|
molecule

(inducer) e

o > Eg. Growth factors

Nucleus Mast lat
asg:;;en%;:nory Other muscle-specific genes
Emb . DNA | I I —
mbryonic

precursor cell OFF OFF

T—

v
mRNA OFF

e
Myoblast
(determined)

Q MyoD protein
(transcription
factor)

o

Part of a muscle fiber
(fully differentiated cell)

AN

{

mRNA mRNA mRNA mRNA
@ 8 Myosin, other
_/ muscle proteins,
MyoD Another— and cell cycle—
transcription blocking proteins

factor
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Pattern formation: setting up the body
plan (head, tail, L/R, back, front)

Follicle cell

© Egg ~_Nucleus
developing within Ve
ovarian follicle ey j Egg
Head Thorax Abdomen -

Nurse cell 4]

o -
@ Unfertilized egg 7 e \—Egg
Depleted/ \\ - 5 [ shell

nurse cells Fértilization
l Laying of egg
© Fertilized egg e
Right N
BODY Anterior Posterior Embryonic
AXES Left development
Ventral 0 Segmented -
embryo —
(a) Adult 0.1 mm
peiecle Body segments i Hatching

© Larval stage W

(b) Development from egg to larva
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Morphogens: substances that establish
an embryo’s axes

RESULTS 100 pm
Anterior end [ —

—
Fertilization,
translation of
bicoid mRNA
Bicoid mRNA in mature Bicoid protein in
unfertilized egg early embryo

Bicoid mRNA in mature Bicoid protein in
unfertilized egg early embryo
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Homeotic genes: master control genes
that control pattern formation (eg. Hox
genes)

Wild type

©2011 Pearson Education. Inc.

HHMI Short Film
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Pitx1 Gene = Homeotic/Hox Gene

Stckleback Fish

» Development of pelvic » Development of anterior
bone structures, brain, structure

of hindlimb

» Mutation may cause
clubfoot, polydactyly (extra
fingers/toes), upper limb
deformities

Role of Apoptosis

» Most of the embryonic cells are produced in
excess

» Cells will undergo apoptosis (programmed
cell death) to sculpture organs and tissues

» Carried out by caspase proteins

Space between
1 mm digits

Cells undergoing
apoptosis

Interdigital tissue

=)
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Cancer results from genetic changes
that affect cell cycle control

Section 18.5

Control of Cell Cycle:

1. Proto-oncogene = stimulates cell division
2. Tumor-suppressor gene = inhibits cell division

» Mutations in these genes can lead to cancer

EFFECTS OF MUTATIONS

Protein Protein absent
overexpressed

1)) -« X
Cell cycle Increased cell Cell cycle not
overstimulated division inhibited

(c) Effects of mutations

4117117
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proto-oncopens I Oncogene

» Gene that stimulates » Mutation in proto-
normal cell growth & oncogene
division » Cancer-causing gene
Effects:

» Increase product of
proto-oncogene

» Increase activity of
each protein molecule
produced by gene

Proto-oncogene - Oncogene

Proto-oncogene

DNAMW
Translocation or / \ .
transposition: gene Gene amplification: Point mutation:
moved to new locus, multiple copies of within a control within
under new controls the gene element the gene
P 7 ——-. /U — .
- {C————
New Oncogene Oncogene
promoter * +
009 009 P Q
Normal growth- Normal growth-stimulating Normal growth-  Hyperactive or
stimulating protein in excess stimulating degradation-
protein in excess protein in resistant

excess protein
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Genes involved in cancer:

» Ras gene: stimulates cell cycle (proto-
oncogene)
- Mutations of ras occurs in 30% of cancers

» p53 gene: tumor-suppresor gene
> Functions: halt cell cycle for DNA repair,
turn on DNA repair, activate apoptosis
(cell death)
> Mutations of p53in 50+% of cancers

» Cancer results when mutations accumulate
(5-7 changes in DNA)

» Active oncogenes + loss of tumor-suppressor
genes

» The longer we live, the more likely that cancer
might develop

© Loss

of tumor- O Loss

suppressor 9 Activation of tumor-

gene APC of ras suppressor

(or other) oncogene : gene p53

N, PN —— =, PG
=\ - © Loss @ Additional
Colon wall . of tumor- mutations .
Normal colon Small benign suppressor Larger Malignant
epithelial cells growth gene DCC benign growth tumor
(polyp) (adenoma) (carcinoma)
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How does chemotherapy work?

Chemotherapy drugs (. ) can block hormone attachment (“binding”)
to their receptors and block growth.

o .-
e
‘\ STOP GROWING! '
Hormone-receptor »

binding blocked . . I

O \

AY

<

Receptor positive cells may stop
growing with Chemotherapy
O treatment

Chemotherapy blocks hormones from binding to their receptors. This sends a message to the cells to
“Stop growing!” Cells that are receptor positive receive the "stop growing” message better than cells
that do not have the receptors (triple negative breast cancer cells).

What is Triple Negative Breast
Cancer (TNBC)?

Receptor Positive Breast Cancer Triple Negative Breast Cancer

In Triple Negative Breast Cancer (TNBC), none of
the 3 important receptors are found on the cell
surface. This makes it difficult to use traditional
chemotherapy to block growth.

Many breast cancer cells have 1, 2 or even all 3 of
these important receptors on their surface. These
receptors are important targets for Chemotherapy to
block hormone attachment and block the growth of the
abnormal cells. Doctors take a piece of the tissue to
test how many of these receptors are present.
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Summary

» Embryonic development occurs when gene
regulation proceeds correctly

» Cancer occurs when gene regulation goes awry

e
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