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Regulation of gene expression in eukaryotes
Major principle: Activation of gene activity

Positive Control of Gene expression

General Chromatin structure

Wide domain regulators Gene-specific Regulators

Modification of regulators
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Figure 20.22 The GAL4 protein has independent
regions that bind DNA, activate transcription (2
regions), dimerize, and bind the regulator GALS8O.
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Figure 20.24 The activating domain of the tat protein of HIV can stimulate initiation if it is tethered in the vicinity by g
binding to the RNA product of a previous round of transcription. Activation is independent of the means of tethering,
as shown by the substitution of a DNA-binding domain for the RNA-binding domain.

Usually tat binds to the tar sequence in the RNA product

i Fiﬂh-ﬁlnﬂ‘ing_ dmnalr&

Initiation complex Transcribing polymerase @

A tat activation domain linked to a DNA-binding sequence works just as well
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DNA Binding Proteins - motifs
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Helix —Turn — Helix Proteins
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The Helix-Turn-Helix motif 434 represssor/DNA
consists of two a helices and a (helix-turn-helix)
short extended amino acid chain
between them. The more
carboxyl-terminal helix can fit
into the major groove of

DNA. This motif is found in
hundreds of DNA-binding
proteins, including A- repressor,
tryptophan repressor, catabolite
activator protein (CAP), octamer
transcription factor 1 (Oct-1)
and heat shock factor (HSF),

Source: http://www.web-
books.com/MoBio/Free/Ch4F4.htm

Source: http://www.bmb.psu.edu/faculty/tan/lab/gallery/434reprdna.jpg

Siehe auch: http://www.proteopedia.org/wiki/index.php/Helix-turn-helix motif
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Figure 21.3 Transcription factor SP1 has a series of
three zinc fingers, each with a characteristic pattern of

Zink-Finger
Proteins
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Figure 21.8 Receptors for many steroid and thyroid
hormones have a similar organization, with an
individual N-terminal region, conserved DNA-binding
region, and a C-terminal hormone-binding region.

DNA-binding and
transcriptional-activation
(domains vary from 94-42%)

N-terminal regions
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(needed to activate
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Figure 21.12 Helix 3 of the homeodomain binds in
the major groove of DNA, with helices 1 and 2 lying
outside the double helix. Helix 3 contacts both the
phosphate backbone and specific bases. The N-
terminal arm lies in the minor groove, and makes

additional contacts.

N-terminal arm lies in minor gr-::-nue:
& 2 lie above the DNA

Helices 1
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Figure 21.13 All HLH proteins have regions corresponding to helix 1 and helix 2, separated by a loop of 10-24
residues. Basic HLH proteins have a region with conserved positive charges immediately adjacent to helix 1.

MyoD  Ala Asp Arg Arg Lys Ala Ala Thr Met Arg Gin Arg Arg Arg Basic region
Id Arg Leu Pro Ala Leu Leu Asp Gin Glu Glu Val Asn Val Leu 6 conserved residues are absent from Id

MyoD  Leu Ser Lys --G}n Aia- GIn Thr- .Arg Cys Thr Ml
Id Leu Tyr Asp Met [§llGly Cys il Ser A | lllGIn Leu val

Conserved residues are found in both MyoD and Id

MyoD NG~ o Ao o I
G I His val o I o -
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Figure 21.19
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Figure 21.20 A repressor complex contains three
components: a DNA binding subunit, a corepressor,
and a histone deacetylase.
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Figure 21.7 Glucocorticoids regulate gene
transcription by causing their receptor to bind to an
enhancer whose action is needed for promoter
function.
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Figure 26.1 Overview: information may be Genetik und Gentechnik |
transmitted from the exterior to the interior of the cell g

by movement of a ligand or by signal transduction.

Signal transduction

Signal transduction

Movement of ligand

- EXTRACELLULAR
Al OV : i Figure 26.2 Three means Channel Transporter Receptor internalization
Ligand binds to receptor : for transferring material of ok ;
- @ various sizes into the cell o h?a"d “ga"f?
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channels, receptor-mediated
ligand transport, and
receptor internalization.
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Figure 26.13 The principle underlying signal
transduction by a tyrosine kinase receptor is that
ligand binding to the extracellular domain triggers
dimerization; this causes a conformational change in
the cytoplasmic domain that activates the tyrosine
kinase catalytic activity.
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Figure 26.3 A signal may Activation of kinase Activation of G protein
be transduced by activating o =

the kinase activity of the
cytoplasmic domain of a
transmembrane receptor or
by dissociating a G protein
into subunits that act on
target proteins on the
membrane.

~ Phosphorylated receptor
. associates with target protein -
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Figure 26.11 When a receptor is activated by
hormone binding, it causes GTP to replace GDP on a
dimer, and activates an effector such as adenylate
cyclase.
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Locus control region - LCR =

Figure 21.22 A globin domain is marked by
hypersensitive sites at either end. The group of sites at
the 5' side constitutes the LCR and is essential for the
function of all genes in the cluster.

5' hypersensitive sites 3' hypersensitive site
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Figure 21.25 The insulator of the gypsy transposon g
blocks the action of an enhancer when it is placed
between the enhancer and the promoter.
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F]gmze 21.27 Domains may possess three types of
sites: insulators to prevent effects from spreading
between domains; MARs to attach the domain to the
nuclear matrix; and LCRs that are required for initiation
Insulator MAR LCR ? 7 Insulator

of transcription.
Transcription units
- =m ‘ - C 1

MAR: Matrix attachment site

LCR: Locus control region
Insulator: prevents influence from surrounding regions
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Figure 21.28 The restriction enzyme Mspl cleaves Methylation of DNA influences
all CCGG sequences whether or not they are Transcription

methylated at the second C, but Hpall cleaves only
nonmethylated CCGG tetramers.
Generally:

high methylation — low expression
Methylated site Nonmethylated site

ININ RN, /AN

Both methylated and nonmethylated sites are cleaved

Mspl

B
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Determination of Gene Function by DNA Rearrangements
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Figure 24.17 Immunoglobulin type and function is determined by the heavy chain. J is a ‘joining protein’ in IgM; all
other Ig types exist as tetramers.

Type IgM IgD lgG IgA IgE
Heavy chain L & ¥ o &
Structure (1ol )sd dglp Yol s (tsls)od Eslp
Proportion 5% 1% 80% 14% <1%
Effector function Activates Development Activates Found in Allergic

complement of tolerance (7) complement secretions response
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e Figure 24.4 Heavy and light chains combine to !

generate an immunoglobulin with several discrete g
domains.
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Figure 24.5 The /. C gene segment is preceded by a J segment, so that V-J recombination generates a functional g
 light-chain gene.
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Figure 24.10 A single gene cluster in man contains all the information for heavy-chain gene assembly.
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Figure17.2 Overview: the yeast life cycle proceeds
through mating of MATa and MAT« haploids to give
heterozygous diploids that sporulate to generate
haploid spores.
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Regulation of expression by DNA rearrangements

Yeast mating type switching

Figure 17.11 Switching

occurs only in mother cells;
both daughter cells have the
new mating type. A daughter ¢ ¢

cell must pass through an
entire cycle before it becomes
a mother cell that is able to
switch again.

Switch occurs in « mother
both daughters are a

Cells cannot switch again in > ‘

first generation after last switch |. .l

Switch occurs in 2 mother
both daughters are «
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Figure 17.5 Changes of mating type occur when

silent cassettes replace active cassettes of opposite

genotype; when transpositions occur between !

cassettes of the same type, the mating type remains Flgl.ll'q 170 S"en.t cassette; ha\_\{e :(he sl

unaltered. sequences as the corresponding active cassettes,
except for the absence of the extreme flanking

sequences in HMRa. Only the Y region changes
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Figure 17.10 Cassette substitution is initiated by a
double-strand break in the recipient (MAT) locus, and
may involve pairing on either side of the Y region with
the donor (HMR or HML) locus.
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Figure 17.9 HO endonuclease cleaves MAT just to
the right of the Y region, generating sticky ends with a

4 base overhang.
Y region
TTTCAGCTTTCCGGAACAGTATA
AAAGTCGAAAGGCGTTGTCATAT
HO endonuclease
: L 2
TTTCAGCTTTCGGCAACA ‘, GTATA

-AMGTGGMGQGG TTGTCATAT
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Figure 17.15 VSG genes may be created by duplicative transfer from an internal or telomeric basic copy into an g
expression site, or by activating a telomeric copy that is already present at a potential expression site.
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