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DNA bindende Proteine haben eine DNA-
Bindedomane und binden oft als Dimere

hadih ok o A

2] pNa

Hemwdimers

FProieins




Die W|cht|gsten DNA-binde-Proteine




Basisches Helix-Loop-Helix

aktives HLH-Homodimer inaktives HLH-Heterodimer

11/) Helix-Loop-Helix

DNA




H-Brickenbindungen zwischen
Aminosauren des Proteins und Basen der
DNA Uber die grol3e Grube stellen die
sequenzspezifische Bindung sicher
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Hormon induzierte Genaktivitat
Beispiel fur Genaktivierung durch externe

Cinnala
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Hormon induzierte Genaktivitat

Beispiel fur Genaktivierung durch externe
Signale

Glucocorticoid €




Nuclear Receptors

Palindromic Repeats

Glucocorticoid
Oestrogen
Thyroid

Direct Repeats

6-Cis retinoic acid
All trans retinoic acid
Thyroid hormone

N indicates any nucleotide
R indicates a purine ie. A or G
Y indicates a pyrimidineie. Cor T

RGRACANNNTGTYCY
RGGTCANNNTGACCY
RGGTCA------ TGACCY

AGGTCAN,;AGGTCA
AGGTCAN,AGGTCA
AGGTCAN,AGGTCA



Nuclear Receptors

m I[m]

Binding of hormone

Dissociation from hsp90

Dimerisation

Migration to nucleus

Binding to URE

TATA




Nuclear Receptors

Binding of ligand causes conformational change
allowing transactivation domain to interact with

transcriptional machinery

RGRACANNNTGTYCY = m—




Hormon-
regulation
von
Genen




cAMP signalling

G protein-coupled receptor

Ligand binding leads to
release of GTP-associated
G protein

Small GTP-binding proteins

Example: ras — covered in earlier
lecture

Alternate between inactive GDP
and active GTP bound forms




cAMP signalling

adenylate
cyclase

G protein (+GTP) binds to
and activates adenylate
cyclase

Cellular levels of cyclic AMP
Increase




cAMP signalling

adenylate
cyclase

G protein (+GTP) binds to
and activates adenylate
cyclase

Cellular levels of cyclic AMP
Increase




cAMP signalling



Cyclic AMP Response Element Binding
protein

CREB is a member of the bZIP family of
transcription factors

It recognizes the palindromic CRE motif
TGACGTCA

CREB is found associated with the DNA
motif but does not stimulate transcription

until phosphorylated by the catalytic
@ domain of protein kinase A

CREB | CREB

| CRE




CREB binding protein

CBP recognises and binds the
phosphorylated form of CREB

CBP interacts with the basal
transcription complex to mediate the
effects of CREB on gene expression

Co-activator




Kinase Cascades

Active JNK travels to the nucleus and
phosphorylates the bZIP transcription factor
C-JUN

—

C-JUN dimerizes with C-FOS to form the

AP-1 transcription factor
nucleus | o o
AP-1 activates transcription by binding to

the _TGA(C/G)TCA- TPA response
element (TRE) (seen in lecture 1) and
interacting with the basal transcription

complex

RNA pol Il

R0y




Receptor Actions in Cells

Grawih Peptides and

@ Eslrogen Fachors 'ﬁl Meurodransmitters
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Kinase Cascados
Leading to Activation of

Distinct Transcription Factors
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Plasma membrane

_Qﬁgurﬁst
— Receplor
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NGF
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First messengers
U Neurotransmitters
2| Receptors

Coupling factors
G proteins

'

Calt

Second messengers

Diacylglycerol 1Py cAMFP oGMP

Nuclear

membrane

l

Protein kinases

Third messengers

¥
CREB-like

frans crlptlﬂn factors

Fourth messengers

/’

fos-like

Transcription fa::turs\
Other genes




Chromatin und Genregulation

Chromatin ist eine wesentliche Ebene der
Genregulation bel Eukaryoten

Beispiele sind Eu- und Heterochromatin

Aktives und inaktives Chromatin entstehen durch
Proteinmodifikationen und unterschiedliche
Zusammensetzung des Chromatins

Spezifische Proteine sind fur die Bildung von
Heterochromatin verantwortlich (z.B. HP1,
SuVar-Proteine, Histonacetyltransferasen etc)



Chromatin:
verschiedene
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Nuclease-Verdau von Chromatin ergibt
diskrete DNA-Fragmente von ca. 180 Bp
Lange

m%li v v

v

Nati've

' Nucleotide-pair lengths



Chromatin und Genaktivitat

Nuklease zugangliche Chromatinbereiche




Organisation des Mononukleosoms

Linker DNA
Histones 2A, 2B, 3, 4

Histone |

e 110 R ————»-I Linker DNA




Histon H1 — . Linker Histon"“

Chromatosome

Core histone octamer +1 Linker Histone + 2 fiell turns of DNA (168 bp)

Linker Histone and histone termini
control linker DNA entry/exit of
chromatosome in chromatin fiber.

Ve Zhow, Gerchman, Rameknstnan, Travers, An, Leuba, van Holde, Zialanova
A Mevldarmans Nature 395, 402 1998) PHAS 95, 2306 (1998

1088 13



Die Core Histone:
H2A, H2B, H3, H4

DISTRIBUTION OF CHARGED RESIDUES
WITHIN THE FOUR SMALLER HISTONES

w L4
4+ ++H o+ +HE + 4+ + 4 # o o++t HZA
ko W O W
+ HH +H B % + + + ++ H + + 4+ ++ 4 HEB
W N L
H+ H O+ +H H++ FH+E H O ++ o+ H + H++ HZ‘!
W e W
+++ & HHH+ + HH + + + + +HH H+ + H4
NH2 | | t | | | | | | | I COOH
TERMINAL 20 40 &0 80 100 120 TERMINAL



Der Aufbau des ,,Core"-
Nukleosoms ist im Detall
aufgeklart:




nucleosome core particle

Luger, Mader, Richmaond, Sargent & Richmond, 1997













Histonoktamer

die Abbildung ...
zelgt nur ein
Jhalbes”
Oktamer o













Chromatin und Genaktivitat

Euchromatin




Aktives
Chromatin ist
nicht in
Nukleosomen
organsisiert




Inaktive / Aktives Chromatin

Compact
nontranscribed
form

Nucleosome

histone
proteins

—SH groups nonreactive

Extended
transcribed
form

gl o 4 5
ol P ~

H2A' HA2

—SH groups reactive



transcription-related

ATPase
Remodelers




HAT
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acetylabon
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Histon Acetylierung

Function of Histone Acetylation

- A 3 - - -
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Histone acetylationand gene activation
Medel for how HATs might activate gene expressien in chrematin

il Avtregignadirgcied histong hyperaggiviption

[

Mudgrmmimal tils

v# yaw$%#wﬁv?
FRE G EBEEGRA RN

+GONT, 8 lmown oo-notvatey of $ene expieesion 15 venst, was showmn © be olosely related 1o the fi
HAT isolated bochsmically fiom human eslle

fGCN 3 was shown t© be part of a [arge mult-protein complex
vOne of the subumie of the complex was shown © miwmet direotly with GON4

G0N 12 2 pene-specific TF that binda o Tpau.ﬁn H o2 in the promoter-prosumal reégion
of senes regulated by OCN4 é 1de é]O ﬂm

rf




Histone Acetylation Enzymes

Lysine
in histone;

cell membrane

HAT (Histone HDAC

Acetyl- (Histone
Transferase) DeACetylase)

Uncharged
Acetyl-Lysine
in histone

© 2002 Waterborg - UMKC

DNA




The Protein named PCAF contains both a histone acetyltransferase (HAT)
and subset of TATA-binding protein associated factors(TAF-II's).

TFIID
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Acetylierung und
Deacetylierung

Lysine 'Zliﬁz
fifl:l
o )
‘-EHII Acetylation CI'HE
CH, by HATs CH,
| : |
CH, E;ﬂHCg:IEm“ CH,

IE Iﬂr
Sy g g
H O H 0



N-ter

Acetylated Histones — a choice

+ + + +
H,N-ARTKQTARKS
+ S 9

3-6 AC

minus of histone H3 H3 : 3-6AcC
NGV S H2B : 3-6Ac
m m
TGGKAPRKOL o
PRy ~
H4 : 4 or 5 Ac

+ + + +
Ac-HN-SGRGKGGKGL GKGG
5 8 12
4 or 5 AC

Note the “standard” colors for the core histones

© 2002 Wat

erborg - UMKC




H4-Acetylierung

Acetylation of Yeast histone H4

30min 120 min 120 min 120 min

[3H] Ac [3H] Ac [3H] Ac [3H]- Iysme
cycloheximide

ilslilul;'ii

Coomassie Fluorograph (film)

© 2002 Waterborg - UMKC
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Inaktivierung durch
Histonmethylierung

Mranot Thadlekz



Welere Modifikationen an
Chromatin:

Core histones can be reversibly modified
by acetylation,
methylation, phosphorylation,
ubiquitination or ADP-ribosylation
(Strahl and Allis, 2000)



Weitere Chromatinproteine

HMG Proteins

' N

HMG Motif Canonical
Proteins Eunctional Motif HMG Proteins
fm—mmm oS
) HMG-Box
HMG-Box proteins - > New Name: HMGB
Root symbol: Old Name: HMG-1/2
HMGE

Nucleosome binding

NBD-proteins - > New Name: HMGN
HMGN
AT-hook
AT-hook proteins - > New Name: HMGA
P Root symbol Old Narme: HMG-I/Y

|
|
|
|
|
|
|
|
|
|
Root symbol: : Old Name: HMG-14/-17
|
|
|
|
|
|
HMGA :
|



Nuklesomenstruktur des
Chromatins
Informative Internetadressen:

http://www.averaqge.ora/~pruss/nucleosome.html

http://bama.ua.edu/~hsmithso/class/bsc 495/chromatin/chromatin web.html
http://www.nature.com/cqgi-taf/DynaPage.taf?file=/nature/journal/v389/n6648/full/389231a0 fs.html
http://www.biochem.arizona.edu/classes/bioc462/462a/NOTES/Nucleic Acids/nucleosome.html

http://info.bio.cmu.edu/Courses/03438/Nsome/1AQOIl.htm
http://arapaho.nsuok.edu/%7Ebiology/Tutorials/Nucleosome.htm

http://medweb.bham.ac.uk/research/chromatin/nucleosome.html

http://www.sciencemag.org/cgi/content/abstract/1060118v1
Chromatin structure:The nucleosome core all wrapped up Histonmethylierung:
Nature 389, 231 - 232 (1997)




X-Inaktivierung

Barr body in epidermal spinous cell
S la yer

Nuclear appendage in white blood
= cells

Figure 23-3. Left: Bar bod ows) i
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Mechanism of X-inactivation
Inactivation of an X chromosome requires a gene on that chromosome called XIST.,
XIST encodes a large molecule of RNA (of a type different from those, e.g., mMRNA, used in
protein synthesis).
XIST RNA accumulates along the X chromosome containing the active XIST gene and proceeds
to inactivate all (or almost all) of the other hundreds of genes on that chromosome.
XIST RNA does not travel over to any other X chromosome in the nucleus.
Barr bodies are inactive X chromosomes "painted"” with XIST RNA.

During the first steps of embryonic development of the female, the XIST locus on each of her two
X chromosomes is expressed but the XIST RNA is quickly broken down. Then something
happens to tip the balance in favor of one or the other of the X chromosomes.
transcription continues on one of the X chromosomes, leading to an accumulation of XIST RNA
and converting that chromosome into an inactive Barr body.
transcription of XIST ceases on the other X chromosome allowing all of its hundreds of other
genes to be expressed. The shut-down of the XIST locus on the active X chromosome is done by
methylating XIST regulatory sequences. DNA methylation usually results in gene repression so
methylation permanently blocks XIST expression and permits the continued expression of all the
other X-linked genes.




Figure 4. Xist Expression in Cells From Fe-
male Xist "'~ Embryos at7.5 Days of Gestation

Fluorescence in situ hybricization was per-
tormed tor Xist ipinkrech and Pg#- 1 (grean)
RMA. The full probe was used in CA), (C], and
(00; the delktion probe was usad in B) and
(E}J. A probe tor Pgh-T was also usad in (B
(A) Xist~ male [B) Xist male; (C) Xist'™ fe-
male; [0} Xist '™ temale; [E] Xist'" female.







Because of X inactivation, female

mammals are mosaic
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XIC

+ signal from X inactivation center, spread along
chromosome, promoted by booster elements (Fig
3)

— signal spreading is less effective in autosomal material than in
the X chromosome itself
— LINEs may represent booster sequences
» X chromosome is strikingly LINE-rich
» Efficiency of spread into autosomalregions correlates
with their LINE content

 Inactive X replicates late, the late replication may
help maintain the inactive signal, in which late
replication prevents transcription and
transcription is required for early replication



The X inactivation center

Xic
P1/P?
ETE)F DEP&SEd Tsx Brx Cdx4
S12 519 -
1 D ":h ? Ts-'x L
1 —
2 —
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4 —
o
Choice 1 = | ——————————
Counting .

Cis-inactivation j————ri

Nature Reviews | Genetics



Constitutive H3K9 me2 hotspot Choice (Mararhens et al, 1998; Lee et al, 1999; Debrand et al, 1999,

(Heard et al, 2001; Rougeulle et al, 2004) Lee and Lu, 1998; Morey et al, 2001; Ogawa and Lee, 2003)
EE NSNS BN NN NN EEEENEEEEEENENEENEEEENEEER [ e 45} _

NN B B Counting  (Clerc and Avner, 1998; Morey et al 2004; Lee, 2005)

10 kb
—— —] — =] =
Xpct Cnbp2  Ftx Jpx Bpx

450 kb YAC (Lee et al, 1996)

460 kb YAC (Heard et al, 1999) T R e S

80 kb BAC (Lee et al, 1999) m——
35 kb cosmid (Herzing et al, 1997) sm—

Xist cDNA (Wutz and Jaenisch 2000) mET——

BAC / plasmids (Lee 2005) e
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Xist continued. ..

« BNA Is expressed, but does not code for protein
— longest ORF (open reading frame) is 400 bp

« mouse 15 kb RNA, human 17 kb RNA

- BRNA remains trapped in nucleus
« expressed only from the inactive X chromosome

« expressed in all mature female cells, and briefly
In testes when an inactive X chromosome is
present

« stabilization of Xist RNA mediates initiation of X
Inactivation
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Inaktivierung
von Heterochromati
durch RNA
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Therapie von Leukamie durch
dsRNA

A
T A (N19) NB— AAAAA  LOTREL
. - — Chromosome 22
sIRNA 1. Chromosome 9
:J__I__I_IIIIIIIIIIIIIIIIIII 4- antisense E.CE'.! e
mig ABLME:
- 1]
oy e TH .
HU=LG & E
— p210 kD ! :
. #,."! chimeric AEL
H1RNA ™, 7 BCRABL RN Amecduated
. . 1 SLE e AA-TIECILEL
promoler oncoprotein targe ting ol the
fus1on =sile

ﬁ-
I ' Chronic myelogenous leukemia
LTLI

Figure 3. scheme of ihe trnslocation i09;22) o leukemia. The BCE-
AEL fusion mEMA provides a kukemia-specific mrget (hat can be deaved

by HEM A



Ma interference (RMAD) represents an evolutionarily

chnsewed cellular defense for controlling the expression
of foreign genes in mast eukaryotes including humans. RMAI is
triggered by double-stranded RNA (dsRMA) and causes
sequence-specific mRNA degradation of single-stranded target
RMAs homologous in response to dsRMA. The mediators of
mRMA degradation are small interfering RNA duplexes (siRNAs),
which are produced from long dsRMA by enzymatic cleavage in
the cell. siRNAs are approximately twenty-one nucleatides in
length, and have a base-paired structure characterzed by two-
nucleotide 3'-overhangs. Chemically synthesized siRMAs have
become powerful reagents for genome-wide analysis of
mammalian gene function in cultured somatic cells. Beyond
their value for validation of gene function, siRMAs also hold

great potential as gene-specific therapeutic agents.

Thomas Tuschl' and Arndt Borkhardt®

'‘Department of Cellular Biochemistry, Max-Planck-Institute
for Biophysical Chemistry, D-37077 Goettingen, Germany
*Children’s University Hospital, Pediatric Hematology and
Oncology, 35392 Giessen, Germany
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Bitte beachten:

* Praktikum beginnt 20. 02. 07 9 Uhr s. t.

* Praktikumsraum Molekulargenetik
(Gebaude SB1, J.-J.-Becherweg 34-36)

e Laborkittel mit bringen

e Praktikumsskript kann ab Montagl2. 2. im
Sekretariat des Institut flr
Molekulargenetik abgeholt werden
(kostenpflichtig)




