Translation erfolgt vom 5° zum 3" Ende der mRNA. tRNAs

(transfer RNAs) bringen Aminosauren zum Ribosom
a) Cloverleaf model of tRNA

3/

Jede tRNA wird mit einer ) e
spezifischen Aminos&ure beladen. 1
5’ |
. G- C
Das Anticodon der tRNA basenpaart G G
N
mit dem Codon der mRNA. B

>
tRNAs nehmen eine Kleeblattstruktur gaw, cMe § “aeece”
. D" | - UCEEG
(durch Basenpaarungen) ein. . Geaa V%
GMe, © G '@y

Alle tRNAs haben eine CCA Sequenz
an deren 3’ Ende. Diese Sequenz

wird post-transkriptionell angeflgt. U | i
G &
Anticodon

2 > 1IMe
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b) Schematic of the three-dimensional L-shaped structure of a
tRNA, here yeast phenylalanine tRNA

Loop IV 5’end

3’ end
(for amino acid
attachment)

Anticodon loop
(loop 1II)

© 2010 Pearson Education, Inc.

In gefaltetem
Zustand nimmt die
tRNA eine L-Form

eln



Aminoacyl-tRNA Synthethase beladt tRNAs unter ATP Verbrauch
Aml:mlzlamd \ k

Amino acid
and ATP bind

P
to enzyme
. Enzyme catalyzes

P PA> coupling of amino
P ATP acid to AMP to form
aminoacyl-AMP.
Two phosphates

Aminoacyl-tRNA synthetase are lost in
the reaction.

Enzyme P
returns to
its original

state i
&/r

PIAY e
aa—tRNA and Uncharged

AMP released. CAA tRNA
aa-tRNA—enzyme g? aa-AMP-enzyme

CAA
Aminoacyl-tRNA K,
(aa—tRNA) »

Enzyme transfers amino acid

from aminoacyl-AMP to tRNA to

form aminoacyl-tRNA (aa—-tRNA).

The aa—tRNA and AMP are CAA
released from the enzyme.

Uncharged
tRNA binds
to the
enzyme
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Die Carboxyl Gruppe der Aminosaure bindet an das 3" oder 2’

OH der tRNA

Fli R group
Amino B
group s (,DH
?:O Carboxyl
o) group

OH

Adenine ~0o~ CH,

i
o= IID —0O~
i
Cytosine c
nucleotides < s
5/

Anticodon
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Amino acid
attached by
carboxyl group

to ribose of

last ribonucleotide
of tRNA chain

Last 3 nucleotides
of all tRNAs
are -CCA-3’



Bakterielle und a)

eukaryotische Bacterial
. . ribosome (70S)
Ribosomen sind (2.5 x 106 daltons) 23S rRNA (2,904 nt)
. +
einander sehr > 5SRNA (120 nt)
s . +
ahn“Ch. 31 proteins
. . / 50S subunit
Die RNAs im e
' 16S rRNA (1,542 nt
Ribosom haben i : (i)
strukturelle aber auch 05 subun =l proione
katalytische Funktion
b)
Mammalian
ribosome (80S) 28S rRBNA (4,718 nt)
(4.2 x 108 daltons) +
5.8S rBNA (160 nt)
> +
5S rBRNA (120 nt)
+
60S subunit 49 proteins

/
\
18S rRNA (1,874 nt)

_— +
33 proteins

nt = nucleotides 40S subunit
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Ribosomale RNA wird als ein precursor-Molekul transkribiert:
In Bakterien ist dies als 16S 23S 5S Transkript organisiert

In Eukaryoten als 18S-5.85-28S (bzw. 25S bzw. 23 S
(Pflanzen, Tiere, Pilze))

Das primare Transkript wird in seine Untereinheiten
zerschnitten (prozessiert).

45S rRNA precursor
5' 3I
ppp = RS B - o+
' 13,000 nucleotides |

|
RNA degraded regions of
PROCESSING nucleotide sequence

18S rRNA 5.8S rRNA 28S rRNA
teai s i R R
5' 3 5' 3 B 3'
AN J
[_ B 5S rRNA made
5' 3' elsewhere

incorporated into small incorporated into large
ribosomal subunit ribosomal subunit




tRNA interagiert mit dem Ribosom an der A, P, und E site

/ Growing

polypeptide chain

Amino acid

Large
subunit
Exit
site (E) BNA
Peptidyl
site (P)
Aminoacyl
site (A) Smalll
subunit
MRNA———

0..3,

5’
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Translation wird in 3 Phasen reguliert: Initiation, Elongation,
Termination

In Prokaryoten:

Initiation wird von Initiationsfaktoren reguliert. Initiation Factor 1
und 3 binden die kleine ribosomale Untereinheit. Diese bindet das
5" -Ende der RNA

Die rRNA Basenpaart
mit der Shine-Dalgarno

IF-3 IF-1
Sequenz der mRNA 30S ribosomal subunit
3 Shine-Dalgarno
sequence
:
30S ribosomal subunit . ' AUG ’
binds to mMRNA /’ MENA 8 ?
Y
mRNA 5’ AUG 3
IF-3 IF-1
fMet

Initiator tRNA binds to

31 5 £
308 ribosomal subunit - "l fMet initiator tRNA
mANA complex (g
GTP—(; ) —IF-2
v UAC



3/

b)

5/

Die Shine-Dalgarno Basenpaarung wurde mittels
Mutationsanalyse verifiziert.

Sequence at 3’ end of 16S rRNA
AUUCCUCCAUAG 5’

Example of sequence upstream of the AUG codon in an
MRNA pairing with the 3’ end of 16S rRNA

Shine—Dalgarno Initiation
sequence codon

UGUACUA AGGAGGUUGUAUG GAACAACGC
puUCCUCC 4
2

%
ol 16S rRNA 3’ end

3/



In Pro- und Eukaryoten et

] ] ] . o fMet initiator tRNA
beginnt die Translation mit g g
. . . UAC
einem Methionin (AUG) In A e AUG N

IF-3 IF-1

Bakterien ist die erste

30S initiation complex

Aminosaure modifiziert fMET

508 ribosomal subunit

= Formylmethionin). s
fMET tRNA wird durch IF2 und J
GTP von normaler MET tRNA =

unterschieden. |

IF1 blockiert die A site. fMET

P site
wird Uber die P-site geladen. \'g‘le;,
Binden der grossen € site éé) Asie

Untereinheit entlasst die drei GRG
Initiationsfaktoren. mRNA 5

AUG "

70S initiation complex
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Translation in Eukaryoten

Erfordert elFs. (Eukaryotic initiation factors)

Benotigt KEINE Shine-Dalgarno Sequenz.

Die mMRNA muss ein Cap tragen (elF4E bindet daran)

elFs und eine mit met-tRNA beladene 40 S subunit scannen
das 5° Ende der RNA bis zum 1. AUG .

Nach Erkennen des AUGs bindet die 60S Untereinheit und
nahezu alle elFs werden entlassen (ausser elF4F.)

Das 3 Ende des A+ tails der RNA interagiert mit dem Cap.
Dies fuhrt zu einem geschutzten, cirkularen Molekaul,
welches effizient translatiert werden kann.



Zirkularisierung der mRNA sorgt fur
effiziente Translation

AAAAAAAAAAAAAAAAAAALAAA AL

PABP




ELONGATION

Elongationsfaktoren werden in Eu- und Prokaryoten benotigt.
Elongation factor Tu (Ef-TU) wird mit der tRNA komplexiert und

bindet an die A-site

Ef-TU wird durch Ef-Ts neu mit GTP beladen

Peptidyl-tRNA

binding in P site
\lMet
Shine-

Dalgarno
uence
- E site Empty
,_L‘ A site
UAC

5

J

AUG UCC AAG

mRBNA Y T
Codon 1 2 3
0 Once 70S initiation complex is
formed, IMet-tRNA.fMet is
bound to AUG codon in the P
(peptidyl) site of the ribosome.

3

Regeneration of EF-Tu-GTP

complex by Ts

GDP
EF-Tu-Ts
complex
,EF-Tu

EF-Tu-Ts
P
exchange cycle o @0

\ ,,

/

In a complex with elongation
factor Tu (EF-Tu) and GTP, the
next aminoacyl-tRNA molecule
(Ser-tRNA Ser) binds to the
exposed codon (UCC) in the
A (aminoacyl) site of
the ribosome.
5
mRNA

fMet Ser

UACAGG
BEEEE

AUGUCC AAG

and &

Codon: 1 5 :Ti
X

a3



Nach Peptidbindung (3), fuhrt EF-G zur Translokation von A zur P
site (in Bakterien). Erst wenn eine freie tRNA die E-site verlasst,
Ist die A site fur die Aufnahme einer neuen tRNA bereit (mit Ef-TU)

0 The elongation cycle repeats until
stop codon is encountered

fMet
\

Ser

Empty
E site
A9 %
AUG UCC AAG

5’ 3

e
Codon: 1 2 3
0 When translocation is complete and
the peptidyl-tRNA is in the P site,
uncharged tRNA is released from the
E site and the ribosome is ready for
another elongation cycle.

o

© 2010 Pearson Education, Inc

fMet

9 Peptide bond forms between the
two adjacent amino acids,
catalyzed by peptidy! transferase
The linked amino acids are
attached 1o the tRNA in the A site,
forming a peptidyl-tRNA.

Peptide bond \fMol
Peptidyl —— S'er

transferase
center

VAT ASG
5 AUGUCC AAG 3
Lﬂ_lgr__l;r_:
Codon: 1 2 3

O Translocation occurs as the ribosome
moves one codon to the right, requiring
EF-G and GTP, and peptidyl-tRNA moves
from the A site to the P site. Uncharged
tRNA moves from the P site to

y the E site.
Ser
EF-G )
Empty ove (GO
A site - P
UACAGG -y
AUG UCC AAG \
\
(WY W — 0 GTP

Codon: 1 2 3 @coP+ P

eEF2 in Eukaryoten



Peptidyl-transferase Aktivitat verknupft zwei Aminosauren. Diese
Aktivitat wird durch die ribosomale RNA bewerkstelligt.
Chloramphenicol inhibiert die Peptidyltransferase Aktivitat.

D.h. die 23S rRNA ist ein Ribozym (RNA mit enzymatischer

Aktivitat)
b) Following peptide bond formation, an uncharged

tRNA is in the P site, and a tRNA with two amino
acids attached is in the A site

a) Adjacent aminoacyl-tRNAs bound
to the mRNA at the ribosome

508
subunit—_
CHy )
l Peptidyl
S transferase
<|:H20H
H,N—C—C=0 _
H (I) Peptide bond

formation catalyzed
by peptidyl transferase

A site \

Y

E site H,O
5 AAG 3 5
L | L J L J | | L J
30S y ! ' T .
subunit / / ‘ \ / ; | .
P-site codon with A-site codon Next coden 8tie codon with dip':e\pst::jillv\;gihNA'
(Lysine) uncharged tANA ;. tMet-Ser—tRNA.Ser

fMet—tRNA.fMet with Ser—tRNA.Ser
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Sobald das Risosom einige codons vom Start-Codon entfernt ist,
kommt es zu einer neuen Translationsinitiation.

Dieser Prozess wiederholt sich immer wieder, sodass ein
Polysome (MRNA mit vielen Ribosomen) entsteht.

5 ribosomes Growing __~Complete
reading same RNA polypeptide c@ polypeptide
sequentially chains
N 4
(Initiator
cod\on) 50S
AUG /
5/
3’ mRNA {RNA
Stop codon
30S

» Ribosome movement \
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Terminationskodons werden nicht durch tRNA

erkannt.

Statt einer tRNA bindet ein release factor RF.
RF1 erkennt UAA und UAG, RF2 erkennt UAA
und UGA (in Bakterien). Lo

0 Stop codon is
encountered

5" wes /

MRNA

RF1

0 Release factor
(RF1) binds to
stop codon

Ser

P site

\ Lys
site site

WYe
AAG UAG
l_r_J

Stop
Codon

Release
factor
(RF1)
ot S

Peptidyl
Lys // transferase

i : RF1

uc
f

Y
AAG UAG

|

T iMet

TERMINATION

e0®® SG’
Met
Released
polypeptide chain

fMet

_JLys
0 Polypeptide chain
N‘any amino s released
acids
RF-1 fuhrt zur RF1
liJ ucC
Trenqung des 1581 ¢ .
Proteins von der
¥ tRNA durch die J
. RF1
Peptidyltransferase _
€ RF3-GDP binds,
causing RF1 release
GTP replaces the /
GDP and GTP y ,RF3-GDP
hydrolysis /
les
;:‘QF%'ISGS a
Yye
5 AAG UAG 3
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Bindung von ribosome recycling factor (RRF) erlaubt Bindung
von EF-G und somit Translokation.
Die zwel ribosomalen Untereinheiten dissoziieren.

3 Ribosome

recycling factor
(RRF) binds to
A site 1
= RRF Uncharged tRNA RRE
site é?;
vy (': @ RRF releases the /
- AAG UAG y uncharged tRNA \)\)c \
s 3 EF-G then GDP
releases RRF, and 50S
the two
I rbosomal

subunits
dissociate
from the £ P A
mRNA site site site
D EF-G-GTP binds to
ribosome. Hydrolysis of
GTP to GDP causes
translocation of the
ribosome, putting
RRFinthe P
site, and the
tRNA in the
E site

mRNA ARG UAG ?

30S




Termination in Eukaryoten:

eRF1 erkennt alle 3 Stop Codons
eRF3 stimuliert Termination



Regulation der Genexpression in Bakterien und Phagen

Lac-Repressor an DNA gebunden




Inducers und Repressors kontrollieren die Genexpression.
Inducers sind of kleine Molekule (z.B. Metabolite). Diese kleinen
Molekule werden oft von DNA-bindenen Proteinen erkannt,
welche als Aktivatoren oder Repressoren der Transkription

wirken. Gene
Controlling Ti ‘
erminator
Promoter site Coding sequence
, |
DNA j‘i [ii
}
Induction

Transcription and translation
occur only after induction

Y

Gene product Protein

Inducible genes are expressed only in the absence of a
repressor and/or presence of an effector/inducer molecule.



Lactose (bzw. Allolaktose) induziert die Produktion von 3-
Galaktosidase

—— E. coli membrane

CH,OH Galactose
HO O_ OH (converted into
H glucose, which
Lactose N\ is metabolized
CH,OH CH,OH h on in glycolytic
o _ HO 0 H O0_ oH P-Galactosidase pathway)
- H H
o H B2 OH H +
H H H H.O CH,OH Glucose
H OH H OH 2 H O_ oH (metabolized
CH)H ’ via glycolytic
HO n  pathway)
Growth Permease proteins H OH
m.e}?lum (transport lactose from
wit medium into E. coli)
lactose
Allolactose
(induces
-galactosidase
Lactose syntiesg In
CH,OH E. coliin
CH,OH CH,OH
2 e B-Galactosida OH o) lactose growt
HO o H OH o H o Mmedium)
H 2 H on H JB)
on H B OH H H H S
H H H (0]
H  OH H H i
H  OH H OH OH H
HO H

H OH
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In Bakterien sind die Gene fiir bestimmte Stoffwechselwege
oftmals gekoppelt. D.h. eine regulatorische Region kodiert fur die
Transkritpion einer Polycistronischen RNA. Diese RNA kodiert fur
multiple Peptide.

Dies ist ein Operon.

Jacob und Monod (Nobelpreis 1965) haben das lac-Operon
untersucht. Dieses kodiert fur R-Galactosidase (lacZ), Lactose
permease (lacY), 3-Galactoside transacetylase (lacA).

Die Anwesenheit von Galactose und die Abwesenheit von
Glukose induziert die Expression dieser Gene 1000x. Die RNA ist
instabil. Abwesenheit von Lactose schaltet diese Gene sofort ab.

Translation of polycistronic lac mRNA
lacZ* lacY* lacA*

=4
mRNA 5 | ' ‘ ‘ il o Ribosomal
| ' Q | ‘ subunits
Z (Z } / \ X T dissociate
Translation: g4 J & Stop Start ¢ Stop Start ¢ Stop
B-galactosidase \/ Permease \/ Transacetylase
produced produced produced
Ribosomes load Ribosome Ribosome
onto mRNA and slides to lacY™* slides to lacA*

start translating here to begin translating
© 2010 Pearson Education, Inc.



Jacob und Monod konnten mittels Mutationen eine Region als
Operator (LacO) und eine als Repressor (lacl) identifizieren.

Mutationen zeigten, dass lacO in cis operiert (am gleichen
Molekaul).

Mutationen in lacl zeigten, dass dieses in trans operiert (auch an
anderen Molkulen)

Ein Operon ist ein Cluster von Genen welche durch Operator-
Repressor Protein-Interaktionen reguliert ist.

lac regulatory gene lac operon
[ I 11 I |
Promoter Promoter (Pj,.+) Operator Tooire
E. woli ’ / B-Galactosidase gene = Permease acetylase
chromosome lacI* lacO*. laczt ‘ lacY* . lacA™*
segment ' ! | /
Piacr+ Terminator Structural genes Terminator
Base pairs |« 1,040 > < 3,075 > <«—1264 —>|<—612—>
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Der Lac-Repressor ist konstitutiv exprimmiert. Ein Tetramer des
Repressors bindet an den Operator und inhibiert so die
Transkription. Die Operator Sequenz wird normalerweise von
RNA-Pol gebunden. Der Repressor verhindert so das Binden der
RNA-Polymerase.

(Negative Regulation)
lac regulatory gene lac operon
[ l 1 I |
Promoter Termir:aator t Operator Permease Transacetylase

B il I rlomo a8 B-Galactosidase gene gene gene
chromosome lacl* ' ‘ 'lacO*‘[ lacZ* 1 lac’](+ | lacA™*
segment | | /

Piact+ ‘ _ Plact Structural genes

Constitutive not expressed

transcription

Lac repressor

MRNA Lac repressor proteins attach to operator
and prevent transcription of mRNA.

Ribosomes :
. RNA polymerase cannot bind to the
Translation promoter when repressor is bound
¢ to the operator.

Lac repressor proteins
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Induktion des Promoters durch Allolaktose.

an den Operator

lac operon

Allolaktose bindet den Repressor und verhindert dessen Bindung

If there is no repressor on operator, RNA
polymerase can transcribe the structural genes

—> RNA polymerase

Piacr+ Piac+ |
ﬁ lacl” ﬂ_ﬁlaccfl— lacY* lacA* )
/1
Transcription Transcription and e
and translation beginning of JAN DB
translation Y A S
Repressor o
proteins Y (R
/./
%/
Inducer g
molecules /\Q*
(allolactose) Y P
N o — lacZ*— \
Polygenic

Inactivated \ mRNA / é [% &
repressor; )
cannot bind '
to operator

& % & TR D

B-galactosidase Permease Transacetylase
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Jacob und Monod’ s Mutagenese Experiment zur cis Aktivitat des

Operators

a)Partial diploid in the absence of inducer. The lacO* operon is turned off, whereas the lacO° operon
produces functional B-galactosidase from the lacZ* gene and nonfunctional permease molecules

from the lacY™ gene with a missense mutation.
lac operon
|

Plac+ Mutant Normal

lacl* {lﬁlaco* lacy* lacA* ||

No transcription

B, lacl+

j

Transcription
and translation Lac repressor
binds
Lac repressor—
Transcription \
and translation
? lacl* ﬂi |

Placl"' Pl{u"" lacO°

Lac repressor
cannot bind

i lacY™ a
>

ancrre ation

TS e Tee s
¢ ¢

&

N
PHB® APTRP IHIY
Constitutive Constitutive Constitutive
B-galactosidase nonfunctional transacetylase

permease
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E. coli
chromosome
segment

F’ segment

No expression
~ in absence of
inducer

. Constitutive
synthesis




Jacob und Monod’ s Mutagenese Experiment zur cis Aktivitat des
Operators

b)Partial diploid in the presence of inducer. The lacO* operon is turned on and produces nonfunctional
B-galactosidase from the lacZ~ gene and functional permease from the lacY* gene. The constitutive lacO°¢
operon produces functional B-galactosidase from the lacZ* gene and nonfunctional permease from the
lacY™ gene. Between the two operons, functional B-galactosidase and permease are produced.

Pract Plact Mutant Normal E coli
ﬁ lacT* ﬂﬁ lacO* lacY™* p chromosome
. - segment
Transcription anscriptiop
and translation and translation
: Inducible
Lac repressor— Inactive ), { é é é) < L L :
Lac repressor é S @& synthesis
i cannot bind i ¢ S
2% -~ g®— SDH® @HEB
Inducer f Nonfunctional Permease Transacetylase
(allolactose) T Inactive B-galactosidase
Lac repressor—— Lac repressor J
cannot bind
Transcription l
and translation ]
? lacI* [l_— | F’ segment

Pracr+ Piac+ lacO°

! < ié é é <%é < Q‘): é | Constitutive

synthesis
N

PO QPVERP IHE®
Constitutive Constitutive Constitutive

-galactosidase nonfunctional transacetylase
permease =

© 2010 Pearson Education, Inc.



Jacob und Monod’ s Mutagenese Experiment zur trans Aktivitat
des Repressors

a) Haploid strain (in presence or absence of inducer). The mutant Lac repressor cannot bind to the lacO* operator,
resulting in constitutive synthesis of lac operon enzymes.

lac operon
|
I 1
Puact+ \utant  Plact Normal Normal E coli |
T (koo RS izcv* At I chiomosome
Transcription Transcription segment
and translation and translation
[y e _ Constitutive
synthesis

Sy ?<§ééé PP
Mutant ¢ S &

(inactive) ¢ %
Repressor kann Lac repressor N
nicht binden cannot bind SHB® PSS D

to operator Constitutive Constitutive Constitutive

B-galactosidase permease transacetylase |
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Jacob und Monod’ s Mutagenese Experiment zur trans Aktivitat
des Repressors

b)Partial diploid in the absence of inducer. The lacI* operon produces wild-type Lac repressors, whereas the
lacI operon produces inactive Lac repressors. The mutant Lac repressor cannot bind to the lacO* operators,
but the wild-type Lac repressors can, so no transcription occurs from either operon.

Pact Normal  Plact Mutant Normal .
E. coli
lacl* ]]ﬁ lacO* chromosome
segment
Transcription No transcrig g
and translation / _
Wild-type Lac repressors
Wild-type bind to lacO™ of either
Lac repressor — chromosome
Mutant (inactive) \
Lac repressor—“ C Mutant Lac repressors
* = cannot bind to operators
Transcription
and translation
Mutant Normal
lacO* F’ segment

Piacr+ Pjac+ No transt
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Jacob und Monod’ s Mutagenese Experiment zur trans Aktivitat
des Repressors

c) Partial diploid in the presence of inducer. The inducer inactivates the wild-type Lac repressor, preventing it from
binding to the lacO* operators. The mutant Lac repressor is unable to bind to those operators. The result is
transcription of both operons: nonfunctional B-galactosidase and functional permease are produced from the
lacI* operon, and functional B-galactosidase and nonfunctional permease are produced from the lacI~ operon.

lac operon
1
I 1
Puactt Normar - Plact Mutant Normal E. coli |
j lacl* lﬁlacO* lacY* lacA* "Wl chromosome
Transcription e =egment
and translation Transcription
. Inducible
Wild-type = Yo Tam - :
Lac repressor D & $ é é DL synthesis
Neither
) inactivated ¢ ¢ 2 \: 29 Q
4 ) % “ nor mutant @ % B® DS D
Inducer molecules repressors Nonfunctional Permease Transacetylase
inactivate repressor can bind to B-galactosidase
Mutant (inacti operator -
utant (inactive "
Lac repressor —‘}
Transcription
and translation
Mutant Normal Mutant 1
lacO* [ NNGEZNN IS At ] F’ segment
P];;(H' Plﬂ('+ o
Transcription
> - Yo Lo | Inducible
v & ( .
é é é é é < é é s synthesis
v v N
SHB® R IR D
B-galactosidase Nonfunctional  Transacetylase
permease
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Jacob und Monod’ s Mutagenese Experiment zur trans Aktivitat
des Repressors

lac operon
|

[

PIucI+ Plac+
Normal Normal

Normal
Iﬁ lacI* ﬂﬁmaw_l lacY* lacA* || }Uninductible
h No transcription

A

Transcription
and translation

l

Repressor insensitive to allolactose

J V) — 9 J
Inducer J
(allolactose) Inactive repressor
cannot bind to operator
Inducer cannot “
inactivate mutant Mutant superrepressors
superrepressors “ bind to operators

Transcription
and translation

Mutant Normal Normal

lacO* [ laeZ® ] lacY? lacA* | }Uninductible

Placi+ Plac+ No transcription
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Glukose reprimmiert die Expression des Lac-operons. Glukose
fuhrt zu niedrigen cAMP levels.

Hohe cAMP levels erlauben die Expression des Lac-operons

NH,
ATP
N X
<)
5 N N/
P~@~@&~0—CH, o
4 1
3 2
OH OH

Adenylate cyclase

NH,
cAMP
N X
T )
=
5’ N N
O—CH
2.0 Not produced
I when glucose
is present
‘O—lFI’—O OH
o |
Phosphodiesterase
NH,
5’-AMP
N X
)
=
5’ o N
4 1
3 2
OH OH
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o0 - — @

CAP (inactive) 4 cAMP CAP—cAMP (active)

[catabolite

activator

protein] lac operon
1

lacI* [ CAPsite || Promoter lacO"[IEIIIIIaeZE ] lacY

CAP—-cAMP binds to CAP site adjacent to
lac promoter, facilitating binding of RNA
polymerase to the lac promoter

0 00 RNA polymerase
holoenzyme
lacl* Promoter lacO* [ @z lacy”
o factor——u
Transcription begins
| > —_—
lacl* Promoter  lacO* [IGeZ= 0 lacY*

mRNA transcription
. and translation
5 &
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Das trp-operon kodiert fur Proteine der Tryptophan
Biosynthese und ist durch Tryptophan reprimmiert

TrpL und der Attenuator regulieren Expression

Transcription
pause site
Transcription

| <150 termination site |
ng+ trpE trpD | trpC trpB trpA
Promoter Atlenuator
Operator ;,_; Transcription
Leader region . .
TrpR bindet den Operator in der Gegenwart von Tryptophan
trp mRNA 5’| | | | 1 | |3

Translation l l l l l
Polypeptides ~ Anthranilate Anthranilate PRA Tryptophan  Tryptophan

synthetase synthetase isomerase-INnGP  synthetase §  synthetase «

component I component II synthetase

(PRA synthetase)
‘
|
Enzyme complexes LI, aB,
l\ l HN® T
Reactions Chorismate —— Anthranilate - PRA CdRP InGP - >C—CH2—ﬁj©
talyzed b | ' ‘ gelele
Sz:ey;reodués + glutamine + PRPP + serine .
H
PRPP = Phosphoribosyl pyrophosphate L-tryptophan

PRA = Phosphoribosyl anthranilate
CdRP = 1-(o-carboxyphenylamino)-1-deoxyribulose 5-phosphate
INGP = Indole-3-glycerol phosphate
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Der Attenuator reguliert die Expression in Gegenwart von WENIG
trp. Die 5 Region des operons kodiert flir ein kurzes Peptid mit

Trp codons UND kann Basenpaarungen eingehen, welche die
Transkription terminieren konnen.

Organization of region:
Transcription

Pause termination
A 2 3 4
AI’JG UGGUGG U?AA AL‘JG
Start Trp Stop Transcription Start
codon codons codon antitermination codon
l : | for trp
mRNA

Leader peptide-coding region

Alternative RNA structures:

Pause Antitermination Termination
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a) Tryptophan starved: antitermination

Das Ribosom “stalled” bei
den Trp codons in
Abwesenheit von
genugend Trp. Die so
ermoglichte
Sekundarstruktur
verhindert Termination der
Transkription.

In Gegenwart von Trp
forciert das Ribosom die

Bildung einer Terminator -

Struktur.

G G—100
In tryptophan starvation or at low levels U U
of tryptophan, ribosome translating A A
leader transcript stalls at Trp codon 90—C (o]
Cc C
A A
Cc C
. N Regions 2 and 3 pair,
Ribosome G/_:-J\ 110 preventing formation bf 3-4
so—gl. ¢ pair; transcription continues
u C
G-c 14110
o A UUUUUUUU
C & G c
G-C G
50 60 70 G-C G
| | | G-C G130
AGGUUGGUGGCGCACUUCCUGAAAC -G C
Trp Trp  Arg Stop C G
codon 1] 1] 1
A A
b) Nonstarved: termination cG UG ¢
G G-—100
U u
A A
90—C (o
Cc C
A A
o /
U U-A G
60 70 g0 A-U
| | U-A—110
UGGUGGCGCACUUCCUGAAACGGGCAGUG - C 1
Jllll |l|1||1 c 140
Trp Trp Arg Thr Ser Stop Cc |
codon A -UUUUUUUU
g ‘B Regions 3 and 4 pair;
c. transcription terminates
Cc - G—130
G:-C
C-G
C - GA
U U
A A
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Genregulation in Eukaryoten




Genregulation kann auf mehreren Ebenen erfolgen:

*Transkriptionskontrolle
*Regulation des RNA-Processings
*RNA Stabilitat
*Translationskontrolle
*Proteinstabilitat

*Protein Modifikation

Je weiter oben in der Kaskade gelegen, desto
verzogerter ist die Antwort auf ein Signal

Proteinmodifikationen erlauben eine
unmittelbare Antwort auf einen Stimulus

|
Transcriptional
control
Primary \
RNA

transcript ‘
B Nucleus

Processing
control

Mature
mRBNA '

Cytoplasm

Transport
control

/ N\

Translational mRNA
control degradation
control

\

Degraded mRNA

Mature mRNA

Protein

Protein
degradation
control

.

Degraded
proteins

2010 Pearson Education, Inc



Transkriptionskontrolle
erfolgt uber Aktivatoren,
welche an DNA binden.
Aktivatoren konnen
Transkription auf
verschiedene Arten

stimulieren.

© 2010 Pearson Education, Inc.

Enhancer

TATA




Aktivierung von Galactose fermentierenden Enzymen in der
Hefe

Der Transkriptionsaktivator Gal4p wird nur in der Abwesenheit
von Glukose synthetisiert. Dieser bindet an die Gal UAS
= UPSTREAM ACTIVATING SEQUENCE

a) GAL structural genes

GAL?  [IN] | GAL1I0 | ] | I  GAL1
| I

UASg UASg




Gal-80 blockiert die activation domain von Gal4

b) Absence of galactose

Gal80p binds to Gal4p activation domain, blocking it from activating transcription.

Galgop__

Galdp
dimer

GAL7

© 2010 Pearson Education, Inc.

Actlvatlon domain

- ga/Blndmg domain %
caiolm | [ ocALn |

UAsG

1

No transcription



Galactose fuhrt zur Bildung eines Inducers, dieser bindet Gal80,
worauf Gal4 aktiv werden kann

c) Presence of galactose

Gal3p converts galactose to the inducer which binds to Gal80p, causing it to
move on Gal4p. The now exposed Gal4p activation domain activates transcription.

O

Galactose
Gal3p ¢

A
Inducer

Activation domain
/

Galgop— Y |, Binding domain ¥ [
GAL7 ] _ GALI0 | | Ga1 |r
UASg UASg
Transcription l l l
Galactose Galactose Galactokinase

transferase epimerase
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Transcriptional activation by

1. Noninducing conditions
P Y
/ AD '\s_?[s_f)/
l Gal4 )l

\Db8B /
. UAS—TATA o+ GAL1

2. Inducing conditions; first, Gal4 recruits SAGA

—_—

@alsc_)?ﬁj SAGA\
': Gald ) i”y
\o8/
_UAS TATA +1 [ GAL1

3. Then, SAGA recruits TBP
@aISO/! s
| Gal4

\"\PP_’__/
UAS TATA +1 GAL1




Mogliche Wirkweisen von Hormonen auf die Transkription

Stimulus
Membrangebundene l !
Rezeptoren binden : gf/
Hormone und filhren N —
zu einer intrazellularen Receptor embedded
Signaltransduktion plasmamembrane: 7
Signal \ Polypeptide

transduction hormone

Hormone-
producing Membranpermeable

cell

N

pathway
\ J Activation when hormone

binds to receptor
¥ CeIIuIar
response

: \ (—J Target cells

Hormone binds to receptor in target
cell plasma membrane, activating it.
The active receptor initiates a signal
that is passed along a signal transduction
pathway, leading to the cellular response

l

Cellular response
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Hormone binden
einen intrazellularen

Steroid Transkriptionsaktivator
hormone Steroid

v hormone
\ receptor

v+’I—>i
W

Hormone diffuses freely across
the cell membrane, binds to
receptor, and activates it; the
complex binds to the genome
and alters gene expression

|

Cellular response



Wirungskweise von Steroidhormonen

Hsp 90 (Heat shock protein 90) verhindert die vorzeitige
Aktivierung des Steroidhormon-Rezeptors

SHRs binden hormone receptor elements (HREs) an der DNA un
regulieren so die Transkription bestimmter Gene.

Activated glucocorticoid—receptor

Gilucocorticoid complex enters nucleus, binds to

steroid hormone DNA, and activates or represses
transcription of target genes

% (activation is shown)

Hsp90  AD v % /\ Rgll;/j‘merase
VAR E s N

HBD Hormone binds T ioti "
ranscription
%‘ to receptor, displacing :
Glucocorticoid  Hsp90, and activating Pre-mRNA

receptor the receptor

mRNA

\

Translation
produces
proteins



Kombinationen von Aktivatoren welche an Promotoren bzw
Enhancer binden regulieren verschiedene Gene. Durch
Kombination verschiedener Faktoren kann eine groRe Zahl an
Genen mit einer limitierten Zahl an Transkriptionsfaktoren
kontrolliert werden.

a) Transcription of gene A controlled by activators 1, 2, 3, and 4
Activators

// PO
) %&? e

Enhancer sites: 1

b) Transcription of gene B controlled by activators 2, 4, and 6
2 4 6

Enhancer sites: 2



Globale Regulation:

Histon Modifikationen konnen Transkription regulieren
indem Chromatin mehr oder weniger zuganglich verpackt
wird (langerfristiger Einfluss auf die Genregulation)

Inaccessible b) : = Inaccessible
Activator —
promoter promoter
C A

/ 4 4 /4 4 > II o 4 > 7 > 4
- t } VN | i an | y- \ - = 1 7 A. D | — ‘ g | ‘-‘ P
- A ./ ‘ . - oy ‘\ ‘g A -
Histone Q Chromatin (':j)
acetylase remodeling
complex

Acetyl group

a)  Activator —=

Accessible
promoter

Accessible
promoter

Histone acetylation Remodeled nucleosomes
Transcription machinery Transcription machinery
binds promoter binds promoter
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Methylierte Cytosine befinden sich in der Promotorregion von
inaktiven Genen (als CpG islands).

Methylierung von CpG islands kann die Transkription inhibieren
(Mittel- bis langerfristige Regulation)

| methyl grou |
Deoxyribose ( ! group) Deoxyribose

Cytosine (in DNA) 5-Methylcytosine (5™C)



