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GENE ACTIVITY

Gene structure
Transcription
Transcript processing
MRNA transport
MRNA stability
Translation

Posttranslational modifications
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Figure 8-1 The production of functioning mRNA
is very different in prokaryotes and eukaryotes. In
prokaryotes, the RNA transcript serves directly as
the mRNA, and translation begins before tran-
scription is completed; that is, transcription and
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translation are coupled. In eukaryotes, the primary
RNA transcript must be modified in the cell nu-
cleus to form mRNA. Translation takes place only
after the completed mRNA is delivered to the cy-
toplasm.



H.Schwab Genetik und Gentechnik |




H.Schwab

Genetik und Gentechnik |

Tab. 3.1 Die drei RNA-Arten.

GroRe (ungefahre Angaben)

Funktion

transfer-RNA
(tRNA)

ribosomale RNA
[rRNA)

messenger-RMNA
(MRNA)

80-90 Nucleotide

4 Arten (bei Eukaryoten)
mit je ca. 120, 150, 1700,
3500 Nucleotiden

sehr verschieden (einige
100 bis Giber
10000 Nucleotide)

S S

Ubertragung von Amino-
sauren zum Proteinsynthese-
Apparat der Zelle

Struktur und Funktions-
elemente der Ribosomen

die Boten-(messenger-)RNA
uberbringt dem Proteinsyn-
these-Apparat eine Abschrift
des Gens
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RNA is single stranded but is organized partly as
ds RNA by internal base pairing

Abb. 3.2 51:hleifen—{Sekundﬁrstrul'(tur-]Eil'dung 5 UGUCAAAAAUAAUAAUAACCCGOGCAGGCCAUGUCUGCLOCGUADUL) ---3'
in einem Abschnitt einer mRNA von E. coli. Die

mMRNA hat eine Lange von mehreren tausend Nu-
cleotiden. Nur ein kleiner Abschnitt davon ist ge-
zeigt. In diesem Abschnitt befinden sich kom-
plementdre Nucleotidfolgen, die sich zu einem
doppelstrangigen Abschnitt zusammenlegen kon-
nen, so dal in dem langen RNA-Molekil an dieser
Stelle eine Schleife entsteht. Beachte, daR Cytosin
mit Guanin und Uracil mit Adenin paart. Anders ge-

e

r-‘.\
C“ICF‘.L‘:D\C/

FrECrPFNOOCN>T OO0 M

saqgt, Uracil hat in der RNA die Basenpaarungsei- E

genschaften, die Thymin in der DNA hat. Doppel- e
strangige RNA hat eine Geometrie, die in manchen C

Einzelheiten der A-Form einer DNA-Struktur (s. h=se G

Abb. 2.14) entspricht. s U

e A

U

A - UU---3

5'---UGUCAAAAAUAAL
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Genome map of Bacillus subtilis

Genes are transcribed
from both strands

MNTOLES2665

www.expeditions.udel.edu/extreme08/genomics/genomemap.php
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Transcription: Only one strand is transcribed

o' GGAGCTAATTATGCGTGGGCACATTCGT > 3
3" «—— CCTCGATTAATACGCACCCGTGTAAGCA S

DNA

Codon sequence of encoded protein is reflected in complementary strand

AN

GGAGCTAATTATGCGTGGGCACATTCGT . 3
> — GGAGCUAAUUAUGCGUGGGCACAUUCGY »3 RNA
3* «—— CCTCGATTAATACGCACCCGTGTAAGCA 5

/

Template for transcription
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Transcription start

-35 _10 1 MRNA
.1 | - ————
5—TCTTGACA TATAAT CIAT 3
3—AGAACTGT ATATTA qTA 5
«—174+1bp—>| |«— 5-7bp —=

L entwunden im offenen |
-9 Promotor-Komplex  +3

Abb. 3.5 Ein Musterpromotor des E. coli-Genoms. Der Abstand zwischen dem
Transkriptionsstart und dem ersten Nucleotid der -10-Region betragt 5-7 Basen-
paare (bp); der Abschnitt zwischen der -10-Region und der -35-Region 17 + 1 bp.
Der untere der beiden DNA-Strdnge ist der transkribierte ,codogene” ader Sinn-
strang, der obere der nichttranskribierte Gegensinn-Strang [nach 13].
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Gene Factor Use

rpoD  ¢’° most required functions

rpoS  o° stationary phase/some stress responses
rpoH o heat shock

rpoE o periplasmic/extracellular proteins

rpoN o> nitrogen assimilation

rpofF g flagellar synthesis/chemotaxis

fecl gl iron metabolism/transport

E. coli sigma factors recognize promoters
with different consensus sequences.

In addition to 70, E. coli has several sigma
factors that are induced by particular
environmental conditions
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Approx. Promoter
Size # of sequence
Subunit/gene (# aa) promoters recognized
Sigma 70 (rpoD) 613 1000 TTGACA-16 to 18-bp-TATAAT
Sigma 54 (rpoN) 477 5 CTGGNA-6 bp-TTGCA
Sigma S (rpoS) 330 100 TTGACA-16 to 18-bp-TATAAT
Sigma 32 (rpoH) 284 30 CCCTTGAA-13 to 15-bp-
CCCGATNT
Sigma F(rpoF) 239 40 CTAAA-15 bp-GCCGATAA
Sigma E (rpoE) 202 20 GAA-16 bp-YCTGA
Sigma Fecl (fecl) 173 1-2 ?
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Effect of mutations on promoter function
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Flguge 1. Base discrtburion of 263 analyzed promoters from Table 1.

(a) Frequency histogram of the most highly conservad btase on ths non- .
remplate strand from 12 bp upstream of the -35 hexamar to 11 bp .

downstresamof the -10 hezamer., Highly conserved (upper cass) and

weakly conserved (lover case) bases, as defined in the text, sre shovm 4 2 & 7 L] 9 10 1" 12
below the histogram. (b) Prequency of bases (T,G,C,Aand T+A2 in DISTANCE, —10 TO START (BP)
aligned promoters as & percentage of total number of basas (N} at each

position. o ) . Figuxe J. Distribucion of promoters with transcriprion start poincs
initiating 4-12 bases downstream of the -10 hexamer, Only promotara

wirhuniquely definad staxt points are included fn this snalysis.

Spacing between -10 region and transcription stra
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Gene Product Functions
rpoA 2 a subunits enzyme assembly
(37 kD each) promoter recognition
binds some activators
rpoB B subunit =
(151 kD)
— catalytic center
rpoC B’ subunit
(155 kD) -
rpoD o subunit Q
(18-70 kD) promoter specificity
rpoZ  wsubunit ()

(10 kD)

E. coli enzyme
=460 kD

Eubacterial RNA polymerases
have five types of subunits.

Rewinding point

Enzyme movement
ﬁ

DNA coding strand

Unwinding point

DNA template strand
Catalytic site

RNA binding site

During transcription, the
bubble is maintained
within bacterial RNA
polymerase.
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Initiation complex contains sigma
and covers ~75 bp

Initial elongation complex forms at 10 bases, may
lose sigma, and loses contacts from —35 to -55

o region a region a region o region
oCTD «CTD 4.2 3.0 23-2.4 1.2

General elongation complex UP element _35 Ext T Dis  +1
forms at 15-20 bases and covers 30-40 bp

DNA elements and RNA polymerase
modules that contribute to promoter
recognition by sigma factor.

RNA polymerase
initially contacts the
region from =55 to +20.
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: Core enzyme
= stored on DNA

: Sigma factor and core enzyme
F— recycle at different points in

* associates

2 with transcription.

* core enzyme

= Holoenzyme
* moves to

=« promoters

L]

E Core enzyme
= synthesizes
* RNA
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* Core enzyme
= terminates
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Abb. 3.8 Schema der Transkription. Die Tran-
skription beginnt mit dem ,offenen Promotor-
Komplex“. Das Holoenzym fiihrt die Entwindung ei-
nes engen Bereiches um den Startpunkt der Tran-
skription (+1) herbei. Nach wenigen Polymerisa-
tionsschritten verldRt der o-Faktor (Halbkreis) das
Core-Enzym, das nun seinen Weg entlang des trarn-
skribierten DNA-Stranges fortsetzt. Der freigewor-
dene Promotor wird wieder besetzt, Gleichzeitig
sind mehrere RNA-Polymerasen mit der Transkrip-
tion beschaftigt. Beachte, da die RNA-Polymerasen
aul ihrem Weg eine umschriebene Region ent-
wundener DNA gleichsam wie eine Bugwelle mit
sich fiithren.

uvv ;g

wachsende" RNA-Ketten
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Gene Expression in Eukaryotes -- Introns

Figure 2.10 Interrupted
genes are expressed via Exon 1 Intron 1 Exon 2

a precursor RNA. Introns o ey diliss :
4 S/ \Y/ /NN 7NN /N7 \7\X

are removed when the

exons are spliced
‘together. The mRNA has RNA synthesis

‘only the sequences of
the exons.

Intron 2 Exon 3

pre-mRBNA

mRBNA

Praolein

Individual coding regions are separated in gene
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Table 9-1 The Size of Some Human Genes in Thousands of Nucleotides
kb kb Number of
Gene Size mRNA Size Introns
3-Globin 1.5 0.6 2
Insulin 1.7 04 2
Protein kinase C 11 14 7
Albumin 25 2.1 14
Catalase 34 1.6 12
LDL receptor 45 55 17
Factor VI 186 9 25
Thyroglobulin 300 8.7 36
Dystrophin* more than 17 more than
2000 50

The size specified here for a gene inciudes both its transcribed portion and nearby regulatory

DNA sequences. (Compiled irom data supplied by Victor McKusick.)

*An altered form of this gene causes Duchenne muscular dystrophy.

1145
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Figure 5.16 Overview: expression of mRNA in
animal cells requires transcription, modification,
processing, nucleocytoplasmic transport, and
translation.

MRNA Synthesis in Eukaryote is a
complex Process

<1 min Transcription starts: 5' end is modified

Transcription Initiation
Transcription Elongation

5’ Transcript Processing (CAP)

Transcription Termination

20 min  3'end is polyadenylated

L ENAN
o

3’ Transcript Processing IRV

PR

Intron Splicing

25 min  mRNA is transported to cytoplasm

—wlm_

Transport into Cytoplasm

v

=4 hr Ribosomes translate mRNA

PP S S s—
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CAP structure at 5° end of mMRNA

several positions.

Figure 5.17

The cap blocks z ;

the &' end of LM*_“%

mRNA and may

be methylated at 0 CHa | Can be methylated in ca‘bNHa

L

Present in cap 2 S
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Figure 2.12 An intron is a sequence present in the gene but absent from the mRNA (here shown in terms of the
cDNA sequence). The reading frame is indicated by the alternating open and shaded blocks; note that all three
possible reading frames are blocked by termination codons in the intron.

/ Blocked | / Blocked | /" Blocked |
/ I = / V a dL

e :
Gene sequence ... TcdiircllilicarcrcaragaracrantaartactroaaacataararceceTAG ilrcdiliic il -

e

mRNA sequence TCﬁ.'T G'GICC-.TG-

Ser Leu Leu Ser Arg Asn Ser Trp Cys Phe

Figure 2.13 All functional globin genes have an interrupted structure with three exons. The lengths indicated in
the figure apply to the mammalian -globin genes.

- - monz e
Length (bp) 142-145 116-130 222 573-904 216-255

Represents 5' nontranslated Amino acids Coding 105-end
+ coding 1-30 31-104 + 3' nontranslated
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Figure 2.23 Most genes
are uninterrupted in yeast,
but most genes are
interrupted in flies and
mammals. (Uninterrupted
genes have only 1 exon,
and are totalled in the
leftmost column.)

Genetik und Gentechnik |

S. cerevisiae

40

D. melanogaster

Mammals

B __ = __

1 2 8 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20<30<40<60>60
Number of exons

1145



hnRNA: hetergeneous
nuclear RNA

hnRNP: hetergeneous
nuclear Ribonucleoprotein
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‘expanded illustration shows the principle schematically, but not the actual order of events. Mature mRNA is.

Figure 22.2 Overview: RNA is modified in the nucleus by additions to the 5'and 3 ends and by splicing to remove
the introns. The splicing event requires breakage of the exon-intron junctions and joining of the ends of the exons; ﬂ&e

transported through nuclear pores to the cytoplasm, where it is translated.

Exon-intron junctions are broken

Exons are joined
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Photograph kindly provided by Leslie Grivell and

Figure 22.16 Mitochondrial group Il introns are
released by splicing in the form of stable lariats.
Annika Arnberg.
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Figure 22.8 U1 snRNA has a base paired structure
that creates several domains. The 5' end remains _
single-stranded and can base pair with the 5' splicing
site.

Sm binding

snRNA: small nuclear RNA

g snRNP: small nuclear

GACGGUCC A U U C A UApppGmes Ribonucleoparticle
e’ exon G U A A G U A intron 3

»Snhurps”
Intron pairing
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Figure 22.18 Alternative forms of splicing may
generate a variety of protein products from an
individual gene. Changing the splice sites may
introduce termination codons (shown by asterisks) or
change reading frames.

SV40 T/t antigens splice two 5' sites to a common 3' site

= s

iJ2 _q\\‘\\ \Q‘-_

Adenovirus E1A splices variable 5' sites to a common 3' site

1 2 3 4

exons

\\‘-‘;. b
138 0 I “EEEEN 289 amino acids
™~

o N
125 pasTE—— N 243 amino acids

o Ny

oS = W 55 amino acids

D. melanogaster tra splices a 5' site to alternative 3' sites

R T Male & female
e sm— NO protein

& 0 Female only
me SSSaes S— 200 amino acids

—

il

echnik |

Figure 22.20 Alternative splicing events that involve
both sites may cause exons to be added or substituted.

D. melanogaster dsx skips an exon

O e e

Female

| 5

N 2y
“my ‘'m Male

a
v

5 " 8
F B

| Troponin T splices alternative exons

_ Smooth muscle

_\‘: ™ S0 3
’ RN

. O : \\ \“.... ‘\
‘ - @ S Other tissues

P elements splice out an exira intron

SN SSeS— Somatic
66K protein

e b S NN
s EEEEE BE s Germine
87K protein

r
|
|
|
|
|
|
|
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|
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3'-end processing
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Transcription in
Eukayotes

Pol llI:

Transfer RNA

5S rRNA

Small nuclear RNA U6
Repeated DNA sequ.
(e.g. Alu)

Pol I;
Ribosomal RNAs

Pol II:
All coding genes
Small nuclear RNAs
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Figure 20.8 RNA polymerases are positioned at all
promoters by a factor that contains TBR.

Pol lll promoters

£ ee

3 -
L W

TRIBL |
‘ 1o Figure 20.9 A view in cross-section shows that TBP

oy surrounds DNA from the side of the narrow groove.
TBP consists of two related (40% identical) conserved

domains, which are shown in light and dark blue. The

. N-terminal region varies extensively and is shown in
RNA polymerase Il green. The two strands of the DNA double helix are in
,M light and dark grey. Photograph kindly provided by
Stephen Burley.

~ Pol | promoters

Pol Il promoters
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Figure 20.10 The cocrystal structure of TBP with
DNA from -40 to the startpoint shows a bend at the
TATA box that widens the narrow groove where TBP
binds. Photograph kindly provided by Stephen Burley.

1145
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Figure 20.6 Promoters for RNA polymerase Il may
consist of bipartite sequences downstream of the
startpoint, with boxA separated from either boxC or
boxB. Or they may consist of separated sequences
upstream of the startpoint (Oct, PSE, TATA).

LNNNNMNNGNN
boxA boxC
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Figure 20.11 An initiation complex assembles at
promoters for RNA polymerase |l by an ordered
seguence of association with transcription factors.

FACTORS TRANSCRIPTION COMPLEXES
[ 18P 40 -30 !-20 Lp ‘ +10 +20
RS | RN

4

L-’ Y - -
1Ak VNN 7NN/ NN /N/)\
=

P

" [_7 Y
| Binding in minor gr(::ch\.rla/.:‘l|l|l’r

TFIIA
SRRORUNLTSONINON
(TFIIB’ > T il -_}v s
: SINSORLINNSLINSONTSON

TEE. B
=L |
Polzmerase/

s

=
RIS

I

TFIIE

oL
RAERAN I

\WANVZANZN

entechnik |

Figure 20.12 Two views of the ternary complex of
TFIIB-TBP-DNA show that TFIIB binds along the bent
face of DNA. The two strands of DNA are green and
yellow, TBP is blue, and TFIIB is red and purple.
Photograph kindly provided by Stephen Burley.
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Figure 20.16 Saturation mutagenesis of the upstream region of the p-globin promoter identifies three short regions
(centered at -30, -75, and -90) that are needed to initiate transcription. These correspond to the TATA, CAAT, and GC
boxes.

/" Relative transcription level
/{1 = normal)

-100 80 -60 -40 -20 1

CGTAGAGCCACACCCTGGTAAGGGCCAATCTGGTCACACACGATAGAGAGGGECAGRAGCCAGGGCAGOCATATAAGGTEAGG TAGGATI

1153
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Transcriptional complex

TATAYInr

(b)

Transcriptional complex

TATA Inrt™

; Inr

Fiure 2. Formation of the transcription complex at () the TATA box or (b an inttitor
(Inr) element. In TATAY Ine- promoters, the initial recognition step is the binding of
TFHD to the TATA box via its DNA-binding subunit, the TATA-binding protein CTBP).
Following this event. other general transeription factors (GTEs) might enter into the
complex, cither in o stepwise fashion or as 1 holoenzyme complex, giving rise 1o 2
tanscriptionall competent complex. In TATA™ Inrt promoters, the initial recognition
step is the interaction of an Inr-binding protein (1BP). An 1BP could be a distinat factor,
GTE. or o subunit of the TFHD complex CTAF, TBP associated factor). TFID s next
recruited to the promoter. potentially via protein=protein interactions. and finadly other
components enter the transeription compiex.

1145
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. Enhancer/regulatory Core promoter |
elements elements

AL

TATA Inr

/1 (I~ TATA*Inr— |
— -/ %—— TATA Inr* '
—H_HE— (——— TATA*Inr* |
—H H }+—f TATA—Inr“i

] 7/

-

FIGURE 1. Architecture of different classes of eukaryotic RNA polvmerase 11 (Pol 11)
promoters. The core promoter region may contain either a TATA box (TATA™ Inr=) or an
initiator (Inr) element (TATA- Inr*). Some promoters might contain both core clements
(TATA*Inr*) and others none (TATA- Inr-). The transcription start site (+1) is indicated
by the arrow. Fach promoter may have co-evolved with its associated enhancer region.
thereby maintaining specificity of gene expression, especially in vivo.

1145
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Complex Initiation System

Enhancer

Activators

Regulated Expression in Eukaryotes

[ TATA box |

TFIIED

TFIIE

Figure 3.24 Formation of an RNA polymerase IT transcription initiation complex at
a TATA box. Transeription factor TFIID binds to a TATA box, and, in sequence,
other transcription factors and RNA polymerase I1 bind to form a protein aggregate
that is responsible for initiating transcription. The i ght-angled arrow designates the
site of initiation and direction of lranscription.
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Figure 20.19 An enhancer contains several structural motifs. The histogram plots the effect of all mutations that
reduce enhancer function to <75% of wild type. Binding sites for proteins are indicated below the histogram.

Percent activity

100

80

60

20

CCAGCTGTGGAATGTGTGTCAGTT AGGGTGTGGAAAGTCCCCAG GCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAAG
GGTCGACACCTTACACACAGTCAATCCCA CACCTTTCAGGGGTC CGAGGGGTCGTCCGTCTTCATACGTTTCGTACGTAGAGTTAATCAGTCGTTG

AP4 AP1 AP3 AP2 Octamer AP1
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