Lecture Series 8
The Eucaryotic Genome and

Its Expression




Reading Assignments

* Read Chapter 8
Control of Gene Expression
- Skim Chapter 9

How Genes and Genomes Evolve




A. The Eucaryotic Genome

» Although eucaryotes have more DNA in
their genomes than bacteria and archaeaq,
in some cases there is NO apparent
relationship between genome size and
organism complexity.




Bacteriophage  Yeast
10,000 bp 24 million bp 4 million bp
per cell

Caenorhabditis elegans Fruit fly

160 million bp per cell 330 million bp 106 billion b
illion bp

Human
6 billion bp
per cell




Amoeba dubia is the big winner at 670 Billion
base pairs per cell and an uncertain phylogeny!




1 4 ] A Comparison of Prokaryotic and Eukaryotic Genes and Genomes

CHARACTERISTIC PROKARYOTES EUKARYOTES
Genome size (base pairs) 10%-107 10°—10M
Repeated sequences Few Many
Noncoding DNA within

coding sequences Rare Common
Transcription and translation

separated in cell No Yes
DNA segregated within

a nucleus No Yes
DNA bound to proteins Some Extensive
Promoter Yes Yes
Enhancer/silencer Rare Common
Capping and tailing

of mRNA No Yes
RNA splicing required Rare Common
Number of chromosomes

in genome One Many




A. The Eucaryotic Genome

- Unlike bacterial or archaeal DNA,
eukaryotic DNA is separated from the
cytoplasm by being contained within a
nucleus.

* The initial MRNA transcript of the DNA
gets modified before it is exported to
the cytoplasm.
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A. The Eucaryotic Genome

*+ The genome of the single-celled budding
yeast contains genes for the same
metabolic machinery as bacteria, as well
as genes for protein targeting in the cell.




1 4 2 Comparison of the Genomes of E. coli and Yeast

E.COLI Q\b%

Genome length (base pairs) 4,640,000 & 12,068,000

Number of proteins 4,300 6,200
Proteins with roles in:
Metabolism 650 650
Energy production/storage 240 175
Membrane transporters 280 250

DNA replication/repair/ 120 175
recombination

Transcription 230 400
Translation 180 350
Protein targeting/secretion 59 430
Cell structure 180 250




A. The Eucaryotic Genome

+ The genome of the multicellular
roundworm Caenorhabditis elegans
contains genes required for intercellular
interactions.

* The genome of the fruit fly has fewer
genes than that of the roundworm. Many
of its sequences are homologs of
sequences on roundworm and mammalian
genes.




1 4 3 C.elegans Genes Essential
. to Multicellularity

FUNCTION

PROTEIN/DOMAIN

Transcription control
RNA processing

Nerve impulse
transmission

Tissue formation
Cell interactions

Cell—cell signaling

Zinc finger; homeobox
RINA binding domains
Gated ion channels

Collagens

Extracellular domains;
glycotransferases

G protein-linked
receptors; protein
kinases; protein

phosphatases




Chromatin in a developing salamander ovum
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Levels of chromatin packing

AN/N

DMA double helix
Nuclensome
uheadl-l q%
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(a) Nucleosomes
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MNucleosome
{b) 30-nm chromatin fiber

Protein
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(d) Metaphase chromosome



Chromatin
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B. Mutations: Heritable
Changes in Genes

* Mutations in DNA are often expressed as
abnormal proteins. However, the result
may hot be easily observable phenotypic
changes.

* Raw materials for evolution to operate.

+ Some mutations appear only under certain
conditions, such as exposure to a certain
environmental agent or condition.




B. Mutations: Heritable
Changes in Genes

* Point mutations (silent, missense,
nonsense, or frame-shift) result from
alterations in single base pairs of DNA.




Categories and consequences of point mutations: Base-pair substitution

ot bl 1l

Protein | Met | Lys § Phe { Gly |E?

Wild type

Base-pair substitution

No effect on amino acid sequence
U instead of C
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|MHLysHPheHGIy|W

Missense
A instead of G

AN A R A
| Met H Lys H Phe m Stop

Nonsense

Uinstead of A
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- Stop




Categories and consequences of point mutations: Base-pair indels

Wild type
(i o ] ]
Protein [ Met H{ Lys H{ Phe H{ Gly |?ﬁ;?

Base-pair insertion or deletion

Frameshift causing
extensive missense T“issmg

o 1] o o 1 o 1 o
el H e HICHILT

Frameshift causing immediate nonsense
Extra U

Tm@ﬁ@ﬁ@mmm@@mm@
o] Siep

Insertion or deletion of 3 nucleotides:
no frameshift; extra or missing amino acid

@ Missing
ﬂﬁ@ﬁ%m@@mmmﬁ

| Met H Phe = Gly |_‘~’_5mp




The molecular basis of sickle-cell disease: a point mutation
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B. Mutations: Heritable
Changes in Genes

+ Chromosomal mutations (deletions,
duplications, inversions, or translocations)
involve large regions of a chromosome.




Alterations of chromosome structure

(a) A deletion removes
a chromosomal
segment.

(b) A duplication
repeats a segment.

(c) An inversion reverses
a segment within a
chromosome.

(d) A translocation
moves a segment
from one chromosome
to another, non-
homologous one.
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C. Repetitive Sequences

» Highly repetitive DNA is present in up to
millions of copies of short sequences. It is
not transcribed. Its role is unknown.

* Rem: Some moderately repetitive DNA
sequences, such as telomeric DNA is
found at the ends of chromosomes.




C. Repetitive Sequences

+ Some moderately repetitive DNA
sequences, such as those coding for
ribosomal RNA's, are transcribed.

» Up to three rRNAs result, two go to the
large subunit and one goes to the small
subunit.




Moderately repetitive DNA sequences

Transcribed region

30,000 bp
Nontranscribed
spacer region

' T
B 1 N

185 585 285

RNA
primary [N T T
transcript l

Bl [ ==
185 5.85 285




Part of a family of identical genes for ribosomal RNA

Transcription unit

Direction of transcription

- . \ RNA
Growing RNA transcripts polymerase
Promoter

| molecules

DNA | N |
'a_v_f
Nontranscribed

spacer sequence

l RNA synthesis

RNA transcript | [ I | | |

l BRNA processing

1 0 | |
188 58S  28S




C. Repetitive Sequences

+ Some moderately repetitive DNA
sequences are transposable, or able to
move about the genome. These are known
as Transposons.

» Transposons can jump from place to place
on the chromosome by actually moving or

by making a new copy, inserted at a new
location.




Transposon
A

3\

r
I AN TG
DNA D Transposase gene fo1

\ \ v
Inverted repeat Inverted repeat Protein-coding gene

l

Disrupted gene Disrupted gene
\ /




Transposons in corn
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Insertion sequences, the simplest transposons

DNA
5’ ATCCGGT... ...ACCGGAT 3
3’ TAGGCCA... ...TGGCCTA 5’
Inverted Transposase gene Inverted
\ repeat repeat ,
W
Insertion sequence

(simple transposon)



Insertion of a transposon and creation of direct repeats

Transposon at initial site
A

I A
C Target site
TACCGATC 3
ATGGCTAG 5’

@) Transposase l
‘\\\\:‘:—__ 1] ACCGATC 3

ATGGCTA] G 5'

{continuing)

\bﬁ‘l‘ [ ACCGATC 3

ATGGCTA | G §

@ Transposase i

€) DNA polymerase
and ligase

Transposon at new site
P
f k'

\"m T AT ACCGATC 3
ATGGCTA TGGCTAG &

N /
\nverted repeats /

Direct repeats

I




Anatomy of a composite transposon

Composite jranspuson

/ 3
Antibiotic
Insertion sequence  resistance gene Insertion sequence
f & A i 5 '
5?
3’ : x\/..— r 1 | :
Inverted repeats Transposase gene

Direct repeat Direct repeat

3."
5.“



Types of DNA sequences in the human genome

Exons (regions of genes coding
for protein, rRNA, tRNA) (1.5%)

Repetitive

DNA that

includes Introns and
transposable regulatory
elements sequences
and related (24%)
sequences

(44%)

Unique
noncoding
DNA (15%)

Repetitive

DNA

unrelated to

transposable
; elements

f! (about 15%)

Alu elements
(10%)

Large-segment
duplications (5—6%)

Simple sequence
DNA (3%)
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D. The Structures of
Protein-Coding Genes

* A typical protein-coding gene has
noncoding internal sequences (introns) as
well as flanking sequences that are
involved in the machinery of transcription
and translation in addition to its exons or
coding regions.

» These are usually single copy genes.




(A) Human Chromosome 22 in its mitotic conformation,
composed of two DNA molecules, each 48 X 10° nucleotide pairs long

| | _J
heterochromatin

X10

10% of chromosome arm ~40 genes
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sequences protein
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Promoter of transcription Terminator of transcription

Start codon Splice sites
translatlon) Stop codon

/u

Exon 1 / Exon 2 Intron 2
Intron 1

Primary RNA @ [ WS-

transcript




EXPERIMENT

Question: Are there regions within the coding
sequence of a gene that do not end up in its mRNA?

METHOD

Exon 1 Intron Exon 2

A A A

\ R ¥
Double- — ——-

N
stranded DNA Globin mRNA transcribed

from exons 1 and 2
RESULTS

Introns present: .. loop

\ mRNA

\
£
Exon 1 Thin loop

Template
strand

If there were no intron:
\
mRNA

74
Displaced DNA strand

Conclusion: The final mMRNA does not contain
noncoding internal regions in a gene in DNA.




D. The Structures of
Protein-Coding Genes

+ Some eucaryotic genes form families of
related genes that have similar sequences
and code for similar proteins. These
related proteins may be made at different
times and in different tissues.

+ Some sequences in gene families are
pseudogenes, which code for nonfunctional
mRNA's or proteins.




B-Globin
gene cluster

Gene Families

o-Globin
gene cluster

[ |
C2




single-chain globin binds
one oxygen molecule

oxygen- EVOLUTION OF A

binding site SECOND GLOBIN

on heme CHAIN BY
GENE DUPLICATION
FOLLOWED BY
MUTATION

four-chain globin binds four oxygen
molecules in a cooperative way




D. The Structures of
Protein-Coding Genes

+ Differential expression of different
genes in the B-globin family ensures
important physiological changes during
human development.
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The evolution of human a-globin and B-globin gene families

p-Globin

L]
Duplication of
ancestral gene
B =
Mutation in Globi He
both copies o | p Lol L

-~ Hemoglobin
Transposition to

different chromosomes

Further duplications

and mutations
g

Evolutionary time

pIB—— Globin genes (red)

a

Pseudogenes (green)

A T ‘Il Y Sy Ay v, & B

} Fetus [ l { l l
Embryo and adult Embryc Fetus Adult

o-Globin gene family B-Globin gene family

Chromosome 16 Chromosome 11



E. Differential Gene Expression

- Eucaryotic gene expression can be
controlled at the transcriptional,
posttranscriptional, translational, and
posttranslational levels.




NUCLEUS CYTOSOL mRNA
degradation 4
control
5
1 2 3
transcriptional RNA RNA
control processing transport translation protein
control and control activity . .
localization control  'nactive

protein

control Y 6 :




Eucaryotes:
ohe promoter per gene
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Genes can be expressed with
different efficiencies

gene A geneB

o |DNA

lTRANSCRIPTION l TRANSCRIPTION

messsssssssss RNA meessssssssss RNA

1 TRANSLATION TRANSLATION
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00000
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E. Differential Gene Expression

Genes aren't lost during development,
but rather each cell becomes more and
more restricted in its fate, expressing
ultimately a specific subset of genes
responsible for defining its specific
function.




E. Differential Gene Expression
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Why not synthesis all the genes
all the time at a moderate level?

- Too expensive

- Levels need to be

controlled

-+ Some products are
incompatible

* Need change in
response to signals

+ Development

Transport

Structural |

--\---\_"\-\_\_

Metabolism

Phages/
transposons

—

—

Unknown

—

_-"-Xf

DNA/RNA
metabolism

Translation

" Regulation



Principles of gene control

- Constitutive expression
- A gene is expressed at  [couwe e

approximately the same SO} M
levels all the time: (for | .. .

example: a housekeeping | "

gene) .

* Regulated expression o | —— N

- Gene expression in
response to a signal



F. Transcriptional Control

+ The major method of control of eucaryotic
gene expression is selective transcription,
which results from specific proteins binding
to regulatory regions on DNA.




RNA polymerases:
the more the merrier...

Table 8-1 The Three RNA Polymerases in Eucaryotic Cells

TYPE OF POLYMERASE GENES TRANSCRIBED
RNA polymerase | most rRNA genes
@polymera@ all protein-coding genes, plus some genes for small

RNAs (e.g., those in spliceosomes)

RNA polymerase |l tRNA genes
5S rRNA gene

genes for some small structural RNAs



F. Transcriptional Control

* A series of "general” transcription factors
must bind to the promoter before RNA
polymerase can bind.

* Whether RNA polymerase will initiate
transcription also depends on the binding
of regulatory proteins, activator proteins,
and repressor proteins.




RNA pol IT requires many “"general” transcription factors

TATA box ,'-’i@"t of transcription

N N—

(A |—— e TFID
@ TBP
(B} ——{TFlIA
—— Gl
Cazm 7B
(€) TFIIE__other factors
TFIE @
TFIHED & ™

Hﬂ_ﬁ_b&:}rm erase |l

TRANSCRIPTION



Phosphorylation of RNA pol ITI allows RNA processing proteins
to ride on its tail

RNA polymerase I

|

splicing factors
‘ factors

|

capping factors

polyadenylation \




Action of distal enhancers and transcription activators

eucaryotic
: activator protein

LI TATA box : -
enhancer BINDING OF start of
(binding site for GENERAL TRANSCRIPTION transcription
activator protein) FACTORS, MEDIATOR, AND
RNA POLYMERASE
/ activator protein /T\
' Mediator

\

l RNA polymeraselll

TRANSCRIPTION BEGINS
Repressors/Silencers too!



Distal control elements can also
be silencers

Activators

Repressors

L J
Coding
regian
/ ) ': s A e v Sﬂlfﬂrﬂﬂtrfhiﬂig&rﬂfﬁ‘iﬂ
Coactivators TATABOX o0 promoter | A G A A
U

. .
\

Basal factors

Enhancers and silencers bind specialized transcription
factors that can promote or interfere with the formation of
a functional tfranscription initiation complex



F. Transcriptional Control

»+ The DNA-binding domains of most DNA-
binding proteins have one of four
structural motifs: helix-turn-helix, zinc
finger, leucine zipper, or homeodomain.




Three of the major types of DNA-binding domains in tfranscription factors

Coiled coil

N

4

Hy*N

) 3

Leucine ‘
Zipper

|
Coiled coil
unwound

o Helix

-000C Turn

(a) Helix-turn-helix motif (b) Zinc finger motif (c) Leucine zipper motif



base pair Sugar-phosphate
backbone

Homeodomains

Zinc Finger




F. Transcriptional Control

» Acetylation of histone tails promotes
loose chromatin structure that permits
transcription to more readily occur.




A simple model of histone tails and the effect of
histone acetylation

D

~

Chromatin changes
1

1

RNA processing

A

¥
mRNA [ Translation |
degradation i

Protein processing

\ and degradation_/ r 4
“J
i

Histone
tails

DNA
double helix Amino acids
available

for chemical

modification

B L]
Unacetylated histones Acetylated histones

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



transcription regulator

TATA

histone-modifying

enzyme chromatin-remodeling
complex
//
z 7
| I
specific pattern of
histone modification

remodeled nucleosomes

general transcription factors,
Mediator, and

RNA polymerase

TRANSCRIPTION INITIATION



Combinatorial control requlation concept

regulatory DNA sequences
w
% ¢ o
spacer DNA ' W N g

general
transcription
factors

enzymes, chromatin-remodeling
complexes, and Mediator;

transcription
regulators

\ —_— — T TATA,

upstream box 4""' f start of
| transcription

RNA polymerase

promoter



G. Posttranscriptional Control

- Because eucaryotic genes have several
exons, alterative mRNAs can be generated
from the same RNA transcript.

» This alternate splicing can be used to
produce different proteins.

* The stability of mRNA in the cytoplasm
can be regulated by the binding of
proteins.




Alternative RNA splicing
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Alternative RNA splicing
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G. Posttranslational Control

* Proteasomes degrade proteins targeted
for breakdown.




Degradation of a protein by a proteasome

Proteasome
Q Ubiquitin and ubiquitin
) to be recycled
D Proteasome
) Z ""'f" "H/’
D L)
Protein to Uhlquinate:l Degraded protein
be degraded protein (peptides)

Protein entering a
proteasome
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H. Reqgulation of Gene
Expression in Bacteria

* An operon consists of a promoter, an
operator, and structural genes. Promoters
and operators do not code for proteins,
but serve as binding sites for regulatory
proteins.

* When a repressor protein binds to the
operator, transcription of the structural
genes is inhibited.




Repressor Bound to an Operator Blocks Transcription

DNA Mlngr Groove Major/Groove

sugar—phosphate
backbone

Repressor (O
molecule

)\



H. Reqgulation of Gene
Expression in Bacteria

» The expression of bacterial genes is
regulated by: inducible operator-repressor
systems, repressible operator-repressor
systems (e.g., both negative control), and
systems that increase the efficiency of a
promoter (e.g., positive control).

* Repressor proteins are coded by
constitutive regulatory genes.




The tryptophan operon:

a biosynthetic operon controlled by a repressor

NOTE! The operator and
promoter sequences over/ap

(A)
Tryptophan operon
5 ’ Y
DNAW} gggzlftow N Promoter p OIEETIEF Gene E | GeneD | GeneC | GeneB | Gene A

i
/ Transcription RNA/U Transcription occurs
= o

/ polymerase -
mRNA MRNA=

This gene has its
own promoter and
is constitutively
expressed at a low
levels.

Translation m

Repressor (inactive)

( Enzymes for tryptophan synthesis >

(B)

5 3y
Regulatory Operator o
DNA = 271 gene i " Promoterp GeneE | GeneD | GeneC | GeneB | Gene A

U Transcription is blocked
Transcription RNA/ [_@

7’ polymerase \/<
mRNA

Translation M

rotein
j p Allostery! The repressor protein
oy S Corenressor is activated (to repress!) by
(tryptophan) binding tryptophan

Repressor—corepressor complex (active)

Repressor




The #rp operon: regulated synthesis of repressible enzymes

JYTSEANY NV

i No RNA made

ﬁ Active
repressor
%/ Tryptophan
(corepressor)

(b) Tryptophan present, repressor active, operon off

mRNA

Protein




The #rp operon: regulated synthesis of repressible enzymes

trp operon
f Promoter 1
% 4 \ Genes of operon
DNA \\}Eﬂb A\l [ #pE [ trpD | #rpC | #rpB | trpA | \\, N\,

Regulatory l RNA~ Operator /
gene 3 polymerase
mRNA 5&? m“”‘“;,c;::rl—_ l l J J

Inactive F‘nlyp:-.ptitdesttha; make l#‘:: .
repressor enzymes for tryptophan synthesis

Protein

(a) Tryptophan absent, repressor inactive, operon on



The lac operon:
a catabolic operon controlled by a repressor

(a) No lactose; repression ﬁ
Operator

lacl lacZ lacY lacA
| [ [ i I [ |
Promoter
Y
mRNA
This gene has its
own promoter and
is constitutively Y
expressed at a low {b
levels.
Repressor
monomer Tetramer
(b) + lactose; derepression - ThIS IS Cm 'hdUCl ble Oper‘on
Transcription
>
‘-‘-Q "
| | [ (- |

L 4
Inducer
% B-Galactosidase Permease Transacetylase



The /ac operon: regulated synthesis of inducible enzymes

Promoter
Regulatory A N
gen Dperatur
\\ﬁ r I\ ac
No
RNA
made
mRNA ﬁ RNA
x polymerase
Active
Protein ﬁ repressor

(a) Lactose absent, repressor active, operon off



The /ac operon: regulated synthesis of inducible enzymes

lac operon
i - ]
— —

DNA O\ T ] ez [ eV | lacA NN\

¢ RNA/
5 Polymerase
mRNA ;:9 mRNA
5 wlr S l i J
Protein ﬁ_}ﬂ p-Galactosidase| | Permease Transacetylase‘

Allnlactnse Inactive
(inducer) o repressor

(b) Lactose present, repressor inactive, operon on



H. Reqgulation of Gene
Expression in Bacteria

» The efficiency of RNA polymerase can be
increased by regulation of the level of
cyclic AMP, which binds to CAP (cAMP

activator protein).

»+ The CAP-cAMP complex then binds to a
site near the promoter of a target gene,
enhancing the binding of RNA polymerase
and hence transcription.




The lac operon: positive control

Catabolite Gene Activator Protein

" Region interacting with
RNA polymerase ( )

cAMP (pink)

The presence of glucose prevents the transcription of the lac operon.



Positive control: cAMP activator protein

Promoter

A

r

—}.

CAP|binding

cAM P<>

-
CAP

. lacZ

s
site T

Inactive

Active

CAP

RNA Operator
polymerase

Inactive lac
repressor

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



Positive control: cAMP activator protein

Promoter
.Y

f
DNA "\, ) e

Inactive
CAP

lacZ

CAP| binding site

s
RNA

Operator

polymerase

ot

(b) Lactose present, glucose present (CAMP level low): little
lac mRNA synthesized

Inactive fac
repressor



+ GLUCOSE
+ LACTOSE

+ GLUCOSE
—LACTOSE

—GLUCOSE
—LACTOSE

—GLUCOSE
+ LACTOSE

RNA- start site for
CAP- polymerase- RNA synthesis

binding binding site

site (promoter)
| I |
NS S e
| | |
operator LacZ gene
-80 -40 1 40

80 - -
L i 1 ; 1 i 1 : ] nucleotide pairs

‘ repressor

CAP
repressor
Ay I Y

EEEEEEEEN I
CAP RNA polymerase

/
r-. P —

OPERON OFF
CAP not bound

OPERON OFF
Lac repressor bound,
CAP not bound

OPERON OFF
Lac repressor bound

OPERON ON



1 3 \ 2 The Relationships Between Positive and Negative Control in the lac Operon

GLUCOSE

cAMP
LEVELS

RNA POLYMERASE
BINDING TO
PROMOTER

LACTOSE

LAC TRANSCRIPTION
REPRESSOR OF LAC GENES?

LACTOSE
USED BY CELLS?

Present

Present

Absent

Absent

Low
Low
High

High

Absent

Absent

Present

Absent

Absent

Present

Present

Absent

Active and bound No
to operator

Inactive and not
bound to operator

Inactive and not
bound to operator

Active and bound
to operator




Operons: Review

{8} NG 1Ctose: feprassion d
Operatar
lnet tacZ ¥ lach
|

I E E 1 T T )
Promober
i f_ﬂ—rml

Inducible vs. repressible operons J; — 8

This is an inducible operon

(B} + Iactose; derepression

Defined by response of operon to a metabolite (small molecule). 2 —

Type of Examples gg T | |
operon Presence of Effect Metabolite Operon i '

Inducible metabaolite ON lactose ae

Tryptophan opero

DNAW R e ‘ 20 Promoter p Optratare GeneE | GeneD | GeneC | GeneB | Gene A
Hepressible  metabolite OFF Trp - N Taicnpion s
ol N
mRNA peymere mRNA™Z i - % %
Translation ; & Y
5 ° ]
Repressor (inactive) J J

( Enzymes for tryptophan synthesis )

(B)

mi;i Regmatory }( Promoter p Opemiarn GeneE GeneD | GeneC | Gene 8 | Gene A
( ) ﬂ i Transcr \p( s blocked
RNA— 5

Transcvlpnon
polymerase

mRNA ‘/ Repressor—corepressor complex (active)

Translation
Y

/

3

Remessor
wwwww

A O This is a repressible operon
> ,—\J Corepressor
» (tryptophan)




acl
|

(a) No lactose; repression d
" \/Oparalnr
| |

Promater

mRMNA

9 —
Repressor
monomer Tetramer

This is an inducible operon

(b} + lactose; dereprassion o
Transcription

—-

1 | |

p-Galactosidase Permease Transacetylase




(A)
Tryptophan operon

o
DNA 3 $7| :ﬁ:’?‘“’? ] Promoterp | OPEROTO | Gona g | GeneD | GeneC | GeneB Sene 4

Transcription | RN A"'/./ Transcription occurs

polymerase .
mRNA mRNA™

Translation M

Repressor (inactive)

¥

( Enzymes for tryptophan synthesis )

(B)

5r
Regulatory Operator o

DNA =3 7 gene | s Promoterp GeneE | GeneD | GeneC | Gene B | Gene A

’ Transcription is blocked
Transcription RNA— LQ?/{ p

f polymerase
mRNA %
Translation d
Repressor

protein
o /A This is a repressible operon
Q:? Corepressor

{tryptophan)

Repressor—corepressor complex (active)




I. Comparison of Control
Features in Bacteria &
Eucarya

» Bacteria have multiple genes under single
control: operons

» Eucarya have multiple RNA polymerases
+ Simple vs. Complex Transcription Factors
* Local vs. Distal Control: Enhancers/Silencers

» Eucarya must contend with Chromatin




What are eucaryotic-specific
control issues?

- Distal control elements

—>Transcriptional control

* Chromatin

» Splicing o
—>Post-transcriptional

- mMRNA transport control

* Protein transport
—> Post-translational

- Protein modifications control

* Multicellularity

—> Signal transduction




