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Welcome back!




A few things to discuss

e How does translation/folding work for membrane proteins which have hydrophobic parts?

e How are ribosomes located on the surface of the endoplasmic reticulum?
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proteins, detoxifies substances, and stores calcium.

e Golgi: Further modifies, sorts, and packages proteins and lipids
from the ER for transport to thelr final destinations.
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A few things to discuss

e How does translation/folding work for membrane proteins which have hydrophobic parts?

e How are ribosomes located on the surface of the endoplasmic reticulum?
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A few things to discuss

e How does translation/folding work for membrane proteins
which have hydrophobic parts?

e How are ribosomes located on the surface of the
endoplasmic reticulum?
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Quality control mechanism: erratum

* Nonsense-mediated mMRNA decay eliminates defective mRNA as they move away from the nucleus

e active when an mRNA has a stop codon at the wrong location
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Quality control mechanism: erratum

¢ [ ne nonsense-mediated MRNA decay mechanism begins as an mRNA molecule is being transported from the
nucleus to the cytosal.

e As its 5" end emerges from a nuclear pore, the mRNA is met by a ribosome, which begins to translate it. As
translation proceeds, the exon junction complexes (EJCs) that are bound to the mRBNA at each splice site are
displaced by the moving ribosome.

e [he normal stop codon will lie within the last exon, so by the time the ribosome reaches it and stalls, no more EJCs
will be bound to the mRNA. In this case, the mMRNA “passes inspection” and is released to the cytosol where it can
oe translated in high amounts.

eHowever, If the ribosome reaches a stop codon earlier, when EJCs remain bound, the mBNA molecule is rapidly
degraded. In this way, the first round of translation allows the cell to test the fithess of each mMRNA molecule as it
exits the nucleus.



Exercise

The human a-tropomyosin gene is alternatively spliced to produce different forms of a-
tropomyosin mMRNA in different cell types. For all forms of the mRNA, the protein sequences
encoded by exon 1 are the same, as are the protein sequences encoded by exon 10. Exons 2 and 3
are alternative exons used in diferent mRNAs, as are exons 7 and 8.

(A) HUMAN o-TROPOMYOSIN GENE
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(B) FOUR DIFFERENT SPLICE VARIANTS
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Which of the following statements about exons 2 and 3 is the most accurate? Is that statement
also the most accurate one for exons 7 and 8? Explain your answers.

Q)

Exons 2 and 3 must have the same number of nucleotides.

b. Exons 2 and 3 must each contain an integral number of codons (that is, the number of
nucleotides divided by 3 must be an integer).

c. Exons 2 and 3 must each contain a number of nucleotides that when divided by 3 leaves

the same remainder (that is, O, 1, or 2).
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Different cell types contain the same DNA

....
‘07 o

They have different sets of mMRNA and proteins



Different cell types contain the same DNA

How do we know this”
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Different cell types contain the same DNA

VWhat are the differences between a cell type and another”?
e \any processes are common (€.g. chromosomes, RNA and DNA polymerases, rilbosomes, etc.)
e Some RNASs and proteins are abundant in specialized cells

o At any time, cells express ~30-60% of their ~ 30 000 genes
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Levels of gene expression regulation
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Control of transcription by DNA-binding proteins

e Proteins known as transcription regulators

* DNA sequences (5-10 nucleotides) known as cis-regulatory sequences (on the chromosome of the gene to
regulate)

* 10% of the genes in most organisms encode for transcription regulators

e Each gene is controlled by its own cis-regulatory seguences (often in the intergenic region upstream of the
transcription start)

o Complex arrangement of sequences and transcription regulators

* [hey determine the time and place each gene is transcribed
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Control of transcription by DNA-binding proteins

How does the recognition work”
® the surface of the protein Is complementary to the special surface features of a portion of DNA

e contacts involve hydrogen bonds, ionic bonds and hydrophobic interactions
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Control of transcription by DNA-binding proteins

How does the recognition work”
e DNA binding proteins bind to different closely-related sequences (depicted as a logo)

o Specificity 1s increased by dimer formation which doubles the length of the cis-sequence
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Examples

Homeodomain

Homeodomain

This material copyright © W. W. Norton and Company, Inc.,
unless otherwise stated. All rights reserved.
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Examples

Zinc-finger domain

Zinc Finger Domain

This material copyright © W. W. Norton and Company, Inc.,
unless otherwise stated. All rights reserved.
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Examples

Leucine Zipper

Leucine Zipper

This material copyright © W. W. Norton and Company, Inc.,
unless otherwise stated. All rights reserved.
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Control of transcription by DNA-binding proteins

Transcription regulators switch genes on and off

e The tryptophan repressor (bacteria)

The tryptophan operon

promoter
| | E D C B A

| | | | E. coli chromosome

¢ \/\\hen tryptophan levels are low, the operon Is transcribed

|
operator l
MRNA molecule ¢ \/\\hen tryptophan levels are high, the operon is not transcribed

# #

|
T 9 00

series of enzymes required for tryptophan biosynthesis
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Control of transcription by DNA-binding proteins

Transcription regulators switch genes on and off

e The tryptophan repressor (bacteria)

DNA

promoter sequences
~ 60 I—

start of transcription
I—>
| |
- 35 -10
operator

+1 +20
(cis-regulatory sequence)

tryptophan tryptophan
low high

Inactive repressor

RNA polymerase

o

/ L
tryptophan \ "‘/ active repressor
e
MRNA =)
OPERON ON OPERON OFF

Transcriptional repressors turmn genes off, transcriptional activators turn genes on
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Control of transcription by DNA-binding proteins

Transcription regulators switch genes on and off

RNA-
P | cis-regulatory  polymerase- start of transcription
The lac operon (bacteria) endarce” binding ite .
for CAP (promoter)
\ \
| I35 10 |
Import and digest lactose
| | |
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sequence. — LACTOSE
cyclic CAP
Lac repressor prevents the expression of the A'\fP ‘ Lac repressor
lac operon in the absence of lactose. — GLUCOSE e e
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RNA polymerase
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The lac operon

The lac Operon

This material copyright © W. W. Norton and Company, Inc.,
unless otherwise stated. All rights reserved.




Control of transcription by DNA-binding proteins

e \ore complex in Eukaryotes

e RNA polymerase Il requires 5 general transcription
factors - their stepwise assembly already controls the
rate of transcription nitiation

e Cis-regulatory seguences spread over a long stretch
of DNA = gene control region

® [he gene control region includes the promoter + all
cis-regulatory sequences

e [here are thousands of different transcription
regulators

27
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Control of transcription by DNA-binding proteins

(B) ON DNA

coactivator CO-repressor

\ ACTIVATES \ REPRESSES
TRANSCRIPTION TRANSCRIPTION

e More complex in Eukaryotes ‘ '

-

* [ranscription regulators tend to work in groups GENE ON GENE OFF
coactivator
coactlvator ACTIVATES \ ACTIVATES
TRANSCRIPTION TRANSCRIPTION
a BT

I
GENE ON GENE ON
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Activator proteins

® Cis-regulatory seguences to which activator bind were called
enhancers

e they can e far from the promoter

¢ gctivators attract and position the RNA polymerase Il and
release it SO transcription can begin

e Example: Mediator is an activator composed of 30 subunits
that forms a bridge between transcription activators, RNA
polymerase and general transcription factors

30
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Activator proteins

¢ RNA polymerase and general transcription
factors are not able to assemble on a promoter
that is packaged into chromatin

o Activators trigger changes in chromatin
structure making DNA more accessible

¢ [0 do this they use histone modifications,
nucleosome remodelling, nucleosome

removal and histone replacement (co-
activators)

chromatin remodeling
complex

transcri ptlon regu lator

8095855

TATA
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TRANSCRIPTION MACHINERY
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NUCLEOSOMAL DNA
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Activator proteins

¢ [hese mechanisms work together during
transcription initiation

e [he altered chromatin can be rapidly
reversed (quick on-off switches) or not
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Activator proteins

x transcription activator
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Repressor proteins
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Insulator DNA sequences

® Prevent cis-regulatory elements to activate inappropriate genes

barrier insulator-binding
P SN /-\ sequence protein
ye s,
B I ‘ ] \‘ ]
gene A cis-regulatory gene B heterochromatin

sequence ‘ 1]
insulator insulator : >
element element cis-regulatory

sequence
domain of actively (B)
(A) transcribed chromatin
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Drosophila Even-skipped gene

e Plays an important role in Drosophila embryo
e [he embryo is a single giant cell with multiple nuclel in a giant cytoplasm with a mixture of transcription factors
e [hose are distributed unevenly

e [he nuclel rapidly start to express different genes because they are exposed to different transcription regulators

Eve is expressed in 7 precisely positioned stripes

37



Drosophila Even-skipped gene

e How did we link the DNA regulatory seguence 1o its function”

stripe 2

regulatory start of
segment transcription
NORMAL
A A \ | / / TATA Eve gene
Eve regulatory segments bo
A AR EXCISE :
(C)

INSERT start of
‘ | transcription

REPORTER T
FUSION DNA stripe 2 TATA LacZ gene
(B) regulatory box
segment

(D)

38



Drosophila Even-skipped gene

e How is the positioning In each stripe controlled”?

transcriptional repressors
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/ \
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transcriptional activators
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concentration of transcription regulator
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Modulation of the activity of transcription regulators
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Understanding other systems

e [ake a few minutes to search online and figure out the mechanism
e How does it work” who are the players”?

e \\Vny is It useful in lalbs’

1. Gal4-UAS in yeast

2. Aralbinose operon In bacteria

42



How does the yeast Gal4-AUS system work?

@ GAL4 UAS System in Yeast X 4 v
« - C 2% chatgpt.com/c/671a4f87-e9c0-8003-ac01-1c6e79¢c8c070 W Q New Chrome available :
EPFL Scientific Literature o/ Geneimprint : Genes @ Program | BMSV 2... Other Projects Awards All Bookmarks

(D (& ChatGPT &, Share

what is the gald4-aus system in yeast

&) The GAL4-AUS system (more commonly referred to as the GAL4-UAS system) is a powerful
genetic tool primarily used in yeast and other model organisms for controlling gene expression. It
is derived from the GAL4 system in Saccharomyces cerevisiae (baker's yeast), where it naturally

regulates genes involved in galactose metabolism. Here's how the system works:

Key Components:

1. GALA4: A transcriptional activator protein from yeast. It binds to specific DNA sequences
called UAS (Upstream Activating Sequences).

2. UAS (Upstream Activating Sequence): A specific DNA sequence that GAL4 binds to. When
GAL4 binds to UAS, it activates the transcription of nearby genes.

3. Gene of Interest: The gene you want to express, which is placed downstream of the UAS.

How the GAL4-UAS System Works:

1. GAL4 Expression: The organism is engineered to express the GAL4 protein in specific cells or
under certain conditions. GAL4 is typically placed under the control of a promoter, which

dictates where and when GAL4 is expressed.

2. UAS Activation: The gene of interest is placed downstream of a UAS sequence. When GAL4
is present, it binds to the UAS, which activates the transcription of the gene of interest.

3. Controlling Expression: Since the activation depends on GAL4 binding to UAS, the system
allows for targeted and inducible expression of specific genes. By choosing different
promoters to control the GAL4 expression, researchers can achieve cell-specific or condition-

specific activation of the target gene.




How does the yeast Gal4-AUS system work?

Applications:

 Targeted Gene Expression: The GAL4-UAS system is widely used for driving the expression

of specific genes in particular tissues, cells, or developmental stages.

» Conditional Expression: Researchers can make gene expression conditional by using
promoters responsive to environmental factors (e.g., temperature, drugs, or other metabolites

like galactose).

* Genetic Screens: It's often employed in functional genomic screens to overexpress or silence

genes, helping to identify gene functions or interactions.

Why It's Popular in Yeast:

* |n yeast, this system is native to the regulation of genes involved in galactose metabolism. In a
natural setting, when galactose is present, the GAL4 protein activates the transcription of
genes needed to metabolize galactose by binding to UAS sequences upstream of those

genes.

» The GAL4-UAS system is modular and easily manipulated in yeast, making it useful for
studying gene function, regulatory elements, and metabolic pathways.

In summary, the GAL4-UAS system allows for precise control of gene expression in yeast and

other organisms, making it a versatile tool in molecular biology.

QPO YP Oy
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How does the yeast Gal4-AUS system work?

e \Vny is 1t useful”?

UAS-target gene line
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How does the ara (pBAD) system work?

how does the arabinose promoter work

&) The arabinose promoter (commonly referred to as P_BAD) is a regulated promoter derived from
the ara operon in Escherichia coli (E. coli) that controls the expression of genes involved in the
metabolism of arabinose, a sugar. This promoter is widely used in genetic engineering to control
gene expression because it can be turned on or off depending on the presence of arabinose in the

growth medium.

Key Components:

1. P_BAD (arabinose promoter): The promoter sequence that controls the transcription of

genes involved in arabinose metabolism.

2. AraC protein: A regulatory protein that both activates and represses the arabinose promoter
depending on the presence or absence of arabinose.

3. Arabinose: A sugar molecule that serves as the inducer, activating the promoter by

iInteracting with AraC.

How the Arabinose Promoter (P_BAD) Works:

1. In the Absence of Arabinose (Repression):

» When arabinose is not present, the AraC protein binds to two regions within the operon,
02 and I1. This creates a loop in the DNA that blocks the RNA polymerase from binding
to the P_BAD promoter.

* This looping prevents transcription of the downstream gene, effectively repressing gene

expression.

David P. Clark, Nanette J. Pazdernik, in
Biotechnology (Second Edition) 46
2016



https://www.sciencedirect.com/book/9780123850157/biotechnology
https://www.sciencedirect.com/book/9780123850157/biotechnology

How does the ara (pBAD) system work?

2. In the Presence of Arabinose (Activation):

» When arabinose is added to the environment, it binds to the AraC protein. This binding

causes a conformational change in AraC, preventing the DNA loop from forming.

 AraC now binds to different sites, 11 and 12, opening up the promoter and allowing RNA

polymerase to access the P_BAD promoter.

* Transcription of the gene downstream of the P_BAD promoter is initiated, and the gene is

expressed.

Strength of Expression:

* The strength of expression from the arabinose promoter can be fine-tuned by varying the
concentration of arabinose in the medium. This gives researchers precise control over the

level of gene expression.

* The system is tightly regulated—in the absence of arabinose, expression levels are very low,

and when arabinose is present, the system can be fully activated.

Applications in Biotechnology:

1. Inducible Gene Expression: The arabinose promoter is often used to control the expression
of genes in bacteria. By adding arabinose, the researcher can induce the expression of the
target gene, and by removing it, the gene can be repressed.

2. Protein Production: This system is commonly used for expressing recombinant proteins. By
controlling when the protein is expressed, researchers can optimize growth conditions before

inducing protein production.

3. Genetic Studies: It is used in functional genomics to study gene function by conditionally

expressing or silencing genes in response to arabinose.

David P. Clark, Nanette J. Pazdernik, in
Biotechnology (Second Edition) 47
2016
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How does the ara (pBAD) system work?
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David P. Clark, Nanette J. Pazdernik, in
Biotechnology (Second Edition) 48
2016
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Combinatorial gene control creates cell types

embryonic cell

INDUCTION OF REGULATOR TRANSCRIPTION 1 1

cell division

LEFT RIGHT
1

cell A cell B
I I

INDUCTION OF REGULATOR TRANSCRIPTION 2 AND 3

2 3 1 2 1 3

cell C cell D cell E cell F
I I I I

INDUCTION OF REGULATOR TRANSCRIPTION 4 AND ' 5

/N AN AN AN

cell G cell H cell | cell J cell K cell L cell M cell N
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Combinatorial gene control creates cell types

o Artificial expression of 3 heuron-specific transcription regulators in liver cells converts them in nerve cells

(A) | | (B) | |

50 um 50 um



Combinatorial gene control creates cell types

o Artificial expression of 1 transcription regulator from the eye region to the leg region

group of cells group of cells _
that give rise to  that give rise to (red shows cells expressing Eyeless gene)
an adult eye an adult leg

larva

adult

formed on leg

fly with Eyeless gene artificially
expressed in leg precursor cells

normal fly

(A) (B)
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Pluripotent stem cells

e Manipulation of transcription regulators to de-differentiate cells

GENES ENCODING THREE
TRANSCRIPTION REGULATORS CELLS INDUCED
TO DIFFERENTIATE
INTRODUCED INTO ol LERENT
FIBROBLAST NUCLEUS CELLS ALLOWED muscle cell
TO DIVIDE
Oct4 IN CULTURE

SoxZ2
KIf4

-

\ neuron

fibroblast iIPS cell .

iInduced pluripotent stem cells

fat cell
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Different cell types

o Different cell types express different proteins

e Controlled by master transcription regulators

e
Klf4

/\

q
-—
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Figure 7-37 A portion of the
transcription network specifying
embryonic stem cells. (A) The three
master transcription regulators in Figure
7-36 are shown as large circles. Genes
whose cis-regulatory sequences are bound
by each regulator in embryonic stem cells
are indicated by a small dot (representing
the gene) connected by a thin line
(representing the binding reaction). Note
that many of the target genes are bound
by more than one of the regulators.

(B) The master regulators control their
own expression. As shown here, the three
transcriptional regulators bind to their own
control regions (indicated by feedback
loops), as well as those of the other
master regulators (indicated by straight
arrows). (Courtesy of Trevor Sorrells, based
on data from J. Kim et al., Cell 132:1049-
1061, 2008.)



Different cell types

e Specialised cells rapidly tumn genes on and off

glucocorticoid

receptor in

absence of
glucocorticoid

hormone

HENE ]
gene 1

gene 2

I I ~ 1Is
gene 3

GENES EXPRESSED AT LOW LEVEL
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Different cell types

progeny cells

Differentiated cells maintain their identity

A
e Progeny will remain the same cell type - cell | — CELL
memOI’y parent cell Qﬁ'v
. Sqme are terminally differentiated (no further NE A CONTINUES
division) like neurons or skeletal muscle cells . TO BE TRANSCRIBED
ne A IN ABSENCE OF
gene g INITIAL SIGNAL
® Positive feedback loop so a master transcription TRANSIENT
regulator activates transcription of its own gene transcription  TURNS ON PN
regulator A EXPRESSION
is not made OF GENE A } CELL
because it is _'> — MEMORY
normally r ired
forO theatr)z/:\ nigrlijpteion Q ﬁv

of its own gene
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Summary

o Different cell types have the same DNA
® [ranscriptional control
® [ranscriptional regulators

® Activators

® REePressors
® Understanding other regulatory systems

e Combinatorial gene control and cell types
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Have a nice day!



