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Recap of the relatable information from the transcription lectures to maximize
your understanding of this lecture.

(Skip these 2 slides if you feel confident in your recall.)

Transcription is the process of how the cell makes RNA from DNA.

RNA polymerase is the enzyme that builds RNA using one DNA strand as a template.

“* RNAis made inthe 5'to 3' direction in three steps:

Initiation: RNA polymerase starts at a promoter region on DNA.

Elongation: RNA grows as nucleotides are added.

Termination: Transcription stops when it reaches a signal.

“ Transcription in Eucaryotic genes:

Promoters: Where RNA polymerase binds to start transcription.

Enhancers: Regions of DNA that increase transcription. They can work even if far from the gene
or flipped.

“* RNA in Eukaryotes:

5' Cap: Added to protect RNA and help it function.

Splicing: Introns (non-coding parts) are removed, and exons (coding parts) are joined.
Alternative splicing creates different proteins from the same gene.

Poly-A Tail: A chain of adenines is added to the RNA’s end for stability and export.



“* Regulation of transcription
Promoter-Proximal Elements: Regions near the promoter that help control

gene expression.
Transcription Factors: Proteins that turn specific genes on/off depending on

the cell type.

» The relation of the recap with our lecture:

Gene Rearrangement: Splicing and enhancers explain how
immunoglobulin genes can rearrange to make many types of antibodies.
Gene Amplification: Extra copies of genes help cancer cells resist drugs.
Alternative Polyadenylation: Using different poly-A sites creates RNA
molecules of varying lengths and functions.
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Immunoglobulins

* The human body can possess a
population of approximately 1012 B

lymphocytes that can
release immunoglobu

produce and
ins (antibodies),

but each cell can proc
an immunoglobulin.

uce one type of

 Each antibody has a unique antigen-
binding variable region (it’s the site
responsible for binding with antigens) that is
encoded by unique genes formed by
site-specific recombination during B-

lymphocyte development. variable
regions must be heterogeneous to recognize and

bind Ji&ll 1) of antigens.
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Immunoglobulins- Explanation

* They are diverse proteins that interact with foreign
antigens (proteins or carbohydrates) as a mechanism to
eliminate these from the body.

» Composed of 4 polypeptide chains, held together by
disulfide bonds;

= 2identical light chains.
= 2identical heavy chains.

v Light chains arecomposed of a constantregionanda v =
variable region, while heavy chains arecomposed ofa X
variableregion and a constant region of three X
domains. Differences in the constant region of the
heavy chain lead to the formation of five oo AL
immunoglobulin classes: I1gG, IgA, IgM, IgE, and IgD. s 1

Ol




Similar for both, the light and the heavy chains.

The mechanism

Each heavy gene consists of 150 variable
regions (V), 12 diversity exons (D), 4 joining (J)
exons, and one constantexon (C).

During lymphocyte development, one of each
Iscombined with one ofthe others by site-
specificrecombination.

Thetotalnumber of heavy chains thatcan be
generatedis about 7200 (150x 12 x4).

600 lightchains are produced bythe same

mechanismresultinginapossible 4 x 106
differentcombinations.

* Thejoining ofthe differentsegments often
involves theloss orgain ofone toseveral
nucleotidesresultingin 101, different
Immunoglobulins.

This is the gene of naive Bcell (a B cell that hasn’t been
exposed to an antigen yet; not activated/ stimulated)
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Once we have the DNA arranged, it can’t change anymore.

Somatic hypermutation is an additional
mechanism where multiple mutations are
introduced during DNA replication within the
rearranged immunoglobulin variable regions.

Joining of V to DJ segment Each of these reg ions
\ has its own promotor
|



Further Elaboration

* B Cell Activation; occurs when an antigen binds to the
immunoglobulin on the B cell surface, stimulating recombination
and diversity.

Mechanism;

1. Dexon(p5)rearrangesand aligns with a Jexon (J2).
» So theintervening DNA between these exons (JIto D6) is deleted

2. ThenaVexon (v25)recombines with the already rearranged D exon
» The DNA between V25 and D6 is deleted, bringing them close together.

3. Theprimary transcript includes the selected V, D, and J exons,
followed by the constant (C) region.

4. The RNA transcriptundergoes splicing, removing the sequence
between the J exon (y2)and the C exon.



Further elaboration- Diversity

1. Combinatorial Diversity:
+ Heavy Chain:
150V x12D x4 J=7,200 combinations.
- Light Chain:

+ 600 combinations are possible through a similar mechanism.
v'Total diversity from heavy and light chains = 4 million combinations!
2. Imprecise Joining:

- During recombination, nucleotides may be added or deleted, creating additional diversity.

3. Somatic Hypermutation:
- Random mutations occur during B cell proliferation, further enhancing diversity.

» Combined Mechanisms,
- The diversity from recombination, imprecise joining, and hypermutation ensures

the immune system can produce a vast array of antibodies to recognize diverse
antigens.




Somatic hypermutation

In somatic cells

<B lymphocytes> A lot

» Inthe variable region, the

activation-induced deaminase £ AID
LA | Wi
enzyme (AID) converts C’s to U’s HHEEH] l
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Repair with repair
» The U’s are removed (after the cells enor-prone

recognize that bxc U base in DNA) By a
repair mechanism we’ll talk about it

later on, leaving a single-strand Somatic
. . . hypermutation
gap that is filled in by a
specialized error-prone DNA
polymerase and creating more Cytosine Uracil
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TcellsandCART cells tikevefore

* The T cell receptor on the surface of T
lymphocytes is produced by site-specific
recombination.

A new type of cancer treatment (CAR-T cell
therapy) utilizes a patient’s T cells are
genetically engineered to express an artificial
T-cell receptor that recognizes antigens on
the surface of tumor cells.

% Mechanism of CAR-T cell production:

T cells are removed from the patient - then they are engineered

in the laboratory - injected back to the patient - then they

recognize and bind the cancer cells and helps in the removal of it.

» These cells are engineered in way that T cell receptors
recognize cancer cells.

Var!able ==
regions

Constant
regions

Cytosol

Plasma membrane

https://www.cancer.gov/about-
cancer/treatment/research/car-t-cells
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Gene amplification

It happens naturally as a mechanism for
fighting drugs for example.

» Itis an increase in copy number of a restricted chromosome region increasin% the
quantity of DNA in these regions and, hence, increasing RNA and protein levels.

« Cancer cells use it to develop resistance from methotrexate (cancer chemotherapeutic drug)

whereby the target gene, dihydrofolate reductase (an enzyme that plays a key role in DNA synthesis), is
amplified.

* Breast tumor cells amplify the human epidermal growth factor receptor 2 (HER2) making
them highly proliferative and more aggressive in growth and progression.

Normal breast cell Abnormal HER2+ breast cancer cell

Breast Cancer Cells can
4 i f)'- ¢ \ “’ amplify the gene that

s encodes the HER2
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Signal \{.

Nucleus

Z

This amplification Unampified

mechanism makes the
receptor more sensitive s36  s38

Y - to the ligand 45 =l e | ‘
_ L e -~
Increasing proliferation |2 s
Normal amount of HER2 receptors Too many HER2 receptors send 9 P . \-___-/
send signals telling cells to grow more signals, causing cells of tumer cells Ieadlng to
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If unequivocal

HOWIS ftdeteCted? W immunohistochemistry » FISH

It is basically using antibodies on tissue sections

o |If 1mmunohlstochemlstw shows unequivocal (nard to determine the result stammg,
then FISH is done. S Y N

: ¥ :h; R\ FL O . &
Recall the FISH mechanism from previous O 3 1 QAR X S S N GRT iv O \ .
lectures and try to connect the dots. ( FISH = Pras Ty re ’7?'“ L X »
fluorescence in situ hybridization) r i
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The high amount of red/pink dots indicate the presence of «— |
gene amplification ( A- normal state / B- gene amplification)



How are HER2-enriched cancers treated?
Herceptin (tI’CIStuzumab) Mab=monoclonal antibodies

Take a look at the picture and endorseiit.

Herceptin: how it works

Cancer cells
multiply and
the tumors

quickly grow.

HER2 molecules &
on the surface ‘
of cancer cells ‘\_\ rJ'

pair up to send [ i ol o

Remember;

Monoclonallg: Anantibodyfroma
single B cell that specificallybinds a
single antigen epitope with consistent
affinity.

Briefly:

The Herceptin targets HER2 on cancer
cells preventing its action, which leads to
the death of the cancer cell.
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The alternatives:

Alternative transcription start site, alternative splicing,
and alternative polyadenylation sites

* This what increases the diversity of proteins.
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One gene, multiple promotors, multiple exons
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An example of altemative splicing:
Lys-Lys
UDP-glucuronosyltransferase (UGT) LrOn e S upP
CUMEN & G
Lipophilic substrate o - Y
_ ) s v
Ose—0 L ) remember;, Xenobiotics are Hydrophilic
H _1—9. H | | foreign things that are p-D-glucuronide
VA T 0™ N harmful tohumans, for
OH 0O—P—0—P—0—CH, ’ COOH
Hoooow L L KH DjH example Drugs.
UDP-Glucuronate H OH DHH HDGH 0 y
OH
The uridine diphosphate Em:ﬁm
glucuronosyltransferase (UGT) enzymes Bile, urine

transfer glucuronic acid onto xenobiotics and other endogenous compounds making
them water soluble (by adding a sugar molecule -gulcuronosly moiety-)and allowing
for their biliary or renal elimination.
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The enzyme(s) has many heterogenous substrates

Lipophilic substrate

Therapeutic drugs
Carcinogens
Environmental toxicants

Dietary constituents
Bilirubin

Biliary acids
Steroids
Retinoic acids
Fatty acids

It is a family of enzymes that s
responsible for the glucuronidation of
hundreds of compounds, including
hormones, flavonoids, and
environmental mutagens.

How can such an enzyme recognize all of these

substrates and react with it ?
Seek next slides for the answer
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and differentreactions are catalyzed indifferenttissues

Not to memorize, just observe the mind-blowing

variation, & Sé aduidl b3

Substrates

Place of reaction

Etoposide Biliary tissue, colon, intestine, liver, stomach
Genistein Biliary tissue, colon, liver, stomach

Tamoxifen Biliary tissue, colon, intestine, liver

PCBs Biliary tissue, brain, colon, kidney, larynx, liver,

lung, stomach

Heterocyclic amines

Esophagus, intestine, kidney, larynx

Benzo[a]phrene Colon, esophagus, intestine, kidney, larynx

Nicotine Breast, colon, esophagus, liver, kidney, ovary,
prostate, skin, testis

Raloxifene Biliary tissue, colon, esophagus, intestine,

orolaryngeal tissue, stomach




Getthis concept, first...

One drill, many flutes One head, many hats

B} alamy stock photo

Drill=Enzyme Flutes=substrate.
You can use the same drill with many flutes.
» So,same enzyme has multiple substrates (same function but different substrate)




Thenthis...

The gene

Exon components —» 1_H 2 ,I 3 H 4

Catalytic
domain

T~
\

~

Catalytic
domain

Substrate-binding domain

Catalytic
domain

Catalytic domain: the
domain responsible for
transferring the
glucuronic acid.
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v For better understanding...

* This gene consists of five exons.These exons The gene
encode the catalytic domain that carries out '
] = 2=324=35
the addition of a sugar molecule to the H H H H ],-
substrate. .

* The catalytic domain is identical in all
enzyme variants, so the type of reaction

remains the same.ln contrast, exon 1
Catalytic

determines substrate specificity because it Catalytic
domain domain domain

Catalytic

forms the substrate-binding -
domain.Therefore, the enzymes share the W
same enzymatic function but act on different

substrates due to variations in the substrate- el

binding domain.
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How does UGT1Adothis?

* Exons 2, 3, 4, and 5 encode the catalytic domain that interacts with UDP-
glucuronic acid, and exon 1 determines substrate specificity, but..

« Exon 1 contains NINE tandemly arrayed first exons and each one has its
own promoter.

* The 9 exons determine substrate specificity and one of them is spliced to
exon 2 generating 9 possible UGT1A transcripts.

So, each sub exon
canbetranscribed

-@-@-Asm@ A9H AT A6+ ASHA4HAZIRH AT~ independently of

--------- Variable exon 1A, human others > which
willlead to 9

_____________ S different binding
=1 _I 2 W3 H 4 _{ 5 sitesthat canreact
[ | with 9 different
substrates.

-
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-
-
-
-
-
-
-
-
-
-
-
-
-
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-
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v
Shared and constant
exons 2-5, human
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SplicevariantsforUGT1A

The possible transcripts

1A8 |}

1a10

1a9 [
1A7 §§

16 [}

Structures in blue are the exon 1s,and each have its own
promotor region.

So, 9 different transcripts and different substrate binding
domain but the same catalytic domain.
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Explaining the substrate specificity and tissue distribution

* Thevariation of proteins produced from the same gene is thereason behind the diversity of humans

Gene Where expressed Substrates
UGT1A1 Biliary tissue, colon, intestine, liver, stomach Etoposide
UTG1A3 Biliary tissue, colon, liver, stomach Genistein
UGT1A4 Biliary tissue, colon, intestine, liver Tamoxifen
UGT1A6 Biliary tissue, brain, colon, kidney, larynx, liver, lung, PCBs
stomach
UGT1A7 Esophagus, intestine, kidney, larynx heterocyclic amines
UGT1AS8 Colon, esophagus, intestine, kidney, larynx Benzo[a]phrene
UGT1A9 Breast, colon, esophagus, liver, kidney, ovary, prostate, Nicotine
skin, testis
UGT1A10 Biliary tissue, colon, esophagus, intestine, orolaryngeal Raloxifene
tissue, stomach




Regulation of mRNA stability



Physiology of iron

* [ronis an essential metal for the human body.
* Oxygen transport

* Enzyme function

 But, too much iron can be toxic.

* Organ failure

 Bacterial infection( iron attracts bacterial growth , so high levels of it
increase bacterial infection)

* The level of iron is intricately maintained.




The players

Diferric

* Liver ferritin protein stores iron when abundant (in the liver). 0}0 p & rEnSEatsn
TFRI1
vIt’s function is to bind to iron, so it is a storage place of &l § § o
o o g p -Clll_% Clath;'in T&TLI;
iron in the body . vembrane | Cated Pi

* Transferrin receptor mediates iron entry via receptor-mediated

endocytosis into peripheral cells when needed.

* When iron is high, expression of ferritin should be up-
regulated ( for iron storage) and expression of transferrin
receptor should be down-regulated (Iron should not be
transported into the cell because adequate levels are
already present, and excess iron can be toxic), and vice
versa.

v'The regulation of ferritin is the opposite of the requlation

of transferrin receptor (inverse regulatory relationship).



lron-response elements

* In human iron-regulatory genes, there are genetic regions (of mRNAs, as well)
called iron response elements (IREs), these regions requlate transferrin
receptor and ferritin levels.

* These regions also exist within the mRNAs of ferritin and transferrin receptor
but at different sides.

v In ferritin mRNA, the IRE is located at the 5’ end.
vIn transferrin receptor mRNA, the IRE is located at the 3’ end.

IRE IRE IRE

RE IRE

Ferritin mRNA Transferrin
receptor mRNA




Iron regulatory protein

v Iron response elements are the binding sites for iron regulatory proteins, which
can sense and respond to cellular iron levels.

* When iron is low, the iron regulatory protein (IRP) - IRP are active when free of iron
-binds to IREs influencing protein expression.

* Remember, this binding happens when iron is low.

* When iron is high, iron binds to IRP preventing its binding to the IRE.

5'UTR mRNA | mRNA




Effect on expression

* When iron is abundant (high) in the cells, it binds to IRP, disabling the binding
of IRP to the mRNAs of transferrin receptor and ferritin.

* Transferrin receptor: mMRNA is destabilized and is degraded, lowering
protein level, and, hence, iron uptake.

* Ferritin: Translation is activated and storage increases.

* When ironis low, the IRP is iron-free and can bind to the mRNAs of transferrin
receptor and ferritin.

* Transferrin receptor: mMRNA is stabilized, more protein is made, and, hence,
iron uptake into the cells increases.

* Ferritin: Translation (protein synthesis) is blocked, and less proteinis
available for storage.



a Iron deficiency b Iron overload
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Quick recap:

v' When iron is high: IRP binds iron — cannot bind mRNA

« Transferrin receptor: mRNA is degraded — protein decreases — iron uptake decreases.
* Ferritin: Translation is activated — storage increases.
v Wheniron is low: IRP is iron-free — binds mRNA

« Transferrin receptor: mRNA is stabilized — protein increases — iron uptake increases.
* Ferritin: Translation is blocked — storage decreases.




(a) Low iron concentration. IRE-binding protein binds
to IRE, so translation of ferritin mRNA is inhibited.

(b) High iron concentration. IRE-binding protein cannot
bind to IRE, so translation of ferritin mRNA proceeds.

@ Ferritin
Iron-response Inactive , protein
element (IRE) IRE-binding
Active protein
IRE-b'mdmg )
protein 5% 5 3
1 JAAA C C JAAA
Ferritin mRNA IRE o= s
Start codon Stop codon Ribosome Start codon Stop codon

© 2012 Pearson Education, Inc

(a) Low iron concentration. IRE-binding protein binds to the IRE of
transferrin receptor mRNA, thereby protecting the mRNA from
degradation. Synthesis of transferrin receptor therefore proceeds.

(b) High iron concentration. IRE-binding protein cannot
bind to IRE, so mRNA is degraded and synthesis of
transferrin receptor is thereby inhibited.
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IRE-binding
protein
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Transferrin
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Ribosome REEe) e
IRE-binding
protein
5 2
0 e = L Gmmmes A A A '
Start codon
Stop codon Transferrin
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Degradative 4‘
enzyme
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Quiz on this lecture
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https://youtu.be/GjOOC7yHMRE?si=3TH0TYxuLSJQZTBg
https://youtube.com/shorts/Tul6Fs7Idek?si=ZZmrAtd5gAiYqsOd
https://youtube.com/shorts/Tul6Fs7Idek?si=ZZmrAtd5gAiYqsOd

For any feedback, scan the code or click on it.
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