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RECAP:

What you hopefully should understand so far from Lecture 4

Receptor activation is the first step of cell-to-cell communication (cell
signalling).

The ligand is the first messenger that could be a protein or a steroid and can
complementary bind with the receptor like a lock and key.

Some receptors are found on the cell surface and other receptors are found
Inside the cells i.e. in the nucleus and cytoplasm.

Some ligands are hydrophilic i.e. proteins and cannot diffuse through the
plasma membrane due to their size and require cell surface receptors. Other
ligands are hydrophobic i.e. steroid hormones can diffuse through plasma
membrane and interact with intracellular receptors.

The rate of the binding between a ligand and receptor equals the rate of

releasing the ligand from the receptor.



What will we learn today?

What is signal transduction?
The importance of protein kinases.
What are secondary messengers?

Examples of secondary messengers.
How do cells respond?

What are transcription factors?

Types of Domains in transcription factors



GENTLE REMINDER
An ideal way of learning:

Monday  Tuesday Wednesday Thursday Friday Saturday Sunday

Mini-lectures.
Approximate total time: 1 hour
Divide over 7 days at your own pace.
Challenge yourself with a quiz!

www.hafsaabbas.com



RECAP: How to support your learning?

Key facts with diagrams by HN designs presented in a simplified way.
Glossary to help understand what key words mean.

Summary doodle revision posters by HN designs.

Quizzes to test your knowledge and reflect.

Reference list for further reading.

Acknowledgements: Special thanks to my parents, family, friends and colleagues for their support and the respected
teachers and health professions who taught me and installed the passion of cancer/oncology.



What is sighal transduction?
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What is sighal transduction?
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The importance of protein
Kinases.



What are protein kinases?

They are enzymes that help signal transduction

via a process called phosphorylation. Phosphorylation

Phosphorylation is the addition of a

phosphate group.

Dephosphorylation of protein kinases _ ,
Activate Deactivate

occurs by: enzymes enzymes

O Protein kinase inhibitors

O Phosphatase L
Create a binding
Affect activity site that interacts
of enzyme with downstream

components



Example: Phosphorylation of proteins

OH

In each molecule, a phosphate is attached to an

oxygen on the amino acid. o) p OH

A hydroxyl group (OH) is removed to place the
0O
phosphate group. '

R PHOSPHOTHREONINE
Examples of the amino acids are: PHOSPHOSERINE
O Serine
O Threonine

d Tyrosine

Please revisit Lecture 4 on how ATP and GTP PHOSPHOTYROSINE

are formed. '




What are second messengers?



RECAP: What are first messengers?
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What are second messengers?
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The second messengers are small,
non-protein that is used to transmit
the signal within the cytoplasm of a
cell by altering or changing the

behaviour of particular proteins.
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Examples of secondary messengers



Examples of secondary messengers




Example 1: Calcium ions (Ca 2%)

lon channel/pump Extracellular

N
Plasma ﬁﬂﬂﬂﬂ ﬁﬂﬂﬂﬂﬂ
This is a common secondary messenger. membrane Uuuuum DUUUUUU

Intracellular

They are useful in signalling pathway of §§ é
water-soluble molecules. W

Calcium ions are stored in structures called

vesicles.

Mitochondria

Low levels of calcium ions in the cytoplasm compared to outside the cell, mitochondria and

endoplasmic reticulum. More calcium ions enter organelles when channels open.



Example 1: Calcium ions (Ca 2%)

I
following organelles: Plasma ﬂﬁﬂﬂﬂ ﬂﬁﬂﬂﬂﬂ
O Cell membrane membrane Uuuuum DUUUUUU

Intracellular
L Mitochondria

0 Endoplasmic reticulum SER

Smooth endoplasmic reticulum (SER): It accumulates w

calcium ions, produces and modifies fats/lipids.
\

Rough endoplasmic reticulum (RER): it has lots of RER
ribosomes and is involved in production of proteins and

sorting of proteins. _ _
Mitochondria

Low levels of calcium ions in the cytoplasm compared to outside the cell, mitochondria and

endoplasmic reticulum. More calcium ions enter organelles when channels open.



Why is the concentration of calcium
jons low in cells despite they have

pumps?




Why calcium ions (Ca ¢*) are low?

There are 2 ion channels in the plasma membrane of

cells have a large calcium fon concentration gradient. ﬂ ﬂﬂ ﬁﬂﬂﬂﬂﬂ
\ Wm DWWW

ANTIPORT

A
J

O Na*/Ca?* antiporters/exchangers U

(Sodium/Calcium ion antiporters)

O H*/Ca?* antiporters/exchangers

(Hydrogen/Calcium ion antiporters)

10-20,000 fold concentration gradient of calcium across the plasma membrane.



What are antiporters?

There are three types of transporters.
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MOLECULES and transports MOLECULES and transports ION and transports it

them in SAME DIRECTION. them in OPPOSITE ACROSS THE

DIRECTIONS. MEMBRANE.
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Na*/ Ca ¢* antiporters

3 Na*

stnnerd|

X
3 Sodium ions IN
1 Calcium ion OUT




H*/Ca?* antiporters

H*/Ca’* antiporters/exchangers use
energy as ATP within sodium/hydrogen
gradient pump against the ion gradient to
remove calcium ions by pumping calcium

ions across membrane.

RARALR RARRAR
WUWQG DWUWU

1 Sodium ion IN
1 Hydrogen ion OUT






Example 2. cAMP

cAMP stands for cyclic adenosine

monophosphate.

This cyclic secondary messenger is made by

the enzyme adenylyl cyclase from ATP.

The phosphate group is attached to two
positions on the ribose sugar molecule forming

a circular ring.

NH.
N \N
/4
< [ A
O O
o]
& TS0 OH

Source: (Alchetron, 2022)



What does cAMP
do in signal

transduction?




Cyclic AMP (cAMP) — The process

Activated

Activated receptor
receptor

Uﬁaﬁ;mmi;ﬁeﬁ??rn 900
W W

Plasma
membrane

A ligand binds to a receptor The receptor is activated.
on the plasma membrane.

Adenylyl cyclase produces
CAMP from ATP.



— Activated receptor

Cyclic AMP (cAMP)

Activated receptor
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Protein

kinase A
Downstream Downstream Downstream
proteins

proteins proteins

3
4

Protein
kinase A Nucleus
A-kinase phosphorylates
downstream protein targets in
CAMP binds to the enzyme the cytoplasm

cAMP-dependent kinase (A-kinase)



o
>
<C
>
O =
> O
<
O
O
~-
O



Activated receptor

Plasma
membrane

Cyclic AMP (cAMP)
OFF




Example 3 Diacylglerol (DAG) and Inositol
triphosphate (IP,)

Inositol triphosphate (IP;) is produced from membrane

phospholipids. How?

membrane 4 receptor Inositol o
1. Inositol phospholipid is a lipid/fat molecule it Phospholipid

]UUUUD

ACTIVE G-PROTEIN

has inositol (a carbohydrate) as its hydrophilic ﬂﬂﬂ

o)
0O
0O

head that acts as a secondary messenger UUU

because they are membrane-bound and found

Activated

near cell surface receptors. Activated G proten
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Example 3 Diacylglerol (DAG) and Inositol
triphosphate (IP,)

ligand

— Active ]
2. Phosphatidylinositol (PI) s 4 ESCopior rr:):sl:i:olipid PI
is a phospholipid and is ﬂﬂﬂﬂﬂﬂ ]UUUDURﬂﬂRRR ) ¢ (_?/Hﬂﬂﬂ
phosphorylated by kinase uuuuuu UUUUUU f UUUU
enzymes to form PI- sad L erRoTEN 4 ‘
phosphate (PIP) and PI- - B@D PP

alpha subunit

bisphosphate (PIP,).

Inositol triphosphate (IP;) is produced from membrane
phospholipids. How?



Example 3 Diacylglerol (DAG) and Inositol
triphosphate (IP,)

Active
receptor Inositol
Phospholipid

Plasma
membrane

3.The alpha subunit of G

protein activates another ﬂﬂﬂﬂﬂﬂ
enzyme called UUUUUU

phospholipase ¢ (PLC)who

then cleaves PIP,. -

aaaaaaaaaaaa

ACTIVE G-PROTEIN

Inositol triphosphate (IP;) is
produced from membrane
phospholipids. How?



Example 3 Diacylglerol (DAG) and Inositol
triphosphate (IP,)

ligand
Active
4. PLC CleaveS P|P2 ;I::‘m?ane receptor Inositol
Phospholipid

IIIII A R RIS

ACTR4 G-PROTEIN

to form two second

messengers: ﬂﬂﬂﬂﬂﬂ
Diacylglerol (DAG) Uuuuuu

o |

and Inositol

Sugw

triphosphate (1P;) o

Inositol triphosphate (IP5) is produced
from membrane phospholipids. How?



Example 3 Dlacy\glero\ DAG) in action

Pl
1 ARSRS
5. Diacylglycerol (DAG) stays in prote'n kmaseé

the plasma membrane, binds and (PKC)

activates protein kinase C (PKC).

Protein kinase C phosphorylates Q

Downstream Downstream Downstream
proteins proteins proteins

serine and threonine amino acid
residues in its target cellular

proteins.




Example 3 Diacylglerol (DAG) and Inositol
triphosphate (IP,)

6. IP; diffuses into the I \, \ ﬂﬂﬂﬂ%ﬂﬂﬁ

cytoplasm and binds to

calcium channels in the

_ _ aIC|um lons
endoplasmic reticulum
membrane. I O ~ Sownstream cel
At proteins response
Calcium channels open to SER

release Ca2+ into the IP;that w

continues the signal cascade.

Mitochondria



Example 3 Diacylglerol (DAG) and Inositol
triphosphate (IP,)

7. Calmodulin (CaM) is a ,F\);\ﬂﬂﬂﬂﬂ%ﬂﬂﬂ

protein whose role is to bind to
calcium and regulate calcium-

Calcium ions
dependent pathways e.qg.

C>
Carbohydrate breakdown in liver ~ ( DlC:
cells.

RER




Cellular response




Cellular response

Hormone
release e.g.
insulin

Muscle
contraction

Cell
elongation in
response to

light.

\ —

(s D)

ecretion/produ
ction of Opening and closing
enzymes of stomata in plants

involved in the where water and gas

digestive exchange located.

system
\ J \_ )

Transmission
of nerve
impulses




Calcium ions in cancer cells.




Transcription factors




What are Transcription factors?




What are Transcription factors?

Some transcription factors can bind to specific
sequences of DNA called promoter sequences

near the transcription start site.

Other transcription factors bind to regulatory

sequences e.g. enhancer sequences. They consist
of many base pairs that are near the target

gene.






Types of Domains in
transcription factors



Types of Domains

DNA-binding 1) Helix-turn-helix motif U DBDs direct transcription factors
domain (DBD) 2) Leucine zipper motif. to their target regulatory regions

3) Helix-loop-helix motif. by recognizing specific DNA

4) Zinc finger motif (approximately 30 sequences/response element in

amino acids long) the major groove of DNA.
A collective conformational change helps O Itis conserved well which helps
with the binding to DNA. classifying transcription factors.
termmus _ -termlnus
Dimerization Transactivation

domain domain



Types of Domains

Effector 1) Transactivation domain O It modulates transcriptional activity.
domains 2) Repressor domain Q It interacts and binds with cofactors
3) Bifunctional domain (they can and which leads to changes to histone
activate or repress gene proteins, DNA methylation and
expression) activating RNA polymerase Il to

facilitate transcription.

N- C-
terminus terminus

Dimerization Transactivation
domain domain




Types of Domains

Dimerization None O It helps transcription factors that

domain work in pairs/dimers to facilitate
transcription.
O Transcription factors can bind to
DNA as homodimers or

heterodimers

N- C-
terminus terminus

Dimerization Transactivation
domain domain




Types of Domains

Ligand-binding
domains (LBD).

L Some transcription factors only
function upon binding of a ligand

and require LBD.

N- C-
terminus terminus

Dimerization Transactivation
domain domain




By the end of this lecture, you should
understand

The first messenger in the cell-signalling pathway is the ligand. The secondary messenger
helps transduce the signal to elicit a response.

Calcium ion channels are found in the mitochondria, endoplasmic reticulum and plasma
membrane. It is regulated to maintain its low concentration in cells. It binds specifically to

the calcium-binding protein Calmodulin.

CAMP plays a key role in signal transduction pathway. It is activated by adenyl cyclase
where it then binds to protein kinase A to activate more proteins in the signal cascade.

CAMP is deactivated by phosphodiesterase.

Diacylglerol (DAG) and Inositol triphosphate (IP;) are secondary messengers that are involved
In the phosphorylation of downstream targets and stimulate other secondary messengers
e.g. calcium ions respectively.

Transcription factors regulate the expression of genes which affects cellular response.



Reference list for further reading

Alchetron (2022) Cyclic adenosine monophosphate Available [online] https://alchetron.com/Cyclic-adenosine-
monophosphate

Brooker, R., Widmaier, E., Graham, L., Stiling, P. (2008) ‘Biology: Chemistry, Cell Biology and Genetics’.
United States of America: McGraw Hill.

Frandsen, S.K., Vissing, M. and Gehl, J. (2020) ‘A comprehensive review of calcium electroporation—a novel
cancer treatment modality’, Cancers, 12(2), p. 290. doi:10.3390/cancers12020290.

Nature education (n.d.) Transcription factors Available [online]
https://www.nature.com/scitable/definition/transcription-factor-167/

Pecorino, L. (2012) ‘Molecular Biology of Cancer Mechanisms, Targets, and Therapeutics’ UK: Oxford
University Press.

Soto, L.F., Li, Z., Santoso, C., Berenson, A., Ho, |, Shen, V., Yuan, S., and Bass J.|.F(2022) ‘Compendium of
human transcription factor effector domains’, Molecular Cell, 82(3), pp. 514-526.
doi:10.1016/j.molcel.2021.11.007.

Stigler, J. and Rief, M. (2012) ‘Calcium-dependent folding of single calmodulin molecules’, Proceedings of the
National Academy of Sciences, 109(44), pp. 17814-17819. doi:10.1073/pnas.12018011009.


https://alchetron.com/Cyclic-adenosine-monophosphate
https://alchetron.com/Cyclic-adenosine-monophosphate
https://www.nature.com/scitable/definition/transcription-factor-167/

pil o S

—

HN

Understanding
Cancer

DR HAFSA WASEELA ABBAS



	Slide 1
	Slide 2
	Slide 3: What will we learn today?
	Slide 4: GENTLE REMINDER An ideal way of learning:
	Slide 5: RECAP: How to support your learning?
	Slide 6: What is signal transduction?
	Slide 7: The three steps in cell communication
	Slide 8: What is signal transduction?
	Slide 9: The importance of protein kinases.
	Slide 10: What are protein kinases?
	Slide 11: Example: Phosphorylation of proteins
	Slide 12: What are second messengers?
	Slide 13: RECAP: What are first messengers?
	Slide 14: What are second messengers?
	Slide 15: Examples of secondary messengers
	Slide 16: Examples of secondary messengers
	Slide 17: Example 1: Calcium ions (Ca 2+)
	Slide 18: Example 1: Calcium ions (Ca 2+)
	Slide 19
	Slide 20: Why calcium ions (Ca 2+) are low?
	Slide 21: What are antiporters?
	Slide 22: Na+/ Ca 2+ antiporters
	Slide 23: H+/Ca2+ antiporters
	Slide 24
	Slide 25: Example 2: cAMP
	Slide 26: What does cAMP do in signal transduction?
	Slide 27: Cyclic AMP (cAMP) – The process
	Slide 28: Cyclic AMP (cAMP)
	Slide 29: Cyclic AMP (cAMP) ON
	Slide 30
	Slide 31: Example 3 Diacylglerol (DAG) and Inositol triphosphate (IP3) 
	Slide 32: Example 3 Diacylglerol (DAG) and Inositol triphosphate (IP3) 
	Slide 33: Example 3 Diacylglerol (DAG) and Inositol triphosphate (IP3) 
	Slide 34: Example 3 Diacylglerol (DAG) and Inositol triphosphate (IP3) 
	Slide 35: Example 3 Diacylglerol (DAG) in action 
	Slide 36: Example 3 Diacylglerol (DAG) and Inositol triphosphate (IP3) 
	Slide 37: Example 3 Diacylglerol (DAG) and Inositol triphosphate (IP3) 
	Slide 38: Cellular response
	Slide 39: Cellular response
	Slide 40: Calcium ions in cancer cells.
	Slide 41: Transcription factors
	Slide 42: What are Transcription factors?
	Slide 43: What are Transcription factors?
	Slide 44
	Slide 45: Types of Domains in transcription factors
	Slide 46: Types of Domains
	Slide 47: Types of Domains
	Slide 48: Types of Domains
	Slide 49: Types of Domains
	Slide 50: By the end of this lecture, you should understand
	Slide 51: Reference list for further reading
	Slide 52

