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Signal Transduction

Second messengers: Phospholipase-C- Ca*?
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As we can see in the picture above that (G Protein coupled receptor-q) can
activate phospholipase CB from phospholipids (Ll cLaadb 834441) which will

produce

1- (DAG) Diacylglycerol that remains anchored in plasma membrane.

2- IP3 or inositol-triphosphate that released in the cytosol, and it can bind to a
receptor for IP3 that is considered as a (gate for Ca*? Jand open this channel
and releasing Ca*?from ER. As a result, the ratio of Ca*? will be higher at the
cytosol. This Ca*? increase influences the cell and serves as second

messenger.

IP3 with Ca*2 with DAG will activate PKC (protein kinase C). Activated PKC will
activate and make phosphorylation for other proteins and change its’ functions.

And as we said before that Ca*? concentration in the cell has been higher, and it
will not stay high for ever, so we have a pump called (SERCA Ca*? pump) in the SER

will use ATP to pump the Ca*? to the ER and save its natural
concentration in the cytosol. NOTE: the natural
concentration for Ca*? in the cytosol is within (107 M).
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We should know that DAG and IP3 may be:

1- Activated by G protein coupled receptor-Q.

2- Or produced by enzyme linked receptors like phospholipase Cy which can be
activated by enzyme linked receptors.

Phospholipase Cy is activated by enzyme linked receptors, but B is activated by GP
coupled-q receptors.
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Ca*?is also considered as a 2" messenger.

Because when the intracellular concentration gets higher will make changes in
the cell and transient signaling like: it can bind to PKC with inositol triphosphate
activating PKC , also it can bind to specific protein called calmodulin.

When Ca*? binds to calmodulin, the shape of calmodulin will change, as a result
it will be able to bind enzymes and activate them. These activated enzymes will be
able to phosphorylate other enzymes.

Also, the enzymes that have been activated by the calmodulin are (target types
for this process):

1- Ca*2-Calmodulin dependent kinases (CaM-kinases): Special enzymes that
activated only by calmodulin-Ca*2.

2- Or other enzymes like adenylyl cyclase, and phosphodiesterase, causing
change in conformation and activation of these proteins.
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Figure 15-41. Molecular Biology of the Cell, 4th Edition.

At the red picture below, we can see how the same ligand (as example:
hormone epinephrine) can bind to more than one receptor and can make
more than one 2" messenger.

The doctor comment on this picture is:

This is the liver cell or hepatocyte. So, the liver cell in the fight or flight
condition, the epinephrine will bind to (B or a) adrenergic receptor.



(B) will release cAMP - then active protein kinase.

(o) will release Ca*2 >then calmodulin = active protein kinase.

Then the active protein kinases from either will involve in breakdown of
Glycogen to Glucose which is important for the body to make the response of

(fight or flight).

2 second messengers here were the cause of the 2 types of signal receptors
that have been activated by epinephrine in the same cell.
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I’ll put now another picture from the slides that talking about (Ca*?- calmodulin)

then I'll put the description from slides below it.
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Ca*? diffuses into the cytoplasm.
Ca*? binds to calmodulin.

Calmodulin activates specific protein kinases enzymes.

Alters the metabolism of the cell producing the hormone’s effects.
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Guanylate cyclase (GC) receptor

-Membrane receptor — ANP (we talked about it in previous lectures in enzymes linked receptors).

-Soluble receptor - NO, coO 9 NO: nitric oxide gas

It’s hormone, vasodilator, anti-platelet factor and
very important signaling molecule in the body.

NO Signaling _— —
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NO Signaling is in the blood vessels. — o
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Blood vessel (except capillaries) wall consists
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- In the endothelial layer: acetylcholine binds to a receptors called epithelial
acetylcholine receptors (ao< GP coupled to g) = so it activate the
phospholipase CB = which release Ca*?> =2 then Ca*? will bind to calmodulin
- the active Ca*? / calmodulin activate an enzyme called (NO synthase)
which produce nitric oxide (NO) from amino acid called Arginine in this

equation:

Arginine + O;

- Citrulline + NO (gas)

This NO gas will exit the endothelial cells and enter the smooth muscle cells

(because its gas and freely enter) to complete signaling.

2- In smooth muscle cells: when the NO enters < it has a receptor which located
in the cytosol called NO receptor that is guanylyl cyclase, too. So, this
receptor will transform GTP to cGMP + PPi, then the cGMP will bind to a
specific kinase called PKG - and this kinase will make phosphorylation for
proteins that will cause relaxation of the smooth muscle
(vasodilation/relaxation for the smooth muscle call). =2 the thing will

increase the blood flow on the tissues.

PIP3 (phosphatidyl inositol triphosphate): another second messenger.

PIP3 is also produced from PIP2, which is in the plasma membrane, which is
phosphorylated by kinase called PI3 kinase. PI3 kinase will add phosphate on PIP2

to transform it to PIP3 in the membrane.

PIP3 involved in preventing apoptosis (apoptosis inhibition signaling)
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Figure 15-60. Molecular Biology of the Cell, 4th Edition.

Akt signaling functions in the apoptosis but
we don’t have to know any details we are
required to know that the one above is PIP3
which is classified as a 2" messenger
produced by PI3 kinase from the PIP2 then
it functions in apoptosis inhibition signaling




Signaling cascades

In signaling, we have divergences and convergences, sometimes different
receptors activated at the same time, or some enzyme that is activated by certain
receptor may also be activated by another receptor, or different signaling
pathways may be activated by different enzymes.

Signaling pathways are complex and not working in one direction.

5 downstream kinases activated by different signaling cascades
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Figure 15-61. Molecular Biology of the Cell, 4th Edition

Hormones that bind to nuclear receptor portions

Hormones that can entering the cell (lipophilic hormones):

1-steroids 2- T3, T4 (thyroids hormones)

Those hormones in blood = they are attached
o plasma carrier proteins because they are not
soluble in water (plasma), so they need a

carrier. Surely, they are released when they o Receptor ¢
$ H protein Protein _
reach the target cell. \\ synthesis
.4 . Steroid
= 4 hormone
response
Blood Target cell

When they enter freely, they bind to cytosolic receptor in its binding site—> then
become activated = translocation to the nucleus = in the nucleus bind to a DNA
binding site because that the receptor has DNA binding site and hormone or ligand
binding site = the change in exertion start.



The general mechanism of steroid hormone action

Steroids have a receptor in the cytoplasm and nucleus. Steroid -
Lgand-binding” 2 [ for steroid hommone
1- In cytoplasm: the steroid hormone will bind with the DNA-binding” Halt-sites
. domain | 2 emaew  Bd
receptor = translocation to the nucleus. HOTione: 1ot gene
. . . I t
2- In the nucleus it will bind to a DNA response element kcation st
that specific to this hormone example:(testosterone Steroid <) @» steroid.
. (] [ DNA
will bond to testosterone response element) and so on. —
Genetic transcription

~mRNA

And the receptor will not go alone. Dimerization occurs between the same type of
receptor what we call it (homodimers) and they will bind together with 2 halves of
the response element.

They bind as homodimers with response elements on the DNA. After this, the gene
expression starts. Start with initiation of transcription, and producing proteins that
are important for this hormone function. We called it homodimer because it is
from the same type, same receptor, same hormone.

Thyroid signaling
In our blood we have T3 and T4 (T4 is the majority).

The receptors are for T3 not for T4, so we need

to convert T4 in the plasma membrane to T3.

Then the T3 binds with its receptor, The

dimerization happens with receptor from

another type, this receptor is called RXR receptor

(for 9-cis-retinoc acid) / a derived molecule from
vitamin A. They dimerize with each other and

bind with the two halves of respond elementand ...
start to make gene expression. And then the

thyroid hormone genes transcription is done.

We can call the dimers here heterodimers because they are not of the same type.



Steroid or thyroid hormones or both if they bind to intracellular receptors, they
make gene expression and affect the transcription and translation. The thing
that leads to produce proteins, enzymes, receptors, cytoskeleton and change
the function of the cell.

Actions of the Thyroid Hormones have wide and various effects by changing the
gene expression. Some of these effects are:

Increase the metabolism of the body and the activity of the cardiovascular
function. It has a role in the development and growth of the central nervous
system CNS especially in the infancy (babies before they come to this amazing
world!)-1 wish | were in my mum uterus right now. At least, | will not study and
have exams \:

*NOTE:Thyroid hormones are very important for the development of their CNS
for them and for growth.

Now let's talk about

Factors That Affect the free hormone level
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A free hormone is the hormone that is not bonded with anything and just
waiting to enter the target cell.

1- Endocrine cell release -> the rate of secretion by it will affect the
construction of the free hormone.
2- Carrier bound to hormone-> are they available or not.

Remember: Lipophilic that have Carriers
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I n th is ta b I e Correlation of Plasma Half-Life & Metabolic Clearance of Hormones with Degree of Protein

Binding

Hoiiasiis Protein Plasma half-life Metabolic clearanc
binding (%) (ml/minute)
. Thyroid
. o . o - of e - “ ..o s Thyroxine 99.97
USJ ,f"ls‘)B“ ,b.QJU L° 4—" O/JjJSJJ‘ L}/LSJ:’J‘C LJ;«.LC Triiodothyronine 99.7 ? :;l::s (;87
R - - . . S A\ Steroids
d.{‘lg U.‘:Aﬁ L.;Lc P'G-"'.*" ‘bLP))J‘ LJ&A d) ﬁ)y Cortisol 94 100 min 140
-_ " . . o (et - Testosterone 89 S mi
QU e (el dad L3I e R (S dyai9g Aldosterone 15 25 min 1100
< . i
. ‘ . l:' I. . . i: Proteins
( @ U= db) ) )" 9 | 9 Thyrotropin little 50 min 50
Insulin little 8 min 800
Antidiuretic hormone  [j¢tje 8 min 600

This table talks about the relationship
between binding of the hormone to proteins in blood/plasma and the half-life.

Let’s talk about it:

The thyroids (T3,T4) bind a lot (look at the percentage), as a result they have a high
half-life (in days).

But if we look at the proteins
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Like the (Thyrotropin, insulin, Antidiuretic hormone -ADH-) which have a very very
little binding or not having binding at all (Free).

half-life Jisbinding J! o 3y d8dle sllic Aaiseall
half-life and binding J! g (swSs 039St Clearancedls

If we compare Cortisol with Testosterone or Aldosterone, you will find out that
cortisol and Testosterone have a longer half time because they are bonded
more than aldosterone.

Another table here.
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. . . Circulating Transport Proteins
Gl 408 ale e | g3 688 ad) jlaial 5 SUl ¢ gl

eﬁ\ —— . Principle Hormone
Iransport Protein Transported
H . B P Specific
l-SpeCIfIC tra nsport prOteI ns: UL‘:'.U.SJ‘.’ Corticosteroid binding globulin Cortisol, aldosterone
- . . e wa e, (CBG, transcortin)
41:&.’.40 Obﬁﬁ)@? JQJJJ'\.J L)«v-.) ‘\3)9-‘-“ Thyroxine binding globulin (TBG) Thyroxine, triiodothyronine
Sex hormone-binding globulin Testosterone, estrogen
. g ) . (SHBG)
2-Nonspecific transport proteins: @le & Nonspecific
e Albumin Most steroids, thyroxine,
O}Q)—Q LSL:) MJ‘U& L)«UU& triiodothyronine

Transthyretin (prealbumin) Thyroxine, some steroids
Like albumin that bind with any steroid
hormone for example

The last thing in this course

We know now that the hormone is released, it's bind to receptor, then it
induces signaling pathways, and do functions and activities.

So.... What releases that hormone? Or What is the mechanism that facilitate or
mediate the release of hormones?

It’s Another signaling. As usual it's another gland that releases a hormone that
stimulates the release of the other hormone.

As example: the Hypothalamus will release hormones called releasing
hormones, (which considered as the link between the nervous and Endocrine
systems). And when the (releasing hormone) is released, it goes to work on the
gland that it supposed to release the hormone that we need and do a signaling
for it.

By:

Ex: Hypothalamus released the GnRH (Gonadotropin releasing hormone) in the
blood circulation (by the capillaries) and it arrived the anterior pituitary /
factor system of the anterior loop of the pituitary. Here it will bind with a
receptor in the anterior pituitary gland/glandular cells.

This receptor is G protein coupled receptor-q that will do release for (DAG, IP3
and Ca™2) 8,plxalla Jol 3 lie WS> (M1 dladl



Ca*? binds to that vesicles that contain (FSH or LH) hormones and Ca*? will
release those hormones from the anterior pituitary by exocytosis.

Now FSH and LH when they go to the target cell (testes or ovary as an example)
they will bind to their receptors their like: G protein coupled receptors and they
will increase cAMP in follicular cells or whatever in the target.
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