BIO MIDTERM 2 NOTES

Cell Signaling
Cell communication is a “conversation” between two or more cells
It occurs so that every biological process can take place (ie. cell growth, cell division, cell 
death, etc)
There are many means of cellular communication
oThere are multiple “language” (ie. many forms of media for a cell to use)
Analogy used during lecture: Ordering pizza with friends
oFriends deciding what kind of pizza to have- you can verbally discuss, write notes, 
send texts, etc...

OBJECTIVE: DIFFERENTIATE BETWEEN THE THREE STEPS OF CELL COMMUNICATION

Three Steps of Cell Signaling
Reception
Binding of a signal molecule w/ a specific receptor of target cells
i.Target cells have receptors specific to a signal molecule, distinguishing them from cells that do not respond to the signal molecule.
ii.Most receptors are found on the plasma membrane. Some are on internal membranes (ex. ER).
iii.Other receptors are soluble proteins found in the cytoplasm.

Transduction
Signal receptors trigger other changes in the cell needed to cause a cellular response
i. Typically involves a reaction cascade including several different molecules (signalling cascade)

Response
Transduced signal causes a specific cellular response
i.Different signalling pathways lead to different responses (i.e., direct enzyme acDvaDon, 
gene expression changes)

OBJECTIVE: KNOW AND DIFFERENTIATE THE 6 PATHS OF CELL COMMUNICATION

Six Cell Communication Paths
all types of messengers travel at different speeds

Gap Junctions
This is the only direct path of cell communication
This is the fastest way to send a message
o The cells are already in physical contact, so there is only a small/short distance between them
o Only limitation is that this type of communication only works through adjacent cells
o Also, travelling through junctions implies that there is a maximum saturation rate (only a certain number of messengers can go through at once)
o Size of the messenger is also a factor that needs to be considered
o Only small ions can go through
o Steroids are rather large, and will not be able to go through gap junctions

Autocrine
[bookmark: 2] Nearby signalling, travel a short distance, very local
Cell A secretes a messenger and it diffuses in the extracellular space. The messenger can find itself back onto a receptor of cell A.

Paracrine
 Nearby signalling, very local, travel short distances
 Similar to Autocrine except after the messenger diffuses into the extracellular space, it will land on the receptor on another cell located close by

Endocrine
 Long distance
 If the cell needs to send the messengers farther away, it can release the messenger into the bloodstream 
 messenger can travel throughout the entire organism; it can reach every cell in the organism

Neuronal
 Short or long distances, travels very quickly
Gap Junctions and Neuronal are the fastest way to send messages. The problem with gap junctions is that they depend on the size of the molecule
Of the indirect paths, the neuronal is the quickest. It is faster to travel by membrane potential.
A chemical message is received by cell and converted into an electrical signal. This signal travels down the axon and converts the electrical message to chemical message which is sent to another cell.

Exocrine
 glands
 example: sweat, milk, tears, etc



Indirect and Direct Communication Pathways Summary
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Note that for indirect communication, you need to use diffusion, the blood stream, a 
conversion of the signal (ie. from electrical to chemical), etc...
Gap junctions and Neuronal pathways are fastest

OBJECTIVE: IDENTIFY AND DIFFERENTIATE THE 6 MESSENGER CLASSES AND THEIR 
CHARACTERISTICS

Messengers
messengers can be sorted by size, polarity, the type of message they’re transmitting and their chemical structure, their physical properties
 6 classes of messengers

Steroids
 Steroids are derived from cholesterols
o Cholesterol is modifiable
 Structure- four aromatic rings 
o Difference is in the functional group(s) they contain
 There are three sub categories
o Regulating minerals, ions, concentration gradients: Mineralocorticoids
o Regulating glucose (and glucose related stuff): glucocorticoids (example: cortisol - (long term) stress response)
o Sex hormones (example: testosterone, estrogen, etc)
 Cannot package in vesicles because they will seep across the membrane
o They are lipophilic, and will diffuse across the membrane- this makes it difficult to target where they are headed
 Need to be bound to a carrier in order to get to destination
 Type of transport carrier - globular (soluble) proteins to be able to attach and carry proteins via endocrine pathway (example: albumin)
 Their receptors are inside the cell (intracellular receptors!)
o Once bound, the complex either promotes or inhibits transcription, or even become a transcription factor itself

(Prof said: You should be able to recognize which molecules are steroids but you don’t need to 
know how to draw them.You need to know how to differentiate between different types of 
steroids)
Eicosanoids
 They are lipid derived and are called local hormones
 They form phospholipids in the membrane
 Manage pain and inflammation
 Found near the membrane enzyme called phospholipase A2
 Phospholipase A2 can get rid of the polar head group on the phospholipid, slightly change the
structure of the glycerol backbone and create Arachidonic Acid
o The change in structure results in a messenger (arachidonic acid) that mediates pain 
locally
o Arachidonic acid will be further modified to produce different types of eicosanoids
o Will take one of two separate pathways that depend on two separate enzymes
 If they are modified by the cyclooxygenase pathway:
o Manage local pain
 If they are modified by the lipoxygenase pathway:
o Manage local inflammation
 Can’t use gap junctions, because they are too large
 There needs to be a quick response- they diffuse across a short distance
o Autocrine and paracrine

Peptides/Proteins
 Difference between peptide and protein:
o A Peptide is short string of amino acids (less than 50)
o Proteins will have much more amino acids with a specific structure (folds and tertiary
structures)
 Regardless of it’s structure, a string of amino acids will:
o Be hydrophilic (advantage, because you can produce a bunch and store it)
-This means that they are soluble in any aqueous environment
o Have varying polarity
 If you want to use them as a messenger, the protein is able to move freely through the 
cytosol, but not through the membrane (trapped in the cell). 
 How to get them out of the cell?
o Can’t pass freely through the membrane
o Therefore, they can be packed into vesicles and be exocytosed.
Takes a very long time to build and synthesize proteins, but you need a quick response
o Solution - prepackaging the protein messengers (allows for quick access)
o Package in an inactive form- a short sequence of amino acids is added to the protein that puts it in an inactive form, and along with this inactive protein is an enzyme that is able to cut this additional amino acid sequence
o When you are ready to send the message, this enzyme cuts the extra sequence of amino acids, and the protein becomes active
o The vesicle is then released out of the cell through exocytosis, and it goes along and does its job.
 Example: Pro-insulin, and Insulin
o there is an extra chain of amino acids that puts insulin in it’s improper organization
Can’t use gap junctions
Use endocrine- long distance, in short amount of time
Use neuronal- proteins as neurotransmitters
Also use exocrine, para/autocrine 

Purines
Examples: Caffeine, Theobromine: found in chocolate
Structures: Two rings, derived from nitrogenous bases like adenine or guanine
Do not use gap junctions- purines are rather large
o Use paracrine and autocrine pathways and endocrine pathways too
To be released from cells, they can be packaged in vesicles and leave the cell by exocytosis.
Purines can also use transporters placed in the membrane, which allows them to go across without being packaged- facilitated diffusion

Amines
They are derived from amino acids and have an NH2 group
Example: adrenaline, dopamine
This messenger needs to be able to act quickly. Amines are hydrophilic as well.
Many neurotransmitters are amines.
Thyroid hormones are amines but are an exception since they are hydrophobic. They can’t bepackaged in vesicles. They need a carrier protein. The cell must build produce amines on demand.

Gases
Very small
They can be diffused through anything pretty much
o Can move through gap junctions (direct pathway)
o Can also use indirect pathways
 Flexible, and quick to act upon neighbouring cells and trigger responses
 They don’t last very long
 Come from metabolism- byproducts of many biochemical reactions in cells
o Note that some gases are inhaled
Blood cells allow nitric oxide (NO) to diffuse across membrane and interact with smooth muscle cells, allowing the muscle cells to relax
o contraction and relaxation of blood vessels
OBJECTIVE: KNOW THE FOUR DIFFERENT CLASSES OF RECEPTORS

Receptors
What happens when the messengers get to the target cell?
 Need to be recognized
 Recognized by receptors
 Found on the surface of the cell, or inside the cell
o Need receptors on the inside of the cell too since some messengers pass through the gap junctions. 
o Lipid based messengers, steroids, gases, and small molecules can all pass through the cell membrane
 Why does the cell need all these different types of messengers? 
o Having many messengers increases the chance of the messenger reaching the receptor
o Allows for efficiency, diversity, specificity, different speeds
- Faster for certain messengers to travel in certain ways
- Allows for mix up (analogy: don’t always [want to] have a conversation with a friend using the same media)
-Cells able to accomplish different tasks at different rates with using different pathways
 Cells will express a different pattern of receptors in multiple copies to accommodate the incoming messengers
 If the messenger stays stuck to the receptor for a long time, the response lasts for a longer amount of time (affinity)

Receiving the Message
 Different response is triggered depending in which receptor the ligand binds to
o 1 ligand can interact with different receptors, and this is linked with different 
responses
 Receptors sorted by their location
o Some inside
o Some spread throughout the membrane
 Number of messengers you send (ie. changing the concentration) makes a difference 
o More molecules of a messenger = increase in chance of messenger reaching the 
receptor
 Cells express multiple receptors in different numbers, depending on the cell type

Intracellular Receptors
 Free floating
 Found in the cytoplasm and in the nucleus
o Nucleus has membrane, so intracellular receptors use nucleoporins to traven in and 
out
Accept small messengers that can go through the cell membrane
 Example: Steroids as ligand
o Ligand binds to intracellular receptor, and form a complex
o Complex now has the ability to act as a transcription factor
-Insights DNA to be transcribed, or insights DNA to stop making a gene
-Bind in region just before the gene- promotor

Transmembrane Receptors
 Contains integral proteins
Ligand need specific area to bind to (ligand binding sites)
Binding region needs to be placed properly
Size of membrane and placement of receptor is important
Affinity can be different
o Affinity = how long the “conversation” lasts
o High affinity for cell communication= the activity keeps going and cellular response 
keeps going as well (ligand remains bound to the receptor for a long time)
o Analogy of low affinity = call to pizza delivery place- you tell them what you want 
and end the conversation
o Analogy of high affinity= conversation with your high school sweetheart- both don’t 
want to hang up
-“You hang up.” “No you hang up.” “No you.”
-Why don’t you both hang up god damnit

Ligand Gated Ion Channels
 Facilitated diffusion
 Ligand binds to receptor, induces change in conformation of the protein spanning the 
membrane
 Causes channel to open/close
 Lets ions in or out (can be everything, can be specific ions)

Receptor Enzymes
 Ligand binds to receptor, causes change in conformation of the integral protein
 Protein gains enzymatic ability on the intracellular side
 It relays information inside the cell

G Protein Coupled Receptor
 Span the membrane 7 times
 Ligand binds, and the conformation changes
 Ligand interacts with the protein called the g-protein, which is now activated
 This relays the message inside the cell 

Common Differences/Similarities in Transmembrane and Intracellular Receptors
 For intracellular receptors, ligand needs to enter the cell
 The ligand for transmembrane receptors NEVER enters the cell
 For both types of receptors, the receptors undergo a change in conformation when the ligand 
binds to them

Lipid Rafts
 Transmembrane receptors - proteins go through the membrane 1-7 times
 Membrane in that area will becomes rigid
 Cell accommodates for these transmembrane receptors
o Area of phospholipids with no kinks- have saturated lipids (sphingolipids)
-Fatty acid tails of these phospholipids are longer
-Phospholipids packed very tightly and neatly
-Makes the membrane thicker in that area
o Able to withstand stress and tension
o Cholesterol added to the region so that the membrane is not too rigid (rebalancing 
fluidity)
 Receptors that have long transmembrane domains can fit here nicely
 Ensures the ligand binding domain is outside and the intracellular part is in the right place
 None of this affects membrane permeability

OBJECTIVE: DEFINE CELLULAR SIGNALLING AND TRANSDUCTION

Signal Transduction
Analogy: Guitar player playing electric guitar
o Vibrates string with pick
o Magnets and wires inside pick up of the guitar, transduces vibrations into electrical 
signal
o Signal passes through amplifier
 Same manner for cellular transduction
o Message in the form of a chemical message
o Transduced into action within the cell, and can be amplified
Transmission of molecular signals from a cell’s exterior to its interior
[bookmark: 5][bookmark: 6][bookmark: 7][bookmark: 8] Signalling involves sending the message, receiving the message, relaying the message, and 
amplifying it
 In all cases, there is an area in the receptor that can bind the ligand
 This initiates a change in structure/conformation
o Intracellular- able to now go on and carry out a different task
o Transmembrane- able to initiate a response through activation of something inside the cell
 Amplification- message is amplified when the messenger binds to the receptor, perhaps 
through enzymes
o Signal messenger binds to receptor, which becomes active- starts having enzymatic 
relationships with other compounds
o Counteract with a large number of second messengers
-Second messengers already present in the cell, roaming near the membrane
-Example: Kinases, GTP, calcium
o These messengers all lead to other places in the cell; they relay the message from the transmembrane receptor to other parts in the cell, and this leads to the ultimate 
cellular response (no given number of amplification)
 How long the messenger and receptor keep interacting determines amplification
 Why do we amplify? Because the cell needs to know to respond
o The cell tries to keep the number of the first messenger as low as possible, to 
maintain efficiency

OBJECTIVE: KNOW THE BASIC SIGNALLING PATHWAYS

Intracellular Receptors
 Some messengers have ability to reach the receptors inside the cell
o Must be hydrophobic/lipophilic- this property allows for them to diffuse through the membrane
o Example: steroids!
 Receptors ready in cytoplasm, and nucleus
 Ligand binds to ligand binding domain
 Complex formed moves to nucleus and goes inside (through nucleoporins)
Complex has gained enzymatic properties, allows them to act as gene transcription factors
 Looks for certain elements/sequences in the promoter (switch for gene)
o Promoting region before each gene
o Non coding region after each gene
Response element in promoter is where the complex binds- activating the promoter either 
turns gene transcription on or off
o Able to increase or reduce the amount of proteins the cell produces
 Example of ligand: glucocorticoids
o Cortisol secreted by adrenal glands
-long term (prolonged, chronic) stress hormone
o Influences the pancreas (reduces the number of insulin produced)
[bookmark: 9]o Insulin controls amount of glucose in the blood stream by allowing cells to absorb 
more/less
o Cortisol reaches cells in pancreas, and finds intracellular receptor
o The new complex reached the nucleus and finds the gene for insulin (finds response 
element/promoter site)
o This is sensitive to glucocorticoids- the transcription for insulin is now reduced until 
binding dissociates

Transmembrane Receptors
Ion Channels - Ligand gated ion channels (transmembrane receptor #1)
Specificity- allow all ions to go through, multiple types, or just one type of ion
Often a collection of multiple subunits arranged together in the membrane 
 Ligand binds to ligand binding site, channels change conformation, allows pores to 
open/close
 Scenario: channel opens and lets ions inside the cell
 	o Causes increase in the amount of ions in the cell, duh
o Electrochemical gradient changes, although this depends on what ions come in and in
what direction
o Change in electrochemical gradient influences membrane potential, which can create 
action potential
o Also impact on membrane permeability, which means that active transport is 
impacted, along with anything else that depends on the electrochemical gradient
-Facilitates or hinders passage of other compounds by diffusion
 Example: calcium influx- cell not happy
o Calcium is then pumped out by active transport, or taken in by mitochondria

Example of Ion Channel: Acetylcholine Ligand Gated Ion Channels
 How to get end products of glycolysis, oxidative phosphorylation, etc... into the 
mitochondria
o Pyruvate dehydrogenase and acetyl CoA
 Take acetyl part of acetyl CoA and match that to choline, which gives you acetylcholine 
(ACh)
o ACh is an important neurotransmitter between neurons and muscles (or between 
other neurons)
o Same ACh can bind to ligand gated ion channels and g-protein coupled receptors
 ACh can be packaged into synaptic vesicles
o It is hydrophilic
o Once it’s in the vesicle, it just stays there and waits until it is called upon (wow so 
intense)
 How does cell know to release ACh?
o Membrane potential, active potential
o Triggers calcium gated channels to open
o The calcium then binds to the synaptic vesicle, causing it to fuse with the membrane 
and it is then secreted by exocytosis
[bookmark: 10] ACh Ion Channel receptor is a large transmembrane receptor formed by multiple subunits 
arranged together (alpha, beta, gamma subunits)
Need two ACh to bind to each of the two alpha subunits on the proteins forming the channel
Once bound, conformation changes and pore/channel is open 
o Let mostly sodium and calcium rush inside the cell with little potassium leaving (not 
enough potassium leaving to compensate for the amount of positive charge coming in)
-Inside becomes positively charged
o Changes membrane potential and electrical gradient
One portion of channel interacts with bilayer
Another portion needs to be able to change shape (the inside of the channel)
Polar amino acids inside the gate, and non-polar amino acids outside the gate???
Acetylcholine and Muscle Contraction
ACh part of neuromuscular junction
ACh is the primary messenger for the interaction between neurons and muscles
o Motor neurons connected to muscles
Calcium rushes in and binds on vesicle that stores ACh, and causes ACh to be released
ACh binds to site on the muscle cell, triggers the muscle to twitch
When it binds to the site, triggers calcium to come into the muscle cell (released from 
sarcoplasmic reticulum)
o ACh causes increase in calcium levels by triggering voltage gated channels of 
membrane and membrane of sarcoplasmic reticulum
Calcium binds to troponin C, causes change in conformation, which pulls on tropomyosin
This frees the myosin binding site on actin, allowing myosin to bind to the site
o Need this interaction for muscle contraction
Myosin binds to site, causes contraction (pulling on the actin)
o ATP provides energy for change in structure of myosin/actin for contraction to occur
Afterwards, need to stop entry of calcium to stop contraction so relaxation of muscles can 
occur
o Pump calcium out of the cell/into the reticulum
o Reestablish normal concentration
o No calcium → Troponin C changes back → Tropomyosin slides back → Covers 
myosin binding site on actin → Myosin can’t bind → No muscle contraction

Enzymatic Receptors/Receptor Enzymes (transmembrane receptor #2)
Do not let ions through
Ligand binds to ligand binding site, induces change in conformation
Inside, catalytic domain gains activity due to the change in conformation
o Enzymes can convert GTP to cyclic GMP or phosphorylate
Three classes of receptor enzymes
o Guanylate cyclase
o Tyrosine Kinase (TyrK)
[bookmark: 11]o Serine/Threonine Kinase
 Each class does a different thing and takes a different pathway

Example Receptor Enzymes - Tyrosine Kinase Receptors (TyrK)
Large family of receptor enzymes, all have similarities
All work in same way, but different in their target
All responses are positive to the cell
o Cell growth, division, survival
o Metabolism
 Live in membrane as individual subunits
o Monomers that are near each other, that need to form dimers
When ligand binds, it causes a change in conformation
o The monomers dimerize and form a dimer (2 bound monomer subunits)
 When dimer is formed, catalytic reaction is triggered
 This allows TyrK to phosphorylate itself (autophosphorylization)
o This puts it into its active form
o Depending on the ligand, it can phosphorylate between 6-10 TyrK’s
o Also, depending on which TyrK is phosphorylated, it will orient/goven which second 
messenger will be recruited that will react with the dimer (which will initiate the 
cascade inside the cel)
 Note that this complex is not letting ions in our out, it is not forming a channel
 Once phosphorylated, it can recruit proteins inside the cell
o Proteins bind to the receptor where it was phosphorylated
o Proteins act as second messengers
o Can carry message elsewhere in the cell to allow cellular response to take place
o RAS (small protein) and phospholipases are main second messengers!
To be able to interact with the phosphrylated TyrK, protein recruited must have the proper 
shape and conformation to be able to fit with the phosphorylated TyrK 
o protein must have the SH2 domain
 Main categories of signal transduction cacades:
o PI3 Kinase
o GAP
o PLC - phospholipase C
o Ability to interact with TyrK receptors because they have SH2 domains
o Also have another region called SH3 which will allow them to interact with the next 
step in the cascade

FULL TyrK PATHWAY
1. Receptor inactive in membrane as monomer 
2. Ligand ( growth factor of some sort, perhaps) binds to each monomer
3. Induces change in conformation of integral protein
4. Monomers (with ligands) come closer within the membrane and form a dimer 
5. Forming dimer gives catalytic ability to autophosphorylate (no kinase/protein involved)
6. Receptor gains particular structure, and can recruit and interact with proteins that are on the 
intracellular side of the membrane
7.One particular protein, RAS (peripheral protein). It does not have the particular shape, nor 
the ability to directly interact with the receptor, so it is going to need an adaptor protein 
[bookmark: 12](adaptor protein will need SH2 domain to be able to bind to TyrK; also needs a portion that 
matches up with RAS)
8.Adaptor proteins GRB2 (fits with receptor) and SOS (fits with RAS), are able to activate 
RAS (these two adaptors come as a pair, both found near the membrane and are not recruited 
until TyrK is activated)
o Phosphorylated TyrK Receptor → SH2 domain of GRB2 → SH3 domain of GRB2 
→ SOS → RAS
o In inactive form, RAS is bound to GDP
o When SOS is recruited and binds with RAS, it introduces a conformation change and 
allows RAS to exchange the GDP for GTP
-RAS is a small g-protein and has GTPase activity
9. RAS exchanged GDP for GTP; it is activated, and changes conformation, and is now no 
longer bound to SOS
10.RAS is free and loaded with GTP- it can go on and relay the message initially sent within the 
cell 

Activating RAS needs adaptor proteins to relay the message from the growth factor through 
the receptor to other things
o Growth factors are a type of ligand that bind to TyrK receptors (this receptor wants 
activities that promote growth and increase metabolism)
o Happy cell! 
There are different cascades that you can activate with this pathway
o Depends on which ligand binds to which receptor
 Example: Nerve growth factor as ligand
o Nerve growth Factor brings a message saying “this nerve cell needs to grow” 
-Ie. more projections, more synapses, etc
-But the message is outside of the cell
Growth factor not getting inside the cell, so something else in the nucleus needs to tell the 
cell to transcribe the genes for axon growth, etc
RAS will relay the information inside the cell
o It will understand the message that is being brought and carry it to the various targets
o Analogy: You post on a website saying that you’re hosting a party. One friend reads 
it, and tells all their other friends. Sooner or later, you’re going to have 50 goons 
show up at your door. 
o TLDR; You drop the message, and someone relays it.

Nerve Growth Factors (NGF)
 Cells grow tremendously with NGFs
 Discovered by Rita Levi-Montalcini
 She used embryo cells and tumor models to observe NGFs 
o They are in high growth, but their activity applies to all cells
 Any neurally related cell growth works the same way as the TyrK pathway
o Bind to two monomers which dimerize, autophosphorylation takes place, and 
receptor recruits second messengers which relay the message into the cell so neural 
cells can grow (actin, membrane, support microtubules, etc)

Growth Factor (NGF) Pathway
[bookmark: 13]1. NGF bind to monomers of TrkA receptor, and they form dimers
2. Autophosphorylation occurs, and they recruit adaptor proteins
 Involves GRB2
 Instead of SOS, recruit another GRB2 and RAS
 Activate RAS
3. RAS does series of phosphorylations (while carrying GTP) - interact with other proteins 
inside the cell, one important one in particular
3. MAP Kinase (MAPK) activated transcription factors that will go into nucleus and trigger 
gene transcription
3. MAPK also makes sure BCl2 remains active (remember that BCl2 inhibits apoptosis!)
3. BCl2 is facilitated by the presence of growth factors (send growth factor, keep cell death in 
check!)
 Receptor has many TyrK that can be phosphorylated- they can interact with other proteins at 
the same time (maximization of ligand’s effect)
 Example: interaction with PI3 kinase (no need for adaptor protein since it has an SH2 
domain)
o PI3 Kinase directly binds to the phosphorylated TyrK and becomes activated
o When it is activated, it relays the information the growth factor carries
o By a series of events, it leads to making sure that BAD remains phosphorylated 
which keeps it inactive
o Note that BAD promotes apoptosis! 

RAS Pathways
 Epithelial growth factor
 Recruit GRB2-SOS, which activates the RAS pathway
 In the end, activates the MAPK pathway through a series of phosphorylations (same MAPK 
in NGF)
 TyrK can also activate phospholipase C, and when PLC is activated it activates PIP2 which is
anchored to phospholipids
 PLC relays information that the epithelial growth factor brought
o Cleaves PIP2 and this releases:
-DAG (which looks like a triglyceride, but it is not a phospholipid as it’s 
phosphate head group is cut off)
-goes on to be further modified to arachidonic acid (and becomes 
eicosanoids)
-IP3 (regulates calcium from ER to cell, and calcium can act as a second 
messenger which can do many things)
-trigger release of vesicles, activate kinase, channels, etc...
All of this is an example of how one growth factor can activate different cascades of events leading to cell thriving and keeping apoptosis in check
BAX and BAK make it easy for IP3 to bind to the ER and release calcium (allows mitochondria to take in calcium, and release cytochrome c)
[bookmark: 14]BCl2 keeps IP3 from binding to the receptors on the ER; need this for
the cell to be happy
BAS is bad, it promotes apoptosis
No growth factor → BCl2 not kept activated → BAD is not in check → promotes apoptosis


G-Protein Coupled Receptors (GPCR)
Largest family of receptors, able to interact with all sorts of ligands, triggers for all sorts of 
pathways and cellular responses
Large structure that spans the membrane seven times
3 protein subunits attached together (when the 3 are together, they are inactive)
o alpha, beta, gamma
 Within loops made:
o some on extracellular side- binding ligand
o some on intracellular side- interaction with g-proteins
 Cannot say that GPCR are specific to some type of response, unlike TyrK which is for cell 
survival
 Two main pathways 
o Cyclic AMP (cAMP) Pathway
o PIP/IP3 pathway
o All need to interact with g-proteins

cAMP Pathway
1. Ligand binds to the receptor on the outside, and a g-protein is recruited on the inside
2. Where the g-protein is recruited, the alpha subunit, previously bound to GDP, changes 
conformation and exchanges the GDP for GTP- the alpha subunit now detaches from the beta
and gamma subunit
3. Alpha subunit binds to adenylate cyclase (membrane bound enzyme, amplifier in cAMP 
path)
4. Adenylate cyclase turns its catalytic activity on, and converts ATP to cAMP (second 
messenger), which relays the message
5. cAMP binds to regulatory subunit of protein kinase A (PKA), which now phosphorylates 
different things in the cell
6. PKA can also translocate into the nucleus and initiate transcription, or become a transcription
factor itself

Amplification occurs at adenylate cyclase
o As long as the alpha subunit is bound to the g-protein, it is active
Some alpha subunits find the amplifier, and inhibits it, which causes no production of cAMP
o If you have an on switch, the cell tends to create an off switch too
o Cell can maintain equilibrium this way; creates balance in cell
To stop the production of KA, you can have regulatory subunits attach to PKA and shut it 
down, or have the ligand detach from the protein receptor. You can also have the alpha 
subunit inhibit adenylate cyclase, which converts ATP to cAMP which activates PKA

IP3/PIP Pathway

[bookmark: 15]1.Ligand binds to GPCR, and induces a conformational change. A g-protein is recruited which 
activated the alpha subunit, which can now exchange GDP for GTP
2.Change in conformation causes the alpha subunit to dissociate from the beta and gamma 
subunits
3. Activated alpha subunit goes and activated the amplifier (phospholipase C, PLC)
4. PLC goes and cleaves PIP2 (phospholipid in the membrane) into IP3 (the head of the 
phospholipid, cytosol) and DAG (membrane)
5. IP3 can now bind to the IP3 gated calcium channel on the membrane of the ER and release 
calcium 
1. Calcium activates protein kinase C (PKC)
2. PKC goes on and phosphorylates different receptors/channels, and transcription 
factors 
b. When PKC works with DAG, arachidonic acid is produced, which leads to the production of 
eicosanoids

One Ligand, many responses
 Example, take norepinephrine
 if NE binds to alpha 1 receptor- induces PLC pathway → activation of PKC → 
phosphorylation of calcium ion gated channels → entry of calcium into cell
 if NE binds to alpha 2 receptor- induces cAMP pathway → alpha subunit inhibits adenylate 
cyclase → ATP not converted to cAMP → PKA not activated → calcium channels not 
activated → less calcium entry (more difficult for muscle contraction, vesicle secretion in 
neuronal cells will be hindered)
 if NE binds to beta receptors- activated alpha subunit → activated amplifier adenylate 
cyclase → increase cAMP → increase PKA → activated calcium channels → more calcium

OBEJECTIVE: UNDERSTAND AND DIFFERENTIATE BETWEEN RESPONSE MODULATION 
MECHANSIMS

Response Modulation Mechanisms

Regulation
Specificity of Coordination
The same ligand bounded on the same receptor can have a different response for two 
different cell types. Example: In blood cells, a breakdown of glycogan will occur while in 
muscle cells, muscle relaxation will occur.
Certain pathways can take precedence over other pathways.
The pancreas can secrete two messengers (either store glucose or breakdown glycogen and 
release glucose)The pancreas can’t do both simultaneously (makes no sense to do both). 
Glycogon has the opposite effect.The end result is to breakdown glycogen. Coordinated 
response in cells is just as important as it is in the organism.

Additivity, Synergy and Antagonism

Additivity: Two similar messages are amplified in their response.
[bookmark: 16]Antagonism: When there are two opposing messages, one will take precedence. 
Ex. Antagonism between insulin and glucagon on the pancreas avoids a futile cycle of increasing and decreasing blood glucose concentration and maintains homeostasis. 

OBJECTIVE: RECOGNIZE AND DESCRIBE THE MECHANISMS THAT CAN TERMINATE A 
CELLULAR RESPONSE

Ending the Response
1. Ligand Removed by Distant Tissues

The ligand is attracted by the blood stream. As the ligand goes down the endocrine pathway, 
how does the ligand know when to leave the bloodstream, i.e how it know when that the liver
is there and there are receptors to bind to on the cell surface? It’s due to the concentration 
gradient and equilibrium.
So then, when this concentration is such that it is no longer favourable, i.e its more 
favourable to return to bloodstream, that interaction between the ligand and receptor will 
cease to exist. The receptor will go back to its inactive conformation
When the receptor and ligand are degraded, the receptor can actually be recycled while only 
the ligand gets degraded. The lysosome takes care of this degradation

2. Ligand Taken Up by Adjacent Cells
 If the receptor is taken up by an adjacent cell, the same outcome will occur: Without the 
physical interaction between the receptor and ligand, the cascade will end.

3.  Ligand Degraded by Extracellular Enzymes
Enzymes in the ECM digest the ligand while its bound to the receptor. This impacts the 
cascade: the receptor is inactivated. If the receptor is a channel it will go back to its closed or 
opened state depending on how the channel was before it was active. If the receptor is a g-
protein it will go back to its inactive conformation.

4. Ligand-Receptor Complex Removed by Endocytosis
When we talked about membranes, we talked about endocytosis. If you internalize the ligand 
receptor complex, then that cascade is no longer effective. 

5. Receptor Inactivation
The channel is Phosphorylated or dephosphorylated. This prevents it from being in its active 
conformation.

6. Inactivation of Signal Transduction Pathways
Inhibitory subunits of g protein inactivate one of the key elements of the pathway



G-Protein Coupled Receptors

• Largest family of receptors (metabotropic)
• MulGple ligands - some bind to many different GPCRs
[bookmark: _GoBack]◦ ACh can bind 5 different types of GPCRs ◦ Adrenalin (4 main receptors)
• Mediate responses to many ligands (NTs, hormones, odorants, tastants, photons)
◦ Photons act as chemical messengers by triggering rods, leading to reGnol release by a G- protein 
coupled receptor within the rod.
• Diversity of receptors for given ligand translates to mulGple responses
• They interact with GTP-acGvaGng proteins (G-proteins)
[bookmark: 17]• 2 main pathways: cAMP and IP3 (PIP)
TM 
Receptors 3: GPCRs
• Brian Kobilka - Crystallography Structure
◦ Structural aspects
• Robert Letowitz, MD/Biochemist - SignalisaGon, Adrenergic Receptors
◦ Signalling cascade
• 2012 Chemistry Nobel Prize (GPCR structure/funcGon work

