Smart Biology Notes
5 kinds of cell signaling events (based on mechanism by which the signal molecule travels as well as the distance between signal and target cell)
1. Endocrine
a. A signal molecule from a small group of localized endocrine cells is secreted into the bloodstream. The molecule is therefore broadcast throughout the entire organism, making contact w every cell in the body. (hormones)
2. Paracrine
a. Cell releases a signal molecule into its local environment, the extracellular matrix, diffusing only into nearby cells. 
3. Autocrine
a. Paracrine signaling but it also affects the cell that sent out the signal. 
4. Cell-cell communication
a. Interactions between membrane interacting proteins. Don’t secrete molecules. 
5. Neuronal signaling
a. Messages quickly sent over long distances through cell axon. Neurotransmitters. 

· Cells detect extracellular chemicals.
· Multicellular organisms are specialized to do what one single celled organism would do, ie detect, interpret and respond. But also occurs at the level of each cell. 
· The effect of a target cell is not determined by the signaling molecule but also by the cell type, receptor type, and the downstream intracellular signaling molecules that it possesses. Extracellular signal to intracellular is called signal transduction. 
· Different combinations of signaling molecules can also have different effects, which can be different than the sum of the individual effects. Because of the interaction between the different intracellular relay systems. 

3Kinds of membrane receptors
1. Ion-channel-coupled
a. Regulate flow of ions through membrane. 
b. Vary in shape
c. Used by specialized cells such as muscle and neuron.
d. Driven by electrochemical gradient. Change chemical signal to electrical 
e. Composed of multiple subunits
2. G-protein-coupled—Use GTP 
a. All shaped similarly
b. [bookmark: _GoBack]Composed of a single polypeptide chain 
c. Pass through membrane 7 times
d. When a ligand binds to the extracellular domain, the transmembrane alpha helices shift w respect to each other and rearrange the intracellular domains increasing the affinity for heterotrimeric G-protein.
e. Conformational change is in the alpha subunit which released GDP then the alpha subunit detaches from the beta and gamma subunits however all subunits activate target proteins. 
3. Enzyme-coupled (Receptor tyrosine kinase) –Use ATP 
a. Extracellular domain changes conformation then the extracellular domains dimerize (two join). This causes the intracellular components to move close to each other and become activated.  
b. Composed of two polypeptide chains that dimerize. 

Intracellular switches 
ATP switches activate things by phosphorylating them via kinases. 
1. ATP enters the protein’s active site
2. The kinase removes the third phosphate and attaches it to the target protein
3. This causes a conformational change
4. Phosphatases can then remove the phosphate again 
Two types of kinases serine/threonine and tyrosine. 

GTP switches
1. Upon binding to G-protein activating protein, the G-protein releases GDP and binds with GTP. This activates the g-protein. 
2. The protein is only active until the GTP is hydrolyzed to GDP by the same protein. 
Two types of G-proteins
1. Monomeric
a. Single polypeptide chain
b. Cytosolic or inner membrane bound
2. Heterotrimeric 
a. Always bound to inner membrane
	
Adenylate Cyclase—targeted by G-proteins. ATP to cAMP activates PKA
· Single polypeptide chain 
· Spans membrane 12 times
· 2 intracellular domains but connected to membrane via linkers. 
· AC is activated by the interaction with the GTP bound, active alpha subunit of the G, heterotrimeric G protein. This interaction causes the catalytic domain of Adenylase cyclase to convert ATP to cAMP.  
· pKA is a downstream target of cAMP. It is composed of 2 regulatory subunits and 2 catalytic subunits. 
· When cAMP binds to the regulatory subunits, it induces a conformational change which release the catalytic subunits which then phosphorylate downstream target proteins. 
· PKA ans PKC are serine/threonine kinases
· cAMP mobilizes glucose. However cAMP can also inhibit growth in fibroblasts by blocking the MAPK signaling cascade. 
Phospholipase C—targeted by G-proteins. PIP2 becomes IP3 and DAG. IP3 in cytosol releases Ca which activates PKC 
· Has a pH domain. Tethered to membrane
· Hydrophilic heads can vary—can be made of serine/choline or inositol. 
· When activated by the GTP-bound, G alpha subunit, PLC beta cleaves phosphatidylinositol 4,5-bisphosphate into two pieces. 
· IP3 is the inositol with 3 phophates (head) and DAG is the lipid body 
· IP3 interacts with IP3 receptor located in the smooth ER. This interaction results in the opening of the channel and the release of Ca from the smooth ER.
· When enough Ca is present, they bind to the C2 domain of PKC which allows it to interact with the cell membrane. The Ca acts as an ionic bridge between the C2 domain and the membrane phospholipids. 
· This interaction triggers the insertion of both C1 domains into the membrane which interact with multiple DAG molecules. 
· This causes the unwrapping of the flexible linker connecting the C2 domain to the catalytic domain and the domain is free to phosphorylate target proteins. 

Example—blood sugar
· Phosphorylation of glycogen inactivates the enzyme that creates glycogen chains from glucose monomers. 
· The opposite is true for phosphorylase kinase. Phosphorylase kinase then phosphorylates glycogen phosphorylase. This then breaks down glycogen polymers into glucose-1-phosphate monomers. These monomers are converted to glucose and then diffuse into the bloodstream. 
· Read narrated text 2B

Receptor Tyrosine Kinase—only connected by a single membrane spanning alpha helix—RTK’s are tyrosine kinases
· Two single polypeptide chains each containing and extracellular ligand binding domain, a single transmembrane alpha helix and an intracellular tyrosine kinase. 
· Binding of an extracellular signaling molecule leads to dimerization of the extracellular domains of the two monomers. This dimerization can be caused by either the ligand or the receptor. The dimerization brings the intracellular TK domains into contact with each other. 
· Exception is insulin to its receptor which is covalently bonded by disulfide bonds. 
· It is difficult for a conformation change to be translated across a single alpha helix. That is why RTK’s use dimerization for activation. GPCR’s use their 7 transmembrane alpha helices. 
Trans-Autophosphorylation
· Substrate binding site houses ATP molecule. Initially this site is partially blocked by a region of the kinase called the activation loop. There is still enough activity to phosphorylate a specific tyrosine residue in the adjacent activation loop therefore each monomer phosphorylates the other and therefore removes the loop. 
· This trans-autophosphorylation of the critical tyrosine in the activation loop results in a repositioning of the loop, exposing the substrate-binding site. This causes the enzyme to be fully active. 
· The activated kinases then phosphorylate specific tyrosine residues in the C-terminal tail of the adjacent monomer. These are the recruitment sites for downstream proteins.
Recruitment of Intracellular Signaling Proteins
· Proteins that possess an Src-homology domain or phosphotyrosine-binding domain will recognize and bind to the C-terminal tails.
· SH2 domains bind to phosphorylated tyrosine residues within the distinctive sequence: Tyr-X-Asn. PTB domains on the other hand bind to phosphorylated tyrosine residues within the motif: Asn-Pro-X-Tyr. Although SH2 domains are generally conserved, PTB domains are not. 
Four main types of SH2 or PTB domain containing proteins
1. Adaptors
a. Connect RTK’s with other intracellular proteins. As such they must possess an SH2 or PTB domain to interact with the tyrosine-phosphorylated C-terminal tail of the RTK, as well as another protein-protein-interacting domain to connect with the intracellular target. For example SH3 (all bind to proline-rich motifs)
b. An example of SH3 is Grb2.
i. The adaptor protein Grb2 binds to a phosphorylated tyrosine residue on the C-terminal tail of the receptor, via its SH2 domain. The two SH3 domains located on the other side of the Grb2 then recruit Sos which is an activator of Ras. 
1. Maintaining Sos near the cell membrane allows Sos to activate Ras by triggering the exchange of GDP for GTP.
ii. The activated Ras protein then activates the kinase Raf. Raf phosphorylates the kinase MEK. MEK then phosphorylates two kinases, ERK1 and ERK2 which then go on to phosphorylate many proteins. 
Raf=MAPKKK
MEK=MAPKK
ERK=MAPK
Different pathways can be created using different combinations of these. 

2. Docking proteins
a. Have a SH2 or PTB domain that binds to the tails of RTK’s and possess several extra phosphorylation sites. 
b. Once phosphorylated by other kinases, these additional phosphorylation sites allow more SH2 or PTB domain containing proteins to be recruited. An example of this is insulin receptor substrate. 
3. Transcription factors
a. Each STAT monomer (transcription factor) contains an SH2 domain and a tyrosine phosphorylation site. 
b. Once both monomers are phosphorylated, they dimerize via the phosphorylated tyrosine residue from one monomer and the SH2 domain from the other. The activated STAT dimer then enters the nucleus to regulate gene transcription. 
4. Enzymes 
a. Ex: protein kinases, protein phosphatases, lipid kinases and phospholipases. 
RAS
· Monomeric G-protein tethered to the cytoplasmic side of the cell membrane via a lipid tail. 
· The cycle of GTP-binding and hydrolysis is the same as that discussed in the heterotrimeric G-protein section. 
· Regulated by accessory proteins
Three types of regulatory proteins—all regulated by additional proteins
1. G-protein activating proteins
a. Speed up GTP hydrolysis—shortens time G-protein is active. 
2. Guanine nucleotide-exchange factors
a. Stimulate the release of GDP allowing the G-protein to quickly acquire a new GTP molecule and re-activate. 
3. Guanine nucleotide-dissociation inhibitors
a. Inhibit release of GDP—locking G-protein in inactive state. 
Calcium Signaling 
· [Ca] is kept very low in the cell. It is pumped out or into the ER. 
· Since Ca2+ is a charged ion the chemical gradient is very large, when the Ca channels open it can trigger a signaling pathway very quickly. 
· Ca2+ acts by binding to Ca2+-binding proteins for example Calmodulin. 
Calmodulin
· Composed of two Ca2+ binding lobes connected by a short flexible linker. Each lobe possesses two Ca2+- binding sites (4 total)
· Calmodulin then goes on to activate calmodulin-binding proteins
· The flexible linker allows it to bind to a wide range of differently shaped target proteins
· Calmodulin kinases (CaMK’s) are the most prevalent calmodulin-binding proteins. 
CaM-dependent protein kinase(CaMKII)-similar to RTK kinase domain
· CaMKII possesses four domains: N-terminal catalytic kinase domain, autoinhibitory helix, CaM-binding site, C-terminal oligomerization domain. 
· However, unlike the RTK domain, the domain of CaMKII is a serine/threonine kinase. 
CaMKII initial activation 
· In the inactive state, the autoinhibitory helix blocks the ATP-binding cleft thereby inhibiting its function. Ca2+ binding removes this helix. 
· Ca2+ bound calmodulin is required to activate one subunit but then they autophosphorylate in a wave to active lots more. 
· Even when Ca2+ dissociates from calmodulin, the CaMKII is still phosphorylated and remains active. 
Crosstalk


st i s (e an et by i el et .
et e g e
e et e s et
L o T e P
et et
5 vavonisn
i P —

Tt of st o e o e e
e et s o o el S e
ol s b e s i
S it o s i
e,

st s

o s e

£ Uttt s st r e

£ by e

e o

e e 0 e
s s -




