AP Biology

 Cell Communication Part 2
(Associated Learning Objectives: 1.14, 1.15, 1.16, 3.31, 3.32, 3.33, 3.34, 3.35, 3.36, 4.4, 4.5, 4.22 )
Important concepts from previous units:
1) Phosphorylation occurs by the hydrolysis of a phosphate ion from ATP and attaching it to a molecule.
2) Enzymes are proteins whose names usually end in “ase”.

3) Enzymes control cellular processes by feedback (negative or positive) mechanisms.

I. The most important receptor protein pathways in cells:
A. G- Protein Pathway - This is the most common pathway used by cells.
1. G- Protein Linked Receptor 

a. This protein serves as the attachment point for the Ligand. It is found in the plasma membrane of a cell. (This acts like the “hands” for the cell.)

b.  It will change shape upon attachment of the proper ligand.
c. ALL cells possess G protein receptors. This allows them to interact with and respond to  the environment around them.

2. G- Protein - This protein or enzyme acts as a relay protein carrying the message to the appropriate location.
a. Phosphorylation is possible due to the shape change that occurred with the receptor protein. This process will turn on the G-protein.
b. The activated G-protein then travels to the appropriate enzyme or protein to phosphorylate it. (It is usually GTPase.)
c. The GTPase will then turn on or off the necessary process in the cytoplasm or nucleus. (Mostly transcription/translation.)

B. Tyrosine- Kinase Pathway - This pathway is involved with growth/emergency repair most of the time.
1. It has the ability to act like a catalyst for rapidly activating several relay proteins. (6 at one time.)

2. This is a great example of structure = function. In repair, you need to get multiple processes going quickly to prevent possible cell or tissue death.
C. Ion Channel Receptors (Such as found at synapses of neurons.)

1. A.K.A. Ligand-gated Ion Channels.
2. These act as a control of a particular signal. Like letting sodium into a post-synaptic neuron. The “gate” is opened by the attaching of the neurotransmitter (the ligand) to the receptor protein. Once the gate is opened now the charged sodium ions can enter the cell to start depolarizing that cell. 
D. INTRAcellular Receptors
1. These receptors are mostly for receiving hormones and steroids. Since these molecules are lipids, they don’t need receptor proteins on the cell membrane. They travel into the cell by diffusing across the phospholipid bi-layer.
a. A.K.A. Transcription Factors – the usually start the making of mRNA within the nucleus.
II. Secondary Messengers - These are relay molecules within the cell’s cytoplasm.
A. Usually they are ion based molecules within a cell. These can MOVE about inside the cell.
B. Most common types:
1. Cyclic AMP (cAMP)
a. Made by Adenylyl Cyclase from ATP

2. Ca++ (Calmodulin) and IP3 (Inostol Triphosphate)
a. These are mainly involved in helping to create and control muscle contraction.
b. The ligand (first messenger) for a muscle contraction comes to the cell. It combines with the membrane bound receptor protein. A shape change occurs in the receptor protein. The shape change allows for the inactive G protein to attach to the receptor protein and become phosphorylated by ATP. The activated G-protein will then travel to the inactive PIP2. The g-protein will break a bond in the PIP2 to convert it to an active state molecule called IP3. The IP 3 will travel to the endoplasmic reticulum of the muscle cell. The endoplasmic reticulum is like a storage place for Calcium ions. To open the storage facility you need a key. The key here is the secondary messenger IP3. The IP3 binds to a receptor protein on the endoplasmic reticulum. This causes a shape change to occur in the receptor protein. The shape change now allows the calcium ions (in the form of Calmodulin) to come out into the cytoplasm. The calmodulin (a secondary messenger too) will go and attach to the myosin microfilaments and thereby initiate a muscle contraction using the sliding filament theory. 
