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______________________________________________________________________________

Describe the categories of neurotransmitters, their characteristics and roles
1) Amino Acids

a. Glutamate (+) and GABA (-)

b. Corticocortical systems/ Sensorimotor Systems

c. Act on Ionotropic Receptors
i. Makes them fast acting with short duration

2) Biogenic Amines

a. ACh, NE, DA, 5-HT

b. Modulatory Systems, Non-sensory or motor

c. Act on Metabotropic Receptors

i. Slow action/ Long Duration

3) Neuropeptides

a. Enkephalins, Endorphins, Dynorphins, Oxytocin, Substance P, Vasopressin

b. Interneurons

c. Co-Localized and Co-released w/ Amino Acid and Biogenic Amines

d. Act on Metabotropic Receptors

i. Slow action/ Long Duration

4) Unconventional NTs

a. Gases, Hormones, Lipids, Purines, Nucleosides, Anandamide 

b. Cortex, Limbic System

c. NO and CO act as Retrograde Signaling Molecules, other effects unknown

______________________________________________________________________________
What is the relationship between Monoamines and behavioral states?

Monoamines are a subset of the Biogenic Amine group and include: DA, NE, and 5-HT

Monoamines affect the modulatory systems and project to a wide array of cortical areas.


Activate Metabotropic receptors, slow acting and long duration.



Causes Monoamines to have modulatory affects on behavioral states.

DA( Involved in reward, reward motivated behavior/ actions


3 Major DA pathways:

1) Nigrostriatal( Substantia Nigra to Striatum 


-significant for motor movement as a result of rewarding stimulus

2) Mesolimbic( VTA to Limbic System


-Significant for reinforcement and addiction

-Limbic System possess amygdala and hippocampus which are important for the association between rewarding emotions and stimuli that produced said award

3) Mesocoritcal( VTA to Prefrontal Cortex


-Working Memory and Planning
NE( Involved in attention, vigilance and stress responses

Major Pathway, from Locus Coeruleus throughout brain.
5-HT(Involved in mood, social cognition, eating, sleeping and dreaming, arousal, pain, aggression
2 Major 5-HT Pathways;

Dorsal Raphe Nuclei( cortex, striatum


Medial Raphe Nuclei(cortex, hippocampus

Monoamines actions are terminated by; (MOA) Monoamine Oxidase, Recycled by reuptake

Monoamine pathways have axonal varicosities
BIOSYNTHESIS OF NTs ;          PRECURSORS BOLD         CATALYTIC ENZYMES
1) Dopamine

Tyrosine(Tyrosine Hydroxylase( L-DOPA(DOPA Decarboxylase(DA
2) Norepinephrine

DA(Dopamine Beta-Hydroxylase(Norepinephrine
3) Glutamate
a. Biosynthesized as a Byproduct of cells metabolism called Kreb’s  Cycle. Removed by reuptake.
4) GABA
Glu(Glutamic Acid Decarboxylase (GAD)(GABA
5) ACh

a. Synthesis

Acetyl  CoA + Choline(Choline Acetyltransferase (ChAT)(ACh + CoA


      b.   Removal



ACh(Acetylcholine Esterase (AChE)( Acetate + Choline

6) 5-HT

a. Tryptophan(Tryptophan Hydroxylase(5-HTP(5-HT Decarboxylase(5-HT
______________________________________________________________________________
What is the difference between essential and non-essential Amino Acids?

Non-Essential; Our bodies make them (Tyrosine, Glutamate, Glycine, Aspartate)
Essential; Our bodies do not produce them, must intake from our diet (Tryptophan)

______________________________________________________________________________

Criteria for Defining a Neurotransmitter

1) Must be synthesized by and released from a neuron

2) Substance should be released from nerve terminals in a chemically or pharmacologically identifiable form

3) An NT should reproduce at the postsynaptic cell the specific events that are seen after stimulation of the presynaptic neuron (Changes in Membrane properties)

4) The effects of the NT should be able to be blocked by a competitive antagonist

5) There should be active mechanisms to terminate the action of the NT.
______________________________________________________________________________

What are:

Agonist: Ligand/ Drug which binds to the receptor and exerts the same effects as the endogenous substance

Antagonist: Ligand/ Drug which binds to the receptor and blocks the effects of the endogenous substance

Inverse Agonist: Ligand/ Drug which binds to the receptor and exerts the OPPOSITE effect of the endogenous substance

Indirect Agonist: Ligand/ Drug which binds to the receptor at ITS OWN SITE and exerts the same effects as the endogenous substance

Direct Agonist: Drug which binds to the receptor and mimics the SAME EFFECTS AS THE ENDOGENOUS AGONIST
What are receptors for GLU? GABA? DA? NE? ACh?

i) Glu;    Ionotropic;  NMDA, AMPAa, Kainate

   Metabotropic; AMPAa


ii) GABA;   Ionotropic; GABAa  (controls Cl- Channels)


        Metabotropic; GABAb  (Controls K+ Channels)

iii) DA;      5 Receptor Sites ALL METABOTROPIC (D1-D5)



D1; just postsynaptic

D2; on pre and postsynaptic side, Autoreceptor

iv) NE;      Many Receptor sites ALL METABOTROPIC



Alpha1; Beta1; Beta2 (postsynaptic; excitatory)



Alpha2; (autoreceptor; inhibitory)

v) ACh;    Ionotropic;  Nicotinic; found in skeletal muscle


      Metabotropic; Muscarinic;  found in heart and smooth muscle


-mostly excitatory; abundant in PNS

______________________________________________________________________________

What are the roles of G-Proteins, adenylyl cyclase, protein kinases and phosphorylation in metabotropic receptors?

______________________________________________________________________________

How do Ionotropic Receptors differ from metabotropic ones?

Ionotropic (Glu, GABA, ACh)
-work fast/ short duration
-important role for neurotransmission

-made of several subunits to FORM CHANNEL

-at rest channel is CLOSED

-When NT binds channel immediately opens/ closes

Metabotropic
-work slowly

-longer to respond but longer duration of response
-comprise a single protein subunit winding through membrane 7 times
-no channel

-activates G-proteins
How do hormones and neurohormones differ from NTs?
Hormones and Neurohormones; 

chemicals secreted into the blood by endocrine glands/ neuron respectively. 
Have effects on cells in one or more locations of the body.
NTs

Chemicals secreted by Neurons that have effects locally on other neurons or nerve cells
Communicate via synaptic transmission

______________________________________________________________________________
What is paracrine signaling?

· Secretion of chemical messengers that have local regulatory effects on neighboring cells
· Example; growth factors

______________________________________________________________________________

What is different about neuropeptides in comparison to other NTs?

· Coded directly from DNA as prohormones (long links of AAs_ clip from prohormone to create neuropeptides

· Cell has to go to cell nucleus to produce more neuropeptides rather than produced in button

· makes NPs have a slower response when there is increased demand

· co-localize w/ and modulate effects of other NTs

· i.e. (NP + Glutamate)

· act both as NTs and Neuromodulators

· released by repetitive stimulation Or burst firing

· may be how they are released w/ other classical NTs

· broken down by enzymes (for reuptake) but metabolites are still biologically active

OPIOIDS; B-Endorphins, Enkephelin, Dynorphin

Main receptor;   Mu receptor( B-Endorphin, Enkephalins if binded and blocked you can 

                                       essentially block pain sensation



   Delta Recep. ( enkephelin



   Kappa Recep. ( dynorphins



   Act on many receptors but with different affinities

______________________________________________________________________________

What role do gases such as NO or CO play in the brain?
· Act as Retrograde Signaling Molecules; provide chemically coded information to a presynaptic neuron from the next cell in line.

· Tell presynapse to release more/less NT, produce more NT, reuptake/ degrade NT

______________________________________________________________________________

What is unique about the NMDA receptor?





 EMBED PowerPoint.Slide.8  [image: image1.emf]NMDA Receptor

• “Detects” simultaneous events (“AND” gate)

• Gated by combination of voltage and ligand

– Glu + Gly opens channel to Ca 

++

, 

– Magnesium (Mg

++

) block removed by membrane depolarization

• Mediates learning and memory via LTP (long term 

potentiation)

– Involved in process of addiction; behavioral sensitization, and drug 

craving


______________________________________________________________________________

What are the benefits of a chemical signaling system?

Allows receiving neuron to differentiate between many different inputs on the basis of co-localized ligands, obligatory co-agonists, and different NTs binding to different receptors. Allows for a complex array of possible input and output combinations.
Synaptic transmission does not follow all or none rules, but is graded in strength and therefore relatively flexible.


Allow neurons to respond based on behavioral states
Greater degree of amplification and control

Lengthens time of cellular integration from m/s to min or hours

______________________________________________________________________________

How is computation different in the brain than a computer?

Computation is not serial.


Computation is flexible and can exhibit plasticity.
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