C2.2 Neural Signaling Study Guide
Summary
Neural signaling is a fundamental biological process characterized by the generation and movement of electrical impulses within specialized cells known as neurons. This process relies on the maintenance of a resting membrane potential through ATP-driven ion pumps and the subsequent propagation of action potentials involving the movement of positively charged ions. Communication between neurons occurs at chemical synapses, where neurotransmitters facilitate one-way signal transmission. The speed of these signals varies based on axon diameter and the presence of myelin, which allows for rapid saltatory conduction. Beyond basic communication, the interaction of neurons leads to complex outcomes, including the perception of pain and emergent properties such as consciousness. Furthermore, neural signaling can be significantly altered by exogenous chemicals, including pesticides and drugs.
This study guide provides a comprehensive review of the biological mechanisms governing neural signaling, covering the structure of neurons, the generation and propagation of electrical impulses, and the complex interactions occurring at synapses.
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A. Neuronal Structure and the Resting Potential

1. Identify the functional unit of the nervous system.

2. Describe the following cellular architecture of a neuron.
Cell Body: 

Nerve Fibers: 
Dendrites: 

Axon: 

B. Maintenance of Resting Potential

3. The resting potential is a state of membrane polarization where the interior of the neuron is negatively charged relative to the exterior. Explain how the following establish the resting membrane potential of a neuron.
Ion Pumping: 

Concentration Gradients: 

C. Generation and Propagation of Nerve Impulses

4. Describe a nerve impulse. 


D. Mechanisms of Action Potential.

5. Describe the role for each of the following in terms of an action potential.
Threshold Potential: 

Depolarization and Repolarization: 

Local Currents (HL Only): 


E. Speed of Transmission

6. The velocity of nerve impulses is not uniform and is influenced by several biological factors, describe them.
Axon Diameter: 

Myelination: 

Animal Size: 


F. Quantitative Analysis of Conduction
Determining the strength of these relationships involves mathematical tools:
Correlation Coefficients are used to identify positive or negative correlations between variables (e.g., speed vs. diameter).
Coefficient of Determination (R2) is used to evaluate how much the variation in an independent variable (like axon diameter) explains the variation in the dependent variable (conduction speed).
G. Synaptic Transmission

7. Describe a synapse and explain the role it plays in nerve transmission.


8. Describe the synaptic process.
Depolarization: 

Neurotransmitter Release: 

Binding: 

Directionality: 

H. Excitatory and Inhibitory Potentials

9. Compare excitatory and inhibitory postsynaptic potentials (EPSPs and IPSPs)
Excitatory Postsynaptic Potentials (EPSP): 
Inhibitory Postsynaptic Potentials (IPSP): 


Describe summation and explain the role it plays in depolarization of the postsynaptic membrane.



I. Impact of Exogenous Chemicals (HL Only)

10. External substances can disrupt or alter standard synaptic transmission. Explain how neonicotinoids and cocaine disrupt synaptic transmission.
Neonicotinoids: 

Cocaine: 

J. Sensory Perception and Emergent Properties (HL Only)
Neural signaling is the foundation for sensory experiences and higher-order cognitive functions.
11. Explain the perception of pain.



12. List various stimuli that can be perceived as pain. 



13. Explain the mechanism by which these stimuli cause pain. 
K. Consciousness (HL Only)
Consciousness is identified as an emergent property. It is not a property of individual neurons but a complex state that emerges from the collective interaction of billions of neurons within the brain.
L. Monitoring Neural Activity

M. Explain the use of an oscilloscope to visualize and measure neural activity.



Practice Quiz
Instructions: Answer the following questions using two to three sentences.
1. Describe the basic structure of a neuron and the function of its primary projections.
2. How is the resting potential of a neuron established and maintained?
3. Why is a nerve impulse considered an electrical event?
4. What factors influence the speed of nerve impulse transmission?
5. Explain the directional nature of signal transmission across a synapse.
6. What is the specific role of calcium ions in the presynaptic neuron?
7. How does the diffusion of sodium ions contribute to the propagation of an action potential along an axon?
8. What is saltatory conduction, and where does it occur?
9. Distinguish between the effects of excitatory and inhibitory neurotransmitters on a postsynaptic membrane.
10. How does the perception of pain occur in neurons with free nerve endings?


Practice Essay Questions
Instructions: Answer the following questions using 3 to 5 sentences.
1. The Dynamics of Membrane Potential: Analyze the roles of ATP-driven pumps and voltage-gated channels in the transition from a resting potential to an action potential and back to a resting state.
2. Comparative Neurophysiology: Compare and contrast the transmission of nerve impulses in giant squid axons versus myelinated mammalian fibers, incorporating the concepts of axon diameter and saltatory conduction.
3. Synaptic Interference: Discuss how exogenous chemicals, such as neonicotinoids and cocaine, disrupt normal synaptic transmission and the specific mechanisms by which they exert their effects.
4. Integration of Neural Signals: Explain the concept of summation in postsynaptic neurons and how the interaction of multiple excitatory and inhibitory presynaptic neurons leads to "all-or-nothing" consequences.
5. Emergent Properties and Perception: Explore the relationship between individual cellular events, such as ion channel opening in response to stimuli, and complex emergent properties like pain perception and consciousness.

