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· Secondary active transporter proteins – use diffusion energy of pre-existing concentration gradients to drive 

a second substance up its concentration gradient 

 

E.g. Na
+
/glucose co-transporter in epithelial cells of the small intestine – glucose import is driven by the Na

+
 

conc gradient, in turn maintained by the Na
+
/K

+
 pump 

i. Na
+
 binds and causes a conformational change in the protein that creates a high-affinity binding site 

for glucose 

ii. Glucose binds, causing a conformation change and opening its channel to the intracellular fluid side 

iii. Na
+
 is released as it moves down its concentration gradient 

iv. The low of Na
+
 changes the binding site for glucose back to a low-affinity site, so glucose is released 

and follows Na
+
 into the cytoplasm 

 

Glucose requires the Na
+
/glucose co-transporter because it is such a big molecule à hard to transport 

 

Luminal concentration High [Na
+
] Low [glucose]  

ICF concentration Low [Na
+
] High [glucose] High [K

+
] 

ECF concentration High [Na
+
] Low [glucose] Low [K

+
] 

 

Note: carrier proteins (e.g. the glucose carrier) operates by passive diffusion (no energy required), but this 

means glucose can go in the other direction. 

 

In the transepithelial transport of glucose: 

1. Na
+
-glucose symporter brings glucose into cell against its gradient using energy stored in the Na

+
 

concentration gradient 

2. GLUT transporter transfers glucose to ECF by facilitated diffusion 

3. Na
+
-K

+
-ATPase pumps Na

+
 out of the cell, keeping ICF Na

+
 concentration low (essential if glucose is to 

continue to be absorbed from the lumen, since is the energy source to run the Na
+
-glucose 

symporter) 
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3. Explain what is meant by the Equilibrium (Nernst) potential for an ion. What forces contribute to it? 

 
 

NOTE: Nernst potential for an ion depends upon the 

concentration gradient in the cell in question 

 

4. If the temperature were to rise how would this affect the magnitude of the Nernst Potential for potassium? 

· The higher the temperature, the higher the E 

 

5. Referring to the concentration gradient and the forces that act on K+, explain why the Nernst potential for 

K+ is negative. 

 

· [K
+
]i > [K

+
]o , so the chemical driving force on K

+
 is to 

move outside cell 

· Selective efflux of potassium ions through non-gated 

potassium channels creates an electrical potential 

difference (due to excess negative charge in the cell) 

and an opposing electrical driving force 

· Ongoing diffusion of K
+
 would eventually result in an 

equilibrium potential being reached 

· When electrical driving force = chemical driving force, 

net movement of K
+
 stops. What results is the 

equilibrium potential or Nernst Potential 

· At equilibrium/Nernst potential for K
,+

, both arrows 

are equal in magnitude 

· In a typical healthy neuron, the K
+
 concentration 

gradient yields Ek = -75 mV 

 

6. Referring to the concentration gradient and the forces 

that act on Na+, explain why the Nernst potential for 

Na+ is positive. 

· Chemical driving force on Na
+
 is inwards, so sodium 

diffuses across non-gated sodium selective channels 

· Electrical driving force acts in the opposite direction 

· The more Na
+
 that diffuses in, the bigger the electrical 

driving force on Na
+
 

· At equilibrium/Nernst potential for Na
,+

, both 

arrows are equal in magnitude 

· In a typical healthy neuron, the Na
+
 concentration 

gradient yields ENa = +55 mV 

 

7. Referring to the concentration gradient and the forces 

that act on Cl-, explain why the Nernst potential for Cl– 

is negative. 

· Takes negative charge into cell, so Nernst potential 

is negative 

· In a typical healthy neuron, the Cl
-
 concentration 

gradient yields ECl = -60 mV  

E = equilibrium/Nernst potential 

R = gas constant 

T = temperature in kelvins 

F = Faraday constant 

Z = valence of ion 

[K
+
]o/[K

+
]I = ratio of molar concentrations 

(outside / inside) 

Using vector diagrams 

- Arrow represents driving force (chemical or electrical) 

- Length of arrow reflects relative strength of the force 
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2. What is meant by the axoplasmic resistance? Why does the diameter of the axon affect the axoplasmic 

resistance? Are all axons the same diameter? If an axon is very thin, how would the spread of an action 

potential along it compare to a very large diameter axon? 

 

 
· The thicker the axon, the larger the cross-sectional area, the lower the resistance to the flow of current, 

due to a larger cross-sectional area 

· In order of axon diameter: sensory > motor > pain fibres 

 

3. What is meant by the membrane conductance? What are the structures within the membrane that 

determine the membrane conductance? In what units is it measured? If an axon has a high membrane 

conductance, how would the spread of the action potential be affected, compared to an axon with low 

membrane conductance? Why? 

 

 
· Conductance – the tendency for current to leak out of the axon through non-gated ion leakage channels 

· Conductance is the inverse of resistance 

· Increased membrane resistance = decreased membrane conductance 

o Increases the current flow down an axon, increasing conduction velocity 

 

4. What do we mean by the electronics term “capacitance”? Why does electrical charge get stored on a 

membrane? 

 

 
· Capacitance – the tendency of the plasma membrane to build up and store charge 

· Capacitor – made of two electrical conductors separating by a thin insulator (e.g. membrane) 

· Charge will tend to accumulate on either side of the insulator (lipid bilayer) because of electrostatic 

attraction to an excess of opposite charge on the other side 

· The thinner the insulator, the stronger the capacitance property 

· The neuron requires current flow to discharge the membrane capacitance, before an action potential can 

be initiated 

 

5. In what way does the capacitance property of the lipid bilayer affect the rate of change of the membrane 

potential during electrical signalling in neurons? 

· Thicker membrane à attraction between opposite charges is weaker, dropping off with the square of 

distanceà lower membrane capacitance à lowers the charge storage à increases the spread of 

depolarisation 

· This is particularly the case with myelinated fibres  

Thicker 
axon 

  

Larger 
cross-
sectional 
area   

More ions 
to spread 
charge 

Lower 
axoplasmic 
resistance 

Higher 
conduction 
velocity 

Increased 
membrane 
resistance 

  

Decreased 
membrane 
conductance 

  
Increased 
current flow 
down an 
axon 

Higher 
conduction 
velocity 

Thicker 
membrane 

  

Weaker 
attraction 
between 
opposite 
charges 

  

Lower 
membrane 
capacitance 

Decrease in 
charge 
storage 

Increases 
spread of 
depolarisation 
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Sciatic Nerve Practical 
 

1. What would you need to record extracellular potentials from: a) the: brain? b) the heart c) skeletal muscle? 

and what kind of electrical event would each be revealing? 

2. Does the compound nerve action potential measure changes in membrane potential during the action 

potential? Why or why not? 

3. What sorts of information can be deduced from recordings of the compound nerve action potential? 

 

Generating action potentials in vivo and in vitro 

· In vivo, an AP is triggered when the summation of graded potentials at the axon hillock depolarises the 

membrane to threshold 

 

· In vitro, the nerve fibres/axons are stimulated to fire APs by applying a depolarising current 

o Note: nerves are a collection of axons and do not contain dendrites or soma 

 

Recording electrical activity 

· Intracellular recording of a single neuron 

measures the change in transmembrane voltage 

that occurs during an AP using an intracellular 

electrode that penetrates the cell membrane, 

and a second electrode placed outside the cell 

as a reference electrode. The potential 

difference between the two electrodes is then 

recorded 

 

· Extracellular recording of a whole nerve 

calculates the potential difference between 

two extracellular electrodes. This produces an 

extracellular recording of the APs as they 

propagate first past one electrode, then past 

the second 

o So instead of measuring the potential 

difference across the membrane 

(intracellular), you are measuring the 

potential difference between two 

extracellular points on the membrane 

 

Compound action potential (CAP) – summed potential of the surface electrical activity of all active fibres 

· Area under CAP = number of active fibres conducting APs 

· Shape of CAP = result of the cumulative intrinsic properties of nerve fibres in the nerve 

o Conduction velocity and sensitivity to stimulation 

· An intact nerve produces a biphasic CAP 

· Crushing the nerve between the two 

recording electrodes results in a 

monophasic recording. This is prevents 

APs reaching the second recording 

electrode, so once the AP has passed the 

first recording electrode, the tracing 

returns to baseline 
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Summary 

1. AP reaches presynaptic terminals of motor neuron 

2. Ca
2+

 influx causes docking and release of ACh into vesicles 

3. ACh released from motor neuron and binds to nicotinic ACh receptors in motor end plates (ligand-gated 

activation) 

4. Causes opening of ion channels and a change in the membrane potential across the sarcolemma 

5. AP propagates across sarcolemma and down T tubules, activating DHP receptors which are mechanically 

linked to RyR Ca
2+

 release channels 

6. Ca
2+

 released from lateral sacs and into cytosol 

7. Cytosolic Ca
2+ 

binds to troponin 

8. Myosin cross bridge binds to actin, generating power stroke (displaces thin filament with respect to thick 

filament, resulting in movement) 

9. Power stroke ends, new ATP binds and cross bridge is released 

10. Actin slides back to original position 

11. Ca
2+

 actively taken up by SR by Ca
2+

-ATPase pumps  
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Characteristics of smooth muscle 

· Contraction and relaxation occur much more slowly than in skeletal or cardiac muscle 

· Uses less energy to generate a given amount of force, and can maintain its force for long periods, being 

able to generate maximum tension with only 25-30% of its crossbridges active 

· Has low oxygen consumption rates, yet can sustain contractions for extended periods without fatiguing 

· Oblique bundles of contractile fibres, rather than parallel fibres 

· Contraction controlled by hormones and paracrines in addition to neurotransmitters, which can either 

inhibit or stimulate it 

· Much smaller than skeletal muscle fibres 
 

c) Describe the different ways that intracellular calcium levels can be increased and the mechanisms 

which result in cross bridge cycling and force production. 
 

 Skeletal Smooth 

Differences 

in Ca
2+

 

source 

Intracellular 

stores of Ca
2+

 

from lateral 

sacs of 

sarcoplasmic 

reticulum 

Both internal stores and extracellular Ca
2+

 

· Note: instead of t-tubules, smooth muscle have caveoli (invaginations of 

the plasma membrane) 

· Extracellular: influx of Ca
2+

 via L-channels (voltage-gated Ca
2+

 channels) 

· Intracellular: from SR 

o IP3 (Phospholipase C cascade) – secondary messenger systems, 

stimulate cascade 

§ IP3-receptor channels are the primary Ca
2+

 release 

channel in smooth muscle SR 

o RyR (Ca
2+

 induced Ca
2+

 release – an influx of Ca
2+

 triggers RyR to 

release Ca from SR) 

 

Note: Smooth muscle does not require a change in membrane potential for 

release of Ca since it can also work through a secondary messenger cascade 

Differences 

in 

contraction 

mechanism 

Ca binds with 

troponin, 

displacement 

of tropomyosin 

exposing 

myosin binding 

site on the 

actin 

 

Acts on thin 

filaments 

No troponin. Instead, Ca binds to calmodulin, forming Ca-CaM complex, 

activating MLCK, which then phosphorylates MLC, increasing ATPase activity in 

MHC 

 

Acts on the thick filaments 

 

· Full force contraction at greater percentage of length 

o Overlap of thin and longer thick filaments 

o Shorter resting length 

· Stress relaxation response 

o Rearrangement at cross bridges 

· Longer twitch duration (~5 sec) than both cardiac and skeletal (~1 sec for 

cardiac, less for skeletal) 

o Meaning a greater potential for twitch summation to occur 

Differences 

in 

termination 

Intracellular Ca 

decreases by 

using Ca
2+

-ATP 

pumps (SERCA) 

to pump Ca
2+

 

back to lateral 

sacs 

(ATP 

dependent 

process) 

 

AChE gets rid of 

ACh 

· Smooth muscle also has antiport exchangers (Ca removed from cytosol, 

Na driven into cell, then Na-ATPase can pump Na back out) 

· By the law of mass action, a reduction in cytosolic Ca means Ca-CaM 

complex breaks up in order to restore the equilibrium between free and 

bound Ca. This means there is a decrease in the activation of MLCK. 

· MLC phosphatase – actively removes the phosphate from the myosin 

light chain (happens all the time) 

· In smooth muscle, there is a balance between MLCK and MLCP that 

determines tension/relaxation of the muscle 

· Activation of MLCP doesn’t mean contraction stops immediately. Ca 

is bound on it for a while, which explains the relatively long twitch 

time à requires less energy/ATP, so less resistant to fatigue 
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3. Draw a simple diagram illustrating the main features of the cardiac conduction system 

 

4. Describe the spread of depolarisation from the sino-atrial node through the atrial myocardium, atrio-

ventricular node, specialised conducting pathways and ventricular myocardium, with reference to the time 

taken for the depolarisation to reach the different parts of the heart 

 

5. Explain why conduction through the A-V node is relatively slow, and the physiological significance of this 

fact 

 

 
 

Autorhythmicity – generation of action potentials in the absence of any external stimulus 

· There are a number of pacemakers in the heart: SA node, AV node, and Purkinje fibres 

· Fastest ones have the most influence on HR: SA node and AV node 

· Hierarchy – if problems with SA node, other pacemakers (AV/Purkinje) will set the rhythm, albeit at a 

slower rate (slower HR) 

· Bradycardia < 60 bpm 

· Tachycardia > 100 bpm 

 

1. Rapid propagation of APs through atria 

· Wave of depolarisation from SA node (~40 msec) which travels via interatrial pathway (to stimulate left 

atrium) and internodal pathway (to AV node) 

· Preferential routes by which APs travel between the SA node and AV node, due to specialised conducting 

fibres 

· However, there is an electrical insulating layer (non-conductive connective tissue) between atria and 

ventricles à only way for current to pass is through the AV node 

 

2. Slow propagation of APs through AV node 

· Only means by which depolarisation can reach ventricles à delay ~100 msec 

· Fibres of AV node are narrow and branching, hence very slow conduction velocity 

· Delay means atria relaxes when ventricles contract (atrial relaxation masked by QRS complex) 

 

3.  Fast propagation through Bundle of His à Apex à Right and left branches, Purkinje network 

· All consist of fast-conducting (2-4 m/s) Purkinje fibres 

· Purkinje system – conduction ~30 msec 

· + 30 msec for ventricular myocardium depolarisation 

· Total time in all three pathways is 40 + 100 + 30 + 30 = 170 ms 

o Can use ECG to determine whether there is conduction block à diagnostic purposes 
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2. To describe structural and functional features of sympathetic and parasympathetic divisions of ANS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

· Many organs are innervated by both divisions, with opposite 

effects 

· The fact that both parasympathetic and sympathetic activity 

affects organs at the same time is called tone. Whichever one 

empowers the other – the response will prevail 

o Rest-and-digest – parasympathetic activity dominates 

o Fight-or-flight – sympathetic activity dominates 

· Homeostasis is a dynamic balance between autonomic 

branches 

 

 

Exceptions 

· Arterioles and veins are only innervated by the sympathetic 

o Vasoconstriction – stimulate sympathetic 

o Vasodilation – lack of sympathetic stimulation 

· Kidneys – only sympathetic  

o Same system that causes vasodilation of arterioles ; also kidney produces rennin 

 

Parasympathetic Sympathetic 

Fibres from brain stem and 

sacral spinal cord 

Fibres from thoracic and 

lumbar spinal cord (T1 to L2) 

Ganglia close to organ: long 

preganglionic , short 

postganglionic 

Chain of ganglia along spinal 

cord: short preganglionic, 

long postganglionic 

Post ganglionic 

neurotransmitter: 

acetylcholine 

Postganglionic 

neurotransmitter: mostly 

noradrenaline 

Most target cells have 

muscarinic cholinergic 

receptors 

Most target cells have 

adrenergic receptors 


