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DNA carries genes that encode proteins: 

- Only one strand acts as the template for transcription Æ mRNA has the 
same sequence on the top strand of the DNA, except it has U instead of T. 

- Every 3 units of mRNA = codon. 
 

Eukaryotic Prokaryotic 
DNA DNA 

Ð�Transcription Ð� Transcription 
Pre-mRNA RNA 

mRNA 
Ð� Translation Ð�Translation 

Polypeptide Polypeptide 
(1 gene = multiple protein) (1 gene = 1 protein) 

 
Transcription of RNA from DNA: 
Initiation Æ Elongation Æ Termination 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

** The eukaryotic process of initiation 
involves more proteins, but it is still 
essentially the same as the 
prokaryotic mechanism. 
 

Translation from RNA to proteins 
via ribosomes: 

1) mRNA move through the ribosome, 
codons are translated into amino acids. 
2) tRNA with a responding amino acid, 
its nucleotide triplets called anticodon 
bonds to the complementary mRNA 
codon. 
3) On the other end of tRNA, the amino 
acids add up to form polypeptides. 
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- The bacterial cell does not process the RNA before transcription.  
- Instead, the RNA is translated immediately by packs of ribosomes that 

coat the RNA, stabilise it, and move along it from the 5’ end Æ 3’ end.  
- The RNA coated with a cluster of ribosomes is called a polyribosome. 

Each ribosome makes the same protein, one after the other. 

- Transcription & translation are 
coupled in prokaryotes. 

 
 
Functions of Proteins: 

- Storage protein: store amino acids. 
- Enzyme: selective acceleration of chemical activities. 
- Contractile and motor: movement (e.g. actin and myosin proteins). 
- Hormonal: coordination of an organism activity. 
- Defensive: protection against diseases (e.g. antibodies). 
- Transport: across membrane. 
- Receptor: response to chemical stimuli. 
- Structural: support (e.g. collagen). 

 
Amino acid structure: 
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Spontaneous process: does not require energy to proceed. 
Non-spontaneous process: need input of energy to proceed. Many biological 
processes (e.g. maintain homeostasis; synthesis of large molecules; moving by 
muscle contraction) are non-spontaneous. 
 
Energy used for biological function comes from ATP (adenosine triphosphate):  
 
ATP + water   Æ ADP + Pi   
(ATP hydrolysis) 
 
Bonds break (need energy) Bonds make (release energy) 
1 Phosphate group leaves the ATP  
(O-P bond breaks) 

OH- Pi 

H-OH bond breaks H- O (of the ADP) 
 
Result: Energy is released to be used for cellular work (anabolic). 
 

 
 
 
 
ADP + Pi  Æ ATP + water 
(ATP synthesis) 
 
Result: Requires energy from 
catabolism. 
 
 
 
 
 
 
 
Most of the ATP is generated in mitochondria, enzymes involved are available 
in the matrix and inner membrane where the 2-stage-cellular respiration takes 
place. 
 
Cellular respiration yields ATP: 
C6H12O6  + 6O2 Æ 6CO2 + 6H2O + ATP 
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Glycolysis: 
 

- 1 glucose (6-C molecule) + 2 ATP Æ 2 pyruvates (3-C molecule) + 4 ATP 
- Glucose is phosphorylated and splits  into 2 pyruvates.  
- Location: cytoplasm 
- Products per glucose: 2 net ATP + 2 pyruvates + 2 NADH. 

 
Citric acid cycle (TCA cycle): 

- Pyruvate Æ 2 ATP + 8 NADH + 2 FADH2 + 6CO2  
- Location: mitochondrion matrix. 
- Pyruvate enters the mitochondrion via a transport protein. 
- Pyruvate is then converted into acetyl CoA. Æ CO2 & NADH formed. 
- Acetyl CoA is fed into the TCA cycle Æ 2CO2 + 3NADH + ATP + FADH2 

formed.  
- Each glucose forms 2 pyruvates, which form 2 acetyl CoA, thus the 

products of TCA cycle per glucose:  4CO2 + 6NADH + 2ATP + 2FADH2 
(**Remember the additional CO2 and NADH formed per pyruvate before 
entering the TCA cycle! This means 2CO2 and 2NADH per glucose. Thus it 
is stoichiometry balanced in terms of all 6 carbons from glucose become 
6CO2.) 
 

Oxidative phosphorylation: 
- Involves electron transport & chemiosmosis. 
- Location: mitochondrial inner membrane. 
- NADH & FADH2 give up their electrons to the electron transport chain. 

(NADHÆ NAD + e- + H+; FADH2Æ FAD + 2e- + 2H+). 
- The electron transport chain uses the energy released in the passage of 

electrons to pump H out of the inner compartment. 
- The H+ concentration builds up on the outer compartment. 
- H+ flows through ATP synthase down the concentration gradient 

(outÆin). 

• 1 glucoseÆ 2 
pyruvates 

1. Glycolysis 

• = TCA cycle 
• = Krebs cycle 

2. Citric acid 
cycle • electron 

transport 
• chemiosmosis 

3. Oxidative 
phosphorylation 
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- Chemiosmosis: ATP is produced (ADP + Pi Æ ATP) which is powered by 
the H+ flow across membrane.  

- O2 come in and receive the low energy electrons (already been used in the 
transport chain) and H+, which forms water as result.  
(O + 2H+ + 2e- Æ H2O) 

- Product: 6H2O + 26 or 28 ATP. 
 

Maximum ATP yield per glucose is 30 or 32. 

 
 
Other sources of ATP other than glucose: 

- Carbohydrates (glucose). 
- Fats (glycerol, fatty acids) 
- Proteins (amino acids). 
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Process of action potential: 

 
 
Refractory period (RP): 
The period of time immediately after the stimulus, the cell is unresponsive to 
further stimulation (i.e. during the activation potential).  
This limits firing frequency + allow AP to travel in one direction. 
 

Absolute refractory period (ARP):  
No action potential can be 
generated. 
Na+ channels are opened and 
inactivated. 
Relative refractory period (RRP):  
Action potential can be generated 
only of large stimulus is applied, 
since some Na+ channels closed 
which can possibly be opened 
(refer to the 3 cycling stages of 
Na+ channels). 
 

**How local anaesthetics work: does not allow the inactivated Na+ channel to 
close, and therefore cannot be opened. 
 

Resting state 

• Voltage-gated ion channels closed. 
• - 70 mV 

Stimulus 

• causes a few Na+ channels to open 
• Na+ ions in --> inside membrane becomes more positive  

Depolarisation 

• threshold - 50 mV is reached 
• Lots of Na+ channels open --> many Na+ rush into the cell--> more 

positive inside 

Repolarisation 

• maximum of potential is reached 
• K+ channels open --> K+rush out 
• Na+ channels inactivated and closed 

Undershoot 

• hyperpolarisation 
• Need Na+/K+ATPase to actively pump the ions to restore Na+ and K+ 

concentrations to resting potential again. 
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Conduction of action potentials: 
 

- Starts at axon hillock (blue part: Na+ 
rush in). 

- K+ rush out (green part). 
- The rest of the axon (red part) is at rest. 
- Travel along the axon by regenerating 

itself. 
- One direction: hillock Æ synaptic end. 

 
 
 
 
 
 

Factors affecting action potential conduction speed: 
 
Axon diameters:  
large diameterÆ less resistanceÆ faster. 
 
Temperature:  
higher temperatureÆ faster. 
 
Myelination:  
insulates the axon membrane and keep the electoral signals. 
Action potential is only generated in the Node of Ranvier (where the axon is not 
myelinated)Æ faster. 
This skipping  transition of AP at the Node of Ranvier along the axon is known 
as saltatory conduction. 
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How each component is affected by sarcomere length (tension-force 
relationship): 

 
 Contractile component       All three components 
 
 
Single motor unit = motoneuron (motor axon + muscle fibres it 
innervates):  

- The smallest functional unit in the musculoskeletal system. 
- Multiple inputs (excitatory & inhibitory) from different sources via 

multiple dendrites. 
- When sufficient excitatory input reaches threshold level. 

Æ action potential generated in motor neuron (presynaptic cell). 
Æ action potential generated at muscle fibres (postsynaptic cell) that the 
neuron innervates.  
Æ little force is generated by each action potential. 

- The amount of force generated depends on the number & discharge rate of 
motor neuron. 

 
 
 
 
 
 
 
 
 
 
 

o Little bit of excitatory input to a motoneuron pool = just a 
few motor units are recruited. 

o Lots of excitatory input to a motoneuron pool = many 
motor units are recruited. 

o There are s- s motoneurons in the spinal cord that 
innervates a single muscleÆ Wide range of force can be 
produced. 
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o Slow twitch generates less force for a longer time. 
o Fast twitch generates more force for a shorter time. 
o Slow twitch gets force summation because the first twitch 

continues when the second action potential arrives 
o Fast twitch does not get force summation since the first 

twitch is finished when the second action potential arrives. 
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- The fatigability depends on the types of muscle fibres  
 
Fibre type Slow Oxidative  Fast Oxidative Fast Glycolytic 
Contraction 
speed 

Slow Fast Fast 

Major ATP 
source 

Aerobic 
respiration 

Aerobic 
respiration 

Glycolysis 

Rate of 
fatigue 

Slow Intermediate Fast 

Mitochondria Many Many Few 
Myoglobin 
content  
(iron- and 
oxygen-binding 
protein) 

High  
(red muscle) 

High  
(red muscle) 

Low  
(white muscle) 

Twitch type 

 
  

 
 
Type of contraction: 
 
Contraction type Concentric 

 
Isometric Eccentric 

 
Muscle length Shorten No change Lengthen 
Force production Least Intermediate Most 
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Myoelectric action potential 
 

 
 
** Note that ATP serves as 2 functions here:  
relax muscle (detaching myosin head from actin) & actively remove Ca2+. 
 

Tropomyosin blockage of active binding site on actin restored, contraction ends, muscle relax. 

Removal of Ca2+ by active transport into the sacroplasmic reticulum after the AP ends. 

Myosin head attach to actin forming cross-bridges, pulling the actin fillaments towards the centre 
of sarcomere while ADP + P leaves myosin (muscle contraction); ATP comes in to bind with 

myosin and myosin head detached from actin; ATP undergo hydrolysis to form ADP+Pi+energy (so 
the powerstroke can begin again). 

Ca2+ bind to troponin; troponin changes shape, removing the blocking action of tropomyosin; 
active binding site exposed on actin. 

AP triggers Ca2+ release from sacroplasmic reticulum. 

AP generated is propagated along the sacrolemma along the the muscle fibre in both direction and 
down the T-tubules. 

Acetylcholine(ACh) released at neuromuscular junction diffuses across the synaptic cleft and binds 
to receptor proteins on sacrolemma (muscle fibre membrane), triggering an AP in muscle fibre.  
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Electromyography (EMG) 

- Surface electromyography records the myoelectric action potentials that 
are running along the muscle fibres under the electrodes. 

- The myoelectric action potentials can also be recorded by inserting fine-
wire electromyography electrodes into the muscle 
 
 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A: no force produced. 
B: low level of force produced. 
C: more force produced Æ increase frequency of AP. 
(** amplitude is affected by the position and orientation of electrodes placed on 
the skin or muscle) 
 

A 
B 

C 


