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Cytoskeleton – made up of 3 components 

1. Microtubules (largest component) 

o 24 nm in diameter 

o Made up of repeating tubulin units (60 000 

MW), forms tubular structures end on end 

o Highly variable length, so can grow or shorten 

microtubules 

2. Microfilaments 

o Distinguishing feature: are contractile (slide over 

one another) 

o Actin – 6 nm in diameter 

o Myosin – 15 nm in diameter 

o Actin and myosin found in all eukaryotic cells, 

not just muscle cells. However in muscle cells, 

microfilaments are a lot more packed 

3. Intermediate filaments 

o 7-10 nm (intermediate in size) 

o Found in all eukaryotic cells, but different types 

of cells have contain different types of 

intermediate filaments (whereas microfilaments 

and microtubules are all made up of the same 

protein) 

o Useful for diagnosis of diseases – e.g. if 

cancerous cell gone crazy, check intermediate 

filaments to determine origins 

· Centrioles 

o Found as a pair in all animal cells, found close to 

the top of cell or nucleus, lying right angles to 

each other 

o 0.5 x 0.2 µm 

o The walls of each centriole is made up of 9 

groups of 3 microtubules 

o Important for cell division (it duplicates and 

spindles emerge from centriole) 

o The centrioles and pericentriolar material 

(surrounding material) form the cell centre. 

Experiments with drugs show that disruption of 

the cell centre causes cells to completely lose 

their shape. Therefore, the centriole is the 

master organiser of cell shape 

o Centriole also gives rise to basal body (modified 

centriole) – important in cilia 

 

Functions: 

· Maintenance of cell shape (especially 

microtubules) 

· Moving molecules into and out of 

cells (endo/excocytosis) 

· Movement of materials within 

cytoplasm of cell 

· Movement of cells (especially highly 

motile cells, e.g. WBC) 

· Involved as sensory receptors in 

some cells – e.g. hair cells in ear -> 

microfilaments or microtubules 

wiggle -> sends message to brain 

 

Ribosomes 

· Smallest organelles that have a fixed size or shape 

· 25 x 12 nm – universal across eukaryotes 

· Roughly composed of equal proportions of protein and 

rRNA 

· Occur freely floating in cytoplasm or ER 

· Can occur singly (often inactive) or in groups 

(polysomes/polyribosomes –coiled or helical appearance 

because all the ribosomes of a polysome are held 

together by a single molecule of mRNA) 

· Note: polysomes are the ‘active form’ of the ribosome 

Functions: 

· Protein synthesis – e.g. cells lining 

digestive system which secrete 

enzymes are full of ribosomes 
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4. To understand and be able to recognise the different types of cartilage: 

· hyaline  

· articular 

 

Characteristics of cartilage 

· Chondrocytes 

o Live in lacunae (spaces in matrix in which cells live) 

o Form clusters/groups of chondrocytes called isogenous 

groups, which are derived from the same precursor (they 

are daughter cells with the same parent precursor) 

o Lots of Golgi to produce cartilage 

o Newly made cartilage is lighter staining 

· ECM 

o Collagen fibrils and aggregating proteoglycans (PGs) – slight 

negative charge 

o Extensive glycosaminoglycans contribute to high water 

content (compression, shock absorption, diffusion) 

· Avascular 

o No nerve, lymph, or blood supply, hence requires a water 

soluble medium (provided by PG, GAG) 

o The high water content allows for the diffusion of 

substances, as well as for communication between cells 

o Water content also contributes to resistance to crushing 

and stretching 

§ Minimal elastin in cartilage, so generally it doesn’t 

stretch 

o Because they do not have nerve, lymph or blood vessels, 

cartilage is generally limited to very small amounts 

 

Types of cartilage (3) 

· Hyaline 

o Most widespread/common 

o Transparent/glass-like appearance under the microscope 

o Limited repair capability à osteoarthiritis 

o Prone to calcification with age 

o Matrix – collagen II, proteoglycans, multiadhesive glycoproteins (e.g. laminin, fibronectin) which 

allow chondrocytes to attach to them, signalling pathways, etc 

o 60-80% intracellular water 

§ Allows for diffusion 

§ Respond to various pressure loads and weight bearing 

§ Cushioning effect for bones (to prevent bone-on-bone) 

o Found 

§ Articular surfaces of synovial joints à if there is limited repair ability, this could lead to 

osteoarthiritis. If damaged, then looks torn and white under microscope 

§ Fetal skeleton 

§ Epiphyseal plates (growth plates – hyaline cartilage grows and eventually becomes ossified 

to become bone) 

§ Costal cartilage (ribs – allows for expansion of ribcage) 

§ Respiratory tract cartilage (nasal cavity, larynx, trachea, bronchus) 

o Possesses a perichondrium 

§ Dense CT surrounding the hyaline cartilage 

§ Collagen fibres and fibroblasts 

§ Can be a source of new chondrocytes (fibroblasts becoming chondrocytes) – the other 

source of new chondrocytes is in isogenous groups (division in lacunae) 

§ Not found in articular cartilage, hence has such limited repair capacity 

Hyaline cartilage (glass-like). DCT on the 

outside (note: fibroblasts with flattened nuclei 

and pink-staining collagen fibres). DCT overlies 

perichondrium. Mature chondrocytes reside in 

lacunae. Note: isogenous groups 
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Distinguishing between artery and vein 

1. Shape of lumen – arteries have a more regular, rounder lumen, while 

veins have a more irregular and distended lumen 

2. Size of lumen – arteries have a smaller lumen than their corresponding 

vein 

3. Thickness of wall – arteries have thicker walls than their corresponding 

wall 

4. Relative thickness of tunica media and adventitia – in arteries, the 

tunica media is thicker than the tunica adventitia. Conversely in veins, 

the tunica adventitia is thicker than the tunica media 

5. Presence of valves – veins have valves 

 

Distinguishing between elastic and muscular artery 

Note: the internal and external elastic membranes are not heavily stressed or assessed, and are just an additional 

feature to assist in practical identification/distinction of vessels 

 

 Tunica intima Tunica media Tunica adventitia 

Elastic artery Endothelium 

Connective tissue 

Alternating layers of 

smooth muscle and 

elastic lamellae 

Collagen and elastic fibres 

Fibroblasts 

Muscular artery Endothelium 

Internal elastic membrane 

Connective tissue 

Mostly smooth muscle 

Collagen fibres 

Occasional elastic fibres 

Connective tissue 

+/- external elastic 

membrane 
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2. To understand the morphology and functions of the cells involved in the immune system. 

 

3. To develop and understanding of how distinct cell types of the immune system respond to potential pathogens. 

 

 

Neutrophils 

· Most common granulocyte 

· Engulfs and destroys antibody-coated bacteria à antibody-mediated 

phagocytosis 

· Cytoplasm stains with neutral pink with a H&E stain 

· During infection à signals to endothelial cells to up-regulate adhesion 

molecules à neutrophils tether and roll à neutrophils exit blood vessels 

and into tissues (multi-lobed nucleus) 

  

Eosinophils  

· Contains eosin-staining red granules 

· Fights parasites, so number increases when exposed to more parasites 

 

 
Basophils 

· Rarest of granulocytes 

· Involved in allergic and anti-parasitic responses 

· Bluish tinge when stained 

· Granules contain heparin (anticoagulant) and histamine (vasodilation) 

 

 
Mast cells 

· Doesn’t belong to the granulocyte lineage 

· Morphologically similar to basophils – possesses granules packed with 

heparin and histamine 

· Found residing within tissues  

· E.g. tongue has quite a few mast cells. Ingestion of something you are 

allergic to triggers the tongue to swell up, as well as the lips and roof of 

the mouth 

 
 

Monocytes and macrophages 

· Largest cell in the blood (18µm in diameter) 

· More indented nucleus than lymphocytes 

· During inflammation, monocytes enter tissues and becomes a 

macrophage (resides in tissues) to phagocytose bacteria 

· Macrophages are the first cell type to investigate foreign material, e.g. 

dust, metal fragment, bacteria, parasites, fungi, asbestos 

o Kupffer cell – liver  

o Alveolar macrophages – lungs 

o Mesangial cells – at centre of glomerulus in kidneys 

o Microglia – brain 

§ The brain is immune-privileged with a separate blood 

supply; microglia are more related to the maintenance of 

neurons, rather than phagocytosis of pathogens 
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Myelinated axons 
· The myelin sheath is the plasma membrane of Schwann cell 

· Number of wraps variable depending on speed of neuron – but since generally so many, nucleus of schwann 

cell is pushed to the back 

· Lipid-rich layer, so taken up by osmium tetroxide 

· One schwann cell covers 0.08 mm – 0.1 mm of axon, hence multiple schwann cells are along axon length 

· If one schwann cell is damaged, then the other schwann cells can try to cover up that area, but if this fails à 

multiple sclerosis 

Nervous impulse 

· Stimulus – mechanical, chemical, 

electric, thermal, photons 

· Action potential generated across the 

plasma membrane via Na
+
/K

+
 changes 

· Action potential spreads along the 

axon plasma membrane (not 

cytoplasm!) 

· Propagates a new action potential 

closer to the terminus 

· A series of action potentials is called 

a nerve impulse 

 

Node of Ranvier 

· Junction two adjacent schwann cells 

· Small length of axon NOT covered in myelin 

· Impulses (action potentials) spread from node to node 

· Since the axon only needs depolarisation at the nodes of Ranvier, it can result in faster impulse conduction 

o Myelinated = 130 m/s 

o Unmyelinated = 0.5-1 m/s

· Rate of conduction also depends on thickness of myelin – the thicker the myelin sheath, the faster the 

conduction  

Schwann cell’s plasma membrane wrapping around myelinated axon 

(myelin sheath), with its nucleus pushed to the back (not seen). Notice 

plasma membrane of axon, mitochondria and secretory vesicles 

Peripheral nerve. Red – myelinated axons, white – 

schwann cells, black – nuclei, blue – CT. Note: these 

nuclei are of schwann cells because neurons do not 

have nuclei in the periphery!! 
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Small intestine 
· Greatest amount of digestion 

· Mixes chime with enzymes and secretions from 

liver (bile) and pancreas 

· Absorbs most products of digestion 

· Produces hormones 

· Lengths: duodenum (25cm), jejunum (2.5m) 

and ileum (3.5m) 

· Plicae circulares – circular folds of mucosa, 

slow down passage for mixing; gross 

morphological feature, not seen on LM level 

· Villi - finger like projections of mucosa (can 

extend 1.5mm into lumen), lined by simple 

columnar epithelium 

· In villi, core of lamina propria contains 

fibroblasts, smooth muscle cells, lymphocytes, 

plasma cells, eosinophils, macrophages, 

fenestrated capillaries, arteriole, capillary 

network, venule, lacteal 

 

Cells in simple columnar epithelium 

1. Absorptive cells (enterocytes) – columnar, 

microvilli 

2. Goblet cells – secrete mucous (unicellular 

mucin – secreting gland) 

3. Enteroendocrine cells – found at base of 

absorptive cells, produce hormones similar to 

stomach. Paracrine hormones, somatostatin 

and histamine (have local effect, not into 

bloodstream) 

4. Paneth cells – contain refractile secretory 

granules that contain anti-bacterial lysozymes 

that dissolve bacteria 

5. M cells (microfold cells) – have microfolds instead of microvilli. Are modified enterocytes 

that cover lymphatic nodules – convey micro-organisms and macromolecules to Peyers 

Patches 

 

· Lower half of crypts of Lieberkhun contain stem cells and 

Paneth cells 

· All cells are derived from a single stem cell population 5-6 

days renewal time for enterocytes and goblet cells 

 

Microvilli 

· Apical surface specialisation of plasma membrane 

· Each cell has several 1000 

· Visible at LM as brush border 

· Plasma membrane of microvilli plays important role in 

digestion and absorption. Has anchored digestive enzymes 

(extracellular digestion), called the glycocalyx 

· Recall: microvilli have actin microfilaments which extends 

down to terminal web, which is anchored to the adherens 

junction 

  

Black line is muscularis mucosa. Note: Brunner’s glands in submucosa of 

duodenum. Inner circular and outer longitudinal muscle separated by 

thin layer of CT. Serosa (thin layer of squamous mesothelial cells) 

encapsulates everything 

Core of villi – note 

streaky red cells 

are smooth muscle 

(one central 

nucleus) 

Lacteal – white space above 


