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Location, location, location… 

The Inner Life of a Cell: Harvard Medical schoo 
 
www.youtube.com/watch?v=Mszlckmc4Hw 
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From Prokaryotes to more complex 
Eukaryotes 

Bacteria: 
prokaryote 

All prokaryotes are single celled organisms 

From Prokaryotes to more complex 
Eukaryotes 

•  Eukaryotic cells  
-   protists, 

fungi, plants 
and animals 

•  Highly 
organized 
structure 

•  Contain several 
distinct 
compartments 
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Number of genes in genomes 

•  Yeast	

 6,000 genes	


•   C.  elegans-roundworm  	

19, 500 genes	


•  Human	

~ 21,000 genes	


	
 	
	


 
•  All proteins are 

synthesized in the 
cytosol 

•  Newly synthesized 
proteins have to be 
delivered to their 
correct location 

General principles of protein trafficking 
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Membrane trafficking pathways 

Olkkonen & Ikonen  (2000) New Eng J Med 343:1095 

Protein Trafficking: relevance 
  

MEMBRANE 
TRANSPORT 

Export of proteins	


Immune responses	
Development of multicellular	

tissues/organs	


Uptake of nutrients	


Exploitation by 	

infectious agents	


Defects result 	

in diseases	
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Traffic Jams 

Many diseases (>70) are due to defects in protein 
trafficking	


Cystic fibrosis	

àChloride channel protein has mutation which 
results in incorrect trafficking 

Mutations that result in failure exit the endoplasmic 
reticulum- cystic fibrosis 

Normal CFTR(Phe508) 	

mutation 	


CFTR(Phe508) 	

Mutation- 	


Rescue to PM 	


Disease                  Trafficking defect                                              Phenotype  
Cystic fibrosis          CFTR*(Phe508) does not reach surface            Lung disease 
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Transport of molecules between 
the cytosol and nucleus 

Address or 
Postal code 

Road map for outward bound traffic	


Cytosol 
•  ER is entry point for 

proteins destined for 
many intracellular 
compartments  	


•  Including the cell surface 
and secretion	


 	


Endoplasmic reticulum 

Golgi apparatus  

Cell exterior 
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A single vesicular transport  step 
 

	


 Rothman and Orci FASEB J 4: 1460;1990 
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Coats: machinery of formation of 
transport vesicles 
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Vesicle budding at the ER 

Coated vesicles	


Dissection of protein trafficking pathways 
“Molecular Cell Biology” 

•  Manipulation of cells in culture 

 

•  Molecular biology techniques 

•  Isolation of genetic mutants 

•  Imaging 

•  Bioinformatics 

Transfec)on	  of	  recombinant	  DNA	  into	  cells	  
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ER	  
Nucleus	  

ERGIC	  

Golgi	  
Apparatus	  

TGN	  

Recycling	  
endosome	  

Early	  
endosome	  

Secretory pathway 

Localization of molecules along the secretory 
pathway 

Antibody conjugated to a  
fluorescent dye 

.

Nucleus 

Localization of a 
molecule to the Golgi 



12	


Limitations of  localization of components 
in dead cells    

•  Cells are dead! 

•  Localisation shows one snapshot in time  
–  ie. steady state distribution  

•  Don’t know where the protein has been and if 
it moves around in its lifetime! 

Need to observe trafficking 
events in a living cell!!!!!	


Enter a jelly fish to 
change the face of 

research in cell biology!	
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Fluorescent proteins	

Green	  Fluorescent	  Protein	  Jellyfish	  

Dr.	  Roger	  Tsien	  

GFP���
 What organisms has it been used in?	
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GFP 
 What can it be used for? 

•  To monitor protein movement within living cells 
–  for example the transport of a cell surface or exported 

protein 

•  Attach GFP to a cargo protein 
 
 
 
•  Video imaging of live cells 

•  Visualise molecular dynamics of live cells 

GFP	
 exported protein	


 
•  Cells are grouped together as tissues 

•  Protein sorting and membrane trafficking is 
essential for cells to function within tissues 
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Epithelia 

•  Epithelia are sheets of epithelial cells  - A monolayer of cells"

	


Apical and basolateral membranes have 
different functions 

Apical plasma membrane	

Specialised cell features	

• Nutrient absorption/resorption	


Basolateral plasma membrane	

 Constitutive functions	


• Growth factor receptors	
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Sorting plasma membrane proteins in 
an epithelial cell 

Apical plasma membrane	

 	


Proliferation and repair of monolayers is 
regulated by polarisation of epithelial cells 

Tissue, heal 
thyself! 
 
Mechanism for 
sensing and 
rapidly 
repairing 
damage to an 
epithelial layer 
	


Secreted growth "
factor"

Growth factor"
receptor"
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Developmental Biology- Model organisms 

Drosophila melanogaster 
“Fruitfly”  

Caenorhabditis elegans 
“Nematode- worm” Mus musculus 

“Mouse”  

Wnt signalling in development 

Wnt	  proteins	  

§  Secreted	  glycoproteins	  
§  Regulate	  signalling	  pathways	  
§  Crucial	  during	  embryonic	  

development	  
§  Cell	  prolifera:on	  	  and	  cell	  fate	  

determina:on	  	  	  	  	  	  

Wnt-secreting cell 

Wnts 

Wnt-target cells 
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ER	  
Nucleus	  

ERGIC	  

Golgi	  
Apparatus	  

TGN	  

Secretory	  
granules	  

Recycling	  
endosome	  

Early	  
endosome	  

Late	  
endosome	  

Lysosome	  

Membrane trafficking pathways 

Wnt proteins 
They need help to be 
secreted! 
A chaperone guides 
them to the cell 
surface for export! 
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Amyloid plaques 

Amyloid plaques and Alzheimer’s disease 

Amyloid precursor protein 
 (APP) 
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Generation of the toxic amyloid product 

Strategy to inhibit the amyloid product 
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