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(i)origin of the endomembrane system (ER, Golgi and lysosomes) and coated-
vesicle budding and fusion, including endocytosis and exocytosis; 
  
(ii) origin of the cytoskeleton, centrioles, cilia and associated molecular motors;  
 
(iii) origin of the nucleus, nuclear pore complex and trans-envelope protein and 
RNA transport; 
 
(iv) origin of linear chromosomes with plural replicons, centromeres and 
telomeres;  
 
(v) origin of novel cell-cycle controls and mitotic segregation; 
 
(vi) origin of sex (syngamy, nuclear fusion and meiosis); 
 
(vii) origin of peroxisomes; (ix) origin of mitochondria;  
 
(viii) novel patterns of rRNAprocessing using small nucleolar-ribonucleoproteins 
(snoRNPs);  (x) origin of spliceosomal introns. 

The Eukaryotic Commandments: T. Cavalier-Smith 
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Fig. 1. The bacterial origins of eukaryotes as a 
two-stage process.  
 
I phase: 
The ancestors of eukaryotes, the stem neomura, are 
shared with archaebacteria and evolved during the 
neomuran revolution, in which N-linked 
glycoproteins replaced murein peptidoglycan and 18 
other suites of characters changed radically 
through adaptation of an ancestral actinobacterium 
to thermophily, as discussed in detail by Cavalier-
Smith (2002a).  
 
 

4 



T. Cavalier-Smith 
International Journal of Systematic and Evolutionary 
Microbiology (2002), 52, 297–354 

Fig. 1. The bacterial origins of eukaryotes as a 
two-stage process.  
 
II phase: In the next phase, archaebacteria and 
eukaryotes diverged dramatically. Archaebacteria 
retained the wall and therefore their general 
bacterial cell and genetic organization, but became 
adapted to even hotter and more acidic 
environments by substituting prenyl ether lipids for 
the ancestral acyl esters and making new acid-
resistant flagellar shafts (Cavalier-Smith, 2002a).  
 
At the same time, eukaryotes converted the 
glycoprotein wall into a flexible surface coat and 
evolved rudimentary phagotrophy for the first 
time in the history of life. This triggered a massive 
reorganization of their cell and chromosomal 
structure and enabled an a-proteobacterium to be 
enslaved and converted into a protomitochondrion to 
form the first aerobic eukaryote and protozoan, 
around 850 My ago.  
 
Substantially later, a cyanobacterium (green) was 
enslaved by the common ancestor of the plant 
kingdom to form the first chloroplast (C). 
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Molecular Clocks 
‘temporal pattern of molecular change is very 
different in different categories of 
molecules, which show the classical 
phenomenon of mosaic evolution: different 
molecules alter their rates of evolution to 
greatly differing degrees in the same lineage. 
The hundreds of molecules that were 
specifcally involved in the drastic changes 
that created the ancestral neomuran (e.g. 
rRNA, protein secretion molecules, vacuolar 
ATPase) underwent temporarily vastly 
accelerated evolution (quantum evolution) 
during those innovations in the stem 
neomuran, but thousands of other genes, 
notably most metabolic enzymes, were more 
clock-like.’ 
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Cargo Recognition 
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Capturing Cargo 

Fujiwara and Kusumi : unpublished 
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Construction of a clathrin pit 
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Scission Mechanisms: 
 

Dynamin-dependent endocytosis 
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New Model for Dynamin 
scission 
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Clathrin-dependent endocytosis 

Morone & Kusumi, Membrane Organizer Project; pers. Comm. 

  What about membrane lipids/ lipid tethered proteins ? 

31 



Mayor and Pagano , Nature Reviews MCB 2007 

32 



33 

Doherty ·McMahon Ann. Rev. Biochem. 2009 



34 

 

Mayor and Pagano , Nature Reviews MCB 2007 



 
P  
  

  

 

 

 
P  
  

  

  
  

P  
E  

FR-GPI NBD-SM 

GPI-anchored proteins  
~10% of all membrane proteins 
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FR-GPI 
NBD-SM 

 
Sabharanjak et al. Dev. Cell, 2002 

GPI-anchored proteins are selectively endocytosed into distinct endosomal 
compartments called ‘GEECs’ 

Rob Parton- Univ. 
Queensland 


