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Reminders about Eukaryotes

Eukaryotes arose around the time of the oxygenation 
of the atmosphere.
– Time of radical change.  Many pre-oxygen organisms went 

extinct, found anaerobic niches, or developed aerobic 
metabolisms

Nearly all Eukaryotes contain mitochondria or 
chloroplasts. 
– Cellular organelles which segregate energy production (and the 

required proton gradient) from the rest of the cell.
– Mitochondria and chloroplasts are themselves similar in many 

ways to bacteria (e.g. they have their own DNA)



Mitochondria 

They resemble bacteria in size and shape,  contain 
DNA, make protein, and divide by binary fission.
They are the only place that respiration takes place in 
the Eukaryotic cell
Almost all Eukaryotes without mitochondria (or 
chloroplasts) are obligatory anaerobes
– These Eukaryotes (e.g. microsporidia) split from the rest of the

Eukaryotic tree very long ago.
– Exceptions (like Pelomyxa palustris) has a symbiotic aerobic 

bacterium living in its cytoplasm.



Origin of Eukaryotes

Lynn Margulis proposed the symbiotic origin of 
eukaryotes theory in 1970
– Highly controversial at the time, now widely accepted 

Key idea: 
Organelles 
(at least 
mitochondria)
had free-living 
ancestors.



Symbiosis 

Contemporary examples:
– Lichens: symbiotic association 

of algae and fungi
– Bacteria growing on a flagellate

Results in coevolution and/or lateral transfer
Mitochondria could have arisen from alpha-proteo 
bacteria
Likely that few Eukaryotes without mitochondria lost 
them, rather than being similar to primitive proto-
eukaryotes.



Horizontal transmission 
makes the picture more complex



Protists: 
Simple Eukaryotes

Animals, Plants and Fungi are all Eukaryotes
All Eukaryotes that are not the above are traditionally 
lumped together as protists.
The Protists are then further grouped into 
– Flagellates
– Amoebae
– Algae
– Parasitic Protists 

Categories do not reflect evolutionary lineage well; 
taxonomy is unresolved and changing



Protist lifestyles

Protists are mostly single cells, but even when 
multicellular have little cellular differentiation.
– Differentiation and embryonic development will be key ideas in 

metazoa!
Enormous range of lifestyles
– Parasites (e.g. Giardia & Cryptosporidium)
– Kelp and many other seaweeds (which are not plants)
– Slime molds (which we will revisit later)
– Carnivorous (e.g. Pfisteria)  



Yeast

Single-celled fungi with a large role in society
– Beer & bread (origin of writing!)
– Diseases
– Key experimental organism, esp. 

Saccharomyces cerevisiae (A,B,F)
and Schizosaccharomyces pombe (C,D,E)

More than ½ of human genes have yeast homologs!
– Most human molecular biology has a counterpart in yeast
– Much important cancer research happens in yeast...
– Differences relate to multicellularity; rest is pretty close



Eukaryotic molecular biology

Many processes we learned about in bacteria are 
present in Eukaryotes
These processes are almost all more complex in 
Eukaryotes, even single celled ones
– E.g. Eukaryotic flagellum is much more complicated than the 

prokaryotic one... 
Prokaryotic molecular biology gives us an inkling of 
what Eukaryotes are doing, but is just the tip of the 
iceberg...
We will mostly look at character, not details.



Eukaryotic Flagellum

Flagella (movement of cell) and cilia (moving 
substances across cell) are the same 
Movement can be planar or 3D and is more tightly 
controlled than in prokaryotes
Composed of a bundle of 9 pairs of microtubules 
surrounding a central pair; works more like a muscle!



Eukaryotic DNA

Sequestered in the nucleus, the signature Eukaryotic 
organelle
Sheparded by a rich mixture of proteins into complex 
chromosomal structures
– Paired in sexually reproducing organisms, forming allelles

Reproduced by (part of) mitosis
Coding regions for proteins are interrupted by introns, 
which are spliced out in transcription
Transcriptional regulation much more complex than 
operons and promoters. 



Eukaryotic Chromosomes

Recall prokaryotes have a single circular chromosome 
with a single replication origin
Eukaryotes often have more than one chromosome, 
and they are organized with proteins into chromatin

DNA wrapped
around the
histone core



DNA and Nucleosomes

Nucleosomes are those regions where DNA is wrapped 
around histone octamers.
Eukaryotic DNA exists in both extended and 
condensed forms.
– Extended form stretches the DNA, “beads on a string.” Regions 

are accessible to protein, e.g. for transcription  
– Condensed form forms crosslinks between histones, making 

DNA much less accessible

Linking between histones, and therefore DNA 
accessibility, is controlled by (de-)acetylation of 
histones and other enzymatic activity.



Chromatin and Chromosomes

Non-histone scaffolding proteins
– Give chromosomes characteristic shape
– Bring distant regions together in space

Heterochromatin regions do not appear 
in extended conformation
– Centromeres (at middle of X)
– Repetitive Teleomeres (at ends of X)
– These are necessary (along with a replication 

origin site) for the replication of the 
chromosome. Other functions, too.

Euchromatin is the rest of DNA



Eukaryotic Proteins

Proteins themselves are not fundamentally different 
than prokaryotic proteins in any way. 
– Same set of amino acids, same codons (mostly)
– Translation is most conserved major system in life, although 

there are some differences... E.g. ribosomes are far from the 
DNA.

– Eukaryotes do have rather different methods of degrading 
proteins, including a specialized organelle, the lysosome

Of course, Eukaryotes make a wide variety of 
particular proteins not found in bacteria (and vice 
versa).



Eukaryotic ribosomes

Ribosomes are in cytoplasm
– Active transport of mRNA from nucleus
– Much processing of mRNA along the way

Translation initiation differences
– Large and small ribosomal subunits must be 

kept apart until after mRNA bining
– mRNA must be preprocessed (more later) and 

bound with initiation complex proteins
– Several steps can be regulated (mostly by 

phosphorylation), allowing fine control of 
translation activity.



Eukaryotic Cell Division

Eukaryotic cell division (except for sexual 
reproduction) happens by mitosis, and is part of a 
larger cell cycle. 
The more complex structure of the Eukaryotic cell (and 
its DNA) has to be reproduced in each daughter cell.



Cell Cycle

Cell cycle is divided into four phases
– M phase,  Mitosis and cell division
– G1 phase, the first gap
– S phase,  DNA & chromosome Synthesis 
– G2 phase, the second gap 

Transitions are controlled by CDK and cyclin
Gap phases are very important; they contain 
checkpoints which can arrest the cell cycle 
– E.g. a G2 checkpoint holds up division until damaged DNA can 

be repaired.  Prevents division of irreparable cells, and failure of 
this system plays a role in cancer. 



DNA replication

Many of the same players
– Helicases, SSB proteins, polymerases, Okazaki fragments, DNA 

repair enzymes

With some important differences
– Multiple origins of replication (and therefore replication forks) 

per chromosome.  A region of DNA served by a particular 
replication fork is called a replicon.

– Much slower rate of replication (100bp/second, 8 hours for 
whole human genome, even with 10,000+ replicons)

And some less important ones...
– e.g. 5 polymerases instead of 3



Mitosis

Mitosis is the mechanism for distributing 
chromosomes and organelles to daughters
Continuous, but conceived as 4 stages
– Prophase: chromosomes condense, and the nuclear membrane 

is broken down, releasing them to cytoplasm
– Metaphase: chromosomes align along the cell center
– Anaphase: chromosomes pulled to ends of cell
– Telophase: nuclear membranes

reform, and cytokinesis divides
the cell into daughters



Cytokinesis

Mitotic apparatus is set of microtubules built and then 
dissembled at each division
Apparatus is divided into two (complex) parts:
– Mitotic spindle: symmetric set of

microtubules divided by chromosomes
– Pair of asters: collections of 

microtubules at the ends (“poles”)
of the spindles



Control of cell cycle


