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A Cautionary Tale:

The Perils of 
Evolutionary Cell 

Biology

Prologue



Figure 1-19 Essential Cell Biology (© Garland Science 2010)

Mitochondria are derived from a bacterial e



Mitochondria import and sort protein



Figure 15-11 Essential Cell Biology (© Garland Science 2010)
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Evolutionary arguments 
are very seductive, 
but can be misleading. 

A lot has happened in 
the past two billion 
years.

Take-Home Message





“No cellular organelle has been the 
subject of as many, as long-lasting, 
or as diverse polemics as the Golgi
apparatus.”

Whaley, 1975



The trouble begins...



Farquhar and Palade, 1981

The Golgi in Chlamydomonas



The mammalian Golgi is a ribbon



Golgi stacks are polarized



(1) It serves as a “carbohydrate factory”.

(2) At the trans-Golgi network (TGN), 
cargo molecules are sorted into 
different types of carriers for delivery to 
their final destinations.

The Golgi has two main functions
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(1) It serves as a “carbohydrate factory”.

(2) At the trans-Golgi network (TGN), 
cargo molecules are sorted into 
different types of carriers for delivery to 
their final destinations.

The Golgi has two main functions



Cargo sorting occurs at the TGN



Some features of the secretory
pathway are highly conserved



Other features are specific to 
certain cell types



How does secretory
cargo traverse the 
Golgi?



The Stable Compartments Model

COPI vesicles



stable compartments model encountered probl

The most serious problem is that big secretory cargoes 
transit through the Golgi, and many of these cargoes 
are larger than a COPI vesicle.

COPI vesicles



Big things move through the Golgi



The Cisternal Progression Model



ollagen is transported by cisternal progres



ternal progression implies cisternal maturat



*** The Cisternal Maturation Model ***



dding yeasts are a good experimental system 
studying the secretory pathway



Saccharomyces cerevisiae has a 
nonstacked Golgi



Early 
(cis)

Late 
(trans)QuickTime™ and a

MPEG-4 Video decompressor
are needed to see this picture.

QuickTime™ and a
MPEG-4 Video decompressor

are needed to see this picture.

Cisternal Maturation   vs.  Stable Compartments



Golgi Dynamics in Saccharomyces

Green: GFP-Vrg4 Red:  Sec7-DsRed-Monomer



Green: GFP-Vrg4 Red:  Sec7-DsRed-Monomer

Golgi Dynamics in Saccharomyces (Edit



n Saccharomyces, early Golgi cisternae matur
into late Golgi cisternae

Green: GFP-Vrg4 Red:  Sec7-DsRed-Monomer



Is the tER the birthplace of 
the Golgi? 



Staehelin Lab, Boulder, CO

Pichia has beautiful tER and Golgi
organization

A tER-Golgi
unit in Pichia



Staehelin Lab
Boulder, CO

tER-Golgi Units in Pichia



Staehelin Lab
Boulder, CO

tER-Golgi Units in Pichia
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tER-Golgi Units in Pichia
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tER-Golgi Units in Pichia
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tER-Golgi Units in Pichia



COPII Vesicle Formation



COPII Vesicle Formation



tER Organization in the Two Yeasts



tER and Golgi in Pichia

Green = tER (Sec13p)
Red = Golgi (Sec7p)



Pichia tER sites form de novo and fuse

QuickTime™ and a
H.264 decompressor

are needed to see this picture.



Self-Organization Model for tER Site 
Formation



Model for tER Site Dynamics



Wild-Type

Mutant

Mean number of 
spots per cell ± SEM

Pichia tER Organization Mutant

3.5 ± 0.2

10.9 ± 0.5



The mutation that alters tER sites is 
in SEC16

Sec16 is a large peripheral ER membrane protein that
interacts with COPII components. The mutation that 
yields many small tER sites is a P1092L substitution.

* ts mutations



Sec16 colocalizes with COPII coat proteins



Sec16 is much less abundant at tER
sites 

than a COPII coat protein



Data Summary

Sec16 is a regulator of COPII vesicle 
budding. It has both positive and 
negative regulatory effects.

The P1092L mutation selectively blocks 
the inhibitory effect. As a result, the 
mutant Sec16 is hyperactive.



How can we explain why the P1092L 
mutant cells have more tER sites?



Self-Organization Model for tER Site Formation

WTMutant



Prediction

tER sites in sec16-P1092L cells should 
shrink faster than in wild-type cells.



tER sites in sec16-P1092L cells show
greatly accelerated dynamics

QuickTime™ and a
H.264 decompressor

are needed to see this picture.



tER sites shrink faster in sec16-P1092L
cells

Mutant



Could Saccharomyces be 
made to resemble Pichia
simply by slowing ER export?



Blocking ER export in a 
Saccharomyces sec12ts mutant 

enlarges tER sites

25 °C                                    37 °C



Glucose deprivation causes a similar 
enlargment

of tER sites in Saccharomyces



Glucose deprivation reveals a tER-
cis-Golgi association in Saccharomyces

COPII
(Sec13-CFP)

COPI
(Sec21-YFP)

Merged

The trans-Golgi is still separate.



Staehelin Lab, Boulder, CO

Saccharomyces is not so different
from Pichia after all!

A tER-Golgi
unit in Pichia



Interpretation

A tER-Golgi association may be 
universal.

Golgi cisternal stacking seems to 
be “optional”.



Golgi stacking has been lost 
multiple times



The nonstacked Golgi in Saccharomyces
is probably a viable system for studying 
general principles of Golgi dynamics.



“That’s how it works in yeast… but 
mammalian cells may well be 
different.”

:-o The yeast experiments were inspired by 
data from algae and mammalian cells. 
Indeed, our analysis only made sense in 
light of those earlier studies.

:-o Basic cell biological mechanisms tend to be 
conserved. Golgi operation presumably falls 
into this category.



TGN cisternae “peel off” from the stack



We’ve heard this argument before…



asic Golgi mechanisms are probably conserve



CONCLUSIONS

• The tER and Golgi are intimately 
associated. This relationship is 
evolutionarily conserved.

• Self-organization models can explain 
the formation and dynamics of tER and 
Golgi structures.



structure-function link is still a mys



Why is the Golgi divided into cisternae?

structure-function link is still a mys



Why do some cells have so many cisternae?

structure-function link is still a mys



How is cisternal number regulated?

structure-function link is still a mys



What “glues” the cisternae together?

structure-function link is still a mys



How do TGN cisternae become unglued?

structure-function link is still a mys



What defines Golgi compartmentation?

structure-function link is still a mys
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