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Developmental biology of a simple 
organism

Richard Losick
Harvard University

Part I: how Bacillus subtilis
makes a spore. 

Part II: new research on 
multicellularity. 

Part III: stochasticity and cell 
fate. 
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How B. subtilis Makes a Spore
1. Spore formation is a tale of two 

cells.

2. Cell-specific transcription  factors 
drive gene expression.

3. The two cells talk to each  other!

asymmetric 
division

engulfment

mother cell forespore

asymmetric 
division

engulfment
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Septation is governed by the tubulin-like 
protein FtsZ, which forms a Z-ring.

Vegetative growth

Vegetative growth Sporulation
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origin

axial 
filament

The first step in chromosome segregation is 
anchoring replication origins to the poles. 

sporulation

axial filament

growth

origin

Origins anchored at the cell poles.

DivIVA

RacA anchors origins to the 
DivIVA protein at the poles

RacA
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Next, a polar septum is formed, leaving only 
part of a chromosome in the forespore.

Finally, the remainder of the chromosome is pumped 
into the forespore by a DNA translocase.

DNA

septum

DNA translocase
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How B. subtilis Makes a Spore
1. Spore formation is a tale of two 

cells.

2. Cell-specific transcription  factors 
drive gene expression.

3. The two cells talk to each  other!

σF

Spo0A 

σE

σG

σK

Sporulation transcription factors 
are cell-specific.
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σF

How is σF activated?

AB σF

σFAB σF

AB is an “antisigma factor” that holds 
σF inactive.

AA AA-AB+ σF

AB σF

AA is an “anti- anti-sigma factor” that 
frees σF from AB.
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AA AA-AB+ σF

AB σF

E is a phosphatase that 
dephosphorylates AA-P

AA-P E

E phosphatase localizes to the septum and 
activates σF in the forespore.

membrane stainE-GFP

Visualizing cell-specific activation of σF with a target 
gene fused to the gene for GFP.
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How B. subtilis Makes a Spore
1. Spore formation is a tale of two 

cells.

2. Cell-specific transcription  factors 
drive gene expression.

3. The two cells talk to each  other!

σF

A two-way conversation

σFσE

A two-way conversation



iBioSeminars: Richard Losick, April 
2008

Developmental Biology of a Simple 
Organism, Part 1

The American Society for Cell Biology 10

σE σF

A two-way conversation

σE

σE σF

A two-way conversation

σE σG

σE σF

σG

A two-way conversation

σE σG
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σE σF

σK σG

A two-way conversation

σE σG

σG
pro-σK

σK

Listening in on the final conversation!

σG pro-σK

σK

pro-σK

σK

Listening in on the final conversation!
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σG pro-σK

σK

pro-σK

σK

Processing is blocked in a σG mutant.

spoIVB

Inhibitory proteins hold protease inactive.

spoIVB

A signaling protein relieves inhibition.
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Bacterial protease has homology to  
mammalian protease that activates 
transcription factor for cholesterol 
metabolism!

How do the myriad proteins produced by σF, σE, σG , and σK

drive morphogenesis and culminate in the mature spore?


