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Humans perceive information
through vision

No real image - 
use schematics

Molecular structure of 
FoF1-ATP synthase



VMD - a program for looking
at biomolecules



Double stranded DNA Single stranded DNA

backbone

nucleotide bases

5’-AAGCTGGTTCAG-3’

Learn by looking: DNA





Learn by looking F-ATP synthase

Rotary catalysis: Two protein motors
coupled via common central stalk γδ

Transmembrane Fo unit (ab2c10):
converts proton motive force into
mechanical rotation of central stalk

Solvent exposed F1 unit (α3β3γδε):
central stalk rotation causes
conformational changes in
catalytic sites, driving ATP
synthesis



ATPase Structure Data

X-ray structure, 3.9A
Stock et al., Science (1999)

(Wolfgang Junge)



Learn by looking: F-ATP synthase

Can work in reverse!

(Barry Izralewitz)



Structure of the Fo ring

To minimize steric hindrance (critical on
nanosecond time scale), helix was forced
to rotate in a reptation tube (local pivot
points and directors).





Highlights



Highlights




