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An NMR structure from micrograms of protein
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Watching a transcription factor in action
Students of genetics learn about the lac

1950s. Now, Johan Elf, Gene-Wei Li, and X.

measured the kinetics as the lac repressor

operon in E. coli as a case study in gene

Sunney Xie at Harvard University show that

bound to and dissociated from the operator

regulation. The two genes that are regulat-

they can watch these dynamics in a live

in the presence and absence of a synthetic

ed (concurrently) encode permease and b-

bacterium at the single-molecule level.

inducer. (The inducer binds the repressor

galactosidase, both of which are involved

The researchers expressed the lac re-

in lactose metabolism. When a transcrip-

pressor as a C-terminal fusion with a yel-

tion factor called the lac repressor binds to

low fluorescent protein. (The DNA-binding

the operator—a stretch of DNA that pre-

domain is at the N terminus.) To simplify the

repressor as it traveled along the DNA. They

cedes those genes—less enzyme is ex-

image analysis, the researchers expressed

calculated that the protein spends ~90% of

pressed. The dynamics of this system were

fewer copies of the protein per cell than

its time searching for the operator and dif-

worked out with biochemical methods by

normal. With a fluorescence microscope

fuses along the DNA with a residence time

François Jacob and Jacques Monod in the

and a CCD camera, the Harvard team

of <5 ms. (Science 2007, 316, 1191–1194)
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and allows normal or greater-than-normal
expression of the enzymes.)
In addition, the researchers followed the

