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Rhodopsin (retinal)
Phytochrome (bilin)

Phototropin (flavin)
Cryptochrome (flavin)
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Electrical Spiking in Escherichia coli
Probed with a Fluorescent
Voltage-Indicating Protein

Joel M. Kralj,* Daniel R. Hochbaum,® Adam D. Douglass,* Adam E. Cohen®**

Bacteria have many voltage- and ligand-gated ion channels, and populafion-level measurements
indicate that membrane potential is important for bacterial survival. However, it has not been possible
to probe voltage dynamics in an intact bacterium. Here we developed a method to reveal electrical
spiking in Escherichia coli. To probe bacterial membrane potential, we engineered a voltage-sensitive
fluorescent protein based on green-absorbing proteorhodopsin. Expression of the proteorhodopsin
opfical proton sensor (PROPS) in E. coli revealed electrical spiking at up to 1 heriz. Spiking was
sensitive to chemical and physical perturbations and coincided with rapid efflux of a small-molecule

and the presence of a cell wall. Linle is known
about the electrophysiology of bacterna at the
level of single cells (1.

We devdoped a genetically encoded optical in-
dicator of membrane potential, V., n bacteria. The
starting prolein was greerrabsorbing proteorho-
dopsin (GPR), a hight-driven proton pump found in
bacteria in the ocean (2—4). In the wild, light-drven
ransport of a poton through GPR. changes the
color of the protein. We sought to nn GPE. back-
ward: to use ¥, o reposition a proton, and there-
by to induce a color shift { 5).

The dominant color-determining moiety in
GPR 15 the Schifll base (SB), which links the

"Department of Chemistry and Chemical Biology, Harard Uni-
versity, Cambridge, MA 02138, USA zJ!u.|:||:nh'{n:l Physics Program,
School of Engineering and Applied Soences, Hanard Unt
wversity, Cambridge, MA 02138, USA Department of Molecu-
lar and Cellular Biology, Harvard University, Cambridge, MA
02138, USA. “Department of Physics, Harard Uniersity, Cam-

fluorophore, suggesting that bacterial efflux machinery may be electrically regulated.
transport, and fagellar motion. Yet this voltage

acterial membrane potential provides a
major component of the driving force  is inaccessible o techniques of conventional dlec- 15 whom comespondence should be addressed. E-mail:
lor exadative phosphorylation, metn brane m}ih}"ﬂ{}k]{:}' owing to the *:mull size of btl..-['l...l'lﬂ cohen@chemistry. harvard.edu

Can we run microbial rhodopsins in reverse?

www.sciencemag.org  SCIENCE VOL 337 15 JULY 2

bridge, MA 02138, USA.

A light-driven proton pump >> A fluorescent voltage sensor
Converting Light to Voltage Converting Voltage to Light (Fluorescence)
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Latching orthogonal cage-key proteins

ARTICLE LOCKR

De novo design of bioactive protein
switches

Robert A. Langan'*, Scott E. Boyken'-" hn-irc-.l. H. Ng*5&1 Jennifer A . Samson®, Galen Dods*, Alexandra M. Westbrook?®,
Taylor H. Npwyen®, Marc ], Lajoia’- .-’Lt-c:{:t-m tham-: HE'II;LI!'I , Wikram hhlpplt‘lr!u]lu,an‘ John E. Dueber®,
Walter B. PP Nowak®, Hana E1 ﬁamau”a]:uzmlm L

Allosteric regulation of protein function is widespread in biology , but is challenging for de nowvo protein design as it
requires the explicit design of multiple states with comparable free energies. Here we ex plore the possibility of designing
switchable protein systems de nowo, through the moedulation of competing inter- and intramaolecular interactions. We
design a static, five- helix “cape’ with a single interface that can interact either intramolecularty with a terminal *latch”
helix or intermalecularty with a peptide "key'. Encoded on the laich are functional motifs for binding, degradation or
nuclear export that function only when the key displaces the latch from the cage. We describe orthogonal cage- ey
systems that function in vitro, in yeast and in mammalian cells with up to 40- fold activation of function by key. The
ability to design switchable protein functions that are controlled by induced conformational v:h.'mgeis a milestone for
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A Wild Card

HERF

Parasitology
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F4E vs. H4E

A parasitism
HFIHE mutualism
F#lH#E 4 commensalism
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The Wild Life of Our Bodies

Rob Dunn
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