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F Cellular/Molecular

New Optical Voltage Sensor Detects
Single Action Potentials

Jonathan Bradley, Ray Luo, Thomas S.
Otis, and David A. DiGregorio

(see pages 9197–9209)

Developing a noninvasive method for vi-
sualizing voltage changes could revolu-
tionize studies of neuronal network activ-
ity. Unfortunately, current methods are
limited by high toxicity, low sensitivity,
slow kinetics, and/or limited compatibil-
ity with aqueous media. Now Bradley et
al. have developed a new optical voltage
sensor based on FRET (Förster resonance
energy transfer). The method combines
the nontoxic fluorescent dye DiO and the
anion dipicrylamine (DPA). DiO sits in
the outer leaflet of the plasma membrane,
while DPA shuttles between inner and
outer leaflets depending on the mem-
brane voltage. When the molecules are in
the same leaflet, energy absorbed by DiO
is transferred to DPA instead of being
emitted as fluorescence (resulting in de-
creased signal), but when the molecules
are in different leaflets, energy transfer
cannot occur. The time constant and sen-
sitivity of this pair allowed faithful tempo-
ral representation of action potentials, de-
tection of individual spikes and bursts,
and, with trace averaging, detection of
subthreshold depolarization.

Œ Development/Plasticity/Repair

Retinal Expression of Halorhodopsin
Creates OFF Responses

Yi Zhang, Elena Ivanova, Anding Bi,
and Zhuo-Hua Pan

(see pages 9186 –9196)

Channelrhodopsin-2 is a light-sensitive cat-
ion channel that, when expressed in neu-
rons, causes depolarization in response to
light. Halorhodopsin is a light-sensitive
chloride pump that causes hyperpolariza-
tion in response to light. Virally mediated
expression of channelrhodopsin in inner

retinal cells was previously shown to restore
ON responses in mice lacking functional
photoreceptors. Zhang et al. now extend
these studies by expressing halorhodopsin
in inner retinal cells, thus creating OFF
responses. Light evoked an intensity-
dependent outward current in infected cells.
When light was turned off, cells showed ei-
ther transient or sustained rebound spiking,
the frequency of which depended on how
long light was on. Coexpression of channel-
rhodopsin and halorhodopsin created ON-
OFF responses, which might improve con-
trast sensitivity if used to restore vision after
photoreceptor degeneration. Unfortu-
nately, the light sensitivity endowed by bac-
terial rhodopsins is far less than that of pho-
toreceptors, so clinical use of this technique
would require an external image processing
device.

f Behavioral/Systems/Cognitive

Long-Lasting Working Memory
Requires Posterior Parietal Cortex

David A. McVea, Andrew J. Taylor, and
Keir G. Pearson

(see pages 9396 –9404)

While walking, humans and other ani-
mals remember the location of visually
identified obstacles after the objects are
out of sight. This working memory is es-
pecially important for quadrupeds, be-
cause their hind legs must avoid objects
that cannot be seen once the forelegs have
passed over them. Studying this form of
working memory in cats, McVea et al. pre-
viously found that the act of stepping over

an obstacle with fore legs extended the du-
ration of working memory—which nor-
mally lasts seconds—so animals remem-
bered to lift their hind legs after straddling
an object for several minutes. The authors
now report that this extended working
memory requires area 5 of posterior parietal
cortex. Lesions in this area did not notice-
ably alter locomotion or ability to step over
obstacles, but when lesioned animals
paused while straddling an obstacle, when
they resumed walking they did not lift their
hind legs sufficiently to clear the obstacle.

� Neurobiology of Disease

Polyglutamine Expansion Leads to
Increased Calcium Response

Jing Liu, Tie-Shan Tang, Huiping Tu,
Omar Nelson, Emily Herndon, et al.

(see pages 9148 –9162)

Several neurodegenerative diseases, in-
cluding Huntington’s disease (HD) and
spinocerebellar ataxias (SCAs), are caused
by extra repeats of the trinucleotide CAG
in different genes, resulting in expanded
polyglutamine sequences in the encoded
proteins. Polyglutamine expansion causes
degeneration of different neuronal popu-
lations in different diseases, but the mo-
lecular events leading to degeneration are
unclear. The proteins mutated in HD and
SCA3 increase activity of inositol 1,4,5-
trisphosphate receptor type 1 (InsP3R1),
causing increased calcium release from
intracellular stores. Liu et al. now show
that the same mechanism underlies Pur-
kinje cell degeneration in SCA2. Polyglu-
tamine expansion in ataxin-2, which
causes SCA2, increased activity of
InsP3R1 . A metabotropic glutamate re-
ceptor agonist elicited larger calcium ele-
vations in Purkinje cells from mice ex-
pressing mutant ataxin-2 than in wild-
type neurons, and mutant neurons were
more susceptible to glutamate-induced
apoptosis. The ryanodine receptor antag-
onist dantrolene reduced these effects.
Most promisingly, feeding dantrolene to
ataxin-2-mutant mice prevented Purkinje
cell loss and development of motor im-
pairment.

Long-lasting working memory that requires area 5 of poste-
rior parietal cerebral cortex ensures that cats clear obstacles
with their hind legs long after the object is obscured from
view. See the article by McVea et al. for details.
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