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An optical reporter quantitatively measures the ATP demands of presynaptic neurons.
By Anna Azvolinsky | May 1, 2014
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uman brain cells use about onefifth of the body’s energy. Scientists assume that neurons are energy
hogs, but know little about how they manage those energy demands, says Timothy Ryan, a
biochemist and neuroscientist at Weill Cornell Medical College. The energy needs of presynaptic nerve
terminals must be addressed locally, as the synapse can be as far away as one meter from the cell body.
Together with colleagues, Ryan has engineered an optical reporter system called SynATP that, when
expressed in neurons, can directly measure the number of ATP molecules specifically located at presynaptic
nerve terminals.
“Visualizing cellular biochemical processes is one of the most difficult and exciting areas of neurobiology,
and this technique is a successful example of this approach,” says neurobiologist Pietro De Camilli of Yale
University. “It’s a powerful new tool.”
Using the reporter in cultured rat hippocampal cells, the researchers found that measured levels of ATP in
axon terminals are high when the cell is active, but quickly plummet to zero if ATP synthesis is shut down,
indicating a small ATP reserve for the large energy needs of active synapses. “We found that some
biological processes at nerve terminals, like synaptic vesicle cycling, are particularly demanding. To meet
the needs of such processes, ATP must be made on demand,” says Ryan. His team went on to show that
vesicle cycling is a significant driver of the activitystimulated synthesis of ATP. In retrospect, this is not
hugely surprising, says Ryan, as this is probably how muscles maintain their ATP levels, yet no one had
made the leap that the same rules would apply to neurons.
Ryan is now using this quantitative system to study synaptic dysfunction that may be occurring in
neurodegenerative diseases, such as Parkinson’s and Alzheimer’s. “We are now trying to see the roots of
communication of the action potential driving [the] synthesis of ATP and whether this communication is
decaying in diseases and in aging.” (Cell, 156:82535, 2014)
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CALIBRATION: The ATP reporter consists of an mCherry fluorescent protein (red) and a luciferase enzyme
(green), fused to the Cterminus of synaptophysin, a synapticvesicle protein that localizes the reporter to the
presynaptic terminals of neurons.
To calibrate the reporter and determine the amount of signal that corresponds to a particular concentration of
ATP, a neuron’s plasma membrane is permeabilized with the bacterial exotoxin streptolysinO, resulting in
holes large enough for ATP to escape (left). ATP depletion leaves the luciferase inactive but maintains the red
fluorescence from mCherry. The addition of a defined amount of exogenous ATP turns on luciferase (right).
This allows researchers to determine the ratio of luciferase luminescence to mCherry fluorescence, which
correlates to the amount of ATP present in the cell.
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GFP fused to a
bacterial protein with
a higher affinity for
ATP compared to
ADP results in
fluorescent change.

Any cultured
cells

Indirect measurement of
ATP; saturation at
expected physiological
ATP levels; sensitive to
other nucleotides such as
ADP

Strong fluorescence
signal allows sub
second exposure
microscopy

SynATP

Light from luciferase
activity at synaptic
vesicles provides a
quantitative
measurement of
changing ATP levels.

Disassociated
neurons in
culture, but
can be
adapted to
others

Longer time (tens of
seconds) necessary to
measure
bioluminescence from
luciferase enzymes,
compared to using
fluorescence probes

Direct measurement
of ATP; variations in
the amount of ATP
can be detected
accurately at
physiologic pH levels
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