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 in the current issue of the Journal of Neurochemistry, in which the authors describe synaptoPAC, a new optogenetic tool. SynaptoPAC is targeted to presynaptic compartments and can be used for light-induced increase in the levels of cAMP. Presynaptic plasticity, defined as activitydependent modulation of neurotransmitter release, occurs over a variety of time scales. At a subset of synapses in the brain, long-term forms of presynaptic facilitation depend on an increase of the levels of cAMP. Light-induced modulation of cAMP at synapses expressing cAMP dependent facilitation, has the great potential to mimic presynaptic plasticity at genetically-targeted synapses. Therefore synaptoPAC constitutes a powerful tool to study the role of presynaptic potentiation in the activity of selected neuronal circuits in relation to behaving animals with a high temporal and spatial precision.

[Main text, no separate header]

It is widely accepted that storage and recall of information depend on multiple forms of activity-dependent synaptic and intrinsic plasticity processes with distinct temporal dynamics. Synaptic plasticity can dynamically participate in the assembly of subsets of synaptically connected, coactive neurons within engrams [START_REF] Takeuchi | The synaptic plasticity and memory hypothesis: encoding, storage and persistence[END_REF]. More generally, multiple forms of synaptic plasticity occur at different time scales and at different types of synapses to shape the activity of neuronal circuits in relation to brain states and behaviours. The vast majority of studies linking synaptic plasticity to memory formation and recall have focused on postsynaptic mechanisms [START_REF] Humeau | The next generation of approaches to investigate the link between synaptic plasticity and learning[END_REF]. Nevertheless, numerous types of activity-dependent forms of synaptic plasticity are expressed at a presynaptic level and involve the regulation of neurotransmitter release, and it is important to gain a better understanding of the role of presynaptic plasticity in cognitive processes [START_REF] Monday | Long-Term Plasticity of Neurotransmitter Release: Emerging Mechanisms and Contributions to Brain Function and Disease[END_REF]. The article by [START_REF] Oldani | SynaptoPAC, an Optogenetic Tool for Induction of Presynaptic Plasticity[END_REF] describes a novel optogenetic tool which will certainly help in specifying how presynaptic potentiation at genetically identified synapses impact neural circuits and related behavioural processes.

The use of light-sensitive proteins, such as channelrhodopsin, to control neuronal activity has revolutionized the field of neuroscience in recent years [START_REF] Tye | Optogenetic investigation of neural circuits underlying brain disease in animal models[END_REF]. Modern optogenetic tools offer the possibility to precisely evoke patterns of spiking activity or to activate and deactivate intracellular signaling molecules via light delivery. Importantly, optogenetic actuators can be selectively targeted to a given neuronal population through elaborate intersectional transgenic strategies in animals. There is an increasing interest in engineering optogenetic tools specifically targeting synapses with the aim to directly control synaptic plasticity [START_REF] Rost | Optogenetic Tools for Subcellular Applications in Neuroscience[END_REF][START_REF] Humeau | The next generation of approaches to investigate the link between synaptic plasticity and learning[END_REF]. Among these, a promising optogenetic tool targeted to presynaptic compartments has been developed to induce the cleavage of the SNARE protein VAMP2 by a photoactivatable botulinum neurotoxin, thereby durably inhibiting neurotransmitter release [START_REF] Liu | A Photoactivatable Botulinum Neurotoxin for Inducible Control of Neurotransmission[END_REF]. Chemogenetic methods also have the potential to achieve rapid, reversible, and localized control over synaptic vesicle release [START_REF] Stachniak | Chemogenetic Synaptic Silencing of Neural Circuits Localizes a Hypothalamus→Midbrain Pathway for Feeding Behavior[END_REF].

The optogenetic tool developed in the present manuscript is remarkable in that it allows the direct induction of presynaptic potentiation with light delivery, in contrast with actuators which are used to inhibit synaptic transmission. Like other optogenetic tools, synaptoPAC can selectively potentiate synapses which are genetically targeted to encode the actuator. The design of SynaptoPAC shrewdly takes advantage of the fact that elevation of presynaptic cyclic adenosine monophosphate (cAMP) induces presynaptic facilitation at a variety of synapses.

Here the authors have engineered a presynaptically targeted version of the photoactivated adenylyl cyclase bPAC derived from the bacterium Beggiatoa which causes efficient lightactivated increase in cAMP levels in neurons [START_REF] Stierl | Light modulation of cellular cAMP by a small bacterial photoactivated adenylyl cyclase, bPAC, of the soil bacterium Beggiatoa[END_REF]. Light-activation of synaptoPAC elicits presynaptic potentiation in synapses which are known to have cAMP-dependent modulation of transmission and not in cAMP-insensitive synapses. Light activation of synaptoPAC triggers presynaptic potentiation within seconds, and this potentiation can last up to several tens of minutes.

Oldani et al show that synaptoPAC activation is efficent in increasing synaptic transmission at synapses made by mossy fibers originating from the dentate gyrus onto CA3 pyramidal cells (Mf-CA3 synapses). Mf-CA3 PC synapses display a wide diversity of presynaptic plasticity features and serve as an excellent model for structure-function analyses of presynaptic plasticity [START_REF] Rebola | Operation and plasticity of hippocampal CA3 circuits: implications for memory encoding[END_REF]. By virtue of presynaptic short-term plasticity (on a second to minute timescale), spike transmission at Mf-CA3 synapses is dynamically set by the firing frequency of the granule cells. The high dynamic range of presynaptic plasticity causes Mf-CA3 synapses to act as "conditional detonators" to discharge their postsynaptic CA3 PC targets with bursts of presynaptic activity from single Mfs [START_REF] Henze | Single granule cells reliably discharge targets in the hippocampal CA3 network in vivo[END_REF]. Mf-CA3 PC synapses also undergo long-term synaptic plasticity which depends on cAMP and PKA signaling [START_REF] Monday | Long-Term Plasticity of Neurotransmitter Release: Emerging Mechanisms and Contributions to Brain Function and Disease[END_REF]. Conventional analysis of knock-out mice with disruption of presynaptic short-term plasticity or LTP have not yet provided a clear view of how presynaptic plasticity impacts the operation of synaptic circuits and related behaviours [START_REF] Rebola | Operation and plasticity of hippocampal CA3 circuits: implications for memory encoding[END_REF][START_REF] Monday | Long-Term Plasticity of Neurotransmitter Release: Emerging Mechanisms and Contributions to Brain Function and Disease[END_REF]. It is anticipated that synaptoPAC will serve as an extremely valuable tool to mimic presynaptic potentiation at Mf-CA3 synapses, to directly address how enhancing spike transmission between the DG and CA3 with precise timing sculpts the activity of CA3 circuits, and to determine whether durable presynaptic facilitation at these synapses impacts memory encoding and recall. More work may be needed to address whether the temporal resolution of synaptoPAC activation allows the precise manipulation of presynaptic plasticity in its complex set of time constraints at the timescale of seconds, minutes or hours. Converse experiments using gene targeting approaches in which the different forms of presynaptic plasticity are suppressed specifically at Mf-CA3 synapses will be additionally necessary to definitively implicate endogenous mechanisms of presynaptic plasticity in cognitive processes.

Synapses in which presynaptic plasticity is controlled by a cAMP/PKA signaling include corticothalamic synapses, corticostriatal synapses and the parallel fiber synapses in the cerebellum [START_REF] Monday | Long-Term Plasticity of Neurotransmitter Release: Emerging Mechanisms and Contributions to Brain Function and Disease[END_REF]. Although it remains to be determined whether light-activation of synaptoPAC induces presynaptic facilitation at these other synapses, the newly developed optogenetic tool certainly opens an exciting potential line of research in the area of brain circuit analysis by enabling a much awaited counterpart to manipulations based on suppression of synaptic transmission. SynaptoPAC may also be beneficial in the understanding of presynaptic failure in neurological disorders [START_REF] Bonnycastle | Presynaptic dysfunction in neurodevelopmental disorders: Insights from the synaptic vesicle life cycle[END_REF][START_REF] Barthet | Presynaptic failure in Alzheimer's disease[END_REF]. It is tempting to speculate that light activation of synaptoPAC could counteract synaptic dysfunction in animal models of neurodevelopmental and degenerative disorders which present presynaptic deficits [START_REF] Bonnycastle | Presynaptic dysfunction in neurodevelopmental disorders: Insights from the synaptic vesicle life cycle[END_REF][START_REF] Barthet | Presynaptic failure in Alzheimer's disease[END_REF].
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Figure legend :

 legend Figure legend: Schematic representation of the application of the novel optogenetic tool synaptoPAC which can be targeted to hippocampal mossy fiber terminals. Light activation of synapticPAC, leads to accumulation of cAMP in presynaptic boutons and increased presynaptic release, thus mimicking presynaptic LTP induced by high frequency trains.