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SI Text
Retrograde Messengers. We considered a number of molecules or
molecular signaling systems, previously implicated in retrograde
signaling at synapses, as potential candidates. Brain-derived
neurotrophic factor (BDNF) is a leading possibility because it in-
creases mini excitatory frequency in hippocampal neurons within
minutes of exogenous application (1, 2), and can be released from
a depolarized postsynaptic neuron (3, 4). Nitric oxide (NO) is
another attractive candidate, which has been found to act as a ret-
rograde messenger, capable of rapidly influencing presynaptic
vesicle recycling (5, 6). Endocannabinoids have been firmly es-
tablished as retrograde messengers at many synapses, and are
released in response to rises in postsynaptic [Ca2+]i (7, 8), but they
inhibit glutamatergic neurotransmission (9, 10), in contrast to
the enhancement sought here (1). Arachidonic acid (AA) has long
been considered as a possible retrograde messenger at CNS syn-

apses (11–13), but its ability to enhance excitatory postsynaptic
potentials requires presynaptic stimulation (13), a constraint not
found in our system (an increase in miniature excitatory post-
synaptic current (mEPSC) frequencywas seenwithinminutes, even
with TTX present, Figs. 1–3) (2). All-trans retinoic acid (atRA) is
another player in synaptic plasticity (14), with significant and in-
teresting impact on homeostatic scaling (15); however, its known
receptors and target actions are postsynaptic (3, 15). Tumor-ne-
crosis factor alpha (TNF-α) has been implicated as a key factor in
synaptic scaling, but it is released from glial cells, not postsynaptic
neurons (5, 16). β-Catenin can interact with cadherin in post-
synaptic targets, thereby increasing synaptic size, strength, and
malleability (17). Although presynaptic consequences have been
described (18), it is membrane depolarization that drives β-catenin
accumulation in spines (19), making it unsuitable for explaining
the slow inactivity-induced structural changes of concern here.
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Fig. S1. Synaptic events were detected using a semiautomated template search (1), implemented in Clampfit 10.2. Standard templates for NMDA and mixed
(NMDA + non-NMDA) events were created by averaging at least 10 mEPSCs in the respective categories. Every mini was counted as a unitary vesicular release
event, regardless of whether it was detected by the NMDA template, by the mixed template, or by both. The focus of our study was on detection of
presynaptic release, not on the nature of the mini. To maximize the joint coverage of the two templates in combination, the mixed template was deliberately
oriented toward events dominated by a large AMPA component, which were easily detected because of their large amplitude and sharp rise. The criteria for
minis lacking a large AMPA component were carefully optimized to maximize the sensitivity for detection while keeping false positives to a minimum. The
quality of the detected traces can be seen by consideration of NMDA-only minis showing the loosest fits among those considered acceptable. The average of
such events was virtually identical in amplitude and waveform to the average of all of the accepted events. (A) Representative traces before and after acute
NBQX treatment (no chronic treatment with NBQX) showing the events detected by the template-match function in Clampfit 10.2. Detected events are
marked by red and green symbols at their peaks. Red, detection by amplitude scaling of mixed event template; green, detection by scaling of NMDAR
template. (B) NMDAR and mixed mini templates, generated by averaging at least 10 events. (C) Time-aligned averages of mEPSC events detected by the
NMDAR template at varying levels of stringency (the higher the matching threshold parameter, the higher the stringency). Comparison of all accepted events
(matching threshold >3.0) with a subset of the accepted events, detected with minimal stringency (matching threshold between 3.0 and 3.5) and with
rejected events (matching threshold between 2.5 and 3.0).

Fig. S2. The effectiveness of the detection strategy can be judged by the ability to detect NMDA minis with reliability comparable to that for mixed events
including a substantial AMPA component. We tested this empirically in control experiments where minis were recorded in the absence and acute presence of
AMPAR blocker. With both AMPA and NMDA receptors in operation, the minis typically displayed a sharp, high amplitude peak due to AMPA receptor
opening, and a slow, low-amplitude decay phase due to NMDA receptor opening. In NBQX, the large, fast events were largely eliminated, leaving an average
mini waveform that was almost entirely slow, low-amplitude NMDA current. The disappearance of the sharply peaking component is as expected for AMPAR-
mediated current. It is also noteworthy that the remaining NMDA current is close to the same size as the slow component of the mixed GluR mini. If there had
been a significant shortfall in the detection of NMDAR-only minis, allowing the smallest events to escape detection, the average would have been skewed in
favor of bigger NMDA events. In contrast, the mixed GluR current, which is easy to detect, would contain a slow component indicative of the true size of the
NMDA current. In fact, the slower component of the mixed GluR current was not smaller than the NMDA-only minis, indicating that the detection of NMDAR-
dominated minis is comparably sensitive to that for mixed events. Further indication of the reliability of detection was provided by comparing the rate of
spontaneous mEPSCs before and after acute AMPAR blockade. The mini frequency averaged 1.4 ± 0.4 Hz after acute NBQX application, not significantly
different from the preapplication average of 1.5 ± 0.5 Hz (P > 0.7 by paired t test, n = 6). (A) Representative 60-s recordings from a hippocampal neuron before
(baseline, 74 detected events) and after acute NBQX treatment (75 detected events). Peaks of mEPSC events detected using NMDA or mixed templates are
marked, respectively, with green and red symbols. (B) Averaged records derived from time alignment of all detected events in the two traces in A. Acute NBQX
treatment causes a marked attenuation of the kinetically fast AMPAR-dependent component (gray trace). The amplitude of the slow component (NMDAR
current) is no different in acute NBQX relative to baseline conditions (black trace). (C) Pooled data for the frequency of mEPSCs before (black) and after acute
NBQX application (gray) (n = 6). There is no significant change in mini frequency (P = 0.74 by paired t test, n = 6).
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Fig. S3. Synaptic adaptation to hyperactivity can involve dramatic changes in the percentage of boutons that are presynaptically silent (5, 7). This prompted us
to examine the proportion of nerve terminals that were silent as opposed to responsive in the form of synaptic adaptation studied here. Fig. S3 graph shows
relative changes in the proportion of responsive boutons, determined in individual fields of view, using a level of >3 SD of baseline noise as the detection
threshold. The change in the proportion of responsive boutons was less than 3% over the course of the NBQX removal and displayed no significant difference
between chronic NBQX-treated and control groups at any time point (see Fig. 3 legend for details). Thus, the proportion of presynaptically active synapses
provided little or no contribution to the overall change in the probability of release in this form of synaptic adaptation.
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