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Abstract

This protocol delineates the analysis for the detection of synaptic activity within synaptic boutons, employing the
genetically engineered pHluorin biosensors.

Materials

This protocol is intended to use two analysis programs: Imaged (Fiji) and IGOR Pro (wavemetrics).

Before start

= This protocol is intended to use two analysis programs: ImageJ (Fiji) and IGOR Pro (wavemetrics).
= Github scripts repository is here.

= Prior to implementing this protocol, users need to customize the provided code to align with their individual
settings.

= Maintain consistent file naming formatting across all experiments.

= Each "...50AP" file corresponds to a stack of 250 frames acquired at 4Hz with 0.1s frame exposure. Electrical
stimulation (1 train of 50APs at 10Hz) was triggered at frame 50. The total number of “...50 AP" files vary across
experiments and its indeed relevant information for the understanding of neuronal function.

= “NHA4CI" file corresponds to a stack of ~ 50 — 100 frames acquired at 2Hz with 0.1s frame exposure. NH4CI| was
pipetted in the neuronal chamber and a stable fluorescence signal increase is recorded.
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Image processing — synaptic boutons raw signal extraction:

1

Synaptic activity can be detected by the increase in fluorescent signal within boutons
during electrical stimulation timelapse.

Signal information corresponding to that specific bouton can be extracted and save by
using Imaged software and 'Time Series Analyzer'

Drag into Imaged a control image stack file (i.e Glucose 5 mM).

Run 'pHluorin_DeltaPeak' macro to get pixel increase signals that correspond to
electrical activity in control.

Place round ROIls by clicking in all synaptic boutons which fluorescent signal increase
during electrical stimulation.

Fill the input variables in 'pHluorin_RawDataExtraction' routine file, with the specifics of
your experiment: Path in and out, date, conditions and number of repetitions per
condition.

Having ROIs chosen, semiautomatically extract and save signal information from every
frame, looping across all stack files for every condition (i.e. Glucose 5mM, Glucose OmM,
NHA4CI, pharmacology, protein KD, etc.) in one neuron (or experiment), by simply
executing the 'pHluorin_RawDataExtraction'.

The cleaned data outputs are saved in the desired path. Consisting of xlIs files with each
ROI signal and txt files of the average signal of all ROIs per processed stack at every
experimental condition and repetition.

Ensure to save the selected ROIs for future reference (last steps in the code).

Image processing — synaptic boutons background signal extraction:

10

11

Drag into ImageJ a control image stack file (i.e Glucose 5 mM).

Select “freehand selections” from Imaged tools bar.

protocols.io | https://dx.doi.org/10.17504/protocols.io.kqdg31931125/v1 August 14, 2025

3/5


https://imagej.net/ij/plugins/time-series.html
https://github.com/camilapulido/Pulido-et-al.-PNAS-2025/blob/481dd1d351e928e4469e2d28cc396194091a2cf1/pHluorin_DeltaPeak.ijm
https://github.com/camilapulido/Pulido-et-al.-PNAS-2025/blob/481dd1d351e928e4469e2d28cc396194091a2cf1/pHluorin_RawDataExtraction.py
https://github.com/camilapulido/Pulido-et-al.-PNAS-2025/blob/481dd1d351e928e4469e2d28cc396194091a2cf1/pHluorin_RawDataExtraction.py
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.kqdg31931l25/v1

€3} protocols.io Partof SPRINGERNATURE

12

13

14

15

Draw background ROIs surrounding the synaptic boutons of interest.

Fill the input variables in 'pHluorin_BGDataExtraction' routine file, with the specifics of
your experiment: In and out directory path, date.

Execute 'pHluorin_BGDataExtraction' script.

The cleaned background data outputs are saved in the desired path. Consisting of txt
files of the average signal of all ROls per processed stack at every experimental
condition and repetition.

pHIluorin Synaptic Signal Analysis:

16

17

18

18.1

18.2

18.3

18.4

Open IGOR-PRO program.

Run the 'pHluorin_LoadRawData()' function with the corresponding variable inputs
specific to your experiment to import the signal information from txt files containing the
average signal of all ROIs, along with their corresponding background signals, organizing
them into wave arrays for further analysis.

This routine automatically executes all analytical script steps to extract relevant
information. The signal data processing steps are as follows:

Signal of each data point is background corrected by subtracting to the raw signal their
corresponding background noise at every. As an output, raw signals are now F corrected
signal.

Next, the script calculates the AF values, by subtracting the initial fluorescence values
before the action potential train from all values, so that the first produced values will now
be around 0.

Next, the preprocessed data can be normalized to the total sensor expression, making
possible to compare signals across experiments. pHluorin biosensor expression is
extracted as the maximum signal in the AF\qac) Wave. Dividing all fluorescence values

with the calculated AFNH4c), Will yield the AF ppg/AFNHac) NOrmalization of the dataset.

The dataset is further normalized internally to the fluorescence peak during the AP train.
This allows to specifically look at synaptic vesicle endocytic kinetics and is unaffected by
changes in exocytosis. First, calculate the AFy ax by identifying the maximal

fluorescence values around the end of the action potential train. For 10 Hz trains, we
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locate the Fy ax at a 2 second window around the end of the action potential train.
Dividing all fluorescence values with the calculated AFyax, Will yield the AFppgs/AFpax
normalization of the dataset.

18.5 Finally, the "Endocytic Block” parameter per experiment is calculated as the AP train
round number where the AFpps/AF\ax €Xceeds 50% of normalized signal, measured at

31t seconds after AP train. 3T time is initially calculated as fixed variable from the control
dataset.

18.6  All produced time trace data and subsequent quantifications can be plotted and
visualized using IGOR-Pro graph and layout tools.
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