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Supplemental Figure 6. VGLUT-pH data acquisition.

(A) Single plane of AWC®™ VGLUT-pH recording after drift-registration correction.

(B) Zoomed view around the axon in (A).

(C) Mean intensity projection after the recording was processed by rolling background
subtraction and 3D-averaging.

(D) Selection of axon and background ROls.

(E) Intensity measurements are then taken from the raw drift-corrected recording.

(F) ROI segments along the axon correlated with overall mean activity of the axon. Each
point represents the correlation coefficient of an axon segment with the mean signal of
the axon during a standard recording (see text). Data from 120 AWC®™ VGLUT-pH
axons stimulated with 11.2 uM butanone. Each axon had 8 — 16 ROl segments. p <
0.000001 for all correlation coefficients except the points labeled in light gray, which
were not significant p > 0.05.
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Supplemental Methods
Additional information on imaging activity-dependent fluorescence reporters.

All imaging was conducted on a Zeiss Axiovert 100TV wide-field microscope.
Images were acquired through a 100x 1.4NA Zeiss APOCHROMAT objective onto an
Andor ixon+ DU-987 EMCCD camera. Camera settings: 14-bit EM-GAIN enabled
digitizer (3MHz); baseline clamped; overlapped recording mode; 0.3 uS vertical clock

speed; binning = 1.

Images were cropped to fit around the head of animal. Most experiments used a
pre-amplifier gain of 5x. lllumination was provided by a Lumencore SOLA-LE solid-state
LED lamp. lllumination input was passed through a 1.3 ND filter. Narrow bandwidth blue
light illumination (484-492 nm) was produced using the CHROMA 49904-ET Laser

Bandpass filter set.

Stimulus triggering was performed through Metamorph via digital input from a
National Instruments NI-DAQmx box to an Auotmate Valvebank 8 Il actuator that
triggered Lee Corporation solenoid valves. Custom journals specified pre-programmed
recording parameters and performed automated file naming and storage. Most
stimulation protocols involved multiple trials per animal, as detailed in figure legends.
The interval length for all trials was 30 seconds in addition to the time recorded before or
after the stimulation. For AWC®" recordings in which the pulse length was varied,
stimulation was ordered sequentially as follows: 6 trials with 10s pulses, 3 trials with 60s

pulses, and a single 3 minute pulse. Order of stimulation did not appear to affect results.

Quantification of fluorescence changes

dF/F was calculated as:

Eq 1.5 0= (F7)

Where F (t) = is the fluorescence of a ROl minus the background at time (t) and
F, = fluorescence of the ROI minus the background at some reference time point

or value.
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For AWC®N F, was set to the mean background-corrected signal two seconds before
odor removal. For ASH recordings, F,was set to the mean background-corrected signal
two seconds before the first stimulus for each trial. In each case F,corresponded to a

stable baseline within and across recordings.

Acquisition of Fluorescence Measurements

To extract fluorescence measurements from VGLUT-pHIluorin images, we
developed custom semi-automated tracking software in ImagedJ. Images were first
corrected for x-y drift using image registration (Tseng et al., 2011), which places the
axon at a specific set of image coordinates for the entire recording by shifting each
frame in x and/or y. The microfluidic device prevents most z-plane drift, but images in
which significant z-plane drift was detected were discarded. To aid in axon selection,
images underwent rolling-ball background subtraction and then were averaged over
space (2 pixels in x and y) and time (average of time-stack). The entire segment of the
axon that was in view was then specified by the user and outlined by hand with the aid of
pixel intensity thresholding. From this axon outline, intensity and pixel information was
extracted from the raw drift-corrected recording along with local background
measurements along the axon (Fig S6A-E). This process was also used to acquire
measurements of AWC®N syGCaMP images. For ASH, the sra-6p promoter is also
expressed in the neurons ASI and PVQ, the axons of which are posterior to the ASH
axon. VGLUT-pH fluorescence could also be detected in these other axons (mainly PVQ)
but did not significantly respond to stimulation. In any given experiment, we recorded
VGLUT-pH signals from a single ASH axon, either the on right or left side of the animal.
Because of ASI and PVQ VGLUT-pH fluorescence, only the anterior background ROls
were used in analysis of ASH VGLUT-pH recordings.

For cell body measurements of GCaMP responses in AWC®" and ASH we used
a custom written ImageJ script written by Andrew Gordus (Gordus et al., 2015) to track

cell body position and extract intensity measurements.
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To validate using the whole axon segment as a single integrated measurement in
VGLUT-pH experiments we measured VGLUT-pH responses from small equally spaced
ROls along the axon. These were obtained by taking the outlined axon segment as in
Suppl. Fig 6E and cutting the axon into smaller ROl segments, each 8 pixels long in the
y-axis, and performed a correlation analysis on a large dataset of AWC®™ VGLUT-pH
recordings from wild-type animals that were stimulated with a 60 second pulse of 11.2
uM butanone. For 120 stimulated axons, all ROls along the axon were positively
correlated with the mean integrated axon fluorescence (Fig S6F). This correlation
appeared to hold for all genotypes and conditions tested. There was substantial scatter
in the strength of this correlation across different ROls, potentially consistent with
heterogeneity among synaptic regions (Fig S6F), but this possibility was not examined
further.

Background and bleaching correction of VGLUT-pHIluorin signals

VGLUT-pH has a low baseline signal that is relatively close in intensity to the
background autofluorescence generated by the surrounding tissue of the head. This
became problematic when attempting to apply background subtraction and perform
comparisons of fluorescence change. Most commonly, this is done with the deltaF
function (dF/F) described above (Eq.1). The deltaF function normalizes the fluorescence
change to its baseline intensity, allowing a comparison of signal changes between
conditions with different absolute values. However, the deltaF function is highly sensitive
to fluctuations in F,when F, is small. For VGLUT-pH, a further confound is created by
reporter localization to parts of secretory pathway(s) that do not participate in synaptic
release. These can be seen as small puncta that do not contribute to VGLUT-pH
responses and, in rare events, these puncta can be observed undergoing translocation
within the axon towards the cell body. These contribute to F, but not to fluorescence
changes. To prevent background correction from shifting F, into a realm where small
variations in F, generate large fluctuations in deltaF, we subtract only the fluctuations in

the background signal.
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EQ2. BGpeyea = BG(t) — BGmin

Where BG = the background at time (t) and BGmin = the minimum background

value during the recording.

VGLUT-pH has very slow bleaching kinetics (Ariel and Ryan, 2010; Balaji and
Ryan, 2007), essentially showing little to no bleaching over the timecourse of our
recordings. This is likely the result of the reporter existing mainly within synaptic vesicles
in the quenched state, and the rapid cycling of the fluorescent form back into this state.
Unlike the VGLUT-pH reporter, background autofluorescence does show significant
bleaching, and therefore, using this background signal for correction can result in an
artificial increase in the VGLUT-pHuorin signal over time. To avoid this artifact, we
corrected for background bleaching before performing background correction. Bleaching
was assumed to be approximately linear and was modeled by line fitting using the
Matlab function ‘polyfit.” A threshold for specifying significant bleaching was set to a 0.5%
drop in mean fluorescence intensity over 2 minutes of recording time. Bleaching was

corrected by subtracting the linear fit from the background signal.

Statistical analysis and curve fitting.

All fitting of decay curves was performed in Matlab using the “fit’ function with a
custom itType’ equation. For single exponential fits fitType = a1*exp (-x/tau1) + C. For
double exponential fits fitType = a1*exp (-x/tau1) + a2*exp (-x/tau2) + C. For triple
exponential fits fitType = a1*exp (-x/tau1) + a2*exp (-x/tau2) + a3*exp (-x/tau3) + C. In
each case, all ‘a’ and ‘tau’ variables are fitted parameters and are constrained to be > 0.
C = the baseline to which traces decayed, normalized to zero. Unless stated otherwise,
fitting was applied to the entire decay period of the trace. For AWC®" this corresponds to
the odor-addition phase. For ASH, this corresponds to the 20 seconds immediately
following stimulus removal. For comparison of AWC®" decays with different stimulus
durations (i.e. 60 second vs 20 second), we fit both traces using the initial 20 seconds to
keep comparisons consistent. Decay constant averages reported for a given condition
were performed as follows: each individual trace for a given data set was fitted
individually, and each fit was plotted on its trace and then inspected. Traces that could
not be fit due to high noise or did not exhibit decay were removed from the analysis. The
decay constants for each condition were then collected and exported to Prism 7 for

statistical analysis.
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Comparing exponential fits using AlC¢.

To compare models we used the Akaike’s Information Criterion (AIC) as
described in (Motulsky and Christopoulos, 2004): AIC= N * In (%) + 2K , where N =

number of data points, K = number of parameters, and SS= is the sum of the square of

the vertical distances of the points from the curve. We used the corrected version for

2K(K+1)

small N: AICc= AIC + .
(N-K-1)

AIC¢ was performed for the fit on each individual trace.
To determine of the relative likelihood of two models, we computed the probability that

—0.5A
one model is more likely than the other (AICp): AICp = 1:; where A = the difference

e—0.50 ?

in AIC¢ scores. All AIC based analysis was conducted in Matlab using custom scripts.
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C. elegans strains

CX14174 kyEx4435: AWC™™ VGLUT-pH Line:
str-2:eat-4::pHluorin (30 ng/ul); unc-122:dsRed co-injection marker
(15 ng/ul).
CX16644 kyls623: UV-integrated kyEx4435 AWC®" VGLUT-pH Line.
Backcrossed to N2 11x.
CX16921 kyls673: ASH VGLUT-pH Line
sra-6:eat-4::pHluorin (50 ng/ul); unc-122:dsRed co-injection
marker (20 ng/ul). UV-integrated, backcrossed to N2 8x
CX15571 kyEx5236: AWC™" syGCaMP3
str-2:sng-1::GCaMP3; unc-122:dsRed co-injection marker (15
ng/ul).
CX10979 kyEx2865 ASH GCaMP3
sra-6:GCaMP3 (100 ng/ul); unc-122:GFP (10 ng/ul)
CX17105 kyls623; kyEx5969: AWC®" Tetanus toxin
str-2:Tetx:sl2:mCherry (30 ng/ul); unc-122:GFP (20 ng/ul)
CX17068 kyls673; KyEx1661 ASH Tetanus toxin
sra-6:Tetx:sl2:mCherry (60 ng/ul); elt-2:NLS-GFP
CX16954 unc-64(e246); kyls623
CX17076 unc-64(e246); kyls673
CX17071 ric-4(md1088); kyls623
CX17104 ric-4(md1088); kyls673
CX15568 unc-13(s69); kyEx4435
CX17072 unc-13(s69); kyls673
CX15416 unc-18(e234); kyEx4435
CX17075 unc-18(e234); kyls673
CX16451 kyEx5608: AWC™™" cyto-pH
str-2:pHluorin (30 ng/ul); unc-122:dsRed (20 ng/ul)
CX16963 kyEx5901: ASH cyto-pH
sra-6:pHluorin (100 ng/ul); unc-122:dsRed (20 ng/ul)
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CX16491 unc-18(e234); kyEx5608
CX16494 unc-13(s69); kyEx5608
CX16967 kyEx5904: ASH CD4-pH
sra-6:pHluorin::CD4 (100 ng/ul); unc-122:dsRed (20 ng/ul)
CX17096 unc-11(e47); kyls623
CX17109 unc-11(e47); kyls673
CX17110 unc-11(e47); kyEx5608
CX16318 pkc-1(nj1); kyEx5236
CX15609 pkc-1(nj1); kyEx4435
CX15848 pkc-1(nj1); kyls623
CX15849 pkc-1(nj1); kyls623; kyEx5354
kyEx5354 =str-2:pkc-1(cDNA):sl2:mCherry (30ng/ul) ; Co-injection
marker =elt-2:mCherry (5ng/ul).
CX16950 pkc-1(nj1); kyls673
IK130 pkc-1(nj3) V Outcrossed to N2 6X

Molecular identify of mutants

unc-64(e246) Ala > Val missense mutation at codon 248 in the conserved H3
domain.
ric-4(md1088) Staunton et al., J. Neuro 2001; mutation indicated as

hypomorphic, but molecular lesion not described

unc-13(s69) 5-bp deletion in exon 21, frameshift followed by early translation

termination. Predicted null for LR and MR isoforms.

unc-18(e234) C->T mutation leading to translation termination in exon 4.

Predicted null mutation.

unc-11(e47) Indel covering exons 1 and 2, resulting in frameshift and early

translation termination. Predicted null mutation.

pkec-1(nj1) Asp = Asn missense mutation at codon 502 in the catalytic loop
of the kinase domain

pkc-1(nj3) G > A mutation leading to translation termination at W218
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