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Supplemental figure 3. Assessment of GRAB\e fluorescence in HEK293T cells

a. Schematic of the experiment in which 10 uM of dopamine or norepinephrine were puffed onto
HEK293T cells transfected with pCMV-GRABNe2nh.

b, c. Representative peak GRABNe fluorescence (b) and peak AF/Fy (c); 10 coverslips from 3
transfections each.

Data are mean £ SEM; *** p < 0.001, as assessed by two-tailed Mann-Whitney rank-sum test in

C.
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Supplemental figure 4. GRAB\e recordings in striatum in the presence of DHBE

a. Schematic of imaging experiments as in Fig. 2c-e, but in the presence of dihydro--
erythroidine hydrobromide (DHBE, 1 uM) to block $2-containing nicotinic acetylcholine
receptors.

b-d. Representative images of peak GRABe fluorescence in response to 1 stimulus or 20
stimuli at 20 Hz (b) and quantification of GRABNe AF/Fo time series (c) and peak AF/F (d); RIM
control 12 slices from 3 mice, RIM cKOP* 17/4.

Data are mean + SEM; *** p < 0.001, as assessed by two-tailed Mann-Whitney rank-sum tests

ind.
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Supplemental figure 5. Fiberoptic cannula positions

a. Representative images of coronal sections of mice with fiberoptic cannulas. Coronal sections
were imaged with a slide scanner in DAPI-containing mounting medium.

b. lllustration of fiberoptic cannula tip positions of the mice analyzed in Fig. 2k determined

relative to a mouse brain atlas® and mapped onto schematics drawn from brain sections.
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Supplemental figure 6. Striatal GRAB\e responses after 6-OHDA lesion of LC

a. Schematic of unilateral 6-OHDA ablation of LC followed by assessment with confocal
microscopy.

b. Confocal images of LC after staining with TH antibodies; a representative image of 4 slices
from 4 mice is shown.

c. Schematic of bilateral slice imaging in dorsal striatum expressing GRABxe with unilateral 6-
OHDA ablation of the right LC.

d-f. Representative images of peak GRABe fluorescence in response to 1 stimulus or 20 stimuli
at 20 Hz in ipsilateral (6-OHDA) and contralateral (control) hemispheres (d) and quantification of

GRABNe AF/Fy time series (e) and peak AF/Fo (f); control 9 slices from 3 mice, 6-OHDA 9/3.
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Supplemental figure 7. Assessment of GRABpa fluorescence in HEK293T cells
a. Schematic of the experiment in which 10 uM of dopamine or norepinephrine were puffed onto
HEK293T cells transfected with pPCMV-GRABpa2m.

b, c. Representative peak GRABpa fluorescence (b) and peak AF/Fq (c); 10 coverslips from 3
transfections each.

Data are mean + SEM.
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Supplemental figure 8. Norepinephrine and dopamine sensors in LC

a. Schematic of slice imaging in LC.

b-d. Representative GRABNe peak fluorescence in response to 1 stimulus or 20 stimuli at 20 Hz
in LC (b) and quantification of AF/Fg time series (c) and peak AF/Fo (d); 6 hemispheres from 3
slices from 3 mice.

e-g. As in b-d, but with GRABpa; 6/3/3.

Data are mean + SEM; * < 0.05 as assessed by two-tailed Wilcoxon signed-rank tests in d and

g.
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Supplemental text. Studies with GPCR-based sensors in brain areas with dual dopamine

and norepinephrine innervation

In the present study, we tested whether GPCR-based dopamine and norepinephrine sensors
are specific for their corresponding transmitters in the brain. These sensors have been widely
used in brain areas that are innervated by both norepinephrine and dopamine neurons and have
been expressed in mice and rats.

3,4,40-50

Previous studies have used norepinephrine or dopamine sensors in the cortex and in the

cerebellum®', brain areas in which norepinephrine innervation is typically higher in density

1% (Fig. 1a-c). Areas with dopamine and norepinephrine

compared to dopamine innervation
innervation densities that are likely in a similar range®*~>® have also been studied with these
sensors, for example the hippocampus®®’~%°, the basolateral amygdala®**°, the lateral

4,60-62

hypothalamus , and the basal forebrain and thalamus®. Finally, dually innervated brain

areas in which dopamine dominates over norepinephrine®4® have been characterized with

1-3,16,49,50,62,66-72

the sensors as well, for example the ventral striatum and the ventral tegmental

area®.

Overall, the sensor signals in these brain regions might be due to either dopamine or
norepinephrine release. Without cell type- or projection-specific manipulations to remove either
dopamine or norepinephrine innervation and/or secretion, it is difficult to conclude which
transmitter is detected in dually innervated brain areas when GPCR-based sensors for

dopamine or norepinephrine are used.
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