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Different dendritic domains of the GnRH neuron underlie the pulse and surge
modes of GnRH secretion in female mice
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Figure 1. Expansion microscopy views of synaptic appositions at the GnRH neuron proximal dendrite and distal dendron. Schematic showing the

morphology of a hypophysiotropic GnRH neuron with its soma-proximal dendrites located in the rostral preoptic area (rPOA) and the distal dendron

and short axon branches in the median eminence (ME). Synaptic density analysis was undertaken on 60 mm-lengths of proximal dendrite and 15 mm-

lengths of distal dendron. (A) Expansion microscopy view of a proximal dendrite (green) with surrounding synaptophysin puncta (red). (B) shows rotated

3D reconstruction with white lines indicating three appositions that were examined. (C) The side-on relative fluorescence intensity profiles are shown for

the three appositions. (i) and (iii) represent synaptic appositions whereas (ii) indicates apposing profiles with no overlap that do not represent a synapse.

(D) Expansion microscopy view of distal dendrons (green) with surrounding red synaptophysin puncta. (E) shows rotated 3D reconstruction with white

lines indicating three appositions that were examined. (F) The relative fluorescence intensity profiles are shown for the three appositions. (ii) and (iii)

represent synaptic appositions, whereas (i) indicates apposing profiles with no overlap that do not represent a synapse. Scale bars show pre-expansion

values with expanded size in brackets. X-axis plots show pre- expansion values.
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Figure 1—figure supplement 1. Definition of GABAA receptor synapses on GnRH neurons using ExM. (A)

Example of a ‘side-on’ view of a GABAergic synapse on a GnRH proximal dendrite. Insert, magnified image from

boxed region showing the plane of analysis used to generate the fluorescence intensity profiles of each channel -

GFP (GnRH proximal dendrites; green), Alexa568 (gephyrin; red) and ATTO647 (VGAT, blue). Analysis of intensity

profiles from 25 ‘side-on’ synapses demonstrated that the overlap in signals between the pre-synaptic marker and

GnRH neuron was always >0.95 mm (0.23 mm pre-expansion). (B) Example of a ‘face-on’ view of a GABAergic

synapse on a GnRH proximal dendrite. Insert, magnified image from boxed region showing the z-plane of analysis

used to generate the fluorescence intensity profiles of each channel - GFP (GnRH proximal dendrites; green),

Alexa568 (gephyrin; red) and ATTO647 (VGAT, blue). Analysis of intensity profiles from 12 ‘face-on’ synapses

demonstrated that the z-axis overlap in signals between the pre-synaptic marker VGAT and GFP of the GnRH

neuron was >1.75 mm (0.42 mm pre-expansion) for all synapses.
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Figure 2. Chemogenetic inhibition of GnRH neurons by intraperitoneal (iP) injection of CNO suppresses both the surge and pulse profiles of LH

secretion. (A) Schematic showing experimental protocol with GnRH-Cre mice injected with Cre-dependent Flex-hM4D(Gi)-mCherry AAVs bilaterally into

the region of the median eminence and CNO given by IP injection. MS, medial septum. CNO, Clozapine N-oxide. (B) Fluorescence images of GnRH

neurons expressing GnRH (green) and mCherry (red) in GnRH::Flex-hM4D(Gi)-mCherry mice. Scale bar, 20 mm. (C,D) LH profiles for all of the wild-type

Figure 2 continued on next page
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Figure 2 continued

(WT) OVX+E+P mice given saline control (C, n = 9) or CNO (D, n = 11). (E,F) LH profiles for all of the GnRH-Cre OVX+E+P mice given saline control (E,

n = 12) or CNO (F, n = 11). (G) Mean (± SEM) LH levels for the four experimental groups. *p<0.05, ***p<0.001, two-way repeated measures ANOVA

with Holm-Sidak test. (H-M) Representative examples of pulsatile LH secretion in OVX GnRH-Cre mice given IP saline (H,I) or CNO (J,K). LH pulses are

indicated by asterisks. (L,M) Mean (± SEM) amplitude and frequency of LH pulses in saline (n = 6) and CNO (n = 6). ***p<0.001 Mann-Whitney U-tests.
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Figure 2—figure supplement 1. LH surge profiles of wild-type and un-injected GnRH-Cre mice and expression of hM4D(Gi)-mCherry in GnRH

neurons. LH surge profiles in all individual wild-type (A, n = 7) and GnRH-cre (B, n = 8) OVX+E+P female mice over 6 hr, with tail-tip blood sampling

every hour. (C) Mean (± SEM) LH levels in wild-type and GnRH-Cre OVX+E+P female mice with tail-tip blood sampling every hour. Lights off is at 18:00

for all experiments. (D) Photomicrographs showing GnRH immunoreactivity (green), mCherry (red), and overlay in GnRH-Cre mice bilaterally injected

with Cre-dependent Flex-hM4D(Gi)-mCherry AAVs into the region of the median eminence. White triangles indicate GnRH neurons expressing

mCherry. Scale bar, 50 mm.
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Figure 3. Chemogenetic inhibition of GnRH neuron distal dendron activity suppresses both the surge and pulse profiles of LH secretion. (A) Schematic

showing experimental protocol with GnRH-Cre mice injected with Cre-dependent Flex-hM4D(Gi)-mCherry AAVs bilaterally into the region of the

Figure 3 continued on next page
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Figure 3 continued

median eminence and CNO given into the same region. MS, medial septum. CNO, Clozapine N-oxide. (B) Fluorescence images of GnRH neuron

projections in the vicinity of the median eminence expressing GnRH (green) and mCherry (red) in GnRH::Flex-hM4D(Gi)-mCherry mice. Scale bar, 20

mm. (C,D) LH surge profiles in all GnRH-Cre OVX+E+P female mice following MBH injection of saline (C, n = 12) or CNO (D, n = 12). (E) Mean (± SEM)

LH levels. ***p<0.001, two-way repeated measures ANOVA with Holm-Sidak test. F-J. Representative examples of pulsatile LH secretion in OVX GnRH-

Cre mice given saline (F,G) or CNO (I,J). LH pulses are indicated by asterisks. Mean (± SEM) amplitude (H) and frequency (K) of LH pulses in saline

(n = 8) and CNO (n = 7). ***p<0.001,*p<0.05 Mann-Whitney U-tests.
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Figure 3—figure supplement 1. Photomicrographs showing location of cannula and mean (± SEM) LH levels in GnRH-Cre OVX mice with saline and

CNO. (A) Photomicrograph showing location of cannula implanted into the MBH of GnRH::Flex-hM4D(Gi)-mCherry mice. Scale bar, 100 mm. Mean

Figure 3—figure supplement 1 continued on next page
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Figure 3—figure supplement 1 continued

(± SEM) LH levels in AAV-injected GnRH-Cre OVX mice with IP injection of saline (B, n = 6) or CNO (C, n = 6). Mean (± SEM) LH levels in AAV-

injected GnRH-Cre OVX mice with MBH injection of saline (D, n = 8) or CNO (E, n = 7). Mean (± SEM) LH levels in AAV-injected GnRH-Cre OVX mice

with rPOA injection of saline (F, n = 8) and CNO (G, n = 9).
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Figure 4. Chemogenetic inhibition of GnRH neuron soma-proximal dendrite activity suppresses only the LH surge. (A) Schematic showing experimental

protocol in which GnRH-Cre mice are injected with Cre-dependent Flex-hM4D(Gi)-mCherry AAVs bilaterally into the region of the median eminence

and, later, CNO injected into the rostral preoptic area (rPOA). MS, medial septum. CNO, Clozapine N-oxide. (B,C) LH surge profiles in all GnRH-Cre

OVX+E+P female mice following rPOA injection of saline (C, n = 9) or CNO (D, n = 10). (D) Mean (± SEM) LH levels. **p<0.01, ***p<0.001, two-way

repeated measures ANOVA with Holm-Sidak test. (E-H), Representative profiles of LH pulsatile secretion in GnRH-Cre OVX female mice with rPOA

injection of saline (E, F) or CNO (G, H). LH pulses are indicated by asterisks. Mean (± SEM) LH pulse amplitude (I) and frequency (J) in GnRH-cre OVX

mice with rPOA injection of saline (n = 8) and CNO (n = 9).
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Figure 5. Bilateral optogenetic inhibition of GnRH neuron soma-proximal dendrite activity suppresses only the LH surge. (A) Schematic showing

experimental protocol with GnRH-cre+/-;Rosa-CAG-Arch-GFP+/+ mice with bilateral optic fiber placement in the rostral preoptic area (rPOA). (B)

Figure 5 continued on next page
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Figure 5 continued

Fluorescence images of GnRH neurons expressing Archaerhodopsin (GFP reporter) and GnRH (red) in GnRH-cre+/-;Rosa-CAG-Arch3-GFP+/+ mice. Scale

bar, 20 mm. (C-E) LH surge profiles in all control GnRH-cre+/-;Rosa-CAG-Arch-GFP+/+ OVX+E+P female mice (C, n = 11) and those given intermittent

(yellow shaded areas) bilateral rPOA 593 nm illumination at 10 Hz (D, n = 12) or, as a control, 473 nm (E, n = 12). (F) Mean (± SEM) LH levels.

***p<0.001, two-way repeated measures ANOVA with Holm-Sidak test. (G-N) Representative profiles of pulsatile LH secretion in GnRH-cre+/-;Rosa-

CAG-Arch3-GFP+/+ OVX female mice given 40 min (shaded areas) bilateral rPOA illumination at 593 nm (G, H) or, as a control, 473 nm (K, L). LH pulses

are indicated by asterisks. Mean (± SEM) LH pulse amplitude and frequency are given for yellow (I,J, n = 7) and blue (M,N, n = 6) light illumination. (O,

P) Mean (± SEM) LH levels in GnRH-cre+/-;Rosa-CAG-Arch-GFP+/+ OVX mice with bilateral rPOA laser illumination at 593 nm (O, n = 7) or 473 nm (P,

n = 6).
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Figure 5—figure supplement 1. Archaerhodopsin expression in GnRH neurons and effects of yellow light on GnRH neuron firing.

(A) Photomicrographs showing Archaerhodopsin (GFP reporter), GnRH (red), and overlay in the GnRH-cre+/-;Rosa-CAG-Arch3-GFP+/+ mice. Scale bar,

Figure 5—figure supplement 1 continued on next page

Wang et al. eLife 2020;9:e53945. DOI: https://doi.org/10.7554/eLife.53945 14 of 17

Research article Neuroscience

https://doi.org/10.7554/eLife.53945


Figure 5—figure supplement 1 continued

50 mm. Whole cell current clamp recordings of Archaerhodopsin-expressing rPOA GnRH neurons showing their response to 1 s (B) and 10 s (C) yellow-

light. (D) Example traces illustrating the response of an rPOA GnRH neuron to a 10-min yellow light stimulation train at 10 s on 10 s off. (E) Example

traces illustrating the response of an rPOA GnRH neuron to a 10 min yellow light stimulation at 5 min on 5 min off. (F) The mean firing rate of an rPOA

GnRH neuron with or without 5 min continuous yellow light. **p<0.001, repeated measures ANOVA.
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Figure 5—figure supplement 2. LH surge in GnRH-Arch mice and optogenetic control experiments showing effects of yellow light on the LH surge

and pulses in wild-type mice. (A) LH surge profiles in individual GnRH-Cre+/-;Rosa-CAG-Arch-GFP+/+ OVX+E+P female mice over 6 hr, with tail-tip

Figure 5—figure supplement 2 continued on next page
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Figure 5—figure supplement 2 continued

blood sampling every hour. (B) Mean (± SEM) LH surge profile. Values significantly different from basal LH concentrations are indicated by an asterisk

(p<0.05, repeated measures ANOVA). (C-D) LH surge profiles without (C, n = 8) or with (D, n = 8) unilateral 593 nm laser illumination in MBH of wild-

type OVX+E+P female mice. (E) Mean LH levels. (F-M), Representative profiles of pulsatile LH secretion in wild-type OVX female mice without (F) or

with (I, shaded areas) bilateral rPOA illumination at 593 nm for 40 min. LH pulses are indicated by asterisks. Mean (± SEM) LH pulse amplitude and

frequency are given without (G,H, n = 6) or with (J,K, n = 6) bilateral rPOA 593 nm laser illumination. (L,M) Mean (± SEM) LH levels in wild-type OVX

female mice without (L, n = 6) or with (M, n = 6) bilateral rPOA 593 nm laser illumination.
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