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Supplementary Table 1

List and description of mouse behaviours recorded during the social recognition paradigm. Based

on (1).
Behaviour Description
Stretch Approach Stretching towards stimulus with hind paws planted

Sniff Stimulus

Sniff/Investigation of stimulus, i.e. social investigation

Bite Stimulus Biting cylinder or objects
Dig Moving of bedding backwards with forepaws
Bury Moving of bedding forwards with forepaws

Horizontal Activity

Includes walk, explore, sniff that does not fall into any of the above categories

Vertical Activity

Rear and lean on wall, lid sniff, lid chew (two paws on the floor of the cage), single
jump

Inactivity

Sit, laydown, sleep, freeze

Self-Groom

Self-groom and scratch

Stereotypies

Strange behaviours: spinturns, repeated jumps, repeated lid chews (>3), head shakes,
etc.

Non-social
Investigation

Non-sacial sniffing of cylinder (above holes)




Supplementary Table 2

Pearson’s correlation coefficients (r) between bassoon puncta positive for GIuA1 (per 500um?)

and measures of social memory and social investigation. “Combined” indicates where vehicle

only and E2 only treatment groups between the experiments were pooled for greater statistical

power. Sample sizes of n=5-6 for individual experiments and n=11-12 for combined groups.

IRTest: investigation ratio from test phase, IRSample: average investigation ratio from sample

phase, Investigation Sample: sum of social investigation times during sample phase, Total

Investigation: sum of sample and test phase social investigation times. * p<0.05.

IRTest- Investigation|Investigation Total

Treatment | IRTest IRSampleIRTest/IRSampIe Sam%le Tegt Investigation
veh/veh 0.3442 | 0.4922 0.4119 -0.4172 0.1075 -0.2467
ERK |U0126/veh 0.3664 | 0.2126 0.2365 0.8918* 0.8677 0.8946*
8 Experimentjveh/E2 0.3442 | 0.5012 0.4298 -0.4158 0.1243 -0.2388
= UO0126/E2 0.3172 | 0.2012 0.08014 0.5654 0.6912 0.6127
S veh/veh 0.5559 | 0.2136 0.3317 -0.04666 -0.1283 -0.08794
e PI3K  |LY?294002/veh| 0.2323 | 0.7028 0.7264 0.7366 0.9107* 0.8332*
g Experimentjveh/E2 -0.5350 | -0.2687 -0.2219 0.05549 0.6272 0.1792
< LY294002/E2 |-0.05078 | -0.07168 -0.07015 -0.3632 -0.5334 -0.4685
Combined veh/veh 0.3947 | 0.1687 0.2586 -0.5789 -0.3528 -0.5610
veh/E2 0.4117 | 0.4770 0.4560 0.2608 0.6027* 0.4026
veh/veh 0.3386 0.472 0.3005 0.1256 -0.03432 0.07858
ERK |U0126/veh -0.007176| -0.2551 -0.2161 0.668 0.5548 0.6377
¢ |Experiment|veh/E2 0.6916 0.434 0.2361 0.3464 0.3757 0.3937
g U0126/E2 -0.8636* | -0.6654 -0.6452 -0.5671 -0.5667 -0.5748
S veh/veh 0.8870* | 0.4108 0.3175 0.4391 0.2725 0.3990
a PI3K  |LY294002/veh| -0.5431 | -0.1968 -0.1268 0.7089 0.2201 0.5866
§ Experimentjveh/E2 -0.3669 | -0.3936 -0.3375 0.4307 0.5781 0.4915
m LY294002/E2 | -0.6765 | -0.7273 -0.8144* -0.2769 -0.2875 -0.2912
Combined veh/veh 0.4907 | 0.3221 0.3273 -0.4240 -0.1758 -0.3777
veh/E2 0.5024 | 0.4426 0.4038 0.5500 0.7112* 0.6506*
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Figure S1: Effects of ERK pathway inhibition on non-social behaviours in the “easy” short-
term social memory task

There was a significant treatment by session interaction in time biting the non-novel stimulus
mouse tube (F,126)=2.317, n?=0.106, p=0.019), with vehicle-treated mice displaying more time
spent biting than any U0126-treated mouse group only during the third sample phase (ps<0.001).
Vehicle-treated mice spent more time digging away from conspecifics than did all U0126-treated
mice (ps<0.0244; F(342=5.398, n?=0.192, p=0.003). Non-social investigation of the novel
stimulus mouse tube had a significant session by treatment interaction (F,126)=2.513, 1°=0.038,
p=0.011), with no significant post hocs. Total social investigation time and other behaviours
were unaffected. Data presented as mean + SEM.



Total Social Investigation

Non-Social Investigation
Toward Novel Mouse

Non-Social Investigation
Toward Non-Novel Mouse

150 15 15
=8~ \ehicle/Vehicle
-=- UD126Vehicle
g 10 N E zw - Vehicie/E2
g 3 2 g - —+ U0126/E2
50 H 5 5
0 T 0 T T T 0 T T T
1 2 Test 1 2 Test 1 2 Test
Sample Sample Sample
Horizontal Activity Vertical Activity Inactivity
100 50 200
80 \ © 150
i 60 ‘ *'g-' £} i’ P —
— 100
F a0 =3 F o2 F
20 10 5o
0 T 0 T T T 0 T T T
1 2 Test 1 2 Test 1 2 Test
Sample Sample Sample
Self-Grooming Bite Tube of Novel Mouse Bite Tube of Non-Novel Mouse
60 0.6 1.0
08
o T 04 z
- - 2 0.6
£ £ £ 04
20 0.2
0.2
o 00 * — 0.0 $ ¥ *»
1 2 Test 1 2 Test
Sample Sample Sample
Digging Toward Novel Mouse Digging Toward Non-Novel Mouse Digging - Other
1.5 1.0 4
0.8 2
% 10 & =
= = 06 2
g g g2
= = 04 =
0.5
02 1 —a—
0.0 - T ¥ 0.0 0
1 2 Test 1 2 Test
Sample Sample Sample
Burying Toward Novel Mouse Burying Toward Non-Novel Mouse Burying - Other
25 25
20 20
= O
=15 =15
£ £
= =
1.0 ~— 1.0
0.5 0.5
0.0 T 0.0
1 2 Test 1 2 Test 1 2 Test

Sample Sample

Sample

Figure S2: Effects of ERK pathway inhibition and E2 on non-social behaviours in the
“difficult” short-term social memory task

Vehicle-treated mice spent more time burying toward the non-novel conspecific than all other
groups (F@46=5.44, 1?=0.146, p=0.0028; ps<0.0095 for each pairwise comparison). Importantly,
E2 treated mice showed greater social investigation than vehicle controls (p=0.0363; F,46=3.05,
n?=0.111, p=0.0379). However, neither the E2 nor the vehicle groups differed from either U0126
treated group (ps>0.102), suggesting that this increase in social investigation by E2 does not
explain treatment effects on short-term social recognition memory. Other behaviours were
unaffected. Data presented as mean £ SEM.
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Figure S3: Effects of PI3K pathway inhibition on non-social behaviours in the “easy”
short-term social memory task
Mice given 10ng/side LY294002 exhibited more vertical activity than 1.0ng/side mice
(p=0.0061; F(339=4.30, n?=0.173, p=0.0103) and more burying towards the non-novel

conspecific than 1.0ng/side (p=0.0457) and 5.0ng/side mice (p=0.0422; F339=3.36, n°=0.152,
p=0.0283). Total social investigation time and other behaviours were unaffected. Data presented
as mean = SEM.
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Figure S4: Effects of PI3K pathway inhibition and E2 on non-social behaviours in the
“difficult” short-term social memory task

There were significant treatment by session interactions in non-social investigation (F,3s=2.86,
n?=0.0641, p=0.0137, no significant post hocs) and biting (F,36=2.90, n?=0.108, p=0.0127) the
tube of the non-novel mouse, with post hocs of the latter revealing differences between

LY 294002 only treated mice and both E2-treated groups (E2 only: p=0.0332, LY294002 and E2:
0.0281). Total social investigation time and other behaviours were unaffected. Data presented as
mean + SEM.
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Figure S5: Cannula placements for ERK-pathway experiments

Cannula placements for OV X mice implanted with intra-dorsal hippocampal bilateral guide
cannulas. A) Placements for ERK pathway inhibition in “easy” social memory experiment. B)
Placements for ERK pathway inhibition in “difficult”, E2-facilitated social memory experiment.
C) Placements for task-naive ERK pathway inhibition experiment. Only mice with the injectors
in the dorsal hippocampus are shown. All other OV X mice were excluded from the behavioural
and dendritic spine analyses.

-2.46mm
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Figure S6: Cannula placements for PI3K-pathway experiments

Cannula placements for OV X mice implanted with intra-dorsal hippocampal bilateral guide
cannulas. A) Placements for PI3K pathway inhibition in “easy” social memory experiment; LY
indicates LY294002. B) Placements for PI3K pathway inhibition in “difficult”, E2-facilitated
social memory experiment. C) Placements for task-naive PI3K pathway inhibition experiment.
Only mice with the injectors in the dorsal hippocampus are shown. All other OV X mice were
excluded from the behavioural and dendritic spine analyses.

-2.46mm



Supplementary Methods

Subjects

Two-month old (young adult), experimentally naive female CD1 mice (Mus musculus) were
used (Charles River, Kingston, NY, USA). Upon arrival, mice were initially triple-housed in
clear polyethylene cages (26x16x12cm?) containing corncob bedding, environmental enrichment
(paper nesting material, paper cups, and/or clear plastic houses), and ad libitum tap water and
rodent chow (Teklad Global 14% Protein Rodent Maintenance Diet, Harlan Teklad, WI). Mice
were given a minimum of 7 days to acclimate to the colony room before surgeries. Following
surgeries, experimental mice were single-housed for 10-15 days before participating in any
experiments. Stimulus mice were single-housed for 7 days post-surgery before being pair-housed
for a minimum of 7 days prior to participating in behavioural testing. All animals were housed
on a reversed light/dark cycle (12:12h, lights on at 20:00h) at 21+1°C with 40-50% humidity. All
test mice were used in only one behavioural experiment. Stimulus mice were reused for 8-16
testing days. All behavioural tests were run during the dark cycle (between 09:00h and 19:00h)
in the experimental animals’ home cages under red light. Animals were moved into the
experimental rooms the evening prior to testing to acclimate. Vaginal smears were taken to
confirm successful ovariectomies from vaginal cytology(2). All procedures were approved by the
University of Guelph Institutional Animal Care and Use Committee and followed the guidelines

of the Canadian Council on Animal Care.

Surgeries

All mice were ovariectomized (OVX) to minimize gonadal hormone levels and fluctuations.



Within the same surgical session, experimental mice were further implanted with bilateral guide
cannulae directed at the dorsal hippocampus. Stimulus mice were OV X to ensure that
investigative behaviours by experimental mice were not affected by hormone status of the

stimuli.

All mice were subcutaneously injected with the analgesic and anti-inflammatory drug carprofen
(50mg/kg; Rimadyl, Pfizer Canada Inc, Kirkland, QC, Canada) at least 1 hour prior to being
anesthetized with isoflurane (Benson Medical Industries, Markham, ON) and placed in a
stereotaxic frame using atraumatic ear bars (David Kopf Instruments, CA). They then received
0.02mL of a local anesthetic mix of 0.17% bupivacaine (Hospira, Inc., Montreal, QC, Canada),
0.67% lidocaine (Alveda Pharmaceuticals, Toronto, ON, Canada), and saline solution (0.9%
NaCl) subcutaneously into incision sites. Post-surgery, mice were administered 0.5mL of warm

saline solution intraperitoneally to restore hydration.

Ovariectomy surgeries. Each anesthetized mouse had the fur on its lower back shaved and the
area cleaned with antiseptic solutions. A small dorsal incision of no more than 2cm was then
made in the skin followed by two smaller (<1cm) bilateral lumbar incisions in the muscles
overlying the ovaries. One at a time, the ovarian arteries and oviducts were clamped, the ovaries
excised, and the remaining tissue inserted back into the incision. The skin incision was closed
with 1-2 MikRon Autoclip 9mm wound clips (MikRon Precision Inc., Gardena, CA) and a few

drops of local anesthetic were applied.

Cannulation stereotaxic surgeries. Following ovariectomy, the dorsal head of each anesthetized



experimental mouse was shaved and cleaned. The scalp was then excised and the membrane
overlying the skull was sloughed off using 3% hydrogen peroxide (H202). Two holes were then
drilled into the skull to accommodate the 26-gauge bilateral guide cannulae (Plastics One, HRS
Scientific, Anjou, QC, Canada) just dorsal to the CA1 region of the dorsal hippocampus, at
1.7mm posterior to bregma, 1.5mm lateral to midline, and 1.3mm below the skull surface(3).
Injectors (Plastics One, HRS Scientific, Anjou, QC, Canada) extended 1mm beyond the end of
the guide cannulae, making the final injection depth 2.3mm below the skull surface. Three
jeweller’s screws (Plastics One, HRS Scientific, Anjou, QC, Canada) were screwed into 3
additional drilled holes in the skull around the perimeter of the cannula pedestal. The cannulae
were held in place with dental cement (Central Dental Ltd, Scarborough, ON, Canada) which
completely covered the skull surface exposed in the procedure. Dummy cannulae (Plastics One,

HRS Scientific, Anjou, QC, Canada) flush with guide cannulae were inserted.

Rapid Social Recognition Paradigms

Mice were gently restrained by hand to insert the infuser and then microinfused while moving
freely using a microinfusion pump (PHD 2000, Harvard Apparatus, QC, Canada) and then
returned to their home cage with environmental enrichment removed and a clear plexiglass cover
replacing the metal feeding and drinking lid. To test the rapid effects of treatment on short-term
memory, the social recognition paradigm was completed within 40 minutes of inhibitor [Figure
1B] or hormone [Figure 1E] administration. Experiments were recorded from above by Everio

digital camcorders (HD Everio GZ-E300, JVC, Mississauga, ON, Canada).

Two rapid social-recognition paradigms of short-term social memory were used. The first,



“easy” paradigm was designed such that vehicle treated OVX mice show social recognition by
preferentially investigating a novel stimulus over a previously encountered stimulus at test(1).
OV X mice receiving a treatment that impairs social recognition will show no preference between
the 2 stimuli. In this “easy” paradigm, experimental mice were exposed to 2 novel OV X stimulus
mice for three 4-minute sample phases (Figure 1B). Sample phases were separated by 3-minute
rest periods in which no stimuli were present in the cage. After the final sample phase and 3-
minute memory retention period, 2 stimuli were reintroduced into the cage for a 4-minute test
phase: one novel stimulus and one previously encountered stimulus from the sample phases

(Figure 1B).

To show facilitating effects of treatment, a “difficult” rapid social recognition paradigm was used
(1). This social recognition paradigm is similar to the “easy” version except that there are two 5-
minute sample phases and one 5-minute test each separated by 5-minute rests (Figure 1E). The
decreased number of exposures to the stimulus mice makes this task more difficult than the
“easy” paradigm and vehicle treated OV X CD1 mice do not show short-term social memory,
whereas those who receive treatments that facilitate memory for the social stimulus (e.g. E2)
do(1, 4-9).

In both easy and difficult rapid social recognition paradigms stimulus mice were held in clear
Plexiglas tubes (7cm diameter, 12cm high), to which they had been previously habituated, with
perforations (36 holes, 4mm diameter) around the bottom third to allow olfactory and social cues
to be transmitted to the test mouse, but to keep the stimulus mice in a constant location and from
initiating interactions. These tubes were cleaned with Fisherbrand Sparkleen detergent and

baking soda between uses and thoroughly dried to eliminate any olfactory traces of other mice.



Treatment administration

Mice were bilaterally infused with a cell signaling pathway inhibitor or vehicle at a rate of
0.2puL/minute to a volume of 0.5puL/side (2.5min) and then tested on the “easy” social
recognition paradigm 15 minutes following the beginning of the infusion [Figure 1B] or
bilaterally infused with a cell signaling pathway inhibitor or vehicle 5 minutes prior to E2 or
vehicle [Figure 1E], each infusion at a rate of 0.2pL/minute to a volume of 0.25uL/side
(1.25min). The “difficult” social recognition paradigm began 15 minutes following the beginning
of the second infusion. Task-naive OV X mice were infused the same treatments as mice tested
on the “difficult” paradigm and left undisturbed in their cages for 40 minutes before tissue
collection, corresponding to the time when the mice performing the social task completed
testing. Infusers were left in place for an additional minute following each infusion to ensure the

full dose was administered and to prevent back-flow.

Effects of ERK pathway inhibition on social recognition

OVX mice were bilaterally microinfused with 0.1 pg/side, 0.5 pg/side, or 1.0 pg/side of MEK
inhibitor 1,4-diamino-2,3-dicyano-1,4-bis[2-aminophenylthio]butadiene (U0126; Promega,
Madison, WI) or vehicle (50% dimethyl sulfoxide [DMSO] in 0.9% NaCl solution). The highest
dose (1.0 pg/side) was previously found to block long-term OR memory consolidation(10) and

the middle dose (0.5 pg/side) blocked rapid increases in pERK following E2-treatment(11).

Effects of ERK pathway inhibition on estradiol-facilitated social recognition

OV X mice were bilaterally microinfused first with 0.5ug/side U0126 or vehicle 5 minutes before



6.81pg/side 17p-estradiol (E2; Sigma-Aldrich, Oakville, ON, Canada) or vehicle. This dose of
E2 previously facilitated social recognition in OV X female mice in the “difficult” paradigm used
here in which vehicle treated OV X mice do not show social recognition(5, 6). This dose of
U0126 did not impair social recognition in OV X female mice in the “easy” paradigm in which

vehicle treated OV X mice show social recognition (Figure 1C).

Effects of PI3K pathway inhibition on social recognition

OV X mice were bilaterally microinfused with 0.5ng/side, 1.0ng/side, 5.0ng/side, or 10ng/side of
PI3K inhibitor 2-(4-morpholinyl)-8-phenyl-4H-1-benzopyran-4-one (LY 294002; Santa Cruz
Biotechnology, Dallas, TX), or vehicle (50% dimethyl sulfoxide [DMSQ] in 0.9% NacCl saline
solution). These doses were based on Fan et al. (12), where LY294002 at 5.0ng/side blocked
long-term object recognition memory and at 0.5ng blocked rapid increases in phospho-PI3K

following E2-treatment.

Effects of PI3K pathway inhibition on estradiol-facilitated social recognition

OVX mice were bilaterally microinfused first with 5.0ng/side LY 294002 or vehicle 5 minutes
before 6.81pg/side E2 or vehicle. This dose of LY 294002 did not impair social recognition in
OVX female mice in the “easy” paradigm in which vehicle treated animals show social

recognition (Figure 1D).

Effects of estradiol and cell signaling inhibition in task-naive OV X mice
OVX mice were bilaterally microinfused with the same treatments as in estradiol-facilitated

social recognition experiments above (vehicle, 0.5ug/side U0126, or 5.0ng/side LY 294002



followed by vehicle or 6.81pg/side E2) and left undisturbed for 40 minutes before tissue
collection to determine the effects of treatment on synapse number in the dorsal CA1 of task-

naive mice.

Tissue Collection

Immediately after social recognition testing, mice received 0.8mL of the anesthetic Avertin
intraperitoneally (tribromoethanol; Sigma-Aldrich, Oakville, ON, Canada) and was perfused
with 0.9% NacCl solution, followed by 4% paraformaldehyde (PFA) in phosphate buffered
solution (PBS; pH 7.4) to fix the brain in situ. The brain was subsequently extracted and post-
fixed in 4% PFA in PBS overnight before storage in PBS containing 0.02% sodium azide. Brains
from each animal were serially sectioned (25 or 40 um-thick coronal sections) on a cryostat at
—18 °C and stored in tissue cryoprotection solution (25 % glycerol, 30 % ethylene glycol, 45 %
1x PBS pH 7.4, 0.05 % sodium azide) at —20 °C until further processing. Coronal sections
(40pm) were also generated and mounted on microscope slides to confirm location of cannulae
(Supplemental Figures)(3). Mice were removed from analyses when infusion cannulae did not

reach the dorsal hippocampus bilaterally (total n=8 across all experiments).

Immunohistochemistry

Coronal sections mounted on Superfrost Plus slides (ThermoFisher Scientific, UK), from each
brain in task-performing and task-naive groups (4-6 mice/treatment) were washed for 10 min in
phosphate buffer (PB; 0.1 M) and 2 x 10 min in PBS. For antigen retrieval sections were
incubated for 10—15 mins in 10 mM sodium citrate (pH 6.2) at RT, followed by a 15 min

incubation in pre-heated 10 mM sodium citrate (pH 6.2) in a water-bath at 78 °C. Sections were



then allowed to cool down to RT in the same solution while gently shaking for 30 min. Sections
were then washed twice (2 x 5 min) in PBS supplemented with 0.05 % Triton-X100 and
incubated for 3—4 h in blocking solution (10 % Normal Goat Serum, 1.5 % BSA, 0.3 % Triton-
X100 in PBS), followed by overnight incubation at 4 °C with primary antibodies diluted in
blocking solution for the GluA1-subunit of AMPA receptors and the pre-synaptic marker
bassoon: 1:300 Rabbit-a-GIluA1l, Sigma-Aldrich AB1504; 1:200 Mouse-a-bassoon, Abcam
ab82958). Sections were then washed in PBS (3 x 10 min) and incubated for 2 h in secondary
antibody diluted in blocking solution (1:1000 Goat-a-rabbit AlexaFluor488; 1:1000 Goat-a-
mouse AlexaFluor568) and washed again in PBS (4 x 10 min). Finally, sections air-dried at RT
for 1 h before coverslipping with mounting medium containing DAPI (Prolong Gold;

Thermofisher).

Confocal image acquisition and analysis

Confocal images of the CA1 region of the hippocampus for quantification of synaptic puncta
were acquired at the Wohl Cellular Imaging Centre using an Inverted Spinning Disk confocal
microscope (Nikon, Japan) and 60x oil immersion lens objective (NA 1.4). Exposure time was
kept constant for the entire dataset. Images were 102.65 x 102.65 um in size (512 x 512 pixels),
acquired as a stack spanning 6—10 um, at an interval of 0.3 um. Three 3 non-continuous slices
were imaged and analysed from each animal, and synaptic data averaged to a single datum for

each animal. Synaptic puncta were analysed in ImageJ (https://imagej.net/Welcome), using a

previously published pipeline (13). Analysis of synaptic puncta was performed in the strata
oriens and radiatum — corresponding to the basal and apical dendritic regions respectively of
CAL1 pyramidal neurons [Figure 2A] and limited to 50x100um Region of interest (ROI) 20um

either side of the stratum pyramidale to limit synaptic analysis to secondary and higher dendritic


https://www.sciencedirect.com/topics/neuroscience/dapi
https://imagej.net/Welcome

branching [Figure 2A]. In brief, 3 non-consecutive z-projected (maximum intensity) sections
were manually selected based on quality of staining and contrast in the image. After background
correction (rolling ball subtraction algorithm (radius of 5 um), images were atomically
thresholded using the “Moments Dark™ algorithm. Thresholded images were used to generate
masks (region of interests (ROIs)) around each puncta: puncta smaller than 0.1 um? and larger
than 4 um? were excluded to reduce noise in puncta count (13). In all sections, GIUA1 or bassoon
expression was first determined. Synaptic puncta were defined as bassoon puncta that were
positive for GIuA1 staining. To this end, we overlaid bassoon puncta ROIs onto the
corresponding GIluA1l channel and measured the intensity of GIuUA1 staining within bassoon
defined ROIls. Only bassoon puncta that contained GluA1l staining that is above background
levels (defined as the average of 5 random areas of background staining plus 2 x standard
deviation, for each image) were considered as bassoon puncta positive for GIuAl staining, and
thus synaptic puncta — this is based on previous methods for assessing synaptic puncta (14, 15).
This approach, whilst robust, does have its limitation, owing to the diffraction limits of light

microscopy and the tightly packed nature of synapses in the hippocampus.

Behaviour Data Analysis

Videos were collected from all sample and test phases and analyzed for both social (sniffing
stimuli, digging/burying near stimuli, etc.) and non-social (horizontal movement, vertical non-
investigative behaviour, grooming, etc.) behaviours(1, 4-9) using The Observer Video Analysis
software (Noldus Information Technology, Wageningen, The Netherlands). Active sniffing
within 1-2mm of a stimulus mouse-containing cylinder was considered social investigative

behaviour. An investigation ratio was calculated; IR = N/(N+F), in which N is the time spent



investigating the novel (in sample phases, N is the stimulus that will be replaced) and F is the
time spent investigating the familiar stimulus. Sample phases typically have an investigation
ratio of approximately 0.5, which is equivalent to chance. If experimental mice recognize a novel
social stimulus, the investigation ratio is found to be statistically greater during the test than
sample phase (1). Data points were removed when the total investigation time during test was
lower than 5% of total test phase duration (<12 seconds in “ecasy” paradigm, <15 seconds in
“difficult” paradigm), when only one stimulus was investigated during the sample or test phase,
or when IRTest Values fell outside of 2 standard deviations from the mean (total n=19 across all

experiments). Investigation ratios for sample phases were averaged for analysis.

Statistical Analysis

The arcsin transformed investigation ratios were analyzed with a mixed-design repeated
measures ANOVA with treatment as the main factor and paradigm session (average sample and
test) as the repeated-measure dependent variable. To reduce type | errors, specific mean
comparisons were planned a priori to assess differences between IRsam and IRTest within each
treatment group. Specifically, paired t-tests were used to assess differences between IRsam and
IRTest within each treatment group. Additionally, one-way ANOVAS were used to assess
treatment effects on IRTest, followed by Tukey post hoc tests. The durations of the other
behaviours (Supplementary Table 1) were analyzed using a mixed-design repeated measures
ANOVA with treatment as the main factor and the session of the paradigm (each of the sample
phases and test) as the repeated-measures dependent variable, followed by Tukey post hoc tests.
When normality failed, Kruskal-Wallis ANOV As were performed followed by Dunn’s post hoc

tests. One-way ANOVAs with Tukey post hoc tests were used to determine effects of treatment



and task performance on GIuA1l and bassoon puncta and GluAl/bassoon colocalization. SPSS
and GraphPad Prism (v9.3.0) were used for all statistical analyses. Cohen’s d and eta-squared

effect sizes are provided where appropriate. Two-tailed statistical significance was set at p<0.05.



Supplementary Results

Effects of ERK or PI3K pathway inhibition on non-social behaviours in the “easy” short-
term social memory task

There was a significant treatment by session interaction in inactivity (F,141=2.285, 1?=0.0193,
p=0.020), with no significant post hoc comparisons [Figure S1]. Vehicle treated mice spent
more time digging away from conspecifics than did 0.1pg/side U0126 mice (p=0.0252;
F@3.47=3.48, 1°=0.126, p=0.023) and 10ng/side LY 294002 mice did more vertical activity than
1.0ng/side mice (p=0.0061; F(339=4.30, 1>=0.173, p=0.0103) and more burying towards the non-
novel conspecific than 1.0ng/side (p=0.0457) and 5.0ng/side mice (p=0.0422; F(3,39)=3.36,
n?=0.152, p=0.0283). However, total social investigation time was unaffected [Figures S1 and
S3]. Therefore, these other behavioral effects cannot directly explain the observed effects on

short-term social memory.

Effects of ERK or PI3K pathway inhibition and E2 on non-social behaviours in the
“difficult” short-term social memory task

There were significant treatment by session interactions in non-social investigation (F,36=2.86,
n?=0.0641, p=0.0137, no significant post hocs) and biting (F,36=2.90, n?=0.108, p=0.0127) the
tube of the non-novel mouse, with post hocs of the latter revealing differences between

LY 294002 only treated mice and both E2-treated groups (E2 only: p=0.0332, LY294002 and E2:
0.0281)[Figure S4]. Vehicle-treated mice spent more time burying toward the non-novel
conspecific than all other groups (F.46=5.44, n°=0.146, p=0.0028; ps<0.0095 for each pairwise

comparison)[Figure S2]. Importantly, E2 treated mice in the ERK-pathway experiment showed



greater social investigation than vehicle controls (p=0.0363; F3,46=3.05, n°=0.111,
p=0.0379)[Figure S2]. However, we do not see a similar effect in the PI3K-pathway experiment
[Figure S4] nor in previous investigations(5, 6). Furthermore, neither the E2 nor the vehicle
groups differed from either U0126 treated group (ps>0.102), suggesting that this increase in
social investigation by E2 does not explain treatment effects on short-term social recognition

memory.
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