Supplemental Methods
Transgenic mice. vGlut2-ires-Cre mice (Vong et al., 2011) were crossed with Sun1-GFP mice (Mo et al., 2015) to express GFP in glutamatergic neurons. 

Stereotaxic and viral vectors. Stereotaxic surgery was conducted as previously described (Eagle et al., 2020). For circuit-tagging experiments, retrograde Cre vector (HSV-hEf1α-Cre; 0.5 μL; Gene Delivery Core, Massachusetts General Hospital) was infused into NAc (+1.6 AP, ±1.5ML, −4.4DV relative to bregma, 10° angle). For DREADD experiments, the same retrograde Cre vector was infused into NAc and control vector [(AAV2-hSyn-DIO-mCherry; 0.5 μL; Addgene; or alternatively GFP control vector (AAV2-CMV-GFP; 0.5 μL; UNC Vector Core)], DREADD Gi vector [AAV2-hSyn-DIO-hM4D(Gi)-mCherry; 0.5 μL; Addgene], or DREADD Gq [AAV2-hSyn-DIO-hM3D(Gq)-mCherry; 0.5 μL; Addgene] vector was infused into the LEC (-3.3 AP, ±4.1 ML, -4.6 DV relative to bregma, 0°angle). For LEC collateral experiments, retrograde mCherry vector (AAVrg-syn1-mCherry; 0.5 μL, Addgene) was injected into the NAc and retrograde GFP vector (AAVrg-syn1-eGFP; Addgene) was injected into dorsal HPC to target CA1 and dentate gyrus (-2.1AP, ±1.5 ML, -2.1 and -1.8 DV relative to bregma, 10°angle; 0.3 μL/site). All experimental procedures commenced at least 4-8 weeks following surgeries.

Immunohistochemistry. Immunofluorescent histochemistry analysis was conducted as previously described (Eagle et al., 2020). Mice were transcardially perfused with cold PBS, followed by 10% formalin. Brains from all immunostaining experiments were postfixed 24 h in 10% formalin, cryopreserved in 30% sucrose, and sliced frozen on an SM2010R microtome (Leica) into 35-μm sections. Immunohistochemistry was performed using primary antibodies against c-fos (1:1000; Cell Signaling, 2250) and GFP (1:4000-5000, Abcam, ab5450) and fluorophore-conjugated (AlexaFluor 488, Cy3, Cy5) secondary antibodies from Jackson Immunoresearch (1:200). Fluorescent images were visualized on a Nikon Eclipse Ni-U Upright Fluorescent Microscope. 

Cocaine conditioned place preference (CPP) (Supp. Fig. 1,3). Cocaine CPP was conducted as previously described (Gajewski et al., 2019). Briefly, mice were tested for cocaine CPP in a 3-chamber CPP box (San Diego Instruments). On day 1, mice received a pre-test (no cocaine or saline) on day 1 where they were allowed to explore the entire box for 20 min. On days 2-3, mice received injections of saline paired with one chamber in the morning for 30 min and injections of cocaine (4 or 7.5 mg/kg; IP) paired with the opposite chamber for 30 min in the afternoon (chamber counterbalanced by group). On day 4, mice were again tested in a post-test (no cocaine or saline) and allowed to freely explore the entire box. Twenty minutes prior to the conditioning and testing (Suppl. Fig. 1) or cocaine conditioning only (Suppl. Fig. 3), mice were injected with clozapine-N-oxide (CNO; 0.3 mg/kg; i.p.) dissolved in 5% DMSO.

CNO conditioned place preference (Supp. Fig. 2). CPP was conducted in a chamber as previously described (Gajewski et al., 2019). On day 1, mice received a pre-test (no vehicle or CNO) on day 1 where they were allowed to explore the entire box for 20 min. On days 2-3, mice received injections of vehicle paired with one chamber in the morning for 30 min and injections of CNO (0.3 mg/kg; IP) paired with the opposite chamber for 30 min in the afternoon (chamber counterbalanced by group). On day 4, mice were again tested in a post-test (no vehicle or CNO) and allowed to freely explore the entire box.

Cocaine-induced Locomotor Activity (Supp. 4). Locomotor activity (LMA) was assessed in singular chambers in a conditioned place preference box (San Diego Instruments). Animals were tested for beam breaks in the box over the course of 30 minutes per session. On days 1-3, saline (days 1-3; i.p.) was injected immediately prior to each session. On days 2-8 and day 14, CNO (0.3 mg/kg; IP) was injected 20 minutes prior to each session. On days 4-8 and day 14, cocaine (20 mg/kg; i.p.) was injected immediately prior to each session. Mice were left in their homecage throughout the day 8 and day 14 sessions.

Novel Object Recognition (Suppl. Fig. 5). Novel object recognition (NOR) was assessed using the same paradigm as described (Eagle et al., 2015; Gajewski et al., 2019). On day 1 mice were exposed to an open field box for 30 min with no objects. On day 2, animals were tested across two trials. 20 minutes prior to the NOR test, mCherry and Gi mice were injected with clozapine-N-oxide (CNO; 0.3 mg/kg; i.p.) dissolved in 5% DMSO. In trial 1, animals were placed back into an open field for 5 min, which contained 2 similar objects in separate corners of the open field. One hour after trial 1, mice were placed back the open field for trial 2. In trial 2, one of the previous objects was replaced with a novel object. The mice were allowed to explore the objects for 5 min. The time spent in the 7 cm square corners around the objects was assessed, including both total object interaction time (s) and the ratio of time spent with the novel object compared to familiar objects. 

Elevated Plus Maze (Suppl. Fig. 5). Elevated plus maze behavior (EPM) was conducted in an apparatus as previously described (Eagle et al., 2015; Eagle et al., 2020; Gajewski et al., 2019). mCherry control mice and Gi mice were injected with clozapine-N-oxide (CNO; 0.3 mg/kg; i.p.) dissolved in 5% DMSO 20 minutes prior to testing. Mice were placed in the center of the maze facing an open arm, and behavior was video recorded for 5 minutes. The percentage of time spent in the open arms and the percentage of entries into the open arms were quantified. 

Sociability Test (Supp. 5). Sociability was conducted in a behavior box (24” W x 16” D x 9” H) similar to previously established protocol (Moy et al., 2004). Box had gray walls and floors, open top, and was separated into 3 equally sized chambers (8” W x 16” D) with doors (4” W x 4”H) allowing free access between each chamber. The 2 side chambers contained wire mesh cups (7 cm diameter). Mice were tested across 3 phases: acclimation, sociability, and social recognition. Mice were left in their homecage for 5 min in between each phase. In acquisition, mice were placed into the center chamber and allowed to freely explore the entire box for 5 min. In sociability, a novel same-sex conspecific mouse was placed under one of the mesh cups and the target mouse was allowed to explore the chamber for 5 min. In the social recognition test, a new novel same-sex conspecific was placed in the opposite mesh cup and the target mouse was allowed to explore the entire chamber for 5 min. Location of the novel conspecific was alternated and counterbalanced across groups. Twenty minutes prior to the start of acclimation, mice were injected with clozapine-N-oxide (CNO; 0.3 mg/kg; i.p.) dissolved in 5% DMSO.

