Protein kinase Mζ in medial prefrontal cortex mediates depressive-like behavior and antidepressant response
Supplemental Information
Supplemental Material and Methods

Subjects

Male Sprague-Dawley rats, 7-8 weeks old (240-260 g) upon arrival, were obtained from the Laboratory Animal Center, Peking University Health Science Center. They were caged in facility with controlled temperature (23 ± 2ºC), stabilized humidity (50 ± 5%) and a reverse 12 h/12 h light/dark cycle. Food and water were provided ad libitum. Our estimates of animal use for the behavioral tests (n ≥ 7 per group), Western blot assays (n ≥ 6 per group), electrophysiological recordings (n ≥ 16 neurons from 3-4 rats per group), and immunofluorescence (n ≥ 16 slices from 4 rats per group) are based on past experience in our laboratory and previous studies.
Surgery
The rats (weighing 280-300 g when surgery began) were anesthetized with sodium pentobarbital (50 mg/kg, i.p.). Guide cannulae (23 gauge; Plastics One, Roanoke, VA, USA) were bilaterally implanted 1 mm above the mPFC.1
 The cannulae were anchored to the skull with stainless-steel screws and dental cement. A stainless-steel stylet blocker was inserted into each cannula to prevent infection.
 ADDIN EN.CITE 

2, 3
 The rats were allowed to recover for at least 1 week after surgery.
Lentiviral vectors

The two vector plasmids, pSinRep5-pPKMζ-Ires-ZsGreen and pSinRep5-pPKMζ-K281W-Ires-ZsGreen (kindly provided by Prof. Todd Sacktor, SUNY Downstate Medical Center, Brooklyn, NY, USA), were constructed to produce lentiviruses that express PKMζ or a dominant-negative (DN) mutant of PKMζ (PKMζ-K281W, amino acid sequence number as in PKCζ). PKMζ or DN- PKMζ was amplified by polymerase chain reaction from the vectors and subcloned into the GV208 vector using BamHI and AgeI restriction sites. All of the vectors contained the enhanced green fluorescence protein (eGFP) coding sequence and PKMζ or DN- PKMζ was separated by IRES from eGFP. All of the vectors were then transfected into human embryonic kidney 293 cells. Approximately 48-72 h post-transfection, cells were harvested, purified by centrifugation, and stored at -80(C (Genechem, Shanghai, China). 

Intracranial injections

Rats were anesthetized with sodium pentobarbital (20 mg/kg, i.p.). Lentivirus (0.5 μl per side; 1 × 109 TU/ml) was bilaterally injected into the mPFC with Hamilton syringes connected to 30 gauge injectors (Plastics One). The drugs were infused over 10 min. The injection needle was kept in place for an additional 5 min to allow for diffusion.
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Drugs
Fluoxetine (FLX; MedChem Express, New Jersey, USA) was dissolved in sterile distilled water and Desipramine (DMI; Sigma-Aldrich, St. Louis, USA) was dissolved in a mixed solution of alcohol and 0.9% saline (1:1). They were subcutaneously administrated at a dosage of 10 mg/kg and 8 mg/kg, respectively. A vehicle for DMI consists of alcohol and 0.9% saline (1:1).
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 Ketamine hydrochloride (10 mg/kg) was obtained from Jiangsu Hengrui Medicine Co. Ltd and dissolved in saline. The PKMζ inhibitor ZIP (myr-SIYRRGARRWRKL-OH; Calbiochem, Darmstadt, Germany) was dissolved in 0.9% saline and microinjected bilaterally into the mPFC (10 nmol/0.5 μl/side).
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Chronic unpredictable stress 

The rats were exposed to a variable sequence of mild and unpredictable stressors for 21 consecutive days (2 stressors per day). The stressors included: Day 1 (cold immobilization for 1 h at 4 °C, tilted cages 45° for 24 h), Day 2 (immobilization for 1 h, crowding for 24 h), Day 3 (forced cold swim for 5 min, soiled bedding for 24 h), Day 4 (immobilization for 1 h, vibration for 1 h), Day 5 (tilted cages 45° for 24 h, cold immobilization for 1 h at 4 °C), Day 6 (forced cold swim for 5 min at 4 °C, crowding for 24 h), and Day 7 (vibration for 1 h, soiled bedding for 24 h). This schedule was repeated two more times. For the sub-threshold unpredictable stress (sCUS) protocol, this schedule was performed only once.

Behavioral tests of CUS model

Sucrose preference test (SPT). The SPT was used to assess CUS-induced anhedonia.
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 Briefly, rats were individual housed and trained to be adapted to a 1% sucrose solution (w/v) in two bottles for 48 h at the start of the experiment. After adaptation, the rats were deprived of water for 4 h, followed by the sucrose preference test, in which the rats had free access to two bottles that contained 1% sucrose or tap water respectively for 1 hr. Sucrose preference was defined as the following: sucrose consumption/(sucrose consumption + water consumption) × 100%.

Novelty-suppressed feeding test (NSFT). NSFT was modified from our previous protocols.
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 Before the test, the rats were food-deprived for 24 h. On the test day, the rats were individually placed in a corner of an open field (75 cm × 75 cm × 40 cm) with several small pellets of food placed on a piece of white paper (10 cm × 10 cm) in the center. The latency (s) to approach and eat the first bite of food was recorded in a 10-min test. As control, feeding in home cage (mg) was quantified during the first 5 min after rats being taken back to home cage.
Elevated plus maze (EPM). The test was based on our previous studies.
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 Each rat was first placed in the central zone of elevated plus maze and allowed to freely explore the maze for 5 min under dim light conditions. The entire test was recording by an infrared camera. The numbers of entries into the open or close arms, and time spent (s) in the open or close arms was calculated by EthoVision XT Software.
Learned helplessness
 Learned helplessness (LH) paradigm was adapted from previous study.
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 The identical shuttle boxes (Shanghai Jiliang Software Technology Co. Ltd, Shanghai, China), which were divided into two equal compartments by a door, were used in this study. Scrambled shocks were delivered by the floor consisting of stainless steel bars. On the training day, rats were constrained in one side of shuttle boxes and received inescapable footshock (60 times, 0.85 mA intensity, 15 sec average duration, 60 sec average intershock interval). In the sub-threshold LH procedure, inescapable footshock was given 20 times. Non-stressed control rats were placed into the chambers without receiving footshock. Helplessness behavior was evaluated by the performance in the active escape test, which consisted of 30 two-way trials of escapable footshock (0.65 mA intensity, 30 sec maximum duration, 90 sec average intershock interval). In a two-way trial, rats had to cross from one side of the shuttle box to the other and then return to terminate shock. Helplessness behavior was evaluated by escape latencies and numbers of escape failures (response requirement was not met within 30 sec), which were recorded by computer. 

Novel object recognition
The novel object recognition (NOR) paradigm was modified from previous studies.
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 One day before NOR training, each rat was habituated to the test apparatus (60 cm ( 40 cm ( 50 cm, Plexiglas cage) without objects for 5 min. One day later, two identical objects were fixed to the floor by double-sided tape, and the rats were allowed to freely explore the arena for 5 min. Short-term memory (STM) and long-term memory (LTM) test were conducted 1 or 24 h later in different groups. During the test sessions, the rats were returned to the arena that contained one familiar object and one novel object for 5 min. The object assignments (familiar or novel) and locations (left or right side of the arena) were counterbalanced. The arena and objects were cleaned with 70% ethanol between each test. The entire test was recorded by an infrared camera. The time spent exploring each object was calculated by EthoVision XT software. The exploration index was calculated for each test, defined as the difference in time spent exploring the novel and familiar objects divided by the total exploration time for both objects.
Western blot assay

Brains were rapidly extracted and frozen in -60ºC N-hexane, and then transferred into -80ºC freezer. Bilateral tissue punches of the mPFC (16 guage) were placed in a centrifuge tube filled with ice-cold homogenization buffer (0.32M sucrose, 4 mM HEPES, 1 mM EDTA, 1 mM EGTA, and protease/phosphatase inhibitors, pH 7.4). 30 minutes after being homogenized by an electrical disperser (Wiggenhauser, Sdn Bhd), the homogenate was centrifuged at 1000 × g for 10 min at 4 ºC to obtain the supernatant (S1) and pellet (P1). S1 was again centrifuged at 10,000 × g for 30 min at 4 ºC to generate a crude synaptosomal fraction (P2) and supernatant (S2). P2 was lysed hypo-osmotically and centrifuged at 25,000 × g for 30 min at 4ºC to generate the synaptosomal membrane fraction (LP1). LP1 was resuspended in the HEPES-lysis buffer (50 mM HEPES, 1 mM EDTA, 1 mM EGTA, and protease/phosphatase inhibitors cocktail, pH 7.4). The protein concentrations of S2 (cytosolic lysates) and LP1 were determined using the bicinchoninic acid assay kit (Applygen Technologies, Beijing, China). HEPES-lysis buffer was used to equalize the protein concentrations. Five × loading buffer (16% glycerol, 20% mercaptoethanol, 2% sodium dodecyl sulfate [SDS], and 0.05% bromophenol blue) was added to each sample (4:1, sample:loading buffer) before boiling for 5 min. The samples were subjected to SDS-polyacrylamide gel electrophoresis (10% acrylamide/0.27% N,N’-methylenebisacryalamide resolving gel) for approximately 40 min at 80 V in stacking gel and approximately 1 h at 120 V in resolving gel. The proteins were electrophoretically transferred to Immobilon-P transfer membranes (Millipore, Bedford, MA, USA) at 250 mA for 2.5 hr. The membranes were washed with TBST (Tris-Buffered Saline plus 0.05% Tween-20, pH 7.4) and then dipped in blocking buffer (5% bovine serum albumin [BSA] in TBST) overnight at 4 ºC. Then they were incubated for 1 h at room temperature with anti-synapsin I antibody (1:1000, Abcam, Cambridge, UK; catalog no. ab64581), anti-GluA1-antibody (1:2000, Abcam, Cambridge, UK; catalog no. ab109450), anti-GluA2 antibody (1:1000; Cell Signaling Technology, Danvers, MA, USA; catalog no. 5306), anti-PSD-95 antibody (1:1000, Abcam, Cambridge, UK; catalog no. ab76115), anti-PKMζ antibody (1:500, Santa Cruz Biotechnology, Santa Cruz, CA, USA; catalog no. sc-216), anti-PKCα antibody (1:500, Santa Cruz Biotechnology, Santa Cruz, CA, USA; catalog no. sc-208), anti-PKCβ antibody (1:500, Santa Cruz Biotechnology, Santa Cruz, CA, USA; catalog no. sc-209), anti-PKCλ antibody (1:500, Santa Cruz Biotechnology, Santa Cruz, CA, USA; catalog no. sc-11399), anti-PKCθ antibody (1:500, Santa Cruz Biotechnology, Santa Cruz, CA, USA; catalog no. sc-212), anti-Na-K ATPase antibody (1:1000, Abcam, Cambridge, UK; catalog no. ab7671), or anti-GADPH antibody (1:2000, Abcam, Cambridge, UK; catalog no. ab9484) dissolved in TBST plus 5% BSA. After three 5-min washes in TBST buffer, the blots were incubated for 45 min at room temperature on a shaker with horseradish peroxidase-conjugated secondary antibody (goat anti-mouse IgG and goat anti-rabbit IgG; Santa Cruz Biotechnology, Santa Cruz, CA, USA) diluted 1:5000 in blocking buffer. The blots were then washed three times for 5 min each in TBST and incubated with a layer of Super Signal Enhanced chemiluminescence substrate (Detection Reagents 1 and 2, 1:1 ratio, Pierce Biotechnology, Rockford, IL, USA). Excess mixture was dripped off before the blots were exposed to ChemiDoc MP System (BioRad, Hercules, CA, USA) for 5-60 s. Band intensities were quantified using Quantity One software (version 4.4.0, Bio-Rad, Hercules, CA, USA). The band intensity of specific PKC isoforms from cytosolic lysates was normalized to GAPDH, and the band intensities of synapsin I, PSD-95, GluA1, and GluA2 from synaptosomes were normalized to Na-K ATPase.
Immunohistochemistry

Rats were deeply anesthetized with sodium pentobarbital (100 mg/kg, i.p.) and transcardially perfused with 0.01 M phosphate buffered saline, followed by 4% paraformaldehyde in 0.2 M phosphate buffer. The brain was extracted, postfixed in 4% paraformaldehyde overnight at 4°C, and cryoprotected in 30% sucrose in 0.2 M phosphate buffer. For enhanced green fluorescent protein expression in lentiviral vector-injected rats, consecutive 40 μm coronal brain sections were examined using an Olympus BX53 fluorescence microscope. Rats with misplaced cannulas were excluded from the statistical analysis.
To assess PKMζ localization in the mPFC, the brains were coronally sectioned at 20 μm. Free-floating sections were incubated in blocking solution for 2 h at room temperature, followed by incubation with primary antibody in blocking solution overnight at 4°C. Incubation with the secondary antibody in blocking solution was performed for 2 h at room temperature with slow shaking. The following antibodies were used: anti-PKMζ antibody (1:500, Abcam, Cambridge, UK; catalog no. ab59364), anti-CaMKII antibody (1:500, Novus Biologicals, Littleton, USA; catalog no. NB100-1983), anti-GAD67 antibody (1:500, Millipore, Billerica, MA, USA; catalog no. MAB5406), Alexa Fluor goat anti-rabbit 488 (1:500, Life Technologies, Carlsbad, CA, USA), and Alexa Fluor goat anti-mouse 594 (1:500, Life Technologies, Carlsbad, CA, USA). The brain slices were examined using an Olympus BX-UCB fluorescence microscope.
Spine density analysis

Rats with lentivirus microinjection in mPFC were deeply anesthetized and perfused with 0.01 M phosphate buffered saline and 4% paraformaldehyde in 0.2 M phosphate buffer in consequently. The brain was extracted, postfixed in 4% paraformaldehyde overnight at 4°C, and cryoprotected in 30% sucrose in 0.2 M phosphate buffer. Consecutive 80 μm coronal brain slices were incubated in anti-GFP antibody (1:1000, Abcam, Cambridge, UK, catalog no. ab6556) overnight at 4°C and washed with PBS for 5mins and 3 times. Then slices were processed to goat anti-rabbit secondary antibody conjugated to Alexa 488 (1:1000) and washed with PBS. Spines in mPFC were visualized by an Olympus IX83 confocal fluorescent microscope, using a 60 × oil-immersion objective. For spine density analysis, Z-stacks consisted of 10-20 scans at high zoom at 0.25-μm steps in the z axis. For the quantitative analysis of spine density, the spines were counted along dendritic segments that were chosen from secondary and tertiary dendrites. Dendrites from neurons in layer V of the mPFC were analyzed. Three kinds of spines: stubby, long thin and mushroom were accumulated.14
 Dendritic length was measured using ImageJ software, and spine numbers were counted. An average was obtained from 3-5 neurons per rat (n = 4-6 for each group). Spine morphological analysis was carried out with the software NeuronStudio. 
Electrophysiology

The rats were anesthetized with pentobarbital and decapitated. The brains were removed and sectioned in cold (0-4°C) cutting solution: 87 mM NaCl, 3.0 mM KCl, 1.5 mM CaCl2, 1.3 mM MgCl2, 1.0 mM NaH2PO4, 26 mM NaHCO3, 20 mM D-glucose, and 75 mM sucrose, saturated with 95% O2 and 5% CO2 to obtain 300 μm-thick coronal sections with a vibratome (Leica VT1200). The slices were transferred to and incubated in a holding chamber that contained artificial cerebrospinal fluid (ACSF): 124 mM NaCl, 3.0 mM KCl, 1.5 mM CaCl2, 1.3 mM MgCl2, 1.0 mM NaH2PO4, 26 mM NaHCO3, and 20 mM D-glucose, saturated with 95% O2 and 5% CO2 at 32°C and then at room temperature for at least 30 min before recording. Layer V pyramidal neurons in the mPFC were recorded using previously described methods.
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 The slices were transferred to a submersion-type chamber where they were continuously perfused with ACSF saturated with 95% O2 and 5% CO2 at 30-32°C and a flow rate at 2 ml/min. Neurons were visualized by infrared differential interference contrast imaging, and fluorescence was detected by epifluorescence imaging under a water immersion objective (40(, NA 0.8) on an upright microscope (Olympus BW51X) equipped with an infrared charge-coupled device camera (Dage-MTI). The pipette solution contained the following: 115 mM Cs methylsulfate, 5 mM CsCl, 4 mM ATP-Mg, 0.5 mM GTP-Na, 0.5 mM EGTA, 10 mM HEPES, and 4.0 mM QX-314 (pH 7.2, 280-290 mOsm with sucrose). During the experiments, the liquid junction potential was uncorrected. For miniature EPSC (mEPSC) recordings, 0.8 μM tetrodotoxin (Tocris Bioscience) and 100 μM picrotoxin (Tocris Bioscience) were bath-applied. The recording electrodes had resistances of 2.5-4 MΩ. The series resistance, usually between 8 and 14 MΩ, was uncompensated. The series resistance was monitored regularly during the experiments. Data were discarded when the series resistance was > 16 MΩ or the fluctuation of series resistance was > 15% during the recordings. Whole-cell recordings were performed with a Multiclamp 700B amplifier (Molecular Devices) and Axon Digidata 1322A (Molecular Devices) controlled by pClamp 10 (Molecular Devices). The data were filtered at 4 kHz and digitized at 20 kHz. The data were analyzed offline with Axograph X and Igor Pro (Wavemetrics).
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[image: image1.png]- o

Fold of change
o
b

(normalized to Control)

)

mPFC
Synapsin| g
T, T, T, T, PSDO5 =
GIUAT
GIUA2
Na-K ATPase *
Synapsin|  PSD95 GluA1 GluA2 >

O Control M cus Sy




Figure S1. Chronic unpredictable stress (CUS) decreased expression of synaptic proteins in mPFC. Experimental timeline was the same as Figure 1A. (A) The expression of synaptosomal synapsin I, PSD-95, GluA1, and GluA2 in the mPFC decreased in CUS rats (synapsin I: t-test, t16 = 2.301, p = 0.03; PSD-95: t-test, t16 = 2.570, p = 0.021; GluA1: t-test, t16 = 2.180, p = 0.045; GluA2: t-test, t16 = 2.498, p = 0.024). (B) Representative western blots. The data are expressed as mean ± SEM (n = 8-10 per group). *p < 0.05, compared with control group. CUS, chronic unpredictable stress.
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Figure S2. Chronic unpredictable stress (CUS) decreased PKMζ expression in the hippocampus. The experimental timeline was the same as in Figure 1A. (A) PKMζ expression in the hippocampus decreased in CUS rats (t-test, t12 = 4.518, p = 0.001). (B) Representative western blots. The data are expressed as mean ± SEM (n = 7 per group). *p < 0.05, compared with control group. CUS, chronic unpredictable stress.
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Figure S3. PKMζ is expressed in both glutamatergic and GABAergic cells in the mPFC. (A) Representative micrographs of PKMζ-labeled cells (green) and CaMKII-labeled cells (red) and merged image of the mPFC in the control and CUS groups (20( magnification, scale bar = 20 μm). (B) Representative micrographs of PKMζ-labeled cells (green) and GAD67-labeled cells (red) and merged image of the mPFC in the control and CUS groups (20( magnification, scale bar = 20 μm). CUS, chronic unpredictable stress.
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Figure S4. Lentivirus-mediated overexpression of PKMζ or DN-PKMζ mutant in mPFC. (A) Representative micrographs of expressed green fluorescent protein (10× magnification, scale bar, 200 μm) 7 days after LVPKMζ injection in mPFC. (B) The expression of PKMζ in mPFC was significantly increased in the LVPKMζ-injected rats (t test, t10 = 9.573, p < 0.001). Microinjection of LVPKMζ did not alter the expression of PKCλ, PKCα, PKCβ, and PKCθ in mPFC. (C) Representative micrographs of expressed green fluorescent protein (10× magnification, scale bar, 200 μm) 7 days after LVDN-PKMζ injection in mPFC. The data are expressed as mean ± SEM (n = 4-6 per group). *p < 0.05, compared with LVGFP group. LV, lentivirus.
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Figure S5. Antidepressant treatment reversed the CUS-induced synaptic protein deficit in mPFC. (A) Administration of fluoxetine or desipramine reversed the CUS-induced decreases in the expression of synaptosomal synapsin I, PSD-95, GluA1, and GluA2 in the mPFC (two-way ANOVA, stress ( drug interaction; synapsin I: F2,42 = 5.054, p = 0.011; PSD-95: F2,42 = 10.085, p < 0.001; GluA1: F2,42 = 5.000, p = 0.011; GluA2: F2,42 = 3.001, p = 0.060). (B) Representative western blots. The data are expressed as mean ± SEM (n = 8 per group). *p < 0.05, compared with control-vehicle group. #p < 0.05, compared with CUS-vehicle group. CUS, chronic unpredictable stress; DMI, desipramine; FLX, fluoxetine.
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Figure S6. PKMζ overexpression in the mPFC reversed the deficits in long-term memory, reflected by novel object recognition, that were induced by CUS. (A) Experimental timeline. Rats were injected with LVPKMζ or LVGFP in the mPFC 1 day after 21-day CUS. The rats were habituated to the behavioral testing apparatus 7 days after the injection, and NOR training commenced 24 h later. STM and LTM were tested 1 or 24 h after training. (B) In the STM test, PKMζ overexpression in the mPFC did not significantly affect the time spent exploring the novel object (one-way ANOVA, F2,26 = 4.223, p = 0.027) or the exploration index (one-way ANOVA, F2,26 = 9.270, p = 0.001). (C) In the LTM test, PKMζ overexpression in the mPFC reversed the CUS-induced decrease in the time spent exploring the novel object (one-way ANOVA, F2,22 = 5.700, p = 0.011) and the exploration index (one-way ANOVA, F2,22 = 15.903, p < 0.001). The data are expressed as mean ± SEM (n = 7-10 per group). *p < 0.05, compared with control group. #p < 0.05, compared with CUS-LVGFP group. CUS, chronic unpredictable stress; LV, lentivirus; NOR, novel object recognition; STM, short-term memory; LTM, long-term memory.
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Figure S7. PKMζ in mPFC regulated helpless behavior. (A) Experimental timeline. Rats were injected with LVPKMζ or LVGFP into the mPFC 1 day after LH training. Behavioral test was performed 7 days after injection. One day after behavioral test, rats were decapitated for western blotting. (B) Overexpression of PKMζ in mPFC reversed LH-induced increase in escape latency (one-way ANOVA, F2,24 = 11.953, p < 0.001) and numbers of escape failures (one-way ANOVA, F2,24 = 10.626, p = 0.001). (C) Helpless stress decreased synaptosomal membrane GluA2 (one-way ANOVA, F2,24 = 26.665, p < 0.001) and PSD-95 (one-way ANOVA, F2,24 = 7.002, p = 0.004) expression in mPFC, which was reversed by PKMζ overexpression.GluA2 levels in PKMζ-LV-injected rats were higher than that in control rats. (D) Representative western blots. (E) Experimental timeline. One day after a sub-threshold LH training, rats were microinjected with LVDN-PKMζ or LVGFP into the mPFC, followed by behavioral test 7 day later. (F) Sub-threshold LH training did not induce helplessness. Inactivation of PKMζ in mPFC exaggerated helpless behavior (one-way ANOVA; escape latency:F2,24 = 13.869, p < 0.001; number of escape failures: F2,24 = 29.869, p < 0.001). (G) Microinjection with LVDN-PKMζ into the mPFC decreased synaptosomal membrane GluA2 (one-way ANOVA, F2,24 = 6.362, p = 0.007) and PSD-95 (one-way ANOVA, F2,24 = 5.443, p = 0.012) expression in the sub-threshold LH trained rats. (H) Representative western blots.The data are expressed as mean ± SEM (n = 7-9 per group). *p < 0.05, compared with control group. #p < 0.05, compared with LH-LVGFP group or sLH-LVGFP group. LH, learned helplessness; sLH, sub-threshold learned helpless; LV, lentivirus; OE, overexpression.
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Figure S8. PKMζ Inhibition in the mPFC did not induce depressive-like behavior in non-stressed rats. (A) Experimental timeline. The rats were microinjected with LVDN-PKMζ or LVGFP in the mPFC. Depressive-like behavior was sequentially tested in the SPT, NSFT, and EPM 7 days later at 1 day intervals. (B) The microinjection of LVDN-PKMζ did not affect sucrose preference (p > 0.05). (C) Feeding latency in the novel environment and the feeding amount in the home cage were unaffected by LVDN-PKMζ (p > 0.05). (D) Rats that were microinjected with LVDN-PKMζ did not exhibit anxiety-like behavior in the EPM (p > 0.05). The data are expressed as mean ± SEM (n = 8 per group). SPT, sucrose preference test; NSFT, novelty-suppressed feeding test; EPM, elevated plus maze.
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Figure S9. Intra-mPFC microinjections of ZIP facilitated chronic stress-induced depressive-like behavior. (A) Experimental timeline. After 7 days of unpredictable stress, the rats underwent sucrose preference test 1 (SPT1). One day later, they were microinjected with ZIP (10 nmol/0.5 μl/side) or vehicle in the mPFC. Depressive-like behavior was sequentially tested in the SPT2, NSFT, and EPM 1 day later at 1 day intervals. (B) The microinjection of ZIP decreased sucrose preference in sCUS rats (one-way ANOVA; SPT1: F2,23 = 0.248, p = 0.783; SPT2: F2,23 = 7.484, p = 0.004). (C) Feeding latency increased only in ZIP-treated sCUS rats (one-way ANOVA, F2,23 = 5.625, p = 0.011). The feeding amount in the home cage did not change in any of the groups. (D) The microinjection of ZIP decreased the time spent in the open arms of the EPM in sCUS rats (one-way ANOVA, F2,23 = 3.890, p = 0.037). (E) Experimental timeline. One day after sub-threshold LH training (sLH), the rats were microinjected with ZIP (10 nmol/0.5 μl/side) or vehicle in the mPFC, followed by behavioral testing 1 day later. (F) Sub-threshold LH training did not cause learned helplessness. The microinjection of ZIP in the mPFC increased the escape latency (one-way ANOVA, F2,25 = 25.647, p < 0.001) and the number of escape failures (one-way ANOVA, F2,24 = 22.917, p < 0.001) in sLH rats. The data are expressed as mean ± SEM (n = 7-9 per group). *p < 0.05, compared with control group. #p < 0.05, compared with sCUS-vehicle or sLH-vehicle group. sCUS, sub-threshold chronic unpredictable stress; SPT, sucrose preference test; NSFT, novelty-suppressed feeding test; EPM, elevated plus maze; sLH, sub-threshold learned helplessness.
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Figure S10. Administration of DMI reversed the decrease in PKMζ expression in mPFC in LH-exposed rats. (A, B) Inescapable footshock significantly increased escape latency (two-way ANOVA, stress × drug interaction, F1,28 = 5.797, p = 0.023) and numbers of escape failures (two-way ANOVA, stress × drug interaction, F1,28 = 9.777, p = 0.004) in helpless rats and administration of DMI (8mg/kg, i.p.) reversed these helpless behaviors. (C) DMI reversed the decrease in the expression of PKMζ in mPFC induced by helpless stress (two-way ANOVA, stress × drug interaction, F1,28 = 4.356, p = 0.046). (D) Representative western blots. The data are expressed as mean ± SEM (n = 8 per group). *p < 0.05, compared with control-vehicle group. #p < 0.05, compared with LH-vehicle group. LH, learned helplessness; DMI, desipramine.
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Figure S11. Fluoxetine and DMI treatment did not affect the PKMζ expression in OFC. (A) Administration of fluoxetine (10mg/kg, i.p.) or desipramine (8mg/kg, i.p.) did not change the expression of PKMζ and other isoforms of PKC, PKCλ, PKCα, PKCβ, and PKCθ in OFC. (B) Representative western blots. The data are expressed as mean ± SEM (n = 8 per group). CUS, chronic unpredictable stress; DMI, desipramine; FLX, fluoxetine.
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Figure S12. Ketamine treatment produced antidepressant-like effect. (A) Experimental timeline. After 21 days of unpredictable stress, rats underwent sucrose preference test (SPT1) to confirm the depressive state. One day later, rats were systemic administrated with ketamine (10mg/kg). Depressive-like behaviors (SPT2, NSFT, EPM in sequence with 1 day interval) were tested in the next four days. (B-D) Administration of ketamine  reversed CUS-induced depressive-like and anxiety-like behaviors, as indicated by the increase in sucrose preference (two-way ANOVA, stress × drug interaction; SPT1: F1,35 = 0.094, p = 0.761; SPT2: F1,35 = 7.898, p = 0.008), the decrease in feeding latency (two-way ANOVA, stress × drug interaction, F1,35 = 6.386, p = 0.016), and the increase in number of entries into open arms (two-way ANOVA, stress × drug interaction, F1,35 = 6.457, p = 0.016) and time spent in open arms (two-way ANOVA, stress × drug interaction, F1,35 = 4.188, p = 0.048). The data are expressed as mean ± SEM (n = 9-10 per group). *p < 0.05, compared with control-vehicle group. #p < 0.05, compared with CUS-vehicle group. CUS, chronic unpredictable stress; SPT, sucrose preference test; NSFT, novelty suppressed feeding test; EPM, elevated plus maze.
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Figure S13. Ketamine did not affect the expression of PKMζ and other isoforms of PKC in OFC. (A) Administration of ketamine (10mg/kg, i.p.) did not alter the expression of PKMζ, PKCλ, PKCα, PKCβ, and PKCθ in OFC. (B) Representative western blots. The data are expressed as mean ± SEM (n = 8 per group). CUS, chronic unpredictable stress.
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