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Supplementary methods
Experiment 1
Step 1: Establishment of mouse models of alcohol induced depressive-like behavior – the National Institute on Alcohol Abuse and Alcoholism (NIAAA) model and the chronic alcohol gavage model 
During the establishment of the NIAAA model(Supplementary Figure 1a), feeding method of the liquid forage with equal calories (the alcohol liquid and control liquid feed formulations were provided by Nantong Trophy Co., Ltd.) was adopted. Mice in the alcohol diet group were given Lieber-DeCarli alcohol liquid forage (standard type) for 4 weeks, followed by a free diet through the end of the experiment. Mice in the control diet group were given Lieber-DeCarli control liquid forage. From the 5th week, all the mice were subjected to a series of behavioral tests, including the open field test (OFT), forced swimming test (FST), and conditional fear test. The alcohol diet and the control diet were continued through the last day of the behavioral tests. Before the beginning of each behavioral test, the mice were starved for 2 hours in the behavior test room. After the last behavioral test, the mice in the alcohol diet group were given a single dose of alcohol (20%, 5 g/kg body weight)[1]by gavage, while the control diet group mice were given maltose gavage solution (9 g/kg body weight). The establishment of the chronic alcohol exposure model took 3 weeks in total(Supplementary Figure 1b). The mice in this group were given an initial dose of alcohol of 2 g/kg in week 1, once a day; the dose was then increased to 3 g/kg once daily in week 2, and 4 g/kg once daily in week 3. The behavioral tests were started in the 3rd week of the experiment. The alcohol was administered by gavage through the last day of the behavioral tests and after the behavioral tests at 5:00 pm every day. After completing the behavioral tests, the mice were starved overnight and sacrificed 30 minutes after a final alcohol gavage (20%, 5 g/kg).
Experiment 2
Step 1: Establishment of mouse model of depressive-like behavior induced by chronic unpredictable mild stress (CUMS).
The procedure of the CUMS modeling and the timeline of AKK administration for CUMS mice are presented in Supplementary Figure 2. The modeling of CUMS mice included 10 approaches to induce stress: food/water deprivation (24 h), tail clipping (1 min), heat stress (45°C, 5 min), swimming in cold water (5℃, 10 min), cage tilting 45° (24 h), light and dark inversion, wet bedding (10 h), behavioral restriction (1-2h), and electric shock to the sole of the foot (36V alternating current, stimulated once/1 min, with each stimulation lasting for 10 s, for a total of 30 times). The mice received 1-2 mild stressors randomly per day, with the same stressor not applied in two consecutive days. Each stressor should be administered for no more than 2-3 times cumulatively, and the intervention would last for 4 weeks. During the modeling period, glycerol and AKK viable bacteria were administered by gavage. During the experiment, one mouse in the glycerol + CUMS group died in the 8th week and one died in the 11th week; 2 mice in the AKK + CUMS group died in the 11th week. According to statistics, all the deaths occurred during the modeling period, when the mice were swimming in ice water. The numbers of mice that finally participated in behavioral data analyses and sampling were: n=15 for the Control group,  n=13 for the glycerol + CUMS group, and n=13 for the AKK + CUMS group.
Behavioral tests
The open field test (OFT): This test is used to evaluate the autonomous behavior, spontaneous exploration behavior and the anxiety level of mice in a new environment[2,3]. All the mice to be tested were first placed in the behavioral laboratory for 2 hours for acclimatization to the environment. At the start of the test, the mice were carefully placed in the central area of the open-field experimental box, with timing and video recording started immediately. The total moving distance of the mice within 4 minutes and the residence time in the central area were automatically recorded. After the completion of each behavioral test, the mice were removed and their traces (urine, feces, odor, etc.) left in the open field experiment box were removed using clean and odor-free paper towels.
The sucrose preference test (SPT): The entire experiment lasted for 5 days. The mice were single-cage housed with two 200 ml water bottles that could be accurately metered and sealed. The mice were given two bottles of 1% sucrose solution on days 1-2 as well as a bottle of distilled water and a bottle of 1% sucrose solution on days 3-4; the position of the two bottles was altered for four or more times during the training. On the 5th day, the mice were given one bottle of distilled water and one bottle of 1% sucrose solution after fasting for 12 hours. The consumption of sucrose-sweetened water and distilled water within 2 hours was measured to calculate the sucrose preference index. The position of the two bottles was altered every half an hour during the measurement. At the start, the two bottles were positioned randomly for each animal. The sucrose preference rate reflects the preference of sweetened water in mice, and anhedonia reflected by decreased sucrose preference rate is one of the most important indicators of depression-like behaviors. The sucrose preference rate was calculated as the consumption of 1% sucrose solution/ (consumption of 1% sucrose solution + consumption of distilled water) × 100%.
The tail suspension test (TST): In this test, the tails of the mice were fixed at about 1/3 to the tail end with paper tape, hanging the mice on a stand 15 cm away from the surface of a table. After the tails were fixed firmly, the movement of the mice was recorded by video, with a background that had a color clearly contrasting with the hair color of the mice. The entire recording process lasted for 6 minutes. An animal behavior analysis software was used to record the immobility time of mice over the last 4 minutes (the immobility referred to the mice being hanged their motionlessly). The result showed that the immobility time of mice was positively correlated with the severity of depression-like behaviors[4,5].
The forced swimming test (FST): The FST was used to evaluate the depressive-like behaviors of mice[6,7]. The experiment was performed in a transparent experiment bucket with clean water (depth: 30 cm, water temperature: 25 ± 2 ℃). The test lasted for 2 days. On the 1st day, the mice were forced to participate in adaptive swimming training for 15 minutes, and at the same time on the next day, the mice were put into the experimental barrel under the same conditions. The Motor-Monitor system was used for video recording. The test lasted for 6 minutes: the first 2 minutes was the adaption phase, followed by the recording of the immobility time of the mice in the water over the last 4 minutes (immobility in this test referred to the mice losing the desire for survival, with the judgment standard being that the body was in a state of suspension without twisting and the limbs did not move or only the hind limbs moved slightly). The immobility of mice during FST could be used as an evaluation index for depression symptoms in animal models.
The fear conditioning (FC) training test: This is a test to evaluate the negative emotional memory of mice[8]. There were 3 sessions of beep-shock training in a shock box. In each training session, a 30-second beep sound was played as a conditioned stimulus, and a 1-second foot shock was given as an unconditioned stimulus at the 29th second of the beep sound; the interval between two training sessions was 30 seconds. The immobility time within 2 minutes was recorded.
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Supplementary Figure 1. The establishment of mouse model of alcohol induced depressive-like behaviors. (a) The timeline for establishment of the NIAAA model. (b) The timeline of establishment of the chronic alcohol gavage model.
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Supplementary Figure 2. The procedure of establishment of the CUMS model and the timeline of AKK treatment for CUMS mice.
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