Supplemental methods 
[bookmark: _Hlk48771329]Evaluation of neurological score, infarct volume and brain water content 
[bookmark: _Hlk520561058]Twenty-four hours after reperfusion, the neurological scores were measured by an investigator blinded to the experimental grouping, using the following scale (Zhou et al., 2016): Grade 0, no neurological deficit; Grade 1, failure to fully extend forelimbs when the tail was lifted; Grade 2, circling to the contralateral side; Grade 3, leaning to one side; Grade 4, no spontaneous walking, loss of consciousness. After scoring, the mice were euthanized by decapitation under anesthesia. Brains were quickly removed, cut into five 2mm slices and incubated in 1% 2,3,5-triphenyltetrazolium chloride (TTC, Sinopharm Chemical Reagent, China) at 37 °C for 15 min. The infarct volume was calculated using the formula: infarct volume = (red area of contralateral side – red area of ipsilateral side) / whole contralateral hemisphere area ×100% (Sheng et al., 2011). The brain slices were then dried at 105°C for 48 h until the wet weight did not change. The water content was calculated using the formula: water content = (wet weight - dried weight) / wet weight × 100% (Huang et al., 2018; Li et al., 2016).
[bookmark: _Hlk48771425]Behavioral tests 
A series of behavioral tests including beam balance test and rotarod test was conducted in a separate cohort of mice at fourteen and twenty-eight days after cerebral ischemia by two investigators blinded to the experimental grouping (Huang et al., 2018) (Li et al., 2016). 
Beam balance test 
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK19][bookmark: OLE_LINK20]The beam balance test was used to assess the balance function and motor integration. Mice were placed on a 91-cm-long and 3.5-cm-wide beam placed 57 cm above a tabletop (Li et al., 2016). Mice were trained 1 day before experiment. The time to cross the beam was recorded and the times for 3 successful runs were averaged.
Rotarod test 
The rotarod test was used to assess the motor coordination of mice. A day before experiment, mice were put on a rotarod cylinder with a fixed speed of 12 rpm for training. During the next day’s test, the rotarod cylinder was set to accelerate from 12 to 40 rpm within 300s. The maximum latency time of each mouse to fall from the rotarod cylinder was recorded. Each mouse was tested three times.
[bookmark: _Hlk48771448]In vivo peptide distribution
Mice were killed at 6h after administration of 4 mg/kg biotin-TAT-SPK2 or biotin-SPK2. Brains were perfused with PBS, fixed in 4% paraformaldehyde, cryopreserved with 20% and 30% sucrose at 4°C, and kept frozen at -20°C overnight. Brains were cut into 20-μm-thick sections with a cryostat. Sections were blocked in 5% BSA, 0.4% Triton X-100 for 1h, and then incubated with Alexa Fluor 488-conjugated streptavidin (1:500; Vector Laboratories BA-2000) for 1 h (Liu et al., 2013b). Fluorescence images were captured using a laser confocal microscope (ZEISS LSM710). 
[bookmark: OLE_LINK51][bookmark: OLE_LINK52]Toxicology assessment
In the acute toxicity study, normal mice were administered intraperitoneally with a single dose of 80 mg/kg TAT-SPK2 (20 times the highest therapeutic dose) or TAT-L219A (6 mice per group). Mice were monitored for body weight, food and water intake, breathing, excretion and behavior 3 times within 24 hours after administration, and once a day thereafter for another 6 days. In the subacute toxicity study, normal mice received vehicle or TAT-SPK2 (4 mg/kg/day, intraperitoneal injection) for 2 weeks (6 mice per group). Mice were observed daily for weight, food and water intake, breathing, excretion and behavior during the administration.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK38][bookmark: OLE_LINK55]On the last day of toxicity assessment, the blood of the mice was collected under anesthesia. The blood was placed at room temperature for 2 h, and was centrifuged at 3000 rpm for 20 min at 4°C to obtain serum. The creatinine, glutamic pyruvic transaminase (GPT, alanine aminotransferase, ALT), glutamic oxalacetic transaminase (GOT, aspartate aminotransferase, AST) and lactate dehydrogenase 1 (LDH1) in serum were analyzed. The mice were sacrificed under anesthesia, and the organs including heart, lung liver, kidney, spleen and testis were removed. The samples stored in 10% buffered formalin were dehydrated through a series of graded alcohols, embedded in paraffin, sliced into 5 µm thick sections and stained with hematoxylin-eosin for pathological examination (Shen et al., 2015).
[bookmark: _GoBack]

[image: ]Figure S1. Experimental design of in vivo (A) and in vitro studies (B). (A) The in vivo studies sought to examine the effects of TAT-SPK2 on ischemia reperfusion injury and BNIP3-mediated mitophagy in a mouse tMCAO model. In the short term study, we performed peptide entry assay, efficacy, time window and mitophagy assay. In long term study, we investigated the effect of TAT-SPK2 on ischemic atrophy and long-term functional recovery. Finally, we evaluated the preliminary toxicity of TAT-SPK2. (B) In vitro studies were aimed at exploring the role and mechanism of BNIP3-mediated mitophagy in the neuroprotection of TAT-SPK2, and included mitophagy assay and protein interaction between BNIP3/Beclin1 and Bcl-2.

Figure S2. Intracellular staining of biotin-Tat-SPK2 peptide in the brain.
Six hours after treatment with Biotin-Tat-SPK2 or Biotin-SPK2 peptide (4 mg/kg, intraperitoneally) , mice were perfused with PBS, fixed in 4% paraformaldehyde, and dehydrated with 20% and 30% sucrose. After frozen overnight, the brain was cut into 20-μm-thick sections and processed for immunofluorescence. Biotin was detected by Alexa Fluor 488 conjugated streptavidin (green). Scale bar=20 μm. n=3 mice.
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Figure S3. Preliminary toxicological evaluation of TAT-SPK2 in mice. Normal mice were administered intraperitoneally with a single dose of 80 mg/ kg of TAT-SPK2 (20 times the highest therapeutic dose) or TAT-L219A. (A) The effects of TAT-SPK2 on body weights were assessed. Some representative objective blood biomarkers of organs toxicity were tested including creatinine (E) for kidney, glutamic pyruvic transaminase (GPT, alanine aminotransferase, ALT) (F) and glutamic oxalacetic transaminase (GOT, aspartate aminotransferase, AST) (G) for liver, and lactate dehydrogenase 1 (LDH1) for heart (H). Organs including liver, spleen, kidney, testis, heart and lung were dissected and stained with haematoxylin and eosin. Representative images are shown. Scale bar = 50 μm. n=6 mice in each group. Data are shown as mean ± SD.
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[image: ]Figure S4. Tat-SPK2 peptide upregulates LC3II and downregulates P62 in the hippocampus and striatum of mice. Mice were treated with Tat-SPK2 peptide or Tat-L219A (4mg/kg, intraperitoneally). Hippocampus and striatum were dissected at 1, 3, 6, 12, and 24h after administration. The levels of LC3 (A) and P62 (B) were determined by Western blotting. β-actin levels were used as loading control. n=6 mice. Data are shown as mean ± SD. * P<0.05, ** P< 0.01, *** P<0.001 compared with the control group.

[image: ]Figure S5. Tat-SPK2 peptide upregulates BNIP3 in the hippocampus and striatum of mice. Mice were treated with Tat-SPK2 peptide or Tat-L219A (4mg/kg, intraperitoneally). Hippocampus and striatum were dissected at 1, 3, 6, 12, and 24h after administration. BNIP3 level was determined by Western blotting. β-actin levels were used as loading control. n=6 mice. * P<0.05, ** P< 0.01, *** P<0.001 compared with the control group.

















Supplemental Table 1: Total number and group allocation of mice subjected to transient middle cerebral artery occlusion (tMCAO).
	
	Group
	
Total number of mice
	Excluded mice
	Mice included in analysis

	
	
	Death 
(during surgery or within 24-hour unless noted otherwise)
	Technical failure
(blood flow not reduced by 90% during MCAO or not recovered to 85-95% of baseline during reperfusion)
	

	

	Vehicle
	14
	3
	1
	10

	Eda
	13
	1
	3
	9

	TAT-L219A
	13
	2
	0
	11

	TAT-SPK2 1mg/kg
	13
	1
	0
	12

	TAT-SPK2 2mg/kg
	13
	1
	1
	11

	TAT-SPK2 4mg/kg
	13
	0
	2
	11

	

	Vehicle
	12
	1
	2
	9

	TAT-SPK2 0h
	12
	0
	4
	8

	TAT-SPK2 1h
	13
	2
	0
	11

	TAT-SPK2 2h
	12
	1
	2
	9

	TAT-SPK2 3h
	12
	0
	2
	10

	TAT-SPK2 4h
	12
	2
	0
	10

	

	tMCAO+Vehicle
	38
	1-24h; 20-1 week; 8-2 week
	3
	6

	tMCAO+TAT-SPK2
	26
	2-24h; 10-1 week; 6-2 week
	2
	6

	

	tMCAO
	12
	0
	3
	9

	tMCAO+TAT-SPK2+Vehicle
	12
	1
	1
	10

	tMCAO+TAT-SPK2+Mdivi-1
	14
	1
	0
	13
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