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Supplementary Methods 

Immunoprecipitation and kinase assay 

Immunoprecipitation and kinase assay were performed as described previously1 with minor 

modification. Briefly, 293T cells transfected with plasmids that carry wild type (WT) or kinase 

dead (KD) form of HA-MARK4 were lysed in ice-cold CHAPS lysis buffer (CLB) (50 mM 

HEPES pH 7.5, 150 mM NaCl, 1 mM EDTA, 0.3% CHAPS, 1 mM DTT, 1×Halt Protease and 

Phosphatase Inhibitor Cocktail (Thermo Scientific)). After two freeze-thaw cycle, the soluble 

fractions of the lysates were isolated by centrifugation at 13,000 rpm 4°C for 10 min. The 

concentration of total protein was determined using BCA Protein Assay Reagent (Thermo 

Scientific). For immunoprecipitation assay, all incubation was carried out at 4°C with rotation. In 

a typical assay, lysate which contains 1 mg of protein in 500 µl of CLB was pre-cleared by 

incubation with 12 µl of 50% slurry of protein G agarose (Thermo Scientific) for 1 h. In a 

separate microcentrifuge tube, 4 µl monoclonal mouse anti-HA antibody (Sigma) was bound to 

12 µl of 50% slurry of protein G agarose in a total of 100 µl CLB for 1 h followed by the 

addition of the pre-cleared lysate and incubation overnight. Immunoprecipitates were washed 

three times with CLB, once with wash buffer (40 mM HEPES, 250 mM NaCl), and once with 

kinase buffer (30 mM HEPES, 50 mM potassium acetate, 5 mM MgCl2). Agarose beads were 

resuspended in 200 µl kinase buffer with 200 µM of ATP. For each kinase reaction, 25 µl of 

resuspended agarose beads were taken, to which MB was added followed by recombinant Tau 

441 (250 ng per reaction). The reaction was carried out at 30°C for 30 min, and terminated with 

4×LDS buffer with 2-mercaptoethanol. After incubation at 70°C for 10 min, the samples were 

analyzed by Western blot.   

 

 



Supplementary Figures 

 

Supplementary Figure S1. MB does not affect human Leucine-rich repeat serine/threonine-

protein kinase 2 (hLRRK2) protein level. Representative immunoblot showing hLRRK2 

protein level with β-actin as loading control.  

 

 



Supplementary Figure S2. MB down regulates endogenous MARK4 protein level but not 

GSK-3β and CDK5 in 293T cells. (a) Immunoblot of lysates from 293T cells transfected with 

4R2N Tau and HA-MARK4-KD or WT. Cells transfected with Tau and HA-MARK4-WT were 

treated with AC, MB and OS as described in Figure 3A. Endogenous MARK4 protein level was 

evaluated using an MARK4 antibody with β-actin as the loading control. (b) Immunoblot of 

lysates from 293T cells transfected with 4R2N Tau. Transfected cells were treated with AC, MB 

and OS as described in Figure 4. All experiment was repeated twice and similar results were 

obtained. Full blots are shown in Supplementary Figure S5. 

 

Supplementary Figure S3. In vitro kinase assay using immunoprecipitated HA-MARK4. 

293T cells were transfected with HA-MARK4 WT and KD. HA-MARK4 was 

immunoprecipitated using anti-HA antibody and incubated with purified hTau and ATP in the 

presence of increasing concentration of MB. Representative immunoblot of the kinase reaction 

probed by antibodies against HA, pTau S262 and total Tau was shown. The experiment was 

repeated three times and similar results were obtained. Total Tau and pTau (262) blots were 

cropped. Full blots are shown in Supplementary Figure S5. 



 



 

Supplementary Figure S4. Full-length blots 1. Each blot is identified at the bottom. Additional 

bands in Fig 5b represent mouse IgG heavy chain (H) and light chain (L) used for 

immunoprecipitation.  

 
Supplementary Figure S5. Full-length blots 2. Each blot is identified at the bottom. 
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