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[bookmark: _Toc42698277]Detection of TBK1 from R6/2 HD mouse brain tissue 

4-, 8-, or 12-wk n=3 / genotype brain hemispheres; Wild type or R6/2 transgenic half brains were homogenized by mechanical shearing (Polytron PT 1200 E) for 1X 30 sec in 1 ml KCL buffer (50 mM Tris–HCl pH 8.0, 150 mM KCl, 5 mM EDTA, 10% Glycerol with 10 mM dithiothreitol, 1 mM phenylmethylsulfonyl fluoride, ‘complete’ protease inhibitors (ROCHE), and PhosSTOP (ROCHE), at 4 °C. Samples were divided in two and were either collected at TOTAL homogenates, or further spun 2X at 13,000 X g for 20 min at 4 °C as SPUN homogenates. The protein concentration of the total and spun (supernatant) fractions were determined using BCA kit (Thermo Fisher). 30 ug of total or spun protein in Laemmli loading buffer was denatured at 85 °C for 5 min and separated by 10% Criterion TGX Stain-free SDS-PAGE (Bio-Rad).  Membranes were blocked for 1 hr at RT in 5% non-fat dried milk in PBST (TBS, 0.2% Tween-20), and then incubated with gentle agitation overnight at 4 °C with the primary antibody (in TBST with 1% non-fat dried milk). Blots were immunoprobed with either: TBK1 (Cell Signaling Technologies #3504=1:1000) and TBK1 pS172 (Cell Signaling Technologies #5483=1:1000) For chemilluminescent detection, blots were washed 3X in TBST for 5 min, probed with HRP-linked secondary antibodies (in TBST with 0.5% non-fat dried milk) for 1 hr at RT and washed 3X in TBST. Protein was detected by chemilluminescense (Clarity, Bio-Rad) according to the manufacturer's instructions. The signals were captured on a ChemiDoc Touch Imaging System (Bio-Rad), then subsequently quantified using Image Lab v5.2.1 (Bio-Rad).

[bookmark: _Toc42698278]Detection of TBK1 from Human samples

The post-mortem human brain tissue used in this study was obtained from the Cambridge Brain Bank, Division of the Human Research Tissue Bank, Addenbrooke’s Hospital, Cambridge UK. All protocols in this study were approved by Cambridge Brain Bank NRES approval 10/H0308/56. The anonymized human brain cortical tissue 100 mg (n=5 of HD and Control) tissue were homogenized by mechanical shearing using the 30 strokes in Dounce homogenizer in 1 ml KCL buffer (50 mM Tris–HCl pH 8.0, 150 mM KCl, 5 mM EDTA, 10% Glycerol) with 10 mM dithiothreitol, 1 mM phenylmethylsulfonyl fluoride, ‘complete’ protease inhibitors (Sigma), and Phosphatase inhibitor cocktail 2 and 3 (Sigma). Samples were collected after a spin at 13,000 X g for 20 min at 4 °C. The protein concentration of the total and spun (supernatant) fractions were determined using BCA kit (Thermo Fisher). 50 ug of protein in Laemmli loading buffer was denatured at 85 °C for 5 min and separated by 10% Tris-Glycine SDS-PAGE (Bio-Rad). TBK1 and TBK1pS172 were immunodetected using the Odyssey Infrared Imaging System (LI-COR) and quantified using the ImageJ software.

[bookmark: _Toc42698279]Human brain tissue microarrays

The post-mortem human brain tissue used to construct tissue microarrays (TMAs) in this study was obtained from the Neurological Foundation of New Zealand Human Brain Bank in the Centre for Brain Research, University of Auckland. All protocols in this study were approved by the University of Auckland Human Participants Ethics Committee (2008/279 and 011654), and all families provided informed consent.  Human brain TMAs were constructed from paraffin-embedded middle temporal gyrus blocks, using methods described previously (Coppieters, Dieriks et al., 2014, Narayan, Lill et al., 2015, Singh-Bains, Linke et al., 2019). The TMA comprised a total of 56 2-mm-diameter core samples, 28 from neurologically normal control cases and 28 from HD cases. Final sample sizes used for immunohistochemistry with TBK1 pS172 was n=21 HD and n=18 control cases, which reflects the loss of samples from the slide during processing. 

[bookmark: _Toc42698280]Immunohistochemistry to detect TBK1 pS172 and 1C2 immunoreactivity in human brain tissue microarrays

TMA sections were cut at a thickness of 7μm and were annealed to slides by heating at 60°C for 1 hour. Sections were subsequently dewaxed using xylene immersion in xylene twice (1 hour and 10 min, respectively) and rehydrated using a standard graded ethanol series procedure. For immunohistochemistry, slides were immersed in Tris-EDTA retrieval buffer (pH9) (for TBK1 pS172) or sodium citrate buffer (pH6) (for 1C2), heated at 121°C for 2 hours in 2100 Antigen Retriever (Aptum, Pick Cell Laboratories), and then rinsed three times for 5 min in milliQH2O. For 1C2 immunohistochemistry, once the slides had cooled post-antigen retrieval, an additional incubation in 99% formic acid was carried out for 5 minutes followed by 3 washes in milliQ H2O. Slides were subsequently incubated with an endogenous peroxidase blocking solution (50% methanol, 1% H2O2, diluted in mQH2O) for 20 min at room temperature. This was followed by three washes in PBS, and then slides were incubated with blocking buffer (10% normal goat serum in PBS) for 1 hour at room temperature. Primary antibodies rabbit Phospho-TBK1/NAK, Ser172 (1:100, Cell signaling) and mouse 1C2 (1:5000, CAT # MAB1572, Millipore) were applied for incubation overnight at 4°C.
To detect antibody binding, slides were washed in PBS with Triton X-100 for 5 min and then twice in PBS for 5 min each and incubated with biotinylated goat anti-mouse or anti-rabbit antibodies (Sigma-Aldrich) for 3 hours at room temperature. After further washing, they were incubated for 1 hour at room temperature with Sigma Extravidin peroxidase at 1:1000 dilution and then washed and incubated with the peroxidase substrate [3,3′-diaminobenzidine with 0.04% Ni(NH4)2(SO4)2] to develop the colour change. Following PBS-milliQH2O washes (3 × 5 min each), the slides were dehydrated in a graded ethanol series followed by xylene and mounted under coverslips with DPX mounting medium (Cat No 06522, Sigma-Aldrich).
Images were acquired for each immunolabelled TMA slide using a VSlide automated slide scanning microscope (Metasystems) running Metafer4 software (version 3.12.133) utilizing a TMA imaging protocol described previously (Narayan et al., 2015, Singh-Bains et al., 2019). The images acquired were analyzed using Metamorph software (Metamorph Offline v.7.8.0, Molecular Devices). Image analysis for the TMA cores were conducted using the ‘Count Nuclei algorithm’ (Narayan & Dragunow, 2010). For each immunolabel, Count Nuclei measurements logged within an excel spreadsheet included the expression of the immunolabel, represented by the integrated intensity. Data obtained from the Metamorph software were statistically analyzed using GraphPad Prism (version 7.03). The comparisons between HD and control groups for TMA data were conducted using a 2-tailed Student’s unpaired t-test with Welch’s correction for unequal variances. The correlations between 1C2 and TBK1 pS172 were conducted with Pearson’s correlation analysis (2-tailed). 
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[bookmark: _Toc42698282]Appendix Figure S1 (Related to Figure 1): TBK1 phosphorylates HTT specifically at S13 S16 much efficiently than IKK β: 
(A-B) Representative western blot of HTTex1 phosphorylation by TBK1 (A) and IKKβ (B) using HTT (ab-MAB5492), HTT pS13 (ab-CHDI-90001039-1) and pS16 (ZCH11020 -generated in house) specific antibodies for the indicated with the phosphorylation reaction monitored overtime. 
(C-D) Representative MALDI spectra of HTTex1 phosphorylation by TBK1 (CA) and phosphorylation by IKKβ (D) over time.
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[bookmark: _Toc42698283]Appendix Figure S2 (Related to Figure 5): Downregulation of the TBK1 worm orthologues ikke-1 and unc-51 using RNAi: Quantification of the relative mRNA quantity of the indicated worm kinases upon RNAi treatment normalized to act-1 (n=4).
Data information: Graph report mean ± SEM. Significance was assessed using 2-tailed Student’s t-test, < 0.001 - ***.  


  


















Appendix Ttable S1: List of antibodies and reagents used in the study.
	Antibody/reagents
	Cat No
	Provider

	Huntingtin (D7F7) XP® Rabbit mAb 
	5656
	Cell signaling

	Recombinant Anti-Huntingtin antibody [EPR5526] (ab109115)
	ab109115
	Abcam

	Anti-Huntingtin Antibody, a.a. 115-129 MAB5490
	MAB5490
	Millipore

	Anti-Huntingtin Protein Antibody, a.a. 181-810 MAB2166
	MAB2166
	Millipore

	Anti-Huntingtin Protein Antibody, clone mEM48
	MAB5374
	Millipore

	Anti-Huntingtin Antibody, a.a. 1-82 MAB5492
	MAB5492
	Millipore

	TBK1/NAK (D1B4) Rabbit mAb #3504
	3504
	Cell signaling

	Phospho-TBK1/NAK (Ser172) (D52C2) XP® Rabbit mAb #5483
	5483
	Cell signaling

	c-Myc Antibody (9E10)
	sc-40
	Santa Cruz

	Anti-NeuN Antibody, clone A60 
	MAB377
	Millipore

	Ubiquitin P4D1
	Sc-8017
	Santa Cruz

	GAPDH /14C10)
	2118S
	Cell signaling

	Huntingtin EM48
	MAB5374
	Millipore

	Optineurin (C-Term) Polyclonal Antibody
	100000
	Cayman Chemical

	Anti-LC3B antibody (ab48394)
	ab48394
	Abcam

	pT3-Huntingtin
	CHDI-90001528-2
	CHDI/Thermo Scientific

	SQSTM1 monoclonal antibody (M01), clone 2C11
	H00008878-M01
	Abnova

	Anti-p62 (SQSTM1) S403
	D343-3
	MBL

	pS13 Huntingtin 
	CHDI-90001039-1 
	CHDI/ Thermo Scientific

	Phospho-Optineurin (Ser177) Antibody
	57548
	Cell signaling 

	Anti-beta tubulin 
	ab6046
	Abcam

	IRDye® 680RD Goat anti-Mouse IgG (H + L)
	926-68070
	LI-COR Biosciences

	IRDye® 680RD Goat anti-Rabbit IgG (H + L)
	926-68071
	LI-COR Biosciences

	IRDye® 800CW Goat anti-Mouse IgG (H + L)
	926-32210
	LI-COR Biosciences

	IRDye® 800CW Goat anti-Rabbit IgG (H + L)
	926-32211
	LI-COR Biosciences

	pS16-Huntingtin
	
	Lashuel Lab

	Amlexanox
	4857
	Tocris

	BX 795 
	4318
	Tocris

	MRT 67307 dihydrochloride 
	5134
	Tocris

	MRT 68601 hydrochloride
	5067
	Tocris

	siRNAs
	
	

	Name
	Sequence
	

	Nontar 1
	AUGAACGUGAAUUGCUCAA
	Microsynth

	Nontar 2
	UAAGGCUAUGAAGAAUAC
	Microsynth

	Nontar 3
	AUGUAUUGGCCUGUAUUAG
	Microsynth

	Rat siTBK1-1
	GGGAACAUCAUGCGCGUCA
	Microsynth

	Rat siTBK1-2
	CUAGAGAGUUAGAGGACGA
	Microsynth

	Primers
	
	

	act-1 
	F, 5’- ACGACGAGTCCGGCCCATCC
R, 5’- GAAAGCTGGTGGTGACGATGGTT
	Microsynth

	ikke-1
	F, 5’- TTCTTCTTCTGCGAAATAAT
R, 5’- GAAAAAAAATGATTGAAGGAAT
	Microsynth

	unc-51
	F, 5’- TGTGGAAAAACGTCTTCGAATT
R, 5’- CAAAAAACAGAACAAAAGTGG
	Microsynth
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