Material and Methods

Antibodies and chemicals: Anti-H2A.Z (GTX108273) and anti-DNA-PKcs (GTX49138)
was from GeneTex (Irvine, CA, USA). Anti-H3 (RLM3038) was obtained from Ruiying
Biological (Suzhou, China). Anti-Flag (M2) (F3165) monoclonal antibody was from
Sigma (St. Louis, MO, USA). Anti-DNA-PKcs (residues 3965—4127) and anti-GAPDH
rabbit polyclonal antibodies were raised against bacterially expressed proteins (Jilin

University, Jilin, China).

Generation and growth of mammalian cell lines: HEK293T, Hela and AsiSI-ER-U20S
cells were maintained in Dulbecco’s Modified Eagle’s Medium (DMEM; Gibco Life
Technologies, Gaithersburg, MD, USA) containing 10% fetal bovine serum (KangYuan
Biology, Tianjin, China) and 1% penicillin-streptomycin (Thermo-Fisher Scientific,

Waltham, MA, USA).

Chromatographic purification: Hela S3 cells (5 x 10 cells.) were obtained as a
pellet from the National Cell Culture Center (Minneapolis, MN, USA) and nuclear
extracts were prepared as described by Dignam et al. (Digham et al., 1983). Nuclear
extracts were dialyzed against buffer A containing 20 mM HEPES-NaOH (pH 7.6), 0.1
mM EDTA, 1 mM DTT, 10% (v/v) glycerol, 1 mM benzamidine, 0.25 mM PMSF, and 2
ug/mL aprotinin. The supernatant after centrifugation at 40,000 rpm for 30 min in a
Ti-45 rotor was applied to a phosphocellulose column (10 mg protein/mL packed
column bed volume) that was equilibrated in buffer A containing 0.1 M KCI, and was
eluted stepwise with buffer A containing 0.3 M, 0.6 M, and 1.0 M KCI. Fractions (1/5
column volume) were collected. Enzymatically active fractions from the column
eluted with 0.3 M KCI were subjected using the TSK DEAE-5PW column (7.5x75 mm;
Toso-Haas Laboratory Service, Montgomeryville, PA, USA) that was
pre-equilibrated in Buffer B (20 mM Hepes-NaOH (pH 7.9), 0.5 mM EDTA, 1 mM
dithiothreitol (DTT), and 10% (v/v) glycerol) containing 0.05 M KCl at a 1 mL/min flow
rate. Then the column was eluted at 1 mL/min with a 30 mL linear gradient from
0.05 M to 0.6 M KCl in Buffer B; 1.0 mL fractions were collected. Next, enzymatically

active fractions from the DEAE-5PW column were applied to the TSK SP-5PW column



(5%x5 mm, Toso-Haas) that was pre-equilibrated in Buffer B containing 0.1 M KCl. The
column was eluted at 0.5 mL/min with a linear salt gradient from 0.05 M to 0.6 M
KCI. Then 0.5 mL fractions were collected. Finally, enzymatically active fractions from
the SP-5PW column were applied to 10-40 % Glycerol gradient gel, after
centrifugation at 55,000 rpm for 6 hours in a Ti-45 rotor, 100 |L fractions were
collected. In the second time purification, enzymatically active fractions from the
P11 column eluted with 0.3 M KCl were subjected using the TSK DEAE-5PW column
(7.5x600 mm; Toso-Haas Laboratory Service, Montgomeryville, PA, USA) that was
pre-equilibrated in Buffer B (40 mM Hepes-NaOH (pH 7.9), 0.5 mM EDTA, 1 mM
dithiothreitol (DTT), and 10% (v/v) glycerol) containing 0.4 M KCI. Fractions were

eluted at a 0.5 mL/min flow rate and collected at 0.5 ml size.

H2A-H2A.Z replacement activity of all fractions from each chromatography was
measured by an in vitro H2A.Z deposition assay. Each experiment was performed 2

times.

Preparation of histone octamers and mononucleosomes/polynucleosomes

Recombinant human histone octamers and mononucleosomes (216 bp DNA
fragment) were prepared as previously described (Cai et al., 2006). Then assembled
nucleosomes were immobilized on Dynabeads M-280 Streptavidin (11206D;

Invitrogen, Carlsbad, CA, USA).

In vitro H2A.Z-exchange assay

A mixture of E.coli expressed/purified histone H2A or H2A.Z, purified endogenous
DNA-PKcs-complex, ATP (100puM), and kinase buffer containing 50mM Tris-HCI (pH
7.5), 100mM KCI, 50mM MgCl2, ImM Na3C04, 1mM DTT, 5% glycerol were
incubated at 25°C for 1 hour. Then the reaction mixture was subjected to SDS-PAGE,
and phosphor-modified H2A/H2A.Z was analyzed by western blot with

phosphor-Ser/Thr-specific antibody (Cai et al., 2006).

In vitro phosphorylation assay



Histone H2A-containing reconstituted nucleosomes, Flag-H2A.Z-H2B dimers, purified
DNA-PKcs-containing component were used in the in vitro histone variant

H2A.Z-exchange assay (Yang et al., 2012).

Short hairpin RNA knockdown

The pLVX-shRNA plasmids were purchased from Hanheng (Shanghai, China).
pLVX-shRNA plasmids were transiently transfected using polyethylenimine (Cat No.
23966; Polysciences, Warrington, PA, USA) according to the manufacturer’s

recommendation. The sequences targeting CAP-H2 and DNA-PKcs were as follows:

shDNA-PKcs-1: 5-CCAGAGATTTCGGTTTGCTTGTATT-3’, shDNA-PKcs-2:
5’-CAGACACTGGTGACGACCGTGTTTA-3’; shCAP-H2-1:
5’-GACGAAGGCAAGACCACAATG-3, and shCAP-H2-2:

5’-CGGACTAACGTGGATCTCAAGAATG-3'.

Mass spectrometry

Anti-Flag purified DNA-PKcs-associated proteins, and multi-step chromatographic
purified proteins were digested by trypsin, and the peptide sequences were analyzed
by multi-dimensional protein identification technology (MudPIT) (Applied Protein

Technology, Shanghai, China).

Immunofluorescence staining

Immunofluorescence staining was done as described previously [23]. Cells were
incubated with DNA-PKcs (1 : 400) and H2A.Z (1 : 2000) primary antibodies at 37 °C
for 1 h, and then stained with FITC-conjugated or TRITC-conjugated secondary
antibodies (rabbit/green: 1 : 300, ZF-0313; mouse/red: 1:300, ZF-0311). Cell nuclei
were stained with DAPI containing Vectashield (H-1200; Vector Laboratories, Inc.,
Burlingame, CA, USA). Fluorescence images were observed with the Olympus BX40F

Microscope (Olympus Co., Tokyo, Japan).

Chromatin immunoprecipitation assay (ChIP)
Stably expressing AsiSI-ER-U20S cells were cultured and grown to 80-90%

confluence in a 10-cm plate. Cells were then harvested for ChIP assays at 0 h, 10 min,



30 min, 1 h and 2 h after 4-OHT treatment. ChIP experiment was performed with
antibody directed against H2A.Z according to a standard protocol. ChIP DNA was
amplified with qPCR. Each experiment was performed 2—-3 times. Antibodies and
IgG-ChIP signals were normalized to total input. qPCR primers located in close
proximity to (3.7 kb) and distal (2 Mb) from the AsiSI site on chromosome 22 at
position 19180307 (Lacovoni et al., 2010) were: proximal site (3.7kb), forward:
5’-CCCATCTCAACCTCCACACT-3’; reverse: 5’-CTTGTCCAGATTCGCTGTGA-3’; distal site
(2 Mb): forward: 5’-CCTTCTTTCCCAGTGGTTCA-3’; forward:
5-GTGGTCTGACCCAGAGTGGT-3’ (Qi et al., 2015).
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Figure S1. In vitro H2A.Z-H2A replacement assay was established using reconstituted
nucleosomes and dimers. (A) Coomassie Brilliant Blue (CBB) stained gel. Histone
Flag-H2A.Z-H2B dimers and H2A/H2B/H3/H4 octamers were reconstituted using
E.coli expressing and purified histones. Histone proteins were analyzed by SDS-PAGE
and stained by CBB. (B) Schema of the reconstitution of immobilized nucleosomes. (C)
Verification of nucleosomal arrays. (D) Silver stained gel. Anti-Flag eluates from stably
expressing Flag-YL1 293FRT cells were subjected to 4%—15% gradient SDS-PAGE, and
Flag-YL1 and its associated proteins were visualized by silver staining. (E) In vitro
H2A.Z replacement enzyme activity detection diagram. (F) Establishment of H2A.Z
deposition enzyme activity. In vitro assay was conducted by incubating immobilized
nucleosomes, H2A.Z-H2B dimers, Flag-YL1, and ATP. H2A.Z incorporated into
nucleosomes was detected by western blotting with anti-Flag antibody (upper panel).

Histone octamers in each reaction were visualized by CBB staining (lower panel).
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Figure S2 Enzyme activity was related to protein components. A mixture of SP-5PW

fractions 26—27 was heated at 90°C for 10 min before enzyme activity was detected.
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DNA-PKcs-containing components were purified and identified as a potential novel
H2A.Z regulatory factor through tracking for multi-chromatography purification
fractions with H2A.Z-H2A exchange activities. This enzyme activity was confirmed
to be ATP-dependent and can be inhibited by DNA-PKcs inhibitor NU7026.



