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indicate that Set/taF-Iβ interacts with Ku70/80 in the 
nucleus and inhibits Ku70 acetylation. Upon DNa damage, 
Set/taF-Iβ dissociates from the Ku complex and releases 
Ku70/Ku80, which are then recruited to DNa DSB sites 
via the NheJ DNa repair pathway.

Keywords Set/taF-Iβ · Ku70 · Ku80 · acetylation · 
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Introduction

DNa DSBs (double-strand breaks) can be introduced by 
exogenous agents, including UV irradiation. Unrepaired 
DSBs can lead to genomic instability and malignant trans-
formation [1]. In mammalian cells, DSBs are repaired by 
two major pathways: homologous recombination (hR) 
and nonhomologous end joining (NheJ) [2]. the initial 
step of NheJ is the detection and binding of the Ku70/80 
heterodimer to the ends of DSBs. Upon binding to DNa, 
Ku recruits other factors required for NheJ, including 
DNa-dependent protein kinase catalytic subunits (DNa-
PKcs), XRCC4, ligase IV, XLF, and artemis [2]. Ku70 and 
Ku80 are known to undergo posttranslational modification; 
lysine residues (K317, K331, K338, K539, K542, K544, 
K553, and K556) of Ku70 are targeted for acetylation by 
CBP and PCaF. acetylation of the Ku70 C-terminal linker 
domain inhibits the ability of Ku70 to suppress Bax-medi-
ated apoptosis [3]. SIRt1 deacetylates Ku70, causing it 
to sequester the proapoptotic factor Bax away from mito-
chondria, thereby inhibiting stress-induced apoptotic cell 
death [4]. Upon treatment with the hDaC inhibitor tSa, 
acetylated Ku70 releases Bax, which then translocates to 
mitochondria and triggers cytochrome c release, resulting 
in caspase-dependent death [5]. hDaC inhibitors have also 

Abstract DNa double-strand breaks (DSBs) can cause 
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Set/taF-Iβ interacts with Ku70/80, and that this interac-
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an INhat domain-dependent manner. Notably, DNa dam-
age by UV disrupted the interaction between Set/taF-Iβ 
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age sites. We propose that dysregulation of Set/taF-Iβ 
expression prevents repair of damaged DNa and also con-
tributes to cellular proliferation. all together, our findings 
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been reported to induce Ku70 acetylation, thereby dimin-
ishing the ability of Ku70 to repair DNa damage [6].

We previously identified Set/taF-Iβ and pp32 as subu-
nits of the INhat complex demonstrating high affinity for 
histones; consequently, binding of these proteins to his-
tones prevents histone acetylation by p300/CBP and PCaF 
and thereby represses transcription of target genes [7, 8]. 
INhat is a multiprotein complex composed of highly 
acidic domain-containing proteins Set/taF-Iβ, taF-Iα, 
and pp32 [8]. as multitasking proteins, Set/taF-Iβ and 
pp32 have been reported to be negative and positive regu-
lators of caspase-independent and -dependent apoptotic 
signaling, respectively [9–11]. Moreover, Set/taF-Iβ 
was originally identified as a translocated gene in acute 
undifferentiated leukemia, a finding which further sup-
ports its oncogenic activity [12–14]. We also reported 
that Set/taF-Iβ inhibits p53 acetylation and blocks both 
p53-mediated cell cycle arrest and apoptosis in response to 
cellular stress via repression of transcription of p53 target 
genes [15].

In this study, we investigated the role of Set/taF-Iβ in 
Ku70/80-mediated NheJ DNa repair. We demonstrate that 
Set/taF-Iβ interacts with Ku70/80 in vivo and inhibits 
Ku70 acetylation by CBP and PCaF in an INhat domain-
dependent manner. Moreover, we show that this interaction 
is disrupted by DNa damage. Our data support a model in 
which Ku70/80 proteins interact with Set/taF-Iβ in the 
normal cellular environment; once DNa damage is intro-
duced, Ku proteins are recruited to DNa damage sites upon 
dissociation from Set/taF-Iβ. association with and dis-
sociation from Ku proteins did not occur with the INhat 
domain-deleted Set/taF-IβΔC5 truncation, suggesting 
that inhibition of Ku acetylation plays an important role in 
this mechanism.

Materials and methods

two-dimensional electrophoresis analysis

to identify interacting partners of Set/taF-Iβ, we 
employed 2-De analysis comprising both isoelectric 
focusing (IeF) (first dimension) and SDS-PaGe (second 
dimension). Briefly, the taP-Set/taF-Iβ complex and 
its associated binding partners were eluted from beads 
with 200 μl of rehydration solution (7 M urea, 2 M thi-
ourea, 4 % (wt/vol) ChaPS, 18 mM Dtt, and a trace 
amount of Bromophenol blue). the first dimension (IeF) 
was carried out using an IPGphor unit (amersham Bio-
sciences) with pre-cast nonlinear IPG gel strips (18 cm, 
ph 3–11; amersham Biosciences). the equilibrated 
IPG gel strips were loaded on 12 % SDS-PaGe gels for 
the second dimension separation, performed by using a 

Protean II xi 2-De cell (Bio-Rad) at 20 ma. the proce-
dure was independently repeated at least three times to 
ensure reproducibility.

In-gel protein digestion

Separated 2-De gels were visualized using a PlusOne Sil-
ver Staining Kit (amersham Biosciences) according to the 
manufacturer’s protocol. after electrical scanning and anal-
ysis of silver-stained gels using Phoretix expression soft-
ware ver. 2005 (Nonlinear Dynamics), the protein bands of 
interest were excised and digested in-gel with sequencing-
grade modified trypsin (Promega, Madison, WI, USa), as 
previously described [16]. Briefly, excised protein bands 
were washed with a 1:1 mixture of acetonitrile and 25 mM 
ammonium bicarbonate (ph 7.8), and subsequently dried 
using a Speedvac concentrator. after drying, rehydration 
was performed with 25 mM ammonium bicarbonate (ph 
7.8) and trypsin. tryptic peptides were then extracted from 
supernatants with a 50 % aqueous acetonitrile solution con-
taining 0.1 % formic acid. after preparation, tryptic pep-
tides were then analyzed using reversed-phase capillary 
hPLC directly coupled to a Finnigan LCQ ion trap mass 
spectrometer (LC–MS/MS), as previously described [17].

LC–MS/MS

three extractions were performed to recover all tryptic 
peptides from the gel slices. Recovered peptides were then 
concentrated by drying the combined extracts in a vacuum 
centrifuge. Concentrated peptides were then mixed with 
20 μl of 0.1 % formic acid in 3 % acetonitrile in prepa-
ration for LC–MS/MS analysis. Nano LC of the tryptic 
peptides was performed using the Waters Nano LC system 
equipped with a Waters C18 nano column (75 μm × 15 cm 
nanoacquity UPLC column). Binary solvent a1 contained 
0.1 % formic acid in water, and binary solvent B1 con-
tained 0.1 % formic acid in acetonitrile. Samples (5 μl) 
were loaded onto the column, and peptides were subse-
quently eluted with a binary solvent B1 gradient (2–40 %, 
30 min, 0.4 μl/min). the lock mass, [Glu1] fibrinopeptide 
at 400 fmol/μl, was delivered from the auxiliary pump of 
the Nano LC system at 0.3 μl/min to the reference sprayer 
of the NanoLockSpray source.

Data processing and protein identification

For tandem mass spectrometry, LC–MS/MS data were 
processed and used in database searches using the PLGS 
(Protein Lynx Global Server) version 2.4 (Waters). Spec-
tra were automatically smoothed, background-subtracted, 
centered, and de-isotoped with the automatic tolerance set-
tings. In addition, charge states were reduced, and masses 
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were corrected based on reference scans. Ion detection, 
clustering, and normalization were performed using PLGS. 
Processed ions were sequenced and mapped against the 
NCBI human database using the PLGS and Mascot Dae-
mon programs (http://www.matrixscience.com).

Plasmids

the pCMX-Set/taF-Iβ plasmid was previously 
described [8]. Both pOtB7-Ku70 (BC010034) and -Ku80 
(BC019027) were purchased from KUGI. the Ku70 and 
Ku80 coding sequences were subcloned into the bacterial 
expression vector pGeX-4t1 (amersham Biosciences), 
thereby generating constructs for the production of glu-
tathione S-transferase (GSt)-tagged fusion proteins. to 
construct mammalian expression vectors for the production 
of ha-, myc-, and his-tagged Ku70; GFP-tagged Ku70; 
and Flag-tagged Ku80, pcDNa6-ha-myc-his (Invitrogen), 
peGFP-C1 (Clontech), and p3XFlag-CMV-10 (Sigma) 
were used, respectively. the pNtaP-B expression vector 
(Stratagene) was modified to generate pNtaP-Set/taF-
Iβ, used for the production of streptavidin- and calmod-
ulin-binding peptide-tagged Set/taF-Iβ. the plasmid 
expressing shRNa directed against human Set/taF-Iβ 
(RhS4533) was purchased from Open Biosystems.

antibodies

antibodies against Set/taF-Iβ (sc-25564), Ku70 (sc-
55505), Ku80 (sc-5280), GSt (sc-138), ha (Y-11, sc-805), 
p53 (DO-1, sc-126) acetyl-lysine (ac–K, sc-32268), GFP 
(sc-9996), histone h3 (sc-8654), β-actin (sc-47778, Santa 
Cruz Biotechnology), the calmodulin-binding epitope (07-
482), acetyl-p53 (K320, 06-915), h2aX (Ser139, 05-636, 
Millipore), Flag (F3165, Sigma), and β-tubulin (#2146, Cell 
Signaling) were employed for immunoblot, immunoprecipi-
tation, and chromatin immunoprecipitation (ChIP) analyses.

tandem affinity purification

tandem affinity purification (taP) was essentially con-
ducted as previously described [18], except that an Inter-
Play mammalian taP system (Stratagene) was used. after 
the two-step purification, protein eluates were subjected to 
protease digestion, followed by LC–MS/MS analysis.

Immunoprecipitation

For the Ku70/80 and Set/taF-Iβ binding assays, trans-
fected cells were lysed in RIPa buffer [50 mM tris–
hCl (ph 8.0), 150 mM NaCl, 0.1 % SDS, 0.5 % SDC, 
1 % NP-40, 1X protease inhibitor cocktail, and 1 mM 
eDta] and immunoprecipitated with anti-Set/taF-Iβ or 

anti-GFP antibodies in IP buffer [50 mM tris–hCl (ph 
7.5), 150 mM NaCl, 1 mM eDta, 1 mM eGta, 1 % tri-
ton X-100, 1 mM PMSF, and 1X protease inhibitor cock-
tail] overnight at 4 °C. Protein a/G agarose beads (GenDe-
POt) were then added for 2 h with agitation at 4 °C. Bound 
proteins were eluted and analyzed by immunoblotting with 
anti-Set/taF-Iβ, anti-GFP, and anti-Flag antibodies.

In vitro INhat assay

INhat assays were carried out by incubating 20–30 pmol 
of purified GSt-Set/taF-Iβ with 1 μg of GSt-Ku70 in 
5X hat buffer [250 mM tris–hCl (ph 8.0), 50 % glyc-
erol, 0.5 mM eDta, 5 mM dithiothreitol, 0.5 mM PMSF, 
and 50 mM sodium butyrate] [8] for 30 min on ice. Fol-
lowing pre-incubation, 1 pmol of PCaF or 1 μg of CBP, 
along with 14[C]-acetyl Coa (50 μCi/μl, Perkin elmer), 
was added. Reactions were then incubated for 2 h at 30 °C. 
Reaction complexes were separated by SDS-PaGe and 
analyzed with a phosphorimager. For scintillation count-
ing, Ku70 (537–546) peptides [eGKVtKRKhD] were 
synthesized (Peptron) based on the N-terminal amino acid 
sequence of histone h3. Peptides were filtered with p81 
filter paper (Millipore) and washed three times with cold 
10 % tCa and 70 % ethanol for 5 min at Rt. Filters were 
then allowed to air dry, followed by the addition of 1 ml 
of Ultima Gold (Perkin elmer). 14[C]-acetyl Coa was ulti-
mately quantified with a scintillation counter.

Chromatin immunoprecipitation (ChIP) assay and real-time 
PCR

ChIP was carried out as described in the protocols from 
Millipore. Briefly, 293tda3-stable cells were transfected 
with I-SceI endonuclease and harvested 48 h later. Proteins 
were cross-linked by the addition of 1 % formaldehyde 
to the medium and incubated for 10 min. after cross-link-
ing, 125 mM glycine was added at room temperature, fol-
lowed by incubation for 5 min; cells were then scraped 
into SDS lysis buffer. Samples were further sonicated and 
diluted for immunoprecipitation in dilution buffer [0.01 % 
SDS, 1.1 % triton X-100, 1.2 mM eDta, 16.7 mM tris–
hCl (ph 8.1), and 167 mM NaCl] with antibodies against 
Flag, ha, phosho-h2aX, and IgG. Immunoprecipitated 
complexes were recovered with protein a/G-agarose beads 
(GeneDePOt). after reversing the cross-links, chroma-
tin was subjected to proteinase K digestion, and DNa was 
purified for PCR amplification using a PCR purification 
kit (QIaGeN). to analyze the damaged regions of DNa, 
primer sets consisting of 0.3-kb regions (sense, 5′-at 
GGGCtaCGGCttCtaCCa-3′; antisense, 5′-GCCG 
tCCtCGtaCttCtCGat-3′), 1.2-kb regions (sense,  
5 ′ - G G t G t G C G t t t G t C tatat G t G at t- 3 ′ ; 
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antisense, 5′-CCtaGGaatGCtCGtCaaGaaGa-3′), 
and 2.5-kb regions (sense, 5′-CCCtGaaCCtGaaaCa 
taaaatGa-3′; antisense, 5′-tGtGaaatttGtGatG 
CtattGCtt-3′) were used. the amplification reaction 
was performed using 45 cycles of the following conditions: 
denaturation at 94 °C, annealing at 58 °C, and extension at 
72 °C. Disassociation curves were generated after each PCR 
run to ensure that a single product of appropriate length was 
amplified. the mean Ct ± Se was calculated from individual 
Ct values, obtained from triplicate determinations per stage. 
the normalized mean Ct was estimated as ΔCt by subtract-
ing the mean Ct of input from that of the individual region.

NheJ assay

pIReS-tK-eGFP DNa was transfected into 293t cells 
using Lipofectamine 2000 (Invitrogen), and 293tda3 cells 
stably expressing tK-eGFP were obtained through puro-
mycin selection (2 μg/ml) [19]. pCBaSce DNa (1 μg) 
was transfected into 293tda3 stable cells in a 24-well 
plate (7.5 × 104 cells/well) with Lipofectamine 2000. For 
quantification of GFP-tagged protein levels, cells were har-
vested by trypsinization, washed with phosphate-buffered 
saline, lysed in RIPa buffer, and eLISa assays were per-
formed. to quantify both uncut and joined DNa, genomic 
DNa was purified from cells and 20 ng of DNa was ana-
lyzed by real-time PCR. two-step PCR was performed 
for 45 cycles, consisting of denaturation at 95 °C for 30 s 
and annealing and extension at 60 °C for 60 s, using the 
CFX 96 Real-time System (Bio-Rad). β-actin DNa was 
co-amplified and quantified as an internal control. Simi-
lar proportions of uncut DNa (reflecting the efficiency of 
I-SceI digestion) were reproducibly observed, regardless 
of the expression levels of Set/taF-Iβ, Set/taF-IβΔC5, 
or shRNa directed against Set/taF-Iβ. to examine the 
effects of Set/taF-Iβ on DNa joining, cells were sub-
jected to the NheJ assay and immunoblot analysis 48 h 
after transfection of the indicated constructs. to evaluate the 
amounts of uncut and joined DNa, primer sets specific for 
uncut (sense, 5′- CGtttGCCCGGGaGatG-3′; antisense, 
5′- CGaCCGGtaGGCGttatCaG-3′), joined (sense, 5′- 
CGtaCGtCtCCGGattCGaa-3′; antisense, 5′- GtGat-
GCGGCaCtCGatCtt-3′), and internal control DNa 
(sense, 5′- tttaCCGGCtaCttGCCaat-3′; antisense, 
5′- GaaaGCtGtCCCCaGtCCt-3′) were used.

Results

Inhibition of Ku70 acetylation by Set/taF-Iβ

a previous report found that acetylation of Ku70 by 
CBP and PCaF at its C-terminal linker domain disrupts 

Bax interaction, thereby resulting in apoptotic cell death 
[3]. to better understand the mechanisms by which Ku 
acetylation is regulated, we hypothesized that the INhat 
domain of Set/taF-Iβ inhibits acetylation of Ku pro-
teins by both CBP and PCaF. We began by performing 
in vitro hat assays with recombinant PCaF, CBP, and 
Ku70, and confirmed that PCaF and CBP both acety-
lated Ku70, consistent with previous reports (Fig. 1a, 
b). Furthermore, the addition of increasing amounts of 
Set/taF-Iβ to the reactions induced fivefold and four-
fold decreases in PCaF- and CBP-mediated Ku70 acet-
ylation, respectively (Fig. 1a, b). Using the C-terminal 
INhat domain-deleted mutant, Set/taF-IβΔC3, 
we verified that the INhat domain is required for 
Set/taF-Iβ-mediated inhibition of PCaF- and CBP-
mediated Ku70 acetylation (Fig. 1a, b). Inhibition of 
Ku70 acetylation by Set/taF-Iβ was further confirmed 
in vivo by immunoprecipitation of Ku70. In transiently 
co-transfected 293t cells, high levels of Ku70 acetyla-
tion by PCaF and CBP were observed (Fig. 1c, d). as 
expected, overexpression of Set/taF-Iβ inhibited Ku70 
acetylation (Fig. 1c, d). however, deletion of the C-ter-
minal region of Set/taF-Iβ (Set/taF-IβΔC3) rendered 
it unable to inhibit Ku70 acetylation (Fig. 1c, d). this 
observation implies that acetylation of Ku70 is medi-
ated by the acidic C-terminus of the INhat domain of 
Set/taF-Iβ. Furthermore, shRNa-mediated knockdown 
of Set/taF-Iβ resulted in increased acetylation of ectop-
ically expressed GFP-Ku70, indicating that Set/taF-Iβ 

Fig. 1  Set/taF-Iβ inhibits PCaF- and CBP-mediated Ku70 
acetylation. a, b acetylation assays of Ku70 with PCaF and CBP 
were performed with increasing concentrations of Set/taF-Iβ or 
Set/taF-IβΔC3. autoradiograms of INhat assays using recom-
binant a PCaF or b CBP with Set/taF-Iβ, Set/taF-IβΔC3, and 
GSt-Ku70 (top), followed by Coomassie staining (bottom). the 
numbers below the phosphor images represent quantifications of 
the levels of Ku70 acetylation. c, d 293t cells were transfected with 
various plasmids as indicated. after anti-GFP (Ku70) immunopre-
cipitations, eluted proteins were subjected to Western blotting with 
anti-acetyl-lysine antibodies. the amounts of immunoprecipitated 
Set/taF-Iβ were determined by Western blotting, and are shown 
in the lower panels. Quantifications of the band intensities of acet-
ylated Ku70 are shown below. e, f Stable Set/taF-Iβ knockdown 
cells were transfected with constructs driving the expression of GFP-
Ku70 and hats (PCaF or CBP). Cell lysates were immunoprecipi-
tated with anti-GFP antibodies; eluates were then immunoblotted 
with anti-acetyl-lysine, anti-GFP, and anti-Set/taF-Iβ antibodies. g 
Nuclear extracts prepared from stable Set/taF-Iβ knockdown cells 
were subjected to immunoprecipitation with anti-Ku70 antibodies. 
Ku70 complexes were then immunoblotted with anti-acetyl-lysine 
antibodies. h, i Ku70 peptides (537–546) were used as substrates 
in INhat assays with (h) PCaF or (i) CBP, GSt-Set/taF-Iβ, and 
GSt-Set/taF-IβΔC3. acetylation levels were quantified via filter 
binding assays and are represented as raw counts per minute (cpm), 
as determined by scintillation counting. Data shown represent aver-
ages of three independent experiments, with error bars represent-
ing ± SDs

▸
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inhibits PCaF- and CBP-mediated Ku70 acetylation 
(Fig. 1e, f). Moreover, shRNa-mediated knockdown 
of Set/taF-Iβ also resulted in increased acetylation of 
nuclear-resident, endogenous Ku70, thereby confirming 
that endogenous Set/taF-Iβ inhibits Ku70 acetylation 
in the nucleus (Fig. 1g). as a complementary approach to 
confirm the ability of Set/taF-Iβ to inhibit Ku70 acety-
lation, we conducted INhat assays with Ku70 peptides, 
containing three lysine residues independently targeted 
for acetylation, and measured their acetylation levels [3]. 
Incubation of Ku70 (537–546) peptides with CBP and 
PCaF resulted in high levels of acetylation. Furthermore, 
the addition of Set/taF-Iβ, but not Set/taF-IβΔC3, 
significantly reduced the levels of Ku70-peptide acetyla-
tion, thereby confirming that Set/taF-Iβ exerts INhat 
activity on the non-histone protein, Ku70 (Fig. 1h, i).

tandem affinity purification of Set/taF-Iβ-interacting 
proteins

to identify interacting partners of Set/taF-Iβ in vivo, we 
generated a construct driving the expression of calmodulin-
streptavidin-tagged Set/taF-Iβ, which was then intro-
duced into heLa cells. Set/taF-Iβ-interacting proteins, 
present in Set/taF-Iβ complexes, were purified by tan-
dem affinity purification (taP) using both streptavidin- and 
calmodulin-binding resins (Fig. 2a). Proteins associated 
with Set/taF-Iβ were then resolved by two-dimensional 
electrophoresis (2-De) and visualized by silver staining. 
Several spots appeared on the gel in which protein extracts 
of cells expressing taP-Set/taF-Iβ were separated (Sup-
plementary Fig. S1). Spots that were differentially present 
between the mock and taP-Set/taF-Iβ purifications 

Fig. 2  2-De gel electrophore-
sis. a Schematic representation 
of taP-Set/taF-Iβ. Left panel: 
Workflow of process for obtain-
ing taP-Set/taF-Iβ com-
plexes. Right panel: Verification 
of mock (empty vector) and 
taP-Set/taF-Iβ-expressing 
heLa cells by Western blot-
ting of cellular lysates with 
anti-calmodulin antibodies. b 
enlarged image of the XRCC5 
spot in a control 2-De gel, com-
pared to the corresponding spot 
in a 2-De gel from the taP-
Set/taF-Iβ sample. For the 
detailed protocol, see “Materials 
and methods”

Table 1  Proteins differentially identified in cells overexpressing Set/taF-Iβ compared to control cells

Spot 
no.

accession  
no.

Identified proteins SwissProt 
no.

UniGene no. Symbol Sequence  
coverage (%)

Matched 
peptide

Pi Mass (Da) Score

1 gi|5453740 Myosin regulatory light 
chain 12 a

P19105 hs. 190086 MYL12a 5 1 4.67 19,752 48

2 gi|5453740 Myosin regulatory light 
chain 12 a

P19105 hs. 190086 MYL12a 12 2 4.67 19,752 71

3 gi|10863945 X-ray repair cross-com-
plementing protein 5

P13010 hs.388739 XRCC5 29 31 5.55 83,222 723

4 gi|4503513 eukaryotic transla-
tion initiation factor3 
subunit I

Q13347 hs.530096 eD73I 20 7 5.38 36,878 301

5 gi|9845502 40S ribosomal protein 
Sa

P08865 hs.449909 RPSa 42 16 4.79 32,947 914

6 gi|306875 C protein P07910 hs.508848 hNRNP C 24 12 5.1 32,004 469

7 gl|41327741 Protein ethe1, mito-
chondrial precursor

095571 hs.7486 ethe1 14 3 6.35 28,368 140
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were identified by LC–MS/MS; images of spots represent-
ing putative Set/taF-Iβ interactors have been magnified 
(Fig. 2b). We identified X-ray repair cross-complementing 

protein 5 (XRCC5), also known as Ku80, among the 
interacting proteins (table 1). the Ku70/80 heterodi-
meric complex has been reported to be closely involved in 

Fig. 3  Set/taF-Iβ interacts with Ku70/80 both in vitro and in vivo. 
a 293t cells were transfected with constructs driving the expression 
of GFP-Ku70 and Flag-Ku80. Cell lysates were incubated with GSt-
Set/taF-Iβ, and eluates were subsequently immunoblotted with 
anti-GSt, anti-GFP, and anti-Flag antibodies. b 293t cells were trans-
fected with a construct driving the expression of Set/taF-Iβ. Cell 
lysates were incubated with recombinantly purified GSt-Ku70/80; 
eluates were subsequently immunoblotted with anti-Set/taF-Iβ and 
anti-GSt antibodies. c 293t cells were co-transfected with constructs 
driving the expression of GFP-Ku70, Flag-Ku80, and Set/taF-Iβ as 

indicated, and Set/taF-Iβ immunoprecipitates were analyzed via 
immunoblotting with anti-GFP, anti-Flag, and anti-Set/taF-Iβ anti-
bodies. d 293t cell lysates were treated with DNase prior to immuno-
precipitations with anti-Set/taF-Iβ antibodies and control IgG anti-
bodies. Immunoblot analysis of eluted proteins was then performed 
with anti-Ku70, anti-Ku80, and anti-Set/taF-Iβ antibodies. e 293t 
cells were fixed, permeabilized, and immunostained with anti-Ku70, 
anti-Ku80, and anti-Set/taF-Iβ antibodies. Nuclei were counter-
stained with DaPI
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nonhomologous end-joining (NheJ) after double-stranded 
breakage of DNa [20, 21]. In addition to these reports, 
recent studies have also demonstrated that histone modifi-
cation by hats or hDaCs has an important effect on chro-
matin remodeling at DSB sites [19, 22, 23]. therefore, we 
focused on the Set/taF-Iβ-Ku80 interaction, with the aim 
of clarifying its function in DNa repair.

Interaction of Set/taF-Iβ and Ku70/80

We next investigated whether Set/taF-Iβ interacts with 
Ku70/80 by incubating lysates from cells ectopically 
expressing both GFP-Ku70 and Flag-Ku80 with purified 
GSt-Set/taF-Iβ. these experiments revealed a strong 
interaction between Set/taF-Iβ and Ku70/80 (Fig. 3a). 
We confirmed this interaction by performing the experi-
ment in reverse; that is, lysates from cells ectopically 
expressing Set/taF-Iβ were incubated with GSt-tagged, 
recombinant Ku70 and Ku80 (Fig. 3b). the interaction 
between Set/taF-Iβ and Ku70/80 was also confirmed 
in vivo. Set/taF-Iβ was immunoprecipitated with anti-
Set/taF-Iβ antibodies from lysates of cells ectopically 
expressing GFP-Ku70, Flag-Ku80, and Set/taF-Iβ, 
and the presence of GFP-Ku70 and Flag-Ku80 in the elu-
ate was confirmed by Western-blot analysis (Fig. 3c). We 
next investigated whether Ku70 interacts directly with 
Set/taF-Iβ. In support of a direct interaction, in vitro 
transcribed and -translated Ku70 was retained on immobi-
lized GSt-Set/taF-Iβ in in vitro pull down assays (Sup-
plementary Fig. S2). to analyze the contribution of DNa 
toward this interaction, we included DNase in immunopre-
cipitations of endogenous Set/taF-Iβ. these experiments 
revealed that the Set/taF-Iβ-Ku70/80 interaction is not 
DNa-mediated, since Western blotting with anti-Ku70/80 
antibodies of the immunoprecipitated proteins clearly 
indicated that the Ku70/80 heterodimer associates with 
Set/taF-Iβ in a DNase-independent manner (Fig. 3d). 
Next, we investigated the subcellular localizations of 
endogenous Set/taF-Iβ and Ku70/80. Set/taF-Iβ was 
found predominantly in the nucleus, with some cytoplas-
mic distribution; similarly, both Ku70/80 proteins mainly 
localized to the nucleus (Fig. 3e). together, these results 
indicate that Set/taF-Iβ and Ku70/80 interact in vivo, this 
interaction is direct, and this interaction likely occurs in the 
nucleus.

Domain mapping of the Ku70 and Set/taF-Iβ interaction

Given that Set/taF-Iβ interacts with Ku70 and inhib-
its its acetylation, we next performed domain map-
ping of the Set/taF-Iβ and Ku70 interaction. In 
vitro pull-down assays were performed with purified 
GSt-Set/taF-Iβ as bait, with preys GFP-Ku70 and 

Flag-Ku80 provided by cell extracts from transfected 
cells. Both Ku70 and Ku80 bound strongly to full-
length Set/taF-Iβ, but not to a version lacking the 
entire INhat domain (Set/taF-IβΔC5) (Fig. 4a). the 
domains involved in the in vivo interaction between 
Set/taF-Iβ and Ku70/80 were confirmed by immuno-
precipitation with anti-Set/taF-Iβ antibodies, using 
cell extracts from transfected cells (Fig. 4b). Consistent 
with our pull-down data, Set/taF-IβΔC5 (lacking the 
INhat domain) and Ku70 did not interact at any detect-
able level. a weak interaction between Set/taF-IβΔC5 
and Ku80 was observed; this finding is probably due to 
the presence of endogenous Set/taF-Iβ in the lysates, 
indicating the importance of the INhat domain in the 
interaction (Fig. 4b). Interestingly, the GSt-Set/taF-Iβ 
(100–277) deletion mutant, containing an intact INhat 
domain, interacted strongly with Ku70 and Ku80, indi-
cating that binding is mediated by the C-terminal 
INhat domain of Set/taF-Iβ (Fig. 4a, b). to identify 
the domain(s) of Ku70 involved in the interaction, we 
performed the same set of in vitro and in vivo interaction 
assays with Ku70 deletion mutants. these assays indi-
cated that the C-terminal region of Ku70, which contains 
both the nuclear localization signal (NLS) and residues 
known to be important for its interaction with Bax, also 
mediates its interaction with Set/taF-Iβ (Fig. 4c). In 
vivo interactions were mapped further through immuno-
precipitations performed with anti-ha antibodies from 
cell extracts of cells expressing various deletion mutants 
of Ku70. these experiments revealed that Set/taF-
Iβ bound strongly to the C-terminal region of Ku70 

Fig. 4  Set/taF-Iβ interaction with Ku70 is mediated by its INhat 
domain. a Cell lysates from 293t cells ectopically expressing GFP-
Ku70 and Flag-Ku80 were incubated with either GSt-Set/taF-Iβ, 
GSt-Set/taF-IβΔC5, or GSt-Set/taF-Iβ (100–277). associated 
proteins were eluted, resolved by SDS-PaGe, and immunoblotted 
with anti-GFP and anti-Flag antibodies. the amounts of full-length 
Set/taF-Iβ and Set/taF-Iβ deletion mutants were determined by 
Coomassie staining. b 293t cells were transfected with constructs 
driving the expression of GFP-Ku70, Flag-Ku80, Set/taF-Iβ, and 
Set/taF-IβΔC5 prior to immunoprecipitation with anti-Set/taF-Iβ 
antibodies. associated proteins were eluted, resolved by SDS-PaGe, 
and immunoblotted with the indicated antibodies. the expression 
levels of Set/taF-Iβ deletions were also determined by Western 
blotting (lower panel). c Set/taF-Iβ was overexpressed in 293t 
cells prior to cell lysis and pull-down assays with immobilized GSt-
Ku70 deletion mutants as indicated. associated proteins were eluted, 
resolved by SDS-PaGe, and immunoblotted with anti-Set/taF-Iβ 
antibodies. the amounts of full-length Ku70 and Ku70 deletions were 
determined by Coomassie staining. d 293t cells were transfected 
with plasmids driving the expression of full-length ha-Ku70, dele-
tion mutants thereof, and Set/taF-Iβ prior to immunoprecipitations 
with anti-ha antibodies. Immunoprecipitated and associated proteins 
were eluted, resolved by SDS-PaGe, and immunoblotted with anti-
ha and anti-Set/taF-Iβ antibodies. the expression levels of Ku70 
deletion proteins were determined by Western blotting (lower panel)
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(Fig. 4d). Consistent with the results shown in Fig. 1h, 
i, Set/taF-Iβ bound to the C-terminal domain of Ku70, 
a region including its NLS and also possessing three 
acetylation sites (K539, K542, and K544). therefore, we 
conclude that the Set/taF-Iβ INhat domain specifi-
cally interacts with the C-terminal domain of Ku70, and 
speculate that this interaction inhibits Ku70 acetylation 
by masking Ku70 from hats.

DNa damage disrupts the Ku70-Set/taF-Iβ interaction

Binding of Ku70/80 to both ends of broken DNa mole-
cules occurs early in the process of NheJ. to obtain further 
insight into the role of Set/taF-Iβ in the Ku-mediated 
damage response to DSBs, we tested whether the inter-
action between Set/taF-Iβ and Ku70/80 is affected by 
DNa damage. 293t cells were exposed to UV radiation, 

Fig. 5  the interaction between Set/taF-Iβ and Ku70 is disrupted 
by UV-mediated DNa damage. a 293t cells were either untreated 
or treated with UV radiation (200 J/m2). Ku80 was immunoprecipi-
tated from lysates of 293t cells. Proteins present in immunoprecipi-
tation inputs and eluates, including associated Ku80, were analyzed 
by Western blotting with the indicated antibodies. b Set/taF-Iβ was 
immunoprecipitated from nuclear (N) and cytosolic (C) extracts with 
anti-Set/taF-Iβ antibodies. Proteins present in eluates were resolved 
by SDS-PaGe and immunoblotted with anti-Ku70, anti-Ku80, and 

anti-Set/taF-Iβ antibodies. c 293t cells ectopically expressing 
Ku70/80 and Set/taF-Iβ were either untreated or treated with UV 
radiation (200 J/m2). Cells were then fractionated to generate nuclear 
and cytosolic fractions. Finally, immunoprecipitations were per-
formed from each extract with anti-GFP antibodies. d 293t cells were 
UV-irradiated (200 J/m2). at 6-h post-irradiation, cells were fixed and 
immunostained with anti-Set/taF-Iβ, and anti-Ku70 antibodies. 
Nuclei were counterstained with DaPI
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and the interaction between Set/taF-Iβ and Ku70/80 was 
monitored by immunoprecipitation and immunoblotting. 
these experiments revealed that the interaction between 
Set/taF-Iβ and Ku70/80 was abrogated by UV damage 
(Fig. 5a). Importantly, the protein levels of Ku70/80 and 
Set/taF-Iβ were not altered by UV damage (Fig. 5a). 
Cellular stresses, including DNa damage-induced acetyla-
tion of p53 at multiple C-terminal sites by p300/CBP and 
PCaF, are known to activate p53 [24]. acetylation of p53 
on residue K320 is indicative of stress-induced DNa dam-
age (Fig. 5a). as a complementary approach, we treated 
cells with etoposide to mimic irradiation and investi-
gated whether Ku70 and Set/taF-Iβ underwent DNa 
damage-dependent dissociation (Supplementary Fig. 3). 
Set/taF-Iβ dissociated from Ku70/80 upon treatment 
of 293t cells with etoposide, a result consistent with the 
data presented in Fig. 5a. Next, we examined whether the 
Set/taF-Iβ-Ku70/80 interaction is localization-depend-
ent. We began by detecting the localization of Set/taF-
Iβ in various cell lines. as expected, Set/taF-Iβ was pre-
dominantly detected in the nucleus and also detected in the 
cytosol, albeit to a lesser extent (Fig. 5b). Consistent with 
a previous study, the DNa repair protein Ku70 was also 
predominantly localized in the nucleus (Fig. 5b). Intrigu-
ingly, immunoprecipitation of Set/taF-Iβ from both 
nuclear and cytosolic extracts revealed that the Set/taF-
Iβ-Ku70/80 interaction appears to only occur in the nucleus 
(Fig. 5b). the reason for this compartmentalization of the 
Ku70 interaction is not currently known. to determine 
whether interactions between nuclear Set/taF-Iβ and Ku 
proteins are affected by DNa damage, these interactions 
were examined by immunoprecipitation analysis. Sur-
prisingly, DNa damage caused Set/taF-Iβ to dissociate 
from Ku70, as determined by immunoprecipitations from 
nuclear extracts (Fig. 5c). Furthermore, the lack of inter-
action between cytosolic Set/taF-Iβ and Ku70/80 was 
not altered by UV damage (Fig. 5c). as a complementary 
technique to confirm the dissociation of Ku-Set/taF-Iβ 
binding upon DNa damage, we monitored the localiza-
tions of these proteins by confocal microscopy. We began 
by observing their localizations prior to UV irradiation 
and found that Ku70 and Set/taF-Iβ colocalized in the 
nucleus (Fig. 5d). Consistent with the biochemical frac-
tionation results, the localization of Set/taF-Iβ did not 
change upon UV irradiation. In contrast, the localization 
of Ku70 shifted dramatically upon UV irradiation, form-
ing distinct punctate structures in areas we speculate may 
represent double-strand break sites (Fig. 5d). Importantly, 
Ku70 and Set/taF-Iβ failed to colocalize after UV irra-
diation, indicating that the Ku-Set/taF-Iβ complex was 
dissociated by DNa damage (Fig. 5d). We then investi-
gated the localization of Set/taF-Iβ upon UV-mediated 
DNa damage through a subcellular fractionation approach. 

these experiments demonstrated that Set/taF-Iβ did not 
change localization upon UV exposure (Supplementary 
Fig. 4a). to assess the amount of DNa damage induced in 
our experiments, we monitored the phosphorylation levels 
of histone h2aX (phospho-h2aX) as a proxy measure-
ment of DNa damage (Supplementary Fig. 4a) [25]. In 
addition, the expression levels of Ku70/80 were monitored 
and found to be unchanged in the presence and absence 
of DNa damage (data not shown). to determine whether 
the ubiquitin–proteasome pathway is involved in the DNa 
damage-dependent dissociation of Ku70/80 and Set/taF-
Iβ, we performed ubiquitination assays with Set/taF-Iβ 
and Ku70/80 in the presence of the 26S proteasome inhibi-
tor, MG132. In our assay conditions, these experiments 
did not provide any indication that ubiquitination of either 
Set/taF-Iβ or Ku70/80 both in the absence and pres-
ence of UV irradiation (Supplementary Fig. 4b). together, 
these results provide strong evidence that Set/taF-Iβ and 
Ku70/80 binding is dissociated upon UV-mediated DNa 
damage.

Set/taF-Iβ inhibits recruitment of Ku70/80 to DNa 
damage sites

to determine whether Set/taF-Iβ-mediated inhibition 
of Ku70 acetylation is of biological significance, we ana-
lyzed the effects of Set/taF-Iβ on NheJ repair activity. 
For this, we generated a 293tda3 stable cell line harboring 
the pIReS-tK-eGFP plasmid integrated into the genomic 
DNa. this plasmid contains two recognition sites for I-SceI 
endonuclease [19], which act as substrates for DSBs and 
subsequent NheJ repair. In this system, the readout for 
NheJ activity corresponds to the levels of C-terminally 
eGFP-tagged protein, which can only be produced if DSBs 
are ligated by NheJ repair. Since acetylation of Ku70 was 
inhibited by the INhat domain of Set/taF-Iβ, we evalu-
ated NheJ repair activity in the presence of ectopically 
expressed full-length Set/taF-Iβ and Set/taF-IβΔC5. 
Upon overexpression of Set/taF-Iβ, the level of eGFP 
fluorescence was significantly decreased compared to that 
of control cells (Fig. 6a). however, the level of eGFP fluo-
rescence was significantly recovered upon expression of 
Set/taF-IβΔC5 (Fig. 6a). More importantly, shRNa-
mediated knockdown of endogenous Set/taF-Iβ by two 
different sequences further increased eGFP fluorescence, 
thereby confirming the inhibitory effect of endogenous 
Set/taF-Iβ on NheJ repair (Fig. 6a). to further investi-
gate the effects of Set/taF-Iβ on NheJ repair activity, we 
used real-time PCR to analyze whether Set/taF-Iβ inhib-
its NheJ repair through regulation of Ku70 acetylation. 
these experiments showed that the proportion of joined 
DNa decreased, whereas that of uncut DNa remained 
unchanged, upon overexpression of Set/taF-Iβ (Fig. 6b; 
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Supplementary Fig. 5a). In contrast, overexpression of 
Set/taF-IβΔC5 had the opposite effect on the proportion 
of joined DNa, indicating the importance of the hat inhi-
bition domain of Set/taF-Iβ on NheJ repair. Consistent 
with the fluorescence data, shRNa-mediated knockdown 
of Set/taF-Iβ by two different sequences significantly 
increased the proportions of joined DNa (Fig. 6b). to eval-
uate the proportions of joined DNa in each sample, we also 
performed real-time PCR using primers inside of joined 
DNa fragments as an internal control (Supplementary 
Fig. 5b). Since NheJ repair activity was decreased by over-
expression of Set/taF-Iβ, we hypothesized that Set/taF-
Iβ inhibits Ku70 recruitment to DNa damage sites via regu-
lation of Ku70 acetylation. to determine whether inhibition 
of Ku70 acetylation by the INhat activity of Set/taF-Iβ 
affects recruitment of Ku70/80 to DSB sites, we performed 
ChIP analysis with ectopically expressed Set/taF-Iβ and 
Set/taF-IβΔC5. the indicated regions, downstream of 
the second I-SceI site in the pIReS-tK-eGFP plasmid 
sequence, were immunoprecipitated with anti-Flag (Ku80), 
anti-ha (Ku70), and anti-phospho-h2aX antibodies 
(Fig. 6c). For the 0.3-kb region, qPCR showed that enrich-
ment of Ku70 and Ku80 was significantly decreased upon 
overexpression of Set/taF-Iβ, but not of Set/taF-IβΔC5 
(Fig. 6c). these patterns were only detected for the 0.3-kb 
region, the region closest to the DSB site, and not for the 
1.2- or 2.5-kb regions after I-SceI digestion. the observation 
that Set/taF-Iβ, but not Set/taF-IβΔC5, negatively reg-
ulated Ku70/80 recruitment to DSB sites strongly suggests 
that inhibition of Ku70 acetylation by Set/taF-Iβ plays a 
role in the Ku-mediated NheJ repair pathway. Our findings 
collectively indicate that Set/taF-Iβ inhibits recruitment 
of Ku70/80 to DNa damage sites and inhibits NheJ repair 
through its INhat activity. to further elucidate the bio-
logical function of Set/taF-Iβ in the Ku70/80-mediated 
NheJ repair pathway, we measured cell viability and prolif-
eration. the effect of Set/taF-Iβ on the viability of DSB-
damaged cells was analyzed by counting the numbers of 
live cells upon Set/taF-Iβ overexpression or knockdown, 
combined with etoposide treatment. Cells overexpressing 
Set/taF-Iβ exhibited decreased viability (50 %) compared 
to that of control vector-transfected cells; furthermore, cell 
viability was recovered by shRNa-mediated knockdown of 
Set/taF-Iβ by different sequences (Fig. 6d). BrdU incor-
poration assays also indicated that cellular proliferation 
is impeded by overexpression of Set/taF-Iβ, most likely 
due to delayed recovery of DNa repair; proliferation was 
restored by shRNa-mediated knockdown of Set/taF-Iβ 
by different sequences (Fig. 6e). the effects of Set/taF-Iβ 
overexpression and knockdown were complementary, sup-
porting the idea that Set/taF-Iβ regulates the Ku70/80-
mediated DNa repair pathway, at least in 293t cells treated 
with etoposide (Fig. 6e).

Discussion

In this study, we report that the Ku70/80 heterodimer, 
involved in NheJ, interacts with Set/taF-Iβ. Importantly, 
we also demonstrate for the first time that Ku70 acetylation 
can be inhibited by Set/taF-Iβ. the interaction between 
Set/taF-Iβ and Ku70/80 is abrogated by DNa dam-
age; we hypothesize that the dissociated Ku70/80 can be 
recruited to DSB sites for further repair. We also showed 
that Set/taF-Iβ-mediated inhibition of Ku70 acetyla-
tion requires the C-terminus of the Set/taF-Iβ INhat 
domain. Our data favor a model in which Set/taF-Iβ neg-
atively regulates Ku70/80 recruitment to DSB sites, thereby 
slowing the DNa damage repair process.

Initially identified as a DNa DSB-repairing protein, 
Ku70 can be acetylated by both CBP and PCaF, thereby 
inducing Bax-mediated apoptosis. Interestingly, hDaC 
inhibitors have been shown to sensitize prostate cancer 
cells to DNa DSB-producing agents by targeting Ku70 
acetylation [6]. Furthermore, SIRt1 has been shown to pro-
mote the ability of Ku70 to inhibit Bax-mediated apoptosis 
by sequestering Bax away from mitochondria during calo-
rie restriction [4].

a number of studies have established a connection 
between histone acetylation and transcriptional regula-
tion [26, 27]. Furthermore, several non-histone proteins 
have been shown to be acetylated by various hats, with 
physiologically relevant consequences [28]. We have pre-
viously demonstrated that the proto-oncogene protein, 
Set/taF-Iβ, inhibits p300- and PCaF-mediated p53 

Fig. 6  Set/taF-Iβ blocks Ku70 recruitment to DSB sites upon UV-
mediated DNa damage. a, b the amounts of a eGFP-positive cells 
and b joined DNa observed upon overexpression of Set/taF-Iβ, 
Set/taF-IβΔC5, and shRNa-mediated silencing of Set/taF-Iβ 
are expressed as proportions of the amounts observed after trans-
fection with empty vector. Data are expressed as mean values from 
three independent experiments ± SDs. Results from immunoblot 
analysis are shown on the right in a. β-actin was used as a loading 
control. Data shown represent averages of three independent experi-
ments, with error bars representing ± SDs. * p < 0.05, ** p < 0.01; 
*** p < 0.001 compared with control cells. c Primer sites used for 
quantitative PCR are shown at the top, including the distances 
between primer and I-SceI sites. ChIP was performed with either con-
trol immunoglobulin G, or antibodies against phospho-h2aX, Flag, 
ha, and Set/taF-Iβ, 48 h after transfection of the I-SceI expres-
sion plasmid into 293t cells. Relative enrichments of proteins after 
48 h (compared with 0 h) are shown. d Cell viability was determined 
by the Mtt assay. 293t cells were treated with etoposide (5 μM) 
and transfected with the indicated constructs. Results are shown 
as means ± SDs; n = 3. ** p < 0.01; *** p < 0.001 compared with 
untreated cells. e 293t cells were transfected with the indicated con-
structs after treatment with etoposide (5 μM). at 72-h post-transfec-
tion, cells were fixed and BrdU assays performed. Results shown rep-
resent means ± SDs; n = 3. ** p < 0.01; *** p < 0.001. f Proposed 
model of how Set/taF-Iβ regulates Ku70/80-mediated DSB DNa 
repair via inhibition of Ku70 acetylation
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acetylation and negatively regulates p53 activity [15]. It 
has also been suggested that Set/taF-Iβ induces cell 
cycle arrest upon cellular stress by inhibiting p53 acety-
lation. Our data support the idea that Set/taF-Iβ pre-
vents repair of DNa DSBs by inhibiting Ku70/80 recruit-
ment, thereby causing the accumulation of damaged DNa 

inside cells and eventually leading to cellular prolifera-
tion and carcinogenesis. Consistent with this hypothesis, 
Set/taF-Iβ-regulated recruitment of the non-histone 
acetylation substrates, p53 and Ku70, to target promoter 
and DSB sites, respectively, was mediated by interaction 
with the hat inhibitory domain.
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In conclusion, our data provide evidence that Set/taF-
Iβ is involved in the NheJ DNa repair pathway through 
interaction with Ku70/Ku80; furthermore, this interaction 
was demonstrated at physiological concentrations. Our 
results support a model in which Set/taF-Iβ inhibits 
Ku proteins from either being recruited to DNa DSBs, or 
being acetylated by hats, via inhibition of Ku70 acetyla-
tion via its INhat domain in the absence of DNa dam-
age. Once DNa DSBs are induced, Set/taF-Iβ dissoci-
ates from Ku70/80, leaving Ku70/80 free to bind to the 
ends of broken DNa. We propose the following model 
for the regulation of Ku70 acetylation by Set/taF-Iβ: 
Under normal conditions, Set/taF-Iβ interacts with 
Ku70/80 in the nucleus. this interaction is mediated by 
the INhat domain of Set/taF-Iβ and the C-terminal 
region of Ku70. Upon DNa damage, Set/taF-Iβ disso-
ciates from the Ku complex, thereby allowing these pro-
teins to be recruited to DNa DSB sites. however, upon 
Set/taF-Iβ overexpression, the normal association and 
dissociation patterns of Set/taF-Iβ and Ku proteins are 
disrupted, leading to inhibition of both NheJ DNa repair 
and Ku70 acetylation-mediated apoptosis (Fig. 6f). Impor-
tantly, our study indicates that dysregulation of Set/taF-
Iβ expression may result in serious consequences to the 
NheJ DNa repair process. this model is consistent with 
previous studies of the oncogenic aspects of Set/taF-Iβ, 

mediated by its INhat activity [15]. Consistent with our 
model, Set/taF-Iβ sensitized cells to the DNa-damaging 
agent, etoposide, by delaying DNa repair and decreas-
ing cellular viability and proliferation. additional inves-
tigations into the mechanism of dissociation between Ku 
proteins and Set/taF-Iβ upon DNa damage should pro-
vide important information about the regulation of this 
important interaction. the results described in this study 
add another layer of complexity to the INhat subunit 
of Set/taF-Iβ, already known to play an important role 
in acetylation-mediated inhibition of histones and non-
histone proteins by hats. this study describes a role for 
the INhat subunit that is not on the transcriptional level; 
rather, the INhat subunit also plays a role in the DNa 
repair pathway. Further investigation will aim to increase 
our understanding of the diverse roles of the multifunc-
tional protein, Set/taF-Iβ, in controlling multiple aspects 
of cellular physiology.
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