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sites depends on the structure of DNA ends

A. A. Kosova"’, S. N. Khodyreva"?, O. I. Lavrik"’

nstitute of Chemical Biology and Fundamental Medicine, Siberian Branch of the Russian Academy of Sciences
8, Akademika Lavrentieva Ave., Novosibirsk, Russian Federation, 630090

*Novosibirsk State University
2, Pirogova Str., Novosibirsk, Russian Federation, 630090

kosova.anastasiya@gmail.com

Aim. The identification of a protein from human cell extract which specifically interacts with the apurinic/apyri-
midinic (AP) site in the partial DNA duplex containing 5'- and 3'"-dangling ends (DDE-AP DNA) and mimicking
clustered DNA damage. Methods. The Schiff base-dependent cross-linking of a protein to AP DNA (borohydride
trapping), MALDI-TOF-MS, chromatography, and gel electrophoresis. Results. A human cell extract protein
which forms a major covalent adduct with the AP DNA duplex with dangling ends was identified as the Ku80 su-
bunit of Ku antigen by peptide mass mapping based on MALDI-TOF-MS data. The Ku antigen purified from the
HelLa cell extract was shown to form the covalent adducts with the same mobility as observed in cell extracts.
Conclusions. The Ku80 subunit of Ku antigen can specifically interact with AP DNA forming the Schiff base-me-
diated adducts which electrophoretic mobility depends on the structure of DNA ends. The difference in electro-
phoretic mobility can be caused by the cross-linking of AP DNA to distinct target amino acids that appears to ref-
lect unequal positioning of AP DNAs in the complex with Ku antigen.

Keywords: Ku antigen, apurinic/apyrimidinic site, protein-DNA cross-linking, clustered DNA damages.

Introduction. The abasic (AP) sites are among the most
frequent DNA damages. Up to 50 000 AP sites arise in a
mammalian cell per day [1] as a result of spontaneous
hydrolysis of N-glycosidic bond or under the action of
DNA glycosylases during the base excision repair [2].
If unrepaired, the AP sites are mutagenic and cytotoxic.
The repair of AP sites in clustered DNA damages pre-
sented by combinations of the AP sites, oxidized bases
and single strand breaks within 1-2 turns of DNA helix
is of particular interest [3]. Such lesions arise in DNA
under the action of ionizing radiation or radiomimetic
drugs.

The cross-linking of proteins to a baseless deoxyri-
bose in DNA via reduction of a Schiff-base interme-
diate is often called «borohydride trapping» (BHT).
BHT in combination with mass spectrometry has been
used in a proteomic approach to identify the human pro-
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teins reactive to AP sites [4—6]. The set of DNA dup-
lexes containing the AP site in the middle of 32-mer
oligonucleotide and different structural features has be-
enused. With all AP DNA, except DNA with both 5'- and
3'-dangling ends of 8 nt (DDE-AP DNA), the predomi-
nant products of cross-linking were of the same electro-
phoretic mobility (an apparent molecular mass of 90
kDa). The protein cross-linked to the AP DNA duplex
with blunt ends (BE-AP DNA) was identified as the
Ku80 subunit of Ku antigen [4]. Ku antigen consisting
of two subunits with molecular masses about 70 kDa
(Ku70) and 83 kDa (Ku80) is a eukaryotic DNA-bin-
ding component of DNA-dependent protein kinase.
The main function of Ku antigen is participation in the
double-strand break repair by non-homologous end
joining [7]. In the present work we identified the
protein which specifically interacts with DDE-AP DNA
forming the product with an apparent molecular mass of
100 kDa.
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Materials and methods. Chromatographic fractio-
nation of cell extract proteins. HEK 293 cell extract pre-
pared as described elsewhere [8] was diluted 4 times
with the buffer containing 50 mM Tris-HCI (pH 8.0),
I mM EDTA, 1 mM DTT, 0.025 % NP-40 and was ap-
plied to a heparin-sepharose column. After washing with
the same buffer, the proteins were eluted with linear
gradient of NaCl (0.05-1 M) in the same buffer. The
presence of a target protein in the fractions was deter-
mined by BHT. The fractions were concentrated and
supplemented with glycerol (final concentration of 10 %)).

Borohydride trapping and MALDI-TOF-MS ana-
lysis. All procedures were carried out as described pre-
viously [4] with a few exceptions. The concentration of
AP DNA in the reaction mixtures was 0.2 uM. The pre-
parative cross-linking for MALDI-TOF-MS analysis
was performed using a fractionated cell extract enriched
in the target protein by chromatography on heparin-se-
pharose. The peptides derived from the cross-linked
protein were additionally purified on Zip-tip C-18 prior
to the MS analysis.

Purification of Ku antigen. Ku antigen was purified
from the HeLa cell extract prepared as described in [8]
by ammonium sulfate fractionation (45—65 % of satura-
tion) followed by the successive chromatographies on
DEAE-support («BioRad», USA), Q-sepharose («GE
Healthcare») and DS-DNA-cellulose («ICN», USA).

Results and discussion. The BHT experiments using
the DDE- and BE-AP DNAs and several human cell ex-
tracts, including the HeLa and HEK 293 cells, reveal
nearly identical patterns of the cross-linked proteins.
Data for HeLa cell extract are shown in Fig. 1.

For identification of the target protein we used the
fraction of HEK 293 cell extract proteins eluted from
heparin-sepharose at 450—500 mM NaCl and enriched in
the target protein. Use of the enriched extract ensures the
yield of target protein cross-linking with AP DNA and
reduces the likelihood of sample contamination with the
proteins nonspecifically bound to DNA. After the elect-
rophoretic separation of the protein covalent adducts with
biotinylated DNA bound to streptavidin-coated beads,
the gel was stained by Coomassie Brilliant Blue R-250
(Fig. 2, A) and autoradiography was carried out (Fig. 2,
B). Five well-defined protein bands with apparent mole-
cular masses from 100 to 70 kDa (Fig. 2, C) were excised
from the gel and subjected to in-gel trypsin digestion.
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Fig. 1. Borohydride trapping of HeLa cell extract proteins with “P-
labeled AP DNA: / — BE-AP DNA; 2 — DDE-AP DNA
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Fig. 2. Purification of cell extract protein(s) cross-linked with AP DNA:
A — Coomassie Brilliant Blue R-250 stained gel (/ — molecular weight
markers; 2 — an aliquot (25 pl) of reaction mixture before incubation
with streptavidin-coated beads; 3 — an aliquot (25 pl) after incubation
(unbound proteins); 4 — covalent adducts and proteins bound to beads);
B — autoradiograph of the gel from Fig. 2, 4; C — zoomed fragment of
Fig. 2, 4, lane 4

The bands N 1-4 have the matching radioactive bands,
thus corresponding to the protein-DNA covalent adducts.
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Table 1
Parameters of the first rank candidates for the samples N 1-5

Sample number First rank candidate Molecular mass, Da MOWSE score Mass values matched Protein sequence coverage, %
1 Ku80 82652 176 19 27
2 Ku80 82652 149 33 38
3 Ku80 82652 67 13 17
4 N-terminal proteolytic fragment of Ku80 64064 85 19 22
5 Ku70 69799 71 16 35
Table 2
Observed masses in MALDI-TOF mass spectrum of the sample N 1 which correspond to theoretical peptides of Ku80
Position (M + H)gp™ (M+H),,." Ku80 peptides
37-44 993.5544 992.5477 K.VITMFVQR.Q
37-44 1009.5442 1008.5426 K.VITMFVQR.Q + Oxidation (M)
82-97 1914.9439 1913.9444 R.HLMLPDFDLLEDIESK.I
82-97 1930.9707 1929.9394 R.HLMLPDFDLLEDIESK.I + Oxidation (M)
131-141 1317.6786 1316.6725 R.HIEIFTDLSSR.F
145-155 1266.7332 1265.7343 K.SQLDIITHSLK.K
185-195 1109.6030 1108.6029 R.LGGHGPSFPLK.G
243-250 1035.4896 1034.4868 R.HSIHWPCR.L
251-260 1073.6282 1072.6240 R.LTIGSNLSIR.I
266-271 745.4070 744.4130 K.SILQER.V
308-315 977.5023 976.4978 K.EDIIQGFR.Y
355-363 1083.5626 1082.5583 R.FFMGNQVLK.V
355-363 1099.5442 1098.5532 R.FFMGNQVLK.V + Oxidation (M)
401-413 1377.7583 1376.7565 R.ANPQVGVAFPHIK.H
444-465 2321.1723 2320.1620 K.YAPTEAQLNAVDALIDSMSLAK.K
470481 1380.7484 1379.6820 K.TDTLEDLFPTTK.I
546-565 2243.0201 2242.0138 K.DQVTAQEIFQDNHEDGPTAK.K
569-599 3121.5137 3120.4749 K.TEQGGAHFSVSSLAEGSVTSVGSVNPAENFR.V
649-654 795.3550 794.3559 K.FSEEQR.F

Furthermore, the 100 kDa-band has the highest intensi-
ty with the both methods of visualization. Peptides we-
re analyzed by MALDI-TOF-MS and data were searched
against a database.

The first rank candidates for all the samples with their
scores, the number of the matched peptide mass values
and the protein sequence coverage are shown in Table 1.
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Obviously, Ku80 forms several covalent adducts with
DDE-AP DNA. Ku70 is retained on the beads due to
the strong interaction with Ku80 [4, 9].

The data for the matching peptides in the sample N
1 are shown in Table 2. Interestingly, the set of Ku80
peptides identified in this work is almost overlapped
with those obtained in the other works [4, 10]. This is
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Fig. 3. Purified Ku antigen (Coomassie Brilliant Blue R-250 stained
gel): 1 — molecular weight markers; 2 — purified Ku antigen (0.6 ng)
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Fig. 4. Borohydride trapping of purified Ku antigen (/, 2 - 0.6 ng and
3,4-1.2 pgofKuantigen): /,3—DDE-AP DNA; 2, 4—BE-AP DNA

probably due to an easy ionization of these peptides un-
der the analysis conditions.

The appearance of the Ku80 adduct with a lowered
electrophoretic mobility characteristic for DDE-AP DNA
can reflect the existence of two different modes of Ku80
binding with DNA (and, consequently, different points
of interaction with the AP site) or the highly efficient
cross-linking of DNA with another Ku80 isoform. In-
deed, the lists of candidates for the samples N 1 and 2
include a Ku80 isoform with higher molecular mass
(93464 Da). The biochemical properties of this isoform
resemble those of the conventional Ku80, but it cannot
fully replace Ku80 [9]. To discriminate these alterna-
tives, we purified the Ku antigen from HelLa cells (see

«Materials and methods») to near homogeneity (Fig. 3)
and then tested the ability of the purified protein to in-
teract with two aforementioned types of AP DNA (Fig.
4). The patterns of cross-linking of two AP DNAs to
the purified Ku antigen and cell extract proteins have
the analogous set of products: more abundant 100 kDa
and less intensive 90 kDa adducts for DDE-AP DNA
(lanes 7, 3) and 90 kDa adduct for BE-AP DNA (lanes
2, 4).

Conclusions. Thus, the Ku80 subunit of Ku antigen
specifically interacts with the AP DNA structure with
5'- and 3'-dangling ends and forms a covalent adduct
with an apparent molecular mass of 100 kDa after the
treatment with NaBH,. Further investigations are requi-
red to determine the role of these modes of the Ku anti-
gen interaction with the AP sites. This type of damaged
DNA structure can be used to monitor the binding acti-
vity of Ku antigen in the extracts of various human cells.
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jects 13-04-01426, 13-04-93107, GDRI program «From
Molecular to Cellular Events in Human Pathologiesy,
the RAS program «Molecular and Cellular Biology»,
and the Ministry of Education and Science of Russia,
project 14.B37.21.0188.

Bzaemonis Ku80 3 amyprHOBHMHE/amipUMiTHHOBUMU CaiTaMu

3aexuTh Big crpykrypu JJHK
A. A. Kocosa, C. H. Xoxupesa, O. 1. Jlappuk

Pesrome

Mema. [0enmudpixayis Oinka 3 eKCmMpakmy KiimuH I1H0OUHU, AKUU chne-
yughiuno ez3acmodic 3 anypunosum/anipumiounosum (AP) cavimom y
ckaadi yacmkosozo oyniexcy JHK, wo micmums eucmynaioui 5'- i
3'-kinyi ma imimye knacmepue nowkooxcenns JTHK. Memoowt. 3uiu-
sanns oinka 3 AP-/JHK, onocepeorosane ymeopennsm ocrnosu [Lugpgha,
MALDI-TOF mac-cnexmpomempis, xpomamozpais i 2enb-eiexmpo-
opes. Pezynomamut. binox kiimunnux ekcmpaxkmie 1oouHud, sKuil
opmye mascopruii kosanenmuutl adykm 3 AP-/JHK, wo micmumo 6u-
cmynaroui Kinyi, ioenmughixosaro sax cyooounuys Ku80 Ku-anmueeny
MemoooM NenmuoHO20 KApmyeaHHs, 3acHo8anHo2o Ha oanux MALDI-
TOF mac-cnexmpomempii. Iloxazano, wo Ku-anmueen, 6uoinenui 3 kiui-
mun HeLa, ¢popmye xosanenmmui adykmu, enrekmpodopemuuna pyxiu-
8ICMb SIKUX 8ION0BIOAE PYXAUBOCTI AOYKMIB, YMBOPEHUX OLIKAMU 3 Kili-
murHux excmpakmie. Bucnoeku. Cyooounuys Ku80 Ku-anmueerny mo-
orce cneyugpiuno ezaemodiamu 3 AP-JJHK, ¢popmyrouu aoykmu, onoce-
peoxosani ymeopennam ocnosu Lllughga, enexkmpogopemuuna pyx-
aUicmb AKUX 3anexcums 6i0 cmpykmypu kinyie JTHK. Po3z6ixcnocmi 6
eneKmpohopemusHitl. pyxaueocmi MosHCyms 00YMOBII0BAMUCS 3UlU-
sannam AP-JIHK 3 pisHumu amiHOKUCTIOMHUMUY 3ATUWKAMY OLIKA, WO
6 8010 uepey modce siooopadxcamu pizne posmauiysanusi AP-J[HK y
rkomnaexci 3 Ku-anmueernom.
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Kurouosi cnosa: Ku-anmueen, anypunosuti/anipumiounosuil caum,
swueanns 0inok—/[HK, knacmepni nowkodxcenns JJHK.

B3aumopeiicteue Ku80 ¢ anmypruHOBbBIMU/aNupUMUANHOBBIMU

caiftamMu 3aBUCHT OT CTPYKTYpbl kKoH1oB JJHK
A. A. Kocoga, C. H. Xoasipesa, O. 1. JlaBpux
Pesiome

Llenv. Hoenmudurayus deixa KiemouHvlX dKCMPAKMO8 4Yenosexd,
cneyupuUUHO 83aUMOOCTICMBYIOWE20 ¢ ANnyPUHOBLIM/ANUPUMUOUHOBBIM
(AP) catimom 6 cocmase uacmuurozo JJ[HK-0ynnexca, cooepocaujeco
svicmynatowue 5'- u 3'-KoHybl U UMUMUPYIOWE20 KN1ACMEPHOE NOBPEIIC-
oenue JIHK. Memoowt. Cuuska 6eixa ¢ AP-JTHK, onocpedosannas 06-
pasosanuem ocnosanust [Llugppa, MALDI-TOF macc-cnekmpomempusi,
Xpomamozpagus u cenv-snekmpogopes. Pezynomamol. benok knemou-
HBIX DKCMPAKMOS YeN06eKd, (OopMUpyIOwull Max3copHulll KOGAIeHM-
nottl aooykm ¢ AP-JIHK, codeporcaweii gvicmynaioujue KoHybl, U0eH-
mugpuyuposan xkax cyoveounuya Ku80 Ku-anmueena memooom nen-
MUOH020 Kapmuposanusi, 0cHoganHo2o Ha dannvix MALDI-TOF macc-
cnexmpomempuu. Ioxasano, umo Ku-anmueen, ebloenennbvlil u3 Kie-
mox HelLa, ¢hopmupyem rosanenmmuvle addykmul, 21ekmpogopemu-
uecKas NOOBUICHOCIb KONMOPLIX COOMEEMCMEYen NOOBUICHOCHIU A0-
OYKIO8, popmupyemvix OeaKamu KIemoyHbIx IKCmpaxmos. Beieoowt.
Cyoveounuya Ku80 Ku-anmueena moacem cneyuguuno 3aumooei-
cmgosams ¢ AP-JJTHK, ¢popmupysi addykmei, onocpedosannvie obpa-
306anuem ocHoganust [lluggpa, snexkmpogopemuueckas noosudic-
HOCTb KOMOPLIX 3asucum om cmpykmypwl konyos JJHK. Pasnuuue 6
NeKMpohopemuyecKkol nOOGUNCHOCMU MOoducem Oblmb 00YCI08IEHO
cuuexou AP-/IHK ¢ paszHbimu aMUHOKUCIOMHBIMU OCMAMKAMU Oel-
Ka, umo modicem ompasicamyv pasauunoe pacnonodcenue AP-JJHK 6
komnaexce ¢ Ku-anmueenom.

Knrwouesvie cnosa: Ku-anmuzen, anypunogvliil/anupumuouHo8olil
caum, cuusxa benok—/[HK, kracmepuoie nospexcoenus JJHK.
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