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Apurinic/apyrimidinic sites (AP sites) which represent one of the most abundantly generated DNA lesions in the
cell are generally repaired by base excision repair (BER) pathway. Multifunctional protein YB-1 is known to par-
ticipate in cellular response to genotoxic stress and was shown to interact with several components of BER —
DNA glycosylases NTH1, NEIL2, DNA polymerase 3 and DNA ligase II1. Therefore, it is of great interest to investi-
gate the influence of YB-1 on one of the major BER enzymes, responsible for AP site cleavage, AP endonuclease
APEI, and on tyrosyl phosphodiesterase Tdpl, participating in APE1 independent pathway of AP site repair.
Aim. Effect of multifunctional protein YB-1 on the AP site cleavage by the activities of APE1 and Tdpl was stu-
died. Methods. Gel-mobility shift assays and enzyme activity tests. Results. YB-1 was shown to inhibit the
cleavage of AP site located in single-stranded DNA by both APE1 and Tdp1. Stimulation of APE1 activity on pro-
truding double-stranded DNA in the presence of YB-1 was observed, whereas no effect on Tdpl-mediated cleavage
of AP site in double-stranded DNA was found. Conclusions. YB-1 can modulate the repair of AP sites in DNA by
both positively stimulating APE1 during the classic BER of AP sites and avoiding a possible generation of double-
strand breaks, arising from the cleavage of single-stranded portion of DNA substrate already used by different
DNA-processing pathway.
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Introduction. AP sites in DNA appear as a result of re-
lease of the nucleobase from the nucleotide residue in
DNA. The process is going both spontaneously and as
DNA glycosylase-driven release of damaged nucleoba-
ses repaired by base excision repair (BER) of DNA.
AP sites are also representative DNA damages, since ab-
sence of coding base in DNA leads to the blockade of
replicative DNA polymerases or error-prone TLS syn-
thesis across the lesion [1], which in turn define cyto-
toxicity and mutations. The major repair pathway of
AP sites is BER which consists in the cleavage of DNA,
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containing AP site, followed by DNA repair synthesis
and ligation. The major AP site cleaving activity is attri-
buted to APE1, however, there is evidence of APE1 in-
dependent pathway of repair, which utilize the AP lyase
activity of bifunctional DNA glycosylases such as NEIL2
or NTH1 and tyrosyl phosphodiesterase Tdp1 [2, 3]. In
recent studies it was shown that Tdp1 can initiate the re-
pair of AP sites in vitro, cleaving DNA at the position of
AP site [4]. Such pathways can contribute to the back-
up for APE1-dependent AP site repair. One of the pro-
teins that can affect both the mainstream and backup
ways of the repair of AP sites is multifunctional Y-box
binding protein YB-1. YB-1 directly interacts with en-
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Fig. 1. Substrate specificity of Tdp and APE1. Incubation time (min): / —0; 2—-2;3—-5;4—10;5—-20;6—-40;7-0;8—-2,9-5;10—10; 11 —-20; 12—

40, 13—-0;14—-2;15-5;16—10; 17-20; 18§ —40

zymes responsible for the initial stages of BER — APEI,
NEIL2 and NTHI, stimulating the activities of the lat-
ter two enzymes, when the repair of oxidatively dama-
ged DNA is performed (reviewed in [5]). We also have
shown recently that YB-1 modulates AP lyase activity
of bifunctional DNA glycosylase/AP lyase NEIL1 [6].
Therefore, the aim of present study was to investigate
the influence of YB-1 on the other enzymes responsible
for the AP site cleavage during the repair of AP sites —
APE1 and Tdpl.

Materials and methods. The following proteins
and reagents were used: Escherichia coli Udg, phage
T4 polynucleotide kinase («Biosan», Russia); [y-"*P]
ATP with specific activity 5000 Ci/mmol (LBT
ICBFM SB RAS); reagents for electrophoresis in poly-
acrylamide gel and the main buffers components («Sig-
ma», USA). Recombinant YB-1 was purified from E. co-
li BL21 (DE3) cells as described in [7]. Purified recom-
binant Tdpl was kindly provided by N. A. Lebedeva
(LBCE ICBFM SB RAS), human recombinant APE1
was a generous gift from S. N. Khodyreva (LBCE
ICBFM SB RAS). The following oligonucleotides we-
re used: damaged strand 5'-(d)CTAT GGCG AGGC
GATT AAGT TGGG UAAC GTCA GGGT CTTC
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CGAA CGAC-3', complementary strand 5'-(d)GTCG
TTCG GAAG ACCC TGAC GTTG CCCA ACTT
AATC GCCT CGCC ATAG-3', complementary strand,
containing fluorescein-dUMP residue instead of dGMP
residue (underlined) in 24 position from 5'-end («Nano-
tech-C», Russian Federation), 60-mer and 32-mer oli-
gonucleotides with sequences identical to those publi-
shed in [6]. 5'-*P-labelling of the dUMP-containing
oligonucleotide, annealing to complementary strand and
in situ generation of AP sites were performed essential-
ly as in [6].

Enzymatic reactions and GMSA experiments were
performed in 50 mM sodium phosphate buffer, pH 7.8,
100 mM NaCl, 2 mM EDTA, 0.1 g/l BSA, 0.2 mM
DTT, 2.5 % glycerol and in case of APE1 5 mM MgCl,.
Enzymes (Tdpl at final concentration 200 nM, APE1
at 0.3 nM and 0.6 nM for dsDNA and ssDNA experi-
ments, respectively), DNA (50 nM final concentration)
and YB-1 (if used) were incubated for indicated pe-
riods of time or 20 min at 37 °C. Quenching of the reac-
tion and analysis of reaction products were performed
essentially as in [6].

Gel-mobility shift assays (GMSA) experiments we-
re performed essentially as in [6].
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Fig. 3. Inhibition of AP site cleavage by APE1 and Tdpl1 in the presence of YB-1. C — control experiments, lacking APE1 and Tdp1. YB-1 concen-
tration in nM: 7 —0; 2 —12.5; 3 —25;4—-50; 5 — 125, 6 —250; 7— 500, 8 —0; 9—5; 10— 12.5; 11 —25; 12— 50; 13— 125; 14 —250; 15 — 500

Results and discussion. We assayed AP site clea-
vage activity of APE1 and Tdp1 on three different AP si-
te-containing substrates — double-stranded DNA, single-
stranded DNA and double-stranded DNA, containing
fluorescein residue in + 1 position in the complementary
strand opposite the AP site (Fig. 1). The latter substrate
imitates DNA, bearing clustered lesions that require dif-
ferent DNA repair pathways.

We have found that despite the mechanistic model
depicting physical interaction of APE with nucleotides
adjacent to the AP site [8], presence of bulky fluorescein
residue in close proximity to AP site does not affect en-
donucleolytic activity of enzyme. Similarly with earlier
observations we reveal that introduction of bulky moie-
ty in close proximity to AP site in double-stranded
DNA transforms such DNA to a much better substrate
for Tdpl. Results from GMSA experiments suggest that
YB-1 affinity towards DNA, containing AP site cluste-

red with bulky lesion, is higher than to DNA with sing-
le AP site, however under reaction conditions used the
highest affinity of YB-1 was shown for the single-stran-
ded DNA substrate (Fig. 2). Addition of YB-1 to the re-
action mixture affected both APE1 and Tdp1 activities,
depending on the DNA substrate used (Fig. 3, 4). Evi-
dent inhibition of the AP site cleavage located in the
single-stranded DNA was observed for both enzymes
(Fig. 3). The same inhibitory effect was shown, when
single-stranded AP site-containing DNA of two other
lengths — 32 and 60 nt were tested (data not shown).
Such findings are consistent with published data show-
ing negative regulation of NEIL1 AP lyase activity by
YB-1 when single-stranded DNA was used [6].

On the other hand, almost no effect was found when
APE1 or Tdpl activity was assayed in reaction mixtu-
res, containing double-stranded 48-mer DNA subst-
rates with clustered lesion or single AP site, that were
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supplemented with YB-1 up to certain concentration
(Fig. 4, A, and data not shown).

Similarly absence of functional interaction between
YB-1 and APE1 was reported earlier in experiments
with 43-mer double-stranded substrates, when YB-1
was in shortage in comparison to the amount of DNA
[9]. Under our experimental conditions, however, large
(10-fold) molar excess of YB-1 over DNA lead to al-
most complete inhibition of AP site cleavage. Taking
together with YB-1 ability to form multimers [10], data
from GMSA experiments (Fig. 1) and NaBH4-me-
diated crosslinking of YB-1 directly to AP site [6] we
assume that at such high concentrations several YB-1
molecules are bound to the DNA substrate in specific
conformation forming multimeric complex. Such comp-
lex is stabilized by Schiff base formation of primary
amino group of protein with aldehyde group of AP site
which presumably results in blocking the access of
APEI or Tdpl to the AP site.

Stimulation of APE1 activity by YB-1 on double-
stranded DNA was observed when longer 60-mer AP
site-containing DNA substrate was used (Fig. 4, B).
These data are in agreement with our previous obser-
vations that YB-1 notably stimulates AP lyase activity of
NEIL1 when protruding double-stranded substrate was
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Fig. 4. Influence of YB-1 on the cleavage of 48-mer dsDNA substra-
tes, containing AP site clustered with bulky lesion (4), and 60-mer pro-
truding dsDNA, containing single AP site (B). 4 — YB-1 concentration
innM: 7 -0;2-5;3-12.5;4-25;5-50; 6—125; 7—250; 8§ - 500, 9—
0;10-5;11-12.5;12-25;13-50; 14—125;15-250; 16 —-500; B —
YB-1 concentrationinnM: /—0;2-12.5;3-25;4-50;,5-125;6—
250; 7 —500. C — control experiments, lacking APE1 and Tdpl

used and may reflect specific interaction of YB-1 with
such DNA substrate.

Taken together the data from present and previous
studies imply that YB-1 can play a modulatory role du-
ring the repair of AP sites in DNA both by positively sti-
mulating the cleavage of AP site located in specific doub-
le-stranded substrates and by avoiding the cleavage of
single-stranded portion of unwound DNA substrate,
which is already used by different DNA-processing path-
way (i. e. DNA replication, transcription or different ty-
pes of repair). YB-1 can affect both mainstream and back-
up pathways influencing major AP endonuclease —
APE]1 and enzymes that can serve as a backup for AP
site cleavage reaction — bifunctional glycosylase NEIL1
and tyrosyl phosphodiesterase Tdpl. Involvements of
YB-1 itself into abovementioned DNA-processing events
(transcription activity of YB-1, putative role of YB-1 in
DNA replication and repair (reviewed in [5])) would
serve as a basis for coordinating these processes with
the repair of AP sites.
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Bruus mynbsTadyHKIiOHANBEHOTO Oinka YB-1 Ha posmennenns All-

caiitiB All-ennonyxieasoro 1 i tuposun-JIHK-docdomiecrepazoro 1

Pestome

Anypunosi/anipumiounosi caiimu (All-catimu), siKi € 00HUMU 3 HATYU-
cenvriuux nouwkoocens JJHK y knimuni, penapyiomocs, 6 0CHOGHO-
My, wasxom excyusitinoi penapayii ocnosé (EPO). bacamogynkyio-
nanvnuil 6inox YB-1 bepe yuacmo y kiimunniil 6i0n08ioi Ha 2eHOMokK-
CuyHUIl 8NIUE T 83AEMOIIE 3 OessKUMU KomnoHenmamu cucmemu EPO —
JIHK-enikosunazamu NTHI, NEIL2, /[HK-nonimepasoro 3 i /[HK-nica-
3010 1. bescymuisnuil inmepec cmanogums eueuents Oii YB-1 na ooun
3 kaoyosux gepmenmie EPO, saxuil ionosioae 3a posuwjennenns AIl-
caumis, — All-endonyxneasy 1 (APE1), a maxoxc na muposun-{HK-
gocpooiecmepasy 1 (Tdpl), wo npuuemna oo AIIEI-nesanexncrozo
waxy penapayii AIl-caiimie. Mema. Buguenns ennugy 6acamodynx-
yionanvroeo dinka YB-1 na poswennenus All-catimis, kamanizoeane
APE1 i Tdpl. Memoou. Memoo «3ampumku 6 2eniy, anaiis gepmen-
mamuenoi akmuenocmi. Pesynomamu. [lokasano, wo YB-1 ineidye xa-
manizosane APE1 i Tdpl poswennenns cAll-caiimis, posmawiosanux
6 oonoaanyreosiu JJ{HK. Busasneno, wo YB-1 cmumynioe akmugnicmo
APE1 npu poswennenni npomsaxicrno2o 0eoaanyrozosoeo JHK-cyocm-
pama i ne énausae na Tdp1-onocepedkosane poswenients 0801aHYIO-
eosux All-emicnux JIHK. Bucnoeku. YB-1 30amuuti moodyniosamu pe-
napayiio All-caiimis y /[HK, 3 00noeo 6oky, cmumyniorouu APEI npu
sionosnenni yinicnocmi J{HK 3a «xaacuunumy winaxom EPO, ma, 3 opy-
2020 60ky, ineioyiouu akmuenicmo APE1 i Tdpl na oononanyioeosux
JIHK ma O0onomaearouu KiimuHi YHUKHYMU MONCIUE02O0 SUHUKHEHHS
080NAHYI0206UX POPUBISE.

Kniouosi cnosa: penapayis All-caumis, AIl-enoonykneasa 1, mu-
posungocgpoodiecmepasza 1, 6inok YB-1.

11 E. Ilecmpsakos, C. H. Xoowipesa, I1. A. Kypmu, JI. I1. Osuunnuxos,
0. U. Jlaspux

Bnusinue mynbTudyHKronansHoro 0enka Y B-1 Ha pacmieruienne All-
caiitoB All-sunonykineasoit 1 u tuposui-JJHK-dpochoanscrepasoii 1

Pestome

Anypunosvie/anupumuounosvie cavmol (All-catimol), ssnsowuecs
0O0HUMU U3 Hauboiee MHO2OUUCIeHHbIX nogpedicoenuil /[[HK 6 kiemre,
penapupyiomcs, 8 OCHOBHOM, NO NYMU IKCYUSUOHHOU penapayuu oc-
nosanutl (OPO). Muozoghynkyuonansusiii 6eiroxk YB-1 yuacmeyem 6
KAEMOUHOM Omeene Ha 2eHOMOKCUHecKue 6030eticmaust U 63aumooe-
ticmgyem ¢ Hekomopwvimu komnonenmamu cucmemsvt IPO — JJTHK-enu-
rosunazamu NTHI, NEIL2, JIHK-norumepasoi 3 u JJHK-1ueazoi 111.
Hecomnennuiii unmepec npeocmasnsiem usyyenue eéiuanus YB-1 na
00un u3 knouegvx gpepmenmos IPO, omeemcmeennviil 3a pacujen-
nenue All-caiimos, — AIl-ondonykneasy 1 (APE1), a maxce na mupo-
sun-{HK-¢hocpoouscmepasy 1 (Tdpl), yuacmeyrowyro 6 APE I-ne3asu-
cumom nymu penapayuu All-catimos. Ieny. H3zyuenue enuanus
Mynbmu@yHkyuonaioHo2o oeaxka YB-1 na pacwennenue All-catimos,
kamanuzupyemoe APE1 u Tdpl. Memoowi. Memoo «3adepaicku 6 ce-
ey, ananuz hepmenmamusnot akmugnocmu. Pesynemamor. [lokasa-
1o, umo YB-1 uneubupyem xamanusupyemoe AIIEL u Tdp1 pacwenne-

Hue All-caiimos, pacnonoosicennvix ¢ ooHoyenoueunou JJHK. Obna-
pyaceno, umo YB-1 cmumyaupyem akmugenocmv APE1 npu pacwenne-
HUuu npomsadicenno2o ogyxyenoueurnozo JHK-cyocmpama u ne giusem
Ha Tdpl-onocpedosannoe pacujennienue ogyxyenoueunvix All-cooep-
orcawgux [JHK. Bo16oowi. YB-1 cnocoben moodynuposame penapayuio
All-caiimos ¢ J[THK, ¢ oonoti cmoponel, cmumyaupyss APE1 npu eoc-
cmanosnenuu yerochocmu JJHK no «knaccuueckomy» nymu PO, u, ¢
opyaoui cmopoHbl, uneubupys akmusrnocms APE1 u Tdpl na oonoye-
noueunvix [HK u nomozas xnemxe uzboesicamos 803M0xHCHO20 00pa30-
BAHUA 08YXYECNOYUEYHBIX PA3PLIBOS.

Knioueswie crosa: penapayus All-caumos, All-snoonyxneasza I,
muposuigpocpoouscmepasa 1, berox YB-1.
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