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ABSTRACT. Human replication protein A (hRPA), a heterotrimeric single-stranded DNA (ssDNA) binding
protein, is required for many cellular pathways including DNA damage repair, recombination, and
replication as well as the ATR-mediated DNA damage response. While extensive effort has been devoted
to understanding the structural relationships between RPA and ssDNA, information is currently limited
to the RPA domains, the trimerization core, and a partial cocrystal structure. In this work, we employed
a mass spectrometric protein footprinting method of single amino acid resolution to investigate the
interactions of the entire heterotrimeric hRPA with ssDNA. In particular, we monitored surface accessibility
of RPA lysines with NHS-biotin modification in the contexts of the free protein and the nucleoprotein
complex. Our results not only indicated excellent agreement with the available crystal structure data for
RPA70 DBD-AB—ssDNA complex but also revealed new protein contacts in the nucleoprotein complex.
In addition to two residues, K263 and K343 of p70, previously identified by cocrystallography as direct
DNA contacts, we observed protection of five additional lysines (K183, K259, K489, K577, and K588 of
p70) upon ssDNA binding to RPA. Three residues, K489, K577, and K588, are located in ssSDNA binding
domain C and are likely to establish the direct contacts with cognate DNA. In contrast, no sSDNA-
contacting lysines were identified in DBD-D. In addition, two lysines, K183 and K259, are positioned
outside the putative ssDNA binding cleft. We propose that the protection of these lysines could result
from the RPA interdomain structural reorganization induced by ssDNA binding.

Replication protein A (RPA), the eukaryotic single- between the third and fourth stran@9¢23). RPA binding
stranded DNA (ssDNA) binding protein (SSB), is an essential to sSDNA occurs via a sequential and hierarchal pathway
protein required for DNA replication, repair, and recombina- with a polarity of 3 to 3 in three separate modes, resulting
tion (1, 2, 6) as well as in ATR-mediated DNA damage in a total of 30 nucleotides occluded. The interaction begins
response 3, 4). For damage recognition in nucleotide with an initial binding of 8-10 nucleotides (nt) by DBD-
excision repair, RPA binds to the ssDNA region of DNA AB located in the central region of p70, followed by an
induced by bulky DNA adducts(8). Human RPA (hRPA) intermediate binding mode of ¥23 nt by DBD-AB plus
is a heterotrimeric protein comprised of three subunits, p70, DBD-C (C-terminal, p70). Finally, a stable complex occlud-
p32, and p141—>5). The ssDNA binding ability of hRPAis  ing 30 nt is formed when DBD-D, located in the central
derived from its four DNA binding domains (DBDs) located region of p32, engages the nucleic acids-2, 9, 14, 15,
in p70 and p32. Mutational and biochemical analyses of 18—21, 35, 36). RPA binds ssDNA with high affinityl, =
recombinant RPA have localized the major ssDNA binding 10°—10'* M~1) and low cooperativity with a preference for
affinity to the DBD-A, DBD-B, and DBD-C in p70, with pyrimidine-rich sequence and binds dsDNA and RNA with
the DBD-D of p32 required for higher order binding modes. much less affinity {, 9, 12, 16). RPA also interacts with a
The pl14 subunit is not implicated in ssDNA binding but is variety of nuclear factors, including but not limited to DNA
required for stable trimer formation,(9, 18, 19). Each DBD polymerasey, p53, XPA, XPG, ERCC1/XPF, Rad51, Rad52,
is constructed around a central oligonucleotide/oligosaccha-UNG2, BRCA1, and BRCA21, 10, 25—30).
ride-binding fold (OB-fold) characterized as a five-strand  Although much work has been done to resolve the
pB-sheet coiled to form g-barrel capped by am-helix structures of RPA and the RPA/ssDNA complex, how the

entire protein interacts with ssDNA remains elusive. This

" This study was supported by NCI Grant CA86927 (to Y.Z.). issue becomes even more interesting as dramatic g_IpbaI
* To whom correspondence should be addressed. Phone: (423) 439structural changes have been suggested for RPA to facilitate
2124. Fax: (423) 439-2030. E-mail: zouy@etsu.edu. ssDNA binding (5, 18, 24). NMR and X-ray crystallography
( East Tennessee State University. . . have yielded important advancements in our understanding
National Institute of Diabetes and Digestive and Kidney Diseases, . . .
NIH. of RPA/ssDNA interactions. However, these techniques have
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Ficure 1: Effects of biotinylation on RPAssDNA binding. Lanes: 1, free ssDNA:8, ssDNA bound by RPA pre- or posttreated with

0, 50, 100, 200, and 400M NHS-biotin. Panel A: Addition of increasing amounts of NHS-biotin prior to addition of ssDNA blocked
critical lysine residues for ssDNA interaction and thus abolished binding affinity. Panel B: Addition of ssSDNA prior to NHS-biotin, however,
shielded critical lysine residues from modification and showed little effect of biotin on the formed-BSBNA complex.
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FiIGURE2: Mass spectrometric analysis of biotinylation of RPA protein. (A) A typical MALDI-TOF spectrum of tryptic digestion of biotinylated
RPA70. Monoisotopic resolution for all of the peptide peaks was obtained, allowing unequivocal assignment of singly charged unmodified
and biotinylated peptide fragments. (B) A typical Q-TOF spectrum of the doubly charged biotinylated p70 peptide fragment. The molecular
mass of this ion in the form afVz (mass per charge) corresponds to peptide fragment 325+ biotin. (C) MS/MS analysis of the parent

ion (m/z = 754.91) shown in (B) confirms that lysine 331 is biotinylated. The y ion series were derived from internal fragmentation of the
peptide bonds, providing sequence information read from the C-terminus (left) to the N-terminus (right). The mass increment between y4
and y5 ions corresponds to a biotinylated lysine while the masses of the remaining y ions correspond perfectly to the amino acid sequence

of the fragment.

structures of RPAZ1, 22, 28, 33, 34). This limitation has limited by their low-resolution detection methods, such as
hampered our ability to understand how the intact RPA SDS-PAGE @3, 24). In contrast, the mass spectrometric
protein behaves during binding and how conformational approach allows identification of specific proteinucleic
shifts occur during binding mode transitions. Recently, a acid contacts at single amino acid resolution under physi-
method has been developed by Kvaratskhelia et al. for ologically relevant conditions where integrity of the entire
accurate mapping of proteimucleic acid contacts using nucleoprotein structure is fully preservesil( 32).

mass spectrometn3{, 32). This method is based on the In our present work, we have used the mass spectrometry
principle of protection of lysine residues in the binding sites footprinting technique31) to identify specific lysine residues
from chemical modification when nucleic acid is pres&1) within the RPA binding clefts involved in ssDNA binding.
Although trypsin digestion methods have previously been Using the cocrystal structure of DBDs-AB-dC8mé&g) as
used to investigate RPAnucleic acid interactions, these were an internal control, we have identified three new ssDNA
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Ficure 3: Identification of lysine residues protected from modification by nucleic acid. The typical Q-TOF data illustrate the protection

of a lysine residue in p70 versus an unprotected lysine in p32. The peak corresponding to peptide fragr@gi 260iotin in p70 is an

example of protection from modification by binding of ssDNA. When ssDNA is not present, K263 is readily modified by NHS-biotin. In
the presence of ssDNA, however, the modification peak disappears. In contrast, K139 in p32 is a lysine residue not protected by ssDNA
binding. A modification peak appears upon treatment with NHS-biotin and persists following addition of ssDNA. Each multiply charged
peptide resulted in clearly resolved peak clusters, indicating monoisotopic resolution; unmodified peaks C1 and C2 serve as controls.

contact points within DBD-C of RPA70. These lysines are first with NHS-biotin, and then ssDNA was added to the
similar to those found in DBD-AB in location, orientation, reaction mix. Reactions were immediately loaded onto 3.5%
and solvent accessibility in the unbound state. Also, we havenative polyacrylamide gels and electrophoresed in TBE
located two possible interdomain contact points between thebuffer at room temperature.
N-terminal domain and DBD-A of p70 upon ssDNA binding  Biotin Modification and In-Gel Proteolysi®urified hRPA
of RPA. was modified with NHS-biotin in the presence and absence
of the single-stranded oligonucleotide dT30mer. Typically,
MATERIALS AND METHODS RPA (2 uM) was incubatedt dT30mer (20uM) in the
Protein Purification and Substrate Labelingecombinant ~ binding buffer at room temperature for 30 min and then
human RPA was expressedHscherichia colBL21(DE3)- modified by adding NHS-biotin (400M of final concentra-
RP (Stratagene) cells and purified as previously describedtion) for an additional 30 min incubation at room tempera-
(17). Protein concentration was determined by Bradford assayture. Modifications were quenched by addition of 10 mM
using Bio-Rad protein assay reagent. Oligonucleotide sub-lysine, followed by separation of the RPA subunits by SDS
strate was radiolabeled witlr-£2P]JATP (>5000 mCi/mmol; PAGE. The subunits were visualized by Coomassie Blue
Amersham) using T4-PNK (New England Biolabs), and Staining, excised from the gel, and extensively destained in
unincorporated radioactive nucleotides were removed by a50% methanol/10% acetic acid. SDS was removed by
P6 spin column (Bio-Rad). washing the gel pieces with ammonium bicarbonate, dehy-
Gel Mobility Shift Assay<Effects of the biotin modifica-  drated with 100% acetonitrile, and vacuum desiccated.
tion on RPA-ssDNA binding were determined by gel Samples were digested withugy of trypsin (Roche) in 50
mobility shift assays. Typically, the labeled oligonucleotide MM ammonium bicarbonate overnight at room temperature.
dT50mer (MWG Genetic) substrate (2M) was incubated ~ The supernatant was then recovered for MS and MS/MS
with unmodified RPA (M) at a molar ratio of DNA:RPA  analysis.
= 10:1 in binding buffer (40 mM HEPESKOH, pH 7.9, Mass Spectrometric AnalysiIS spectra were obtained
75 mM KCI, 8 mM MgCh, 1 mM DTT, 4% glycerol) for using matrix-assisted laser desorption time-of-flight (MALDI-
30 min at room temperature. The preformed complex was TOF) and quadrupole time-of-flight (Q-TOF) techniques.
then exposed to modification with increasing concentrations MALDI-TOF experiments were performed using a Kratos
of N-hydroxysuccinimidobiotin (NHS-biotin, Pierce) for Axima-CRF instrument (Kratos Analytical Instruments) with
another 30 min. The reactions were quenched by addingan a-cyano-4-hydroxycinnamic acid matrix. MS and MS/
lysine in its free amino acid form (10 mM of final MS analyses were performed on a Micromass (Manchester,
concentration). In parallel experiments, RPA was modified U.K.) Q-TOF-II instrument equipped with an electrospray
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Ficure 4;: MALDI-TOF analysis of protection of lysine residues. The peptide peak containing modified K343 of DBD-B (A) is absent in
the presence of the dT30mer (B). Similarly, K588 is located in DBD-C and is biotinylated in the absence of ssDNA (D) but is protected
from modification by direct contact with the dT30mer (E). Panels C and F show the spectra of RPA without treatment of biotin. The
unmodified peaks C3, C4, and C5 all serve as controls.

source and Micromass cap-LC. Peptides were separated wittRESULTS
a Waters Symmetry300 /om precolumn (Waters, Milford,

MA) and a Micro-Tech Scientific (Vista, CA) ZC-10- Effects of NHS-Biotin Modification on ssDNA Bindifide

. . : protein footprinting method we employed is based on the
C18SBWX-150 column using two sequential gradients of modification of solvent-accessible lysine residues with the

5—40% acetonitrile for 35 min and 480% acetonitrile for a1y amine specific reagent NHS-biotin and the protection
10 min. MS/MS sequence data and the MASCOT automated of the contact lysines from modification by ssDNA binding.
peptide search engine (www.matrixscience.com) were usedtg properly identify proteir-nucleic acid contacts, the
to identify RPA peptide peaks from the NCBInr primary modification procedure must be optimized to ensure the
sequence database, and matched peaks were then located &fficiency of NHS-biotin modification and that the integrity
the primary MS spectra. Protection events were qualitatively of the RPA-ssDNA complex is preserved. Therefore, we
assigned as the appearance of a peak corresponding to axamined the effects of increasing concentrations of NHS-
biotin-modified peptide in the modified protein spectrum and biotin on the ssDNA binding activity of RPA by gel mobility
the absence of the modification peak in the modified Shift assays. Figure 1 shows the results of NHS-biotin
nucleoprotein complex spectrum. A protection was consid- medification of RPA before (Figure 1A) or after (Figure 1B)
ered to be significant only when the intensity of a modifiable (e addition of the dT50-mer. As NHS-biotin was added in
peak was reduced by at least 85% in the nucleoprotein'ncrea.Slng concentrations prior t_o.nucleoprotem compl_ex

. ) : formation, nucleic acid binding affinity was reduced until it
complex spectrum. To accurately identify protection events,

as completely lost at a concentration of 400 (Figure
at least two peaks that are not affected by procedures an A, lane 6). This is an indication that lysine residues being

present in all three spectra (unmodified protein, modified 1, ified are necessary for the formation of a stable RPA
protein, and modified nucleoprotein complex) were used as gspNA complex. However, when RPA was occupied by
control peaks. These control peaks served to standardize thgspNA prior to addition of NHS-biotin (Figure 1B), subse-
peak intensities in each spectrum for accurate qualitative quent modification of the complex with 4001 NHS-biotin
assignment of protection. Data were reproducibly compiled (Figure 1B, lane 6) did not disrupt ssDNA binding. This
and analyzed from six independent experimental groups. indicates that the lysine residues necessary for stable sSSDNA
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p70 Table 1: Proteolysis Fragments of hRPA Containing Modified
Lysines
MVGQLSEGAT AATMQKGDTN IKPILQVINI RPITTGNSPP RYRLLMSDGL Y — -
fragment modified K protection
B
NTLSSFMIAT QINPLVEEEQ LSSNCVCOTH REIVNTLKDG RRVVILMELE RPA70
N-Terminal Domain (aa 1-110) 82-91 88 —
158-167 163 -
VIKSAEAVGV KIGNPVPYNE GLGQPQVAPP APAASPAASS RPQPONGSSG 164—183 167 —
5 8 168-183 183 +
MGSTVSKAYG ASKTPGKAAG PSLSHTSGGT QSKVVPIASL TPYQSKWEIC 202-210 206 B
217-234 220 -
B B B 235-253 244 -
ARVTNKSQIR TWSHSRGEGK LFSLELVDES GEIRATAFNE QVDKFFPLIE 254—-267 263 +
DBD-A (aa 181-290) 260267 259 +
314-331 324 -
TLEKIANKQFT AVENDYEMTF NNETSVMPCE DDHHLPTVQF 325-335 331 _
B B 340-344 343 +
DFTGIDDLEN KSKDSLVDIT GICKSYEDAT KITVRSNNRE VAKRNIYIMD 489-499 489 +
DBD-B (aa 300-422) 500-511 502 —
576-586 577 +
TSGKVVTATL WGEDADKFDG SRQPVLAIKG ARVSDFGGRS LSVLSSSTII 587—600 588 +
589-600 595 -
ANPDIPEAYK LRGWFDAEGQ ALDGVSISDL KSGGVGGSNT NWKTLYEVKS RP\%?:ZM 38 _
) 82—-105 93 -
ENLGQGKDPD YFSSVATVVY LREKENCMYQA cnp.:v QDCNEKV IDQONGLYRC 128-139 138 -
DBD-C (aa 436-616) 139-145 139 -
B RPA14
ERCDTEFPNF KYRMILSVNI ADFQENQWVT CFQESAEATIL GQNAAYLGEL 31-39 33 _
5 5 40-72 49 -
KERNEQAFFE VFQNANFRSF ﬂ““";"‘“ YNDESRIKAT VMDVEEVDYR aTryptic digest fragments of hRPA subunits p70, p32, and p14 are
shown with the modified lysine residue indicated. Lysines that are
EYGRRLVMST RRSATM shown to be protected from modification in the presence of ssDNA
are indicated by-{) while residues readily modified in the presence
p32 and absence of ssDNA are indicated by.(Lysine residues that make

direct contact with ssDNA are shown in bold.

B
MWNSGFESYG SSSYGGAGGY TQSPGGFGSP APSQAEKKSR ARAQHIVECT
N-Terminal Domain (aa 1-43) . L L. .
subunits. To analyze each subunit individually, unmodified

B
picleine b in m“:;_‘p’“{'::‘ff_ﬂ_ﬁ’;“m EERTEUDEEYRE protein, modified protein, and the modified proteissDNA
BB complex were subjected to SBRAGE prior to trypsin
PMDVRQWVDT DDTSSENTVV PPETYVKVAG HLRSFONKKS LVAFKIMPLE proteolysis. SDSPAGE electrophoresis served two pur-
poses: it allowed for the complete separation of the three
DMNEFTTHIL EVINAHMVLS KANSQPSAGR APISNPGMSE AGNFGGNSFM subunits and rendered the protein in a linear, denatured form
that equally exposed all possible trypsin proteolytic sites,
PANGLTVAQN QVLNLIKACP RPEGLNFQDL KNQLKHMSVS SIKQAVDFLS ensuring a complete and reproducible hydrolysis of the
C-Tazminal Domain (200-270) protein. The hRPA lysines modified with NHS-biotin were
NEGHIYSTVD DDHFKSTDAE readily detected by MS and MS/MS analysis of trypsin-

generated peptide fragments. Figure 2A shows a representa-

1 pld . & tive MALDI-TOF spectrum for NHS-biotin-modified p70
MVDMMDLPRS RINAGMLAQF IDKPVCFVGR LEKIHPTGKM FILSDGEGKN with mass/charge peaks assigned to proteolysis-generated
s peptide fragments. Panels B and C of Figure 2 exhibit Q-TOF
GTIELMEPLD EEISGIVEVV GRVTAKATIL CTSYVQFKED SHPFDLGLYN analysis of modified fragment 32835 (K331+ biotin) of

o p70. Internal fragmentation of this parent peak primarily
EAVKIIHDFP QFYPLGIVQH D yielded y ions (Figure 2C), providing sequence information

Ficure 5: Summary of the footprinting results in the context of read from the C-terminus to the N-terminus. The mass
the RPA'sequencel.’yBiotinylationpsites ign the three subunits of RPA Increment b_etv_veen the y4 and y.5 lons C.OrrESponde.d.to the
are indicated in the primary amino acid sequence either as protected"aS$ Of @ biotinylated lysine residue while all remaining y
(boxed B) or as unprotected residues (unboxed B). The locationsions corresponded with the p70 sequence (Figure 2C).
of domain structures are indicated by the shaded sequence with Our following efforts were focused to reveal lysines readily
the name and amino acid numbering of the structure. biotinylated in free RPA protein but protected from modi-
fication in the nucleoprotein complex. We assigned protection
binding are now shielded from modification in the nucle- of lysine residues from modification based on the appearance
oprotein complex. From these experiments, we have deter-of m/z peaks in the mass spectrum of the modified protein
mined a concentration of 4Q0M NHS-biotin for efficient that are absent in both the modified nucleoprotein complex
modification of the RPA-ssDNA complex while preserving and the unmodified protein spectra. Thes& peaks cor-
the structural integrity of the complex. respond to the mass of a tryptically digested fragment plus
MS and MS/MS Analysis of the hRPgsDNA Complex.  the mass of the number of biotin molecules attached to the
RPA is a heterotrimer with OB-folds located in all three peptide. The number of biotin molecules attached to any
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A

Ficure 6: Structural exhibition of modified lysines in DBD-AB and DBD-C. (A) Structure of the DBD-ABDNA complex 13). Lysine

residues in the structures are presented in stick representation. K263 and K343 are found in the binding clefts of DBD-A and DBD-B,
respectively, and are protected from modification by direct contact with the dC8mer. Lysine residues K183 and K259 are not in direct
contact with the dC8mer but are protected from modification when ssDNA is present. (B) Structure of DBIR-Gyéine residues K489,

K577, and K588 are located in the binding cleft of DBD-C and are protected from biotin modification when ssDNA is present, indicating

direct contact with ssDNA as it transverses the binding cleft. Biotin-modified lysine residues without protection are shown in blue while

the lysine residues protected from modification in the presence of ssDNA are shown in red in each structure.

tryptic peptide is equal to the number of missed lysine domain of p70 (p78.105) (11), the C-terminal domain
cleavage sites within the fragment. Figure 3 illustrates a (p3271-279) of p32 28), and the native form of the trimer-
typical assignment of lysine protection by Q-TOF analysis. ization core containing DBD-C (pZ8-616), DBD-D (p323-171),
When free RPA is biotinylated, a peak corresponding to p70 and the entire p14 subuni2l). The cocrystal structure of
peptide fragment 260267 (K263 + biotin) is observed. = DBD-AB with the dC8mer nucleotides provides an excellent
However, when RPA is modified following ssDNA binding, internal control for the current analysis of lysine protection
this peak is absent, indicating shielding of the lysine in the detected by mass spectrometry. Figure 6A shows the
nucleoprotein complex. Biotin modification of lysine K139 cocrystal structure of DBD-AB with the 8mer ssDNAJ)
on p32, however, is not protected when ssDNA is bound, with modified lysine residues shown in blue and lysine
and the peak corresponding to peptide fragment-113% residues protected from modification when dT30mer is
(K139 + biotin) persists in both the free and bound RPA present shown in red. Lysines residues K263 and K343 are
spectra. Peaks C1 and C2 appear as internal control peak$ocated in DBD-A and DBD-B, respectively, and are both
to provide reference for peak intensities in each spectrum. protected from biotin modification when the dT30mer is
In our analysis, seven lysine residues in p70 and none frompresent. Both residues are oriented pointing into the binding
p32 or pl4 were found to be protected from NHS-biotin clefts and are solvent accessible in the absence of ssDNA
modification by ssDNA. Of those, two were previously as shown by the crystal structure of free prot@g)( These
observed as ssDNA contacts by X-ray crystallograf#ty, ( lysine residues directly contact ssDNA as it transverses the
three were newly identified to be direct sSDNA contact points tandem binding domain. The confirmation of the mass
within DBD-C, and two were located outside of the binding spectrometry data with the cocrystal structure of DBD-AB
clefts and believed to not be associated with sSDNA. Figure with the 8mer ssDNA is an excellent control for supporting
4 illustrates the protection of K588 in DBD-C from biotin  that the former method is capable of detecting nucleic acid
modification in the presence of the dT30mer. In the absencecontact points within RPA.

of ssDNA, K588 is readily biotinylated, and a peak corre-  op the basis of the available domain structurks (3,
sponding to peptide fragment 58800+ biotin is observed 21 22 2g) as reference, our mass spectrometry data have
in the MALDI-TOF spectrum (Figure 4A). However, when  ghown modifications of about 60% of surface-accessible
the dT30mer is present, K588 is shielded from modification lysines in p70,~70% in p32, and~40% for p14, which
by direct contact with the ssDNA, and the peak correspond- jncjude 80% of lysine residues found in the ssDNA binding
ing to the biotinylated peptide fragment is significantly gomains. It should be noted that our experiments were
diminished (Figure 4B). Also shown in Figure 4 are similar herformed on full-length hRPA, while X-ray structural data
results for residue K343 which is located in DBD-B and is  4re available for the domain or partial hRPA. Therefore, it
a known ssDNA contact lysine{). Data for this residue s possible that a significant number of lysines found to be
serve as an internal control to confirm the validity of our eyposed to solvent in crystallographic studies are in fact
analysis. Figure 5 and Table 1 summarize the biotin j,olved in the interdomain or intermotif interactions in the
modification data for all three subunits of RPA. context of the full-length form of native hRPA. The lysines
shielded by proteirprotein interactions would not be
DISCUSSION susceptible to NHS-biotin modification. Our results clearly
Several crystal structures for RPA are currently available indicate that, in addition to K263 and K343, lysine residues
including the structure of the native form of the tandem K489, K577, and K588 located within DBD-C also are
DBD-AB (p70is3-420) (22), the cocrystal structure of DBD-  protected in the presence of the dT30mer. Figure 6B shows
AB with a dG ssDNA (13), structures of the N-terminal  the crystal structure of DBD-C located in the C-terminal of
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p70 @1). The biotin-modified lysine residues are shown in 2.

blue while protected lysine residues are indicated in red.
Since lysines K489, K577, and K588 are located in the 3
binding cleft of DBD-C, protection of these residues from
biotin modification strongly suggests that these lysines are
directly involved in ssDNA interactions. Although lysine
residues K489 and K588 were previously implicated as
ssDNA contact points by computer-assisted molecular mod-
eling (21), lysine K577 was not. Similar to K263 and K343
in DBD-AB, the protected residues in DBD-C are oriented
pointing into the binding cleft and are solvent accessible in 6

protected lysine residues versus those found in DBD-AB such
as orientation in the binding cleft and solvent accessibility

strengthen the claim that these lysine residues are ssDNA 8.

contact points.

Two additional lysine residues, K183 and K259 in DBD- 9.

AB, were also protected from modification in the presence
of the dT30mer. These two residues are not located in either ,
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