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ABSTRACT: The mammalian high-mobility group protein AT hook 2 (HMGAZ2) is a DNA binding protein that
specifically recognizes the minor groove of AT-rich DNA sequences. Disruption of its expression pattern is
directly linked to oncogenesis and obesity. In this paper, we constructed a new plasmid pBendAT to study
HMGA2-induced DNA bending. pBendAT carries a 230 bp DNA segment containing five pairs of restriction
enzyme sites, which can be used to produce a set of DNA fragments of identical length to study protein-
induced DNA bending. The DNA fragments of identical length can also be generated using PCR
amplification. Since pBendAT does not contain more than three consecutive AT base pairs, it is suitable
for the assessment of DNA bending induced by proteins recognizing AT-rich DNA sequences. Indeed, using
pBendAT, we demonstrated that HMGAZ2 is a DNA bending protein and bends all three tested DNA binding
sequences of HMGAZ2, SELEX1, SELEX2, and PRDII. The DNA bending angles were estimated to be 34.2°,

33.5°, and 35.4°, respectively.

The mammalian high-mobility group protein AT hook 2
(HMGA?2)' is a transcriptional factor involved in mesenchymal
cell differentiation and transformation (/—3). It plays an im-
portant role in fat cell proliferation (2) and is considered to be a
potential target for the treatment of obesity (2, 4). HMGAZ2 is
also an oncoprotein associated with the formation of a variety of
tumors, including benign tumors, such as uterine leilomyomas (5),
lipomas (6, 7), and pulmonary chondroid hamartomas (§), and
malignant tumors, such as lung cancers (9—11), breast can-
cers (12), and leukemia (/3). Interestingly, the expression level
of HMGA?2 was demonstrated to be correlated with the degree of
malignancy, the existence of metastasis, and a poor prognosis for
certain cancers (14, 15). These results suggest that HMGA2 is a
potential target for treatment of these cancers (4, 16, 17).

HMGA?2 is a DNA binding protein containing three
AT hook DNA binding domains that specifically recognize the
minor groove of AT-rich DNA sequences (/8). Although each
AT hook DNA binding domain binds to five AT base pairs (/8,
19), the high-affinity binding of HMGAZ2 requires two to three
appropriately spaced 5 bp AT-rich DNA sequences as a single
multivalent binding site (20). The DNA binding constant of
multivalent binding is much greater than that of single valent
binding (21). Previously, using a PCR-based systematic evolution
of ligands by exponential enrichment (SELEX) procedure, we
identified two consensus sequences for HMGA2: 5'-
ATATTCGCGAWWATT-3 or 5-ATATTGCGCAWWATT-
3/, where W is A or T (21). Our results showed that the three
segments in the consensus sequences (two AT-rich segments and
one GC-rich segment) are required for high-affinity binding;
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mutations of these sequences significantly reduced the DNA
binding affinity of HMGAZ2. These results indicate that HMGA2
does not randomly recognize any AT-rich sequences. In contrast,
it binds to specific AT-rich DNA sequences (2/).

Here we decided to study HMGA2-induced DNA conforma-
tional change, specifically DNA bending. Since each AT hook
DNA binding domain contains five to six positive charges, it
should bend the DNA locus upon binding to the AT-rich DNA
sequences (22). The challenge is to find a short DNA fragment
that does not contain four or five consecutive AT base pairs for
the gel permutation assay. In this case, we can clone one HMGA?2
binding site into this short DNA fragment and precisely deter-
mine the HMGA2-induced DNA bending angle without the
interference caused by HMGA?2 binding to other AT-rich
sequences, i.¢., sequences containing more than three consecutive
AT base pairs. In this study, we constructed a new plasmid
pBendAT to study HMGA2-induced DNA bending. pBendAT
carries a 230 bp DNA sequence that does not contain more than
three consecutive AT base pairs and therefore does not have an
AT-rich sequence. It also contains five pairs of restriction enzyme
recognition sites that can be used to generate a set of DNA
fragments of identical length for studying DNA bending. Using
this new plasmid, we demonstrated that HMGA?2 bends all three
binding sites of HMGA2, SELEXI, SELEX2, and PRDII
[positively regulatory domain IT of human interferon-3 enhancer
(23); HMGAZ2 was previously demonstrated to bind to PRDII
and increase transcription activities mediated byNF-«B (24)].

MATERIALS AND METHODS

Protein and Synthetic Deoxyoligonucleotides. The mam-
malian high-mobility group protein AT hook 2 (HMGA2) was
expressed and purified as described previously (19, 25). An
extinction coefficient of 5810 cm™' M ™" was used to determine
the HMGA?2 concentration. Synthetic deoxyoligonucleotides
were purchased from MWG-Biotech, Inc. (High Point, NC).

Plasmids. Plasmid pBend?2 is a generous gift of S. Adhya
(National Institutes of Health, Bethesda, MD). Plasmid
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Table 1: Deoxyoligonucleotides Used To Construct Plasmid pBend-AT

name length (bp)

DNA sequence

FL423 70

FL424 70

FL425 70

FL426 70

FL427 21 5'-CCAGAATTCTCCGGACTCGTC-3
FL428 20 5-GCCGGTCGACTCTAGAGAGC-3
FL429 20 5'-GCTCTCTAGAGTCGACCGGC-3
FL430 22 5'-ACCAAGCTTCTGCAGTACTTCC-3'

5-GAATTCTCCGGACTCGTCGTCCTGGCGGTACCACGCTATCTGTGCAAGGTGCTAGCCACCGGACACGTGC-3
5-GCCGGTCGACTCTAGAGAGCTCCTTCACCTCGGTGGTGGACACTCGGATCCTGGAGCACGTGTCCGGTGG-¥
5-GCTCTCTAGAGTCGACCGGCCGCACCAGGTCAACAGGCATGCACCGGCCTCTTCATGCGACCTAGGAGCG-3
5'-AAGCTTCTGCAGTACTTCCCGTCCTCCAGAGGGACAGATCTGCGATGCTGAAGGTCGCTCCTAGGTCGCA-3¥

pBendAT was constructed by the insertion of a 230 bp PCR
product into the EcoRI and HindIII sites of pBend2. The 230 bp
PCR product was created in two steps using synthetic deoxyo-
ligonucleotides F1L423, FL424, F1L425, FL426, F1427, FL428,
FL429, and FL430 (Table 1). The first step was to make two
125 bp PCR fragments: one using FL423 and FL424 with 15 bp
of overlapping DNA sequence as the DNA templates and FL427
and FL428 as the primers and another one using FL425 and
FL426 with 15 bp of overlapping DNA sequence as the DNA
templates and FL429 and FL430 as the primers. The second step
was to create the 230 bp PCR fragment using the two 125 bp PCR
fragments with 20 bp of overlapping DNA sequence as the DNA
template and FL427 and FL430 as the primers. The map of
pBendAT and the DNA sequence of the 230 bp PCR product are
shown in Figure 1. Plasmids pBend2-CRP, pBend2-SELEX1,
pBend2-SELEX2, pBend2-PRDII, pBendAT-CRP, pBendAT-
SELEXI1, pBendAT-SELEX2, and pBendAT-PRDII were cre-
ated by the insertion of a synthetic Xbal DNA fragment contain-
ing a CRP binding site or a HMGA2 binding site into the unique
Xbal site of pBend2 or pBendAT, respectively. Table 2 sum-
marizes the main properties of these plasmids. All DNA elements
were confirmed by DNA sequencing.

Determination of the Protein-Induced DNA Bending
Angle. Plasmid pBendAT derivatives containing a CRP binding
site or a HMGA?2 binding site (Table 2) were digested by a pair of
restriction enzymes, BspEI and Eagl, Kpnl and Sphl, Nhel and
Avrll, BamHI and BglII, and Sacl and Pstl, to produce a set of
fragments with identical length and base composition in which
the position of the protein binding site is variable. Alternatively,
these DNA fragments were produced using polymerase chain
reaction using primers shown in Figure 2. We also used pBend2
derivatives to generate a set of fragments with identical length
and base composition in which the position of the protein binding
site is variable after they have been digested with restriction
enzymes Mlul, Nhel, EcoRV, Sspl, and BamHI. The DNA
fragments were labeled with **P at 5'-termini by T4 polynucleo-
tide kinase in the presence of [y->PJATP. The protein—DNA
complexes were formed by addition of 2.0—20.0 x 107° M
protein to a solution containing 2 x 107" M *’P-labeled
DNA. After equilibration for 60 min at 22 °C, the samples were
loaded onto a polyacryamide gel to determine the mobility of
protein—DNA complexes, which is dependent upon the position
of the bound protein, with the lowest mobility present when the
protein is bound to the center of the fragment. The bending angle
o by which the DNA is bent from linearity was estimated by

o)

where uy; and ug are the mobility of the complex with protein
bound at the center and the end of DNA, respectively (26).
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pBendAT
(2681 bp)

EcoRI  BspEl Kpnl
GAATTCTCCGGACTCGTCGTCCTGGCGGTACCACGCTATC

Nhel BamHlI
TGTGCAAGGTGCTAGCCACCGGACACGTGCTCCAGGATCC
Sacl Xbal Sall
GAGTGTCCACCACCGAGGTGAAGGAGCTCTCTAGAGTCGA
Eagl Sphl
CCGGCCGCACCAGGTCAACAGGCATGCACCGGCCTCTTCA
Avrll Bglll
TGCGACCTAGGAGCGACCTTCAGCATCGCAGATCTGTCCC
Pstl Hindlll

TCTGGAGGACGGGAAGTACTGCAGAAGCTT

FIGURE 1: (A) Map of plasmid pBendAT. (B) Nucleotide sequence
of the 230 bp fragment of pBendAT between the EcoRI and HindIII
sites. The restriction enzyme sites for EcoRI, BspEI, Kpnl, Nhel,
BamHI, Sacl, Xbal, Sall, Eagl, Sphl, AvrIl, BglIl, Pstl, and HindIII
are shown.

Table 2: Plasmids Constructed during This Study

DNA binding
sequence (top strand)

plasmid DNA binding site

pBend2-CRP CRP binding site ~ 5-TAATGTGAGT-
TAGCTCACTCAT-3
CRP binding site ~ 5-TAATGTGAGTTA-
GCTCACTCAT-3Y

5'-ATATTCGCGATTATT-3
5'-ATATTCGCGATTATT-3
5'-ATATTGCGCATTATT-3
5'-ATATTGCGCATTATT-3

pBendAT-CRP

pBend2- SELEX-1 SELEXI1
pBendAT-SELEX-1 SELEXI1
pBend2- SELEX-2  SELEX2
pBendAT-SELEX-2 SELEX2

pBend2-PRDII PRDII 5-TCGACTGTAAATGAC-
ATAGGAAAAC-3
pBendAT-PRDII PRDII 5-TCGACTGTAAATGA-

CATAGGAAAAC-3

Electrophoretic Mobility Shift Assay (EMSA). DNA
fragments containing a DNA binding site of one DNA binding
protein (the Nhel—-Avrll fragment of the pBendAT or EcoRV
fragment of pBend2 derivatives) were labeled with P at their
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FiGure 2: Five DNA fragments of identical length, which can be produced by restriction enzyme digestion or PCR amplification and used in the
DNA bending experiments. The GC% values are also shown. The empty rectangle indicates the DNA binding site. The following are DNA
sequences for the primers: primer 1F, 5¥-TCGTCGTCCTGGCGGTAC-3'; primer IR, 5-GCGGCCGGTCGACTCTAG-3'; primer 2F, 5'-
ACCACGCTATCTGTGCAA-3; primer 2R, 5-TGCCTGTTGACCTGGTGC-3'; primer 3F, Y- AGCCACCGGACACGTGCT-3'; primer
3R, 5-AGGTCGCATGAAGAGGCC-3; primer 4F, 5-TCCGAGTGTCCACCACCG-3'; primer 4R, 5-TCTGCGATGCTGAAGGTC-3;
primer 5F, 5-ACCGAGGTGAAGGAGCTC-3’; primer 5R, 5-TCCAGAGGGACAGATCTG-3'.

5'-termini by T4 polynucleotide kinase in the presence of
[y-**PJATP. The protein—DNA complexes were formed by
addition of appropriate amounts of the protein to a solution
containing 0.2 nM **P-labeled DNA in the 1x DNA binding
buffer consisting of 20 mM Tris-HCI (pH 8.0), 200 mM NacCl,
0.5 mM EDTA, | mM DTT, 5 mM MgCl,, and 5% glycerol.
After equilibration for 60 min at 22 °C, the samples were loaded
on a 8% native polyacryamide gel in 0.5x TBE buffer [0.045 M
Tris-borate (pH 8.3) and 1 mM EDTA] to separate free and
bound DNA. The gels were subsequently dried and visualized by
autoradiography or quantified using a Fuji FLA 3000 image
analyzer. The radioactivity of the free and bound DNA was
determined and used to calculate the binding ratio (R), which is
equal to the ratio of the radioactivity of the bound DNA divided
by the sum of the radioactivity of the bound and free DNA. The
apparent DNA binding constant (K,,) was obtained by non-
linear least-squares fitting to the following equation using
Scientist.

Rt 1/Kapp —\/(a+,xc+1/1<al{,p)2 —4ax
- 2a

where ¢ and x represent the total DNA and total protein
concentrations, respectively.

RESULTS AND DISCUSSION

Initially, we cloned a few HMGA2 binding sites, such as
SELEXI1, SELEX2, and PRDII [positive regulatory domain IT of
human interferon-f enhancer (23)], into the Xbal site of pBend2
to study DNA bending induced by HMGA2. However, we
noticed that the 236 bp DNA sequence of pBend2, used to
generate a set of circularly permuted fragments, contains multiple
AT-rich DNA sequences that may bind to HMGAZ2 (Figure S1 of
the Supporting Information) and therefore interfere with the
determination of the DNA bending angle by HMGA?2. Indeed,
our gel mobility shift assay confirmed that HMGA2 binds
to all these AT-rich DNA sequences (Figure S2 of the
Supporting Information). In this case, pBend2 derivatives,

i.e., pBend2-SELEX1, pBend2-SELEX2, and pBend2-PRDII,
cannot be used to precisely determine HMGA2-induced DNA
bending angles. In this study, we decided to construct another
pBend plasmid, pBendAT, to study HMGA2-induced DNA
bending. Our strategy was to create and clone a 230 bp DNA
sequence that does not contain three consecutive AT base pairs,
into EcoRI and HindIII sites of pBend2 (Figure 1). This 230 bp
DNA sequence also contains five pairs of restriction enzyme
recognition sites that can be used to generate a set of linear DNA
fragments of identical length after they have been cleaved with
the pair of restriction enzymes (Figure 2). In addition, this set of
identically sized DNA fragments can be produced using
polymerase chain reaction amplification (Figure 2). Since the
GC contents of these DNA fragments are almost identical
(Figure 2), their mobilities during electrophoresis are also
identical (see below for detail). Figure 1 shows the map of
pBendAT and the nt sequence of the 230 bp DNA sequence.
Figure 2 shows the set of DNA fragments of identical length that
can be generated from pBendAT by restriction digestion or PCR
amplification.

Next, we cloned the CRP binding site of the lac P1 promoter
into the Xbal site of pBendAT to produce plasmid pBendAT-
CRP (Table 2) and compared the CRP-induced DNA bending
for the DNA fragments generated from plasmids pBend2-CRP
and pBendAT-CRP. For pBendAT-CRP, a set of DNA frag-
ments of identical size were also generated by using PCR
amplification. Our results are shown in Figure 3. As expected,
CRP in the presence of cAMP bends all three sets of DNA
fragments. The mobility of CRP—DNA complexes is position-
dependent, with the highest mobility for CRP bound to either end
of the DNA fragments and the lowest mobility for CRP bound to
the center of the DNA fragments (Figure 3). The CRP-induced
DNA bending angles were estimated to be ~90° for all
three DNA fragments (Table 3), which are consistent with
published data (27). We also plotted the relative mobility of
the CRP—DNA complexes versus the position of the CRP
binding sites of the three DNA fragments, which resulted in
the extrapolated bending locus at the center of the CRP binding
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site (Figure 3D). These results are also consistent with the
published results (27). These studies of CRP-induced DNA
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FiGURE 3: DNA bending induced by CRP. DNA bending assays
were conducted as described in Materials and Methods. After the
binding of CRP to the permutated DNA fragments in the presence of
20 uM cAMP, an 8% polyacrylamide gel was used to segarate the
bound and free DNA fragments. The autoradiograms of **P-labeled
DNA fragments are shown. The DNA fragments in the bottom of the
gels are free DNA, and those in the top part are protein—DNA
complexes. F denotes the free DNA, and complex denotes the
protein—DNA complex. (A) lac Pl promoter’s CRP fragments
produced by digestion of plasmid pBend2-CRP with restriction
enzymes Mlul, Nhel, EcoRV, Sspl, and BamHI in lanes 1-5,
respectively. (B) lac P1 promoter’s CRP fragments produced by
digestion of plasmid pBendAT-CRP with a pair of restriction
enzymes: BspEI and Eagl, Kpnl and Sphl, Nhel and Avrll, BamHI
and Bglll, and Sacl and PstI for lanes 1—35, respectively. (C) lac P1
promoter’s CRP fragments produced using PCR amplification as
described in the legend of Figure 2. (D) Plot of the relative mobility of
CRP—DNA complexes vs the location of the CRP binding site within
the 159 bp fragment of pBend?2 or the 149 bp fragment of pBendAT:
bending data using the /ac PI promoter CRP fragments generated by
restriction digestion of pBend2-CRP (M), restriction digestion of
pBendAT-CRP (4), and PCR amplification of pBendAT-CRP (O).
The standard deviations are also shown.
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bending suggest that pBendAT can be used to study DNA
bending induced by sequence-specific DNA binding proteins.
To study HMGA2-induced DNA bending, we cloned three
different HMGA?2 binding sites, SELEX 1, SELEX?2, and PRDII,
into pBendAT to yield pPBendAT-SELEX1, pBendAT-SELEX2,
and pBendAT-PRDII, respectively (Table 2). We determined the
binding stoichimtry and the DNA binding constant of HMGA?2
binding to these three DNA binding sites (the Nhel—Avrll
fragments of the pBendAT derivatives) using an electrophoretic
mobility shift assay (EMSA). Our results are shown in Figure 4
and Table 3. In these EMSA experiments, only one shifted band
was observed, indicating that the DNA fragments contain only
one DNA binding site for HMGAZ2 (21). Interestingly, the DNA
binding constants (K) of HMGA2 binding to SELEX1 and
SELEX?2 were determined to be (5.2 + 3.0) x 107 and (3.9 +
1.9) x 10" M, respectively, 10-fold higher than the K of
HMGA? binding to PRDII [(3.1 + 1.3) x 10® M™"]. These
results suggest that SELEX1 and SELEX2 are indeed the
preferred DNA binding sequences of HMGAZ2 (21). Our results
are summarized in Table 3, which are consistent with the
previously published results (2/, 28). We next determined
HMGA2-induced DNA bending for these DNA binding sites
using the DNA fragments generated from pBendAT-SELEXI1,
pBendAT-SELEX2, and pBendAT-PRDII by PCR amplifica-
tion. Our results are shown in Figure 5 and Table 3. The mobility
of the five free DNA fragments is identical, indicating no intrinsic
curvature for the HMGA?2 binding sites, SELEX1, SELEX2, and
PRDII. The binding of HMGAZ2 to these binding sites induces a
small bend in all three DNA fragments (Figure 5 and Table 3).
Similar to CRP binding to its binding site, the mobility of
HMGA2-DNA complexes is also position-dependent, with
the highest mobility for HMGA?2 bound to either end of the
DNA fragments and the lowest mobility for HMGA?2 bound to
the center of the DNA fragments (Figure 5). The DNA bending
angles were calculated to be 34.2 +2.3°,33.54+ 1.7°,and 35.4 £+
1.8° for SELEX1, SELEX2, and PRDII, respectively (Table 3).
The relative mobility of the HMGA2—DNA complexes was
plotted against the position of the HMGA?2 binding sites of the
three DNA fragments, which resulted in the extrapolated bend-
ing locus at the center of the HMGAZ2 binding site (Figure 5C,D).
Similar results were also obtained using DNA fragments gener-
ated with restriction enzyme digestion (data not shown). Since
HMGA contains three AT hook DNA binding domains speci-
fically binding to the minor groove of AT-rich DNA sequences,
the induced DNA bending may be caused by the neutralization of
the negative charges in the minor groove of the two AT-rich
sequences in the HMGA?2 binding sites [unbalanced inter-phos-
phate repulsion (22)]. In this case, the HMGA2-induced DNA

Table 3: DNA Bending Angles and Binding Constants of HMGA2 and CRP

DNA binding protein DNA binding site DNA binding constant (M) DNA bending angle (deg)
CRP CRP binding site 28+ 1.1) x 10° 89.9 £0.8°
CRP CRP binding site N/A 89.4+ 1.0°
CRP CRP binding site N/A 90.3+0.9¢
HMGA2 SELEXI (5294 3.0) x 107 3424237
HMGA?2 SELEX2 3.9+ 1.9) x 107 33.5+1.7¢
HMGA2 PRDII G197+ 1.3) x 10° 35.4 +1.87

“CRP-induced DNA bending angle were estimated by using DNA fragments produced by restriction digestion of pBend2-CRP. ?CRP-induced DNA
bending angle were estimated by using DNA fragments produced by restriction digestion of pBendAT-CRP. ‘CRP-induced DNA bending angle were
estimated by using DNA fragments produced by PCR amplification of pBend AT-CRP. “HMGA2-induced DNA bending angles and DNA binding constants
were determined as described in Materials and Methods. The DNA fragments of identical length were produced by PCR amplification of pBend AT derivatives.
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FiGure 4: Quantitative EMSA experiments for determining the DNA binding constants for binding of HMGAZ2 to SELEX1 (A and B), SELEX2 (C
and D), and PRDII (E and F) (the Nhel—AvrlII fragment of the pBendAT derivatives). **P-labeled HMGA?2 binding fragments (0.2 nM) were
incubated with increasing concentrations of HMGA2 in 50 uL of 1 x EMSA binding buffer containing 20 mM Tris-HCl (pH 8.0), 200 mM NaCl, 0.5
mM EDTA, 1 mM DTT, 0.5 mM MgCl,, and 5% glycerol. EMSA experiments were performed as described in Materials and Methods. The
autoradiograms of **P-labeled FL-SELEX1 are shown. Lane 1 contained the free DNA fragment. In addition to the DNA fragment, lanes 2—10 also
contained 1, 2, 5, 10, 20, 50, 100, 200, and 500 nM HMGAZ2, respectively. (B, D, and F) Quantification analysis of the binding data from the EMSA
experiments. The bound ratio of DNA was plotted vs the protein concentration. The curves are generated from fitting the data to eq 2 as described in
Materials and Methods.

bend (~35°) may result from two 17° DNA bends that occur in A B
the AT-rich sequences and is toward the minor groove. This

analysis is consistent with the phasing analyses published pre- 12345
viously (23).

The results presented here have great biological implications.
The HMGA proteins, including HMGAZ2, are chromatin archi-
tectural factors that participate in many nuclear processes, such
as transcription regulation, DNA repair, chromatin remodeling,
RNA processing, and others (29). The critical role of HMGA
proteins is to organize the assembly of the regulatory nucleopro-
tein complexes for these biological functions. For instance, o076 076
the first step of the assembly of a functional enhanceosome of
human S-interferon (hINF-f) is to recruit HMGA 1a into the two
AT-rich regions of the hINF-f promoter [two molecules of
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HMGAIla bind to four sites within the promoter region or o7 1
PRDII and PRDIV (30)]. Binding of HMGA 1a to the enhancer . o
changes the DNA conformation, i.e., DNA bending, allowing o '
cooperative recruitment of other transcription factors such as 0w o e‘ft_ "g w120 0% o e‘_’t_ "; o 1@
NF-«B, ATF-2/c-JUN, and IRFs that together with HMGAla ostion (bp) osiion (bp)
assemble into a highly stable nucleoprqtein complex enhanceo- FIGURE 5: DNA bending induced by HMGA2. DNA bending assays
some. The enhanceosome then provides a correct surface were conducted as described in Materials and Methods. After the
for other transcription activators cooperating with the RNA binding of HMGA2 to the DNA fragments of identical size generated
polymerase II holoenzyme to initiate transcription (37). Since it from pBe_ndAT'SEl“EXI (A) or pBendAT-SELEX2 (B) by PCR
iously d trated that HMGA? also binds to the amplification, an 8% polyacrylaimde gel was used to segarate the
Was previously demonstrat bound and free DNA fragments. The autoradiograms of ““P-labeled
promoter fragment containing the PRDII element and enhances DNA fragments are shown. The DNA fragments in the bottom of the
transcriptional activation of the hINF-f gene (24, 32), HMGA2- gels are free DNA, and those in the top part are protein—DNA
induced DNA bending presented in this paper provides direct complexes. F denotes the free DNA, and complex denotes the pro-
idence of the DNA conformational chanee of the AT-rich tein—DNA complex. (C and D) Plots of the relative mobility of
evi . g S HMGA2—DNA complexes vs the location of the HMGA?2 binding
regulatory elements in the enhanceosome upon binding to site within the 135 bp fragment for pBend AT-SELEX1 and pBendAT-

HMGA proteins to promote these transcriptional activities. SELEX2, respectively. The standard deviations are also shown.
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CONCLUSION

In this paper, we have constructed a pBendAT plasmid to
study DNA bending by the mammalian high-mobility group
protein AT hook 2 (HMGA2). pBendAT carries a 230 bp
DNA fragment that contains five pairs of restriction enzyme
recognition sites that can be used to generate a set of short
DNA fragments of identical size to study protein-induced DNA
bending. This set of DNA fragments can also be produced by
PCR amplification. Since the 230 bp DNA fragments do not
contain three consecutive AT base pairs, pBendAT is particularly
suitable for the study of DNA bending induced by the
DNA binding proteins recognizing AT-rich DNA sequences.
Indeed, using pBendAT, we found that HMGA?2 induces a small
bend in all three binding sequences, i.c., SELEX1, SELEX2, and
PRDIIL.

SUPPORTING INFORMATION AVAILABLE

Map of pBend2 (Figure S1) and EMSA experiments aimed at
examining the binding of HMGA?2 to the EcoRV fragments
generated from digestion of pBend2-SELEX1 and pBend2-
PRDII using restriction enzyme EcoRV (Figure S2). This
material is available free of charge via the Internet at http://
pubs.acs.org.
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