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ABSTRACT. Spiroiminodihydantoin (Sp) is a hyperoxidized guanine base produced from oxidation of the
mutagenic DNA lesion 7,8-dihydro-8-oxd-8eoxguanosine (8-oxoG) by a variety of species including
peroxynitrite, singlet oxygen, and the high-valent metals Ir(IV) and Cr(V). In this study, the conformation
and thermodynamic stability of a 15-mer DNA duplex containing an Sp lesion are examined using
spectroscopic techniques and differential scanning calorimetry (DSC). The Sp lesion does not alter the
global B-form conformation of the DNA duplex as determined by circular dichroism spectroscopy. Thermal
denaturation experiments find that Sp significantly lowers the thermal stability of the duple2®$C.

The enthalpies, entropies, and free energies of duplex formation for 15-mers containing guanine, 8-oxoG,
and Sp were determined by performing DSC experiments as well as van't Hoff analysis of UV melting
spectroscopic data. The thermodynamic stability of the Sp duplex is significantly reduced compared to
that of both the 8-oxoG and parent G duplexes, with the thermodynamic destabilization being enthalpic
in origin. The thermodynamic impact of the Sp lesion is compared to what is found for other types of
DNA base damage and discussed in relation to how the presence of this lesion could affect cellular
processes, in particular the recognition and repair of these adducts by the base excision repair enzymes.

A common factor implicated in aging, neurological (VI) have found the Sp lesion to be of particular interest.
disorders, mutagenesis, and carcinogenesis is the oxidatiorHuman exposure to hexavalent Cr, usually in the form of
of DNA bases {—5). Guanine, the DNA base with the lowest chromate, occurs mainly through industrial sources and
reduction potential®), is easily oxidized to 7,8-dihydro-8-  environmental contaminatio22—25). Facile cellular uptake
oxo-2-deoxguanosine (8-oxo&Figure 1) by numerous  of chromate by anion transport systems is an important factor
DNA-damaging agents. Formation of 8-0xoG, often used as in its toxicity. Once inside the cell, Cr(VI) is reduced to Cr-

a biomarker for oxidative DNA damage in cellg) (causes (1N by species such as glutathione, cysteine, and ascorbate.
G-C — T-A transversions §-10). Recent experimental During this intracellular reduction, high-valent Cr(V) and
evidence suggests that 8-0xoG may not be the final oxidation Cr(IV) compounds as well as carbon- and oxygen-based
product of guanine. Rather, 8-0xoG, which has a reduction radical species are generated, all of which can oxidatively
potential lower than that of guanine, is prone to undergo damage DNA. Recently, the Sp lesion has been shown to
further oxidation upon exposure to various oxidants including accumulate in base excision repair deficiestherichia coli
peroxynitrite (1—14), singlet oxygen 15), and the high- cells treated with Cr(VI) 26), and when double-stranded
valent metals Ir(IV) 16) and Cr(V) (L7), producing lesions  DNA was treated with Cr(VI) and ascorbate in vitro, the
such as oxaluric acid, guanidinohydantoin, and spiroimin- concentration of Sp lesions found on the DNA wag0
odihydantoin. times greater than that of 8-oxo@7). Most interestingly,

One lesion of particular interest in this group of hyper- the GC— T-A and GC— C-G transversions observed with
oxidized guanine lesions is spiroiminodihydantoin (Sp; this lesion correspond to the mutations typically found in
Figure 1). This lesion is highly mutagenic, producing greater human lung tumors from chromate-exposed work2gsZ9),
levels of GC — T-A transversions than 8-oxoG in addition suggesting a connection between Sp lesions and Cr(VI)

to causing GC — C-G transversionsl8—21). It also arrests ~ carcinogenesis.
DNA polymerase activity. In terms of biological relevance,  Tq date, relatively little is known about the impact of the
researchers exploring the cancer-causing mechanism of Crsp lesion on the structure and stability of duplex DNA. The
Sp base contains a tetrahedral carbon atom wRogsed S
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Ficure 1: Structures of the oxidized guanine lesions 7,8-dihydro-8-dx@e@xguanosine (8-oxoG) and spiroiminodihydantoin (Sp).

structure. UV melting studies analyzing equilibrium melting mm anion exchange column with a linear gradient from 70%
curves demonstrated a significant destabilization of the DNA mobile phase A (10% aqueous acetonitrile)/30% mobile
helix (3.6-6.7 kcal/mol) in the presence of the Sp lesion phase B (90% 1.5 M ammonium acetate, pH 6, 10%
(18, 32). The degree of helix destabilization was dependent acetonitrile) to 100% mobile phase B over the course of 50
on the DNA sequence context of the Sp lesion as well as itsmin with a flow rate of 2.5 mL/min Z7). The two
base pairing partner in the complementary strand. diastereoisomers of the Sp lesion eluted at approximately
The current study provides detailed thermodynamic data 30 min (peak 1) and 31 min (peak 2), respectively. The two
to more fully characterize the energetic impact of oxidizing peaks were collected separately, dialyzed (3500 MWCO)
a guanine base to Sp on a DNA duplex. Circular dichroism against ddHO, and lyophilized. The samples were then
(CD), differential scanning calorimetry (DSC), and concen- characterized by using MALDI-TOF mass spectrometry. The
tration-dependent UV thermal denaturation studies were mass spectrum for both peaks 1 and 2 showed the charac-
carried out to examine the conformation, thermal stability, teristic (M + 16) peak observed for Sp lesionkg). The
and energetics of 15-mer DNA duplexes containing unmodi- mass spectrum of peak 1 also contained a significant amount
fied guanine, 8-0xoG, or Sp. These investigations reveal aof an impurity (M— 51 mass) which has yet to be identified.
hierarchy in the thermal and thermodynamic stabilities of Consequently, only the pure disasteriomer collected from
the three sequences ofG> 8-0xoGC > SpC, with the peak 2 was used to conduct thermodynamic studies.
Sp lesion being significantly more destabilizing to the duplex  Annealing of the Oligonucleotide StrandSach of the
than 8-oxoG. This study presents a model-independentoligonucleotides was annealed to the complementary strand
thermodynamic characterization of the Sp lesion, providing before CD, UV melting, or DSC experiments were per-
a better understanding of the energetic consequences oformed. The concentrations of single-stranded oligonucle-
forming this lesion and insight into how this might affect otides were determined spectrophotometrically using molar
biological processes such as DNA damage recognition andextinction coefficients calculated with nearest neighbor

repair. parameters33—36). Strands were mixed in a 1:1 ratio in
sodium phosphate buffer (10 mM sodium phosphate, pH
EXPERIMENTAL PROCEDURES 6.98, 100 mM NaCl, and 0.1 mM EDTA), heated to @D

ReagentsHPLC-purified 15-mer oligonucleotides contain- for ~3 min, and slowly cooled to room temperature. To
ing standard DNA bases were purchased from |ntegratedC0nﬁrm that annealing had taken place and that there was
DNA Technologies (IDT), and HPLC-pure 8-0xoG-contain- N0 excess single-stranded material, each sample was analyzed
ing oligonucleotides were obtained from Trilink Biotech- DYy using HPLC with a Dionex DNAPac PA-100 4 250
nologies. Sodium hexachloroiridate(IV) hexahydrate(Na Mm column with a linear gradient from 90% mobile phase
IrClg-6H,0) was purchased from Acros Organics. Acetonitrile A (10% agueous acetonitrile)/10% mobile phase B (90% 1.5
(HPLC grade) and sodium chloride were obtained from M ammonium acetate, pH 6.0, 10% acetonitrile) to 100%
Fisher. Ammonium acetate and EDTA were purchased from mobile phase B over 26 min at a flow rate of 1 mL/min
USB, while sodium phosphate dibasic @N®Qs;; ACS (27).
reagent) and sodium phosphate monobasic monohydrate CD SpectropolarimetryCD experiments were performed
(NaH,POs-H,0; ACS reagent) were obtained from Sigma- on a Jasco J-715 spectropolarimeter at both 15 antiC20
Aldrich. using a cell with a 0.1 cm path length. Spectra were recorded

Synthesis of the Sp LesidFhe Sp lesion was synthesized from 220 to 320 nm with a 0.2 nm step resolution and a
by oxidizing an 8-oxoG-containing oligonucleotide with scan rate of 20 nm/min. Oligonucleotide samples were
sodium hexachloroiridate(V) hexahydrate gN&lg-6H,0) prepared in sodium phosphate buffer (10 mM sodium
(18). The 8-oxoG-containing oligonucleotide (L&) was phosphate, pH 6.98, 100 mM NaCl, and 0.1 mM EDTA) at
reacted with 100uM NaulrClg:6H,0O in 10 mM sodium @ duplex concentration of 8M.
phosphate buffer (pH 6.98) and 100 mM sodium chloride. UV Spectroscopy and Thermal Denaturation Studi®é
The reaction mixture was heated at 85 for 30 min and spectroscopy was performed on an HP 8452A diode array
quenched with 20 mM EDTA (pH 8.0). After quenching, spectrophotometer using quartz cells with path lengths of
the reaction solution was dialyzed (3500 MWCO) against 0.1, 0.2, or 1 cm. All samples were prepared in sodium
ddHO and lyophilized to dryness. phosphate buffer (10 mM sodium phosphate, pH 6.98, 100

The Sp lesion was purified on an HP series 1100 HPLC mM NaCl, and 0.1 mM EDTA) with duplex concentrations
instrument by using a Dionex DNAPac PA-100>9 250 ranging from 0.5 to 1Q«M. Prior to thermal denaturation,
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Ficure 2: Circular dichroism spectra at 2C for the G (black), . )
8-0x0G (blue), and Sp (red) 15p-mer DNA duplexes. ( ) Ficure 3: UV melting profiles at 260 nm for the G (black), 8-0xoG

(blue), and Sp (red) 15-mer duplexes atM duplex concentration.

| . h | . The melting curves were normalized to produce identical absor-
samples were degassed fell5 min. Thermal denaturation  pances at initial temperatures for clarity of presentation.

was performed from 25 to 78C for the unmodified G and

8-0x0G duplexes; the Sp lesion samples were run from 10 wavelengths in the spectral minimum around 250 nm and
to 65 °C. Absorbance versus temperature profiles were iy the crossover point around 260 nm. Spectral shift toward
monitored at 260 nm, and the temperature was ramped at 8onger wavelength at this crossover point can be indicative
rate of 0.5°C/min with a hold time of 1 min at each  of pNA denaturation42). However, these features are also
temperature setting. The melting temperat(lig) for each  gpserved in CD spectra taken at G, which is well below
sample was determined following pr_eviously reported pro- e melting temperature of the duplex. Thus, while Sp may
cedures §7, 38). A van't Hoff analysis was performed t0 ot ajter the global conformation of the duplex, the observed

determineAH®; andAS'y, from the concentration-depend-  gqcira| shifts may indicate that there are some differences
ent UV melting curves37, 38), and the equatiolhG® = in DNA structure induced by the Sp lesion.
AH°® — TAS’ was used to compute the change in the free

energy AG®u). Effect of t_he Sp Lesion on the Thermal Stability of the
Differential Scanning CalorimetryDifferential scanning ~ DUPIex Melting curves for the 15-mer duplexes ap
calorimetry experiments were conducted on a model 6300 containing G, 8-0xoG, and Sp are presented in Figure 3.
NanoDSCIII differential scanning calorimeter with a cell These data quite clearly show the significant difference in
volume of 0.334 mL (Calorimetry Sciences Corp.). A sample the melting temperature of the Sp duplex compared to the
of each duplex (5@M) was prepared in sodium phosphate unmodified guanine and 8-oxoG lesion duplexes. Compari-
buffer (10 mM sodium phosphate, pH 6.98, 100 mM NaCl, Son of theTy, values for the lesions with those of the
and 0.1 mM EDTA) and dialyzed (mini dialysis kit, unmodified guanine at the same concentration provides
Amersham Biosciences, 1000 MWCO) overnight against information about the thermal stability of the duplex. As
excess sodium phosphate buffer to equilibrate the buffer andexpected, for all the sequences studied, as the concentration
sample solution. Solutions were degassed~af min, and increased, so did the melting temperature. The DNA duplex
excess heat capacitZ ) versus temperature curves were containing the unmodified guanine was the most thermally
measured from 10 to 9TC with a heating/cooling rate of 1 ~ stable as it has the highe$t, value at all concentrations
°C/min. The program CpCalc was used to calculate the examined. Th&@, of the 8-oxoG duplex was very similar to
thermodynamic parametetdd ., andAS.. The standard free  that of the control G duplex at all concentrations, consistent
energy change for binding at 3T (AG°%".,) was determined  with small melting temperature differences observed in earlier

0.24

. ) ) . ) . .
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as previously describe®9, 40). studies 18, 41). Consequently, our results demonstrate that
duplexes containing 8-oxoG are not significantly more
RESULTS AND DISCUSSION thermally destabilized when compared to the parent G

Examination of the Duplex Conformation Using CD sample. In contrast, our studies definitively show that both
Spectropo|arimetr_y CD Spectropo'arimetry was used to the G and 8-0x0G duplexes are Signiﬁcantly more therma”y
investigate the global conformation of the 15-mer duplexes Stable than the Sp lesion, which Hasvalues~20°C lower
containing G, 8-0x0G, and the Sp lesion (Figure 2). While at all concentrations. In addition, the extent of melting
there are some differences between the samples, overall théyperchromism was reduced in the Sp lesion samples, which
spectral shapes for all three duplexes are characteristic ofmay indicate perturbations such as unstacking in the initial
B-form DNA. Previous studies determined that the presence DNA duplex structure43). Reduction of the DNA melting
of an 8-0x0G lesion does not alter the global B-form structure temperature with Sp lesions has been observed previously
of oligonucleotides 41). Our results show similar spectra for 18-mer template/16-mer primer duplexds) In those
for G and 8-0xoG samples, consistent with the minimal studies, the SI€ base pair was positioned three bases away
spectral perturbations observed for theCGnd 8-oxoGC from one end of the duplex. The presence of Sp reduced the
oligonucleotides in those earlier studies. The spectrum for melting temperature from the parent@Gduplex by 7.6-
the Sp oligonucleotide, while still indicative of a global 12.9°C, depending on the DNA sequence context. Thus,
B-form DNA conformation, displays a shift to longer from those results and ours, it is quite clear that the Sp lesion
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00088 T — - 8-0x0G lesions in the duplex state compared to the unmodi-
o . ] fied guanine sequence.
T Values for the change in the free energyQ°) at the
S — T physiologically relevant temperature 3€ were calculated
e bonec N using theAH°,; andAS’,; data (Table 1). Inspection of these
e I i T data shows that unmodified guanine is the most thermody-

1T

namically stable duplex while the helix with the Sp lesion
is the least stable, correlating with the hierarchy that was

0.0031

0.00305 [ \ 1 obtained for the thermal stabilities of the respective duplexes.
Formation of the 8-oxoG duplex is only slightly less
0008 1 — - thermodynamically favorable compared to that of the duplex
000255 , , , , , , with unmodified guanine. In contrast, the Sp lesion causes
14 435 13 25 12 115 11 105 significant thermodynamic destabilizatiohAG°,y = 7 kcal/
In(C) mol) when compared to the parent G duplex. These results

FIGURE 4: van't Hoff plots showing the concentration dependence demonstrate that not only is the Sp lesion detrimental to the
of the melting temperature for the G (black), 8-oxoG (blue), and thermal stability of the duplex, but it also greatly affects the

Sp (red) 15-mer duplexes. thermodynamic stability of the DNA helix.

Differential Scanning Calorimetrylhe van't Hoff analysis
described above assumes a two-state model; the two strands
are either completely annealed into a duplex or completely

significantly thermally destabilizes DNA, with differences
in the magnitude of this effect being dependent upon the

DNA sequence context and the position of the lesion within denatured into the respective single strar@% 88). DSC,

the strand. on the other hand, is a model-independent technique where
Concentration-Dependent Thermal Denaturation Studies the excess heat capacitg,£) is plotted against the tem-

Differences in the thermal stability of a DNA duplex do not  perature T); the area under the curve AHca (37, 38). The

always correlate to changes in its thermodynamic stability entropy changeAS., can be obtained from plots &eX/T

(41, 44). Therefore, to investigate the thermodynamic effects ys T, plots ofC,e* versus temperature for the three duplexes

of the Sp and 8-0xoG lesions, a series of UV thermal sy died are given in Figure 6. Consistent with the thermal

denaturation experiments were performed. Concentration-genaturation experiments, the transition point maximum for

dependent UV melting curves can be used to estallishy the Sp lesion occurs at a positier20 °C lower than those
and AS’w4 using van't Hoff analysis that assumes a two- for the unmodified G and 8-0x0G duplexes.

state model 7, 38). By plotting 1T, against InCr), the
enthalpy and entropy for the bimolecular association of single
strands can be calculated according to the equation

The calorimetrically determinedHc, and A values
as well as theAG°, values at 37C derived from the DSC
experiments are presented in Table 1. As observed with the
van't Hoff data, there is an enthalpic destabilization of the
helix for 8-oxoG and Sp lesions that is mitigated by an
entropic stabilization. Overall, these results yield the same
hierarchy in thermodynamic stability observed with van't
where Cr is the total strand concentration aRdrefers to Hoff analysis. The DSC data find that the unmodified
the gas constant. Figure 4 shows the linear plots for the threeguanine duplex is the most thermodynamically stable with
duplexes. Th@, hierarchy described above holds throughout a AG°%, for formation of the helix of—15.4 kcal/mol,
the concentration range since the lines for the duplexes dowhereas the duplex with the Sp lesion is the least stable,
not cross 45). The more thermally stable sequences are at having a significant increase in the free energy of formation
the bottom of Figure 4, emphasizing the overall thermal of 7.8 kcal/mol.

stabilities of the duplexes as & 8-0x0G> Sp. Model-Independentersus Model-Dependent Dat&om-
Table 1 shows thé&H°,4 and AS’ for helix formation parison of the DSC measurements versus those obtained from
obtained for all three duplexes using van’t Hoff analysis. It van’t Hoff analysis allows one to determine how well the
is clear from these data that both the 8-0xoG and Sp lesionsthree duplexes fit the two-state model. When the helix
enthalpically destabilize the duplex, increasing the duplex melting proceeds in a two-state manné&tl,y ~ AHcq.
transition enthalpy by 3 and 39 kcal/mol, respectively. As Analysis of our data finds that, within the limits of
with the melting temperatures, the magnitude of the desta-experimental errorAH,4 ~ AHcy for both the unmodified
bilization observed with the Sp lesion is significantly greater guanine and 8-oxoG duplexes, consistent with previous
than what is seen with 8-0xo0G. In contrast, both the 8-0xoG results 41, 43). This is not the case with the Sp lesion, where
and Sp lesions entropically stabilize the duplex. This AH,y is at least 12 kcal/mol greater thatH.,. Situations
phenomenon, often referred to as “enthalgntropy com- whereAH,4 > AHgy can indicate the presence of multimo-
pensation”, is characteristic of melting transitions of duplex lecular (aggregation) processes; however, such data for other
nucleic acids containing lesions and indeed a wide variety lesion-containing duplexes have been interpreted as reflecting
of biological systems featuring multiple, weak interactions differences in helix initiation49). The inequality between
(46—48). When this occurs, favorable entropic effects offset the van't Hoff and calorimetrically derived enthalpy values
some of the free energy penalty for the duplex destabilization in our system may result from the ability of this lesion to
(49), as depicted in Figure 5. The entropic stabilization act as a barrier to the propagation of interactions necessary
observed is consistent with greater disorder for the Sp andfor cooperative melting43, 50).

AS ,, — 1L.3R
Lo By +—u
T. AH°, AH°,,

m
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Table 1: Thermodynamic Parameters for the Formation of the G, 8-oxoG, and Sp 15-mer Duplexes from UV Melting and DSC Experiments

AHovH ASQVH AGO37VH AHcal AS:al AC'3037ca|a1
duplex (kcal/mol) [cal/(K-mol)] (kcal/mol) (kcal/mol) [cal/(K-mol)] (kcal/mol)
G —97+9 —2714+ 25 —-13+2 —-107+ 2 —316+5 —15.4+0.3
8-0x0G —94+7 —2654+ 18 —-12+1 —84+2 —250+ 4 —13.0£0.3
Sp —58+4 —167+ 12 —-6+1 —41+1 —130+ 3 —7.6+£0.2

a AG*%¥, values were derived from DSC data following the procedures of Chakrabarti and ScH®arz (

100

-50

=100

G G-0x0G

Ficure 5: Enthalpy-entropy compensation in the 15-mer duplexes.
The thermodynamic parameters for the formation of the helices
have units of kilocalories per mole. For each sampld; values

are plotted in red;-TAS values are in green, antiG® values are

in blue.

Excess Heat Capacity

60 70 80 20

Temperature ( °C)

Ficure 6: DSC thermograms for the G (black), 8-oxoG (blue),
and Sp (red) 15-mer duplexes.

Comparison of the Thermodynamic Impact of the Sp
Adduct to That of Other DNA Base LesioRsevious to this
study, the only thermodynamic data available for Sp were

To provide some perspective on the thermodynamic impact
of the Sp lesion in biological systems, the differential free
energy valuesAAG) at 37 °C for a variety of DNA base
adducts, compiled from calorimetric and spectroscopic
studies, are presented in Table 2. Formation of 8-0x0G, a
standard biomarker for oxidative damage in ceflls {s by
far the least destabilizing of the lesions surveyed, with an
averageAAG? value of ~1.5 kcal/mol. This free energy
difference corresponds to an equilibrium preference for the
G-C duplex over the 8-oxo® duplex of about 11:1.
Somewhat more destabilizing than 8-o0xoG is the exocyclic
guanine adduct N2-propano-2deoxyguanosine, which is
produced froma,3-unsaturated carbonyl compounds such
as acrolein%1). In contrast to the relatively small thermo-
dynamic impact of 8-oxoG and N2-propano-2deoxygua-
nosine, the Sp and the 1,2-intrastrand adducts of the
anticancer drug cisplatin display a relatively large average
AAG?® value of ~6 kcal/mol. Here, the differential free
energy value corresponds to an equilibrium preference for
the GC duplex of~17000:1. It is interesting to note that
both the Sp and cisplatin lesions show very clear examples
of the large effect the DNA sequence context can play on
the thermodynamic impact of a lesion, as both have one
sequence where th&AG®’ value is comparable to those
found for 8-oxoG and N2-propano-2deoxyguanosine.
Studies are currently under way in our laboratory to examine
the effect of both DNA sequence context and base pairing
partner on the thermodynamic impact of the Sp lesion. The
most destabilized lesion in this survey, on the basia a3
values, is 3\*-deoxyethenocytosine, which can arise from
exposure to vinyl chloride, hepatic copper poisoning, or
reaction of DNA with products of lipid peroxidatio9).
This adduct very dramatically reduces the thermodynamic
stability of the duplex with aAAG®” of 15 kcal/mol,
representing &-85% loss in the total duplex thermodynamic
stability (49).

Biological Significance of Thermodynamic Dafo date
there are no experimentally obtained structural data for DNA

extracted from UV melting curves of 14- and 16-mer g, jexes containing an Sp lesion. Computational studies have
oligonucleotides annealed to 18-mer templates obtained atyan, performed to examine the structural impact of the Sp

a single duplex concentratioa& 32). In those studiesAG

values for formation of the S@ duplex at 37°C for the
16-mer/18-mer samples increased by -367 kcal/mol
compared to that of the parent-G duplex. Both of the

lesion on DNA structure3l). These studies find that both
Sp stereoisomers prefer tegnconformation and have their
lowest energy when positioned in the major groove of
B-DNA. There are severe distortions in the DNA duplex in

duplexes studied showed a significant thermodynamic de-the presence of the Sp lesion, resulting from decreased
stabilization, with the extent of the effect being dependent hydrogen-bonding and stacking interactions for Sp and its
on the DNA sequence context. In our DSC experiments, the neighboring bases. This predicted disruption of stacking
AG?® of formation for the 15-mer Sp duplex was raised 7.8 interactions should be enthalpically unfavorabi@)( cor-
kcal/mol above that of the correspondingGduplex at 37 relating well with the experimental data presented here. The
°C. Thus, it is clear from both of these studies that the Sp extent of helix distortion is influenced by the base paired
lesion causes a significant thermodynamic destabilization of with the Sp lesion, with the stability decreasing in the
the DNA helix at physiologically relevant temperatures that following order: G> A ~ C > T (31). The Sp lesion has
may contribute to harmful biological effects. a pseudo-thymine hydrogen-bonding conformation; pairing
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Table 2: Impact of Various DNA Base Lesions on the Free Energy of Helix Formation @237

AAG¥
adduct sequence (kcal/mol) ref
Sp 3-ACTGATAGACGCACT-3 7.8 this work

3-TGACTATCTGCGTGA-3

Sp 8-GACCGGGTCAGTGCTACT-3 6.7 18
3-GGCCCAGTCACGATGA-5

Sp 3-GATTGAATCAGTGCTACT-3 3.6 18
3-AACTTAGTCACGATGA-5

8-0x0G 3-ACTGATAGACGCACT-3 2.4 this work

3-TGACTATCTGCGTGA-3

8-0x0G 3-GCGTACGCATGCG-3 1.8 41
3-CGCATGCGTACGC-5

8-0x0G B3-GACCGGGTCAGTGCTACT-3 1.0 18
3-GGCCCAGTCACGATGA-5

8-0x0G B-GATTGAATCAGTGCTACT-3 0.9 18
3-AACTTAGTCACGATGA-5

1,N?-propano-2-deoxyguanosine '-6GCATGGGTACGC-3 3.5 51
3-GCGTACCCATGCG-5

cisplatin B-CCTCTCTGGTTCTTC-3 7.3 50
3-GGAGAGACCAAGAAG-5

cisplatin B-CCTCTCCGGCTCTTC-3 7.5 50
3-GGAGAGGCCGAGAAG-5

cisplatin B-CCTCTCAGGATCTTC-3 21 50
3-GGAGAGTCCTAGAAG-5

3,N*-deoxyethenocytosine '"EGCATGCGTACGC-3 15 49

3-GCGTACGCATGCG-5
2The location of the base lesion is underlin@d\G values are calculated @8G%'(lesion) — AG®(unmodified).

of synSp with a purine presents less strain than pairing with contain [FeS;]?" clusters 66). In this model, the ability of
a pyrimidine, correlating with the prevalence ofG— T- a BER enzyme to bind DNA and repair damage is modulated
A and GC — C-G transversions observed experimentally by the redox state of the [E®y] cluster, controlled through
(18—21). In sum, the calculational studies predict helices DNA CT.
containing an Sp lesion to have a distorted structure with  Although structural features are important for the specific
widening of the major groove, diminished quality of the recognition of base lesions in the active sB&)( energetics
Watson-Crick base pairing, and weakened stacking interac- may also play a key role in identifying DNA damag#l(
tions. These structural factors should decrease the thermali4, 67). Duplexes containing an 8-oxeG base pair are
and thermodynamic stability of a DNA duplex, consistent structurally very similar to the ones containing the standard
with the results observed in our study. G-C base pair@8, 69). Consequently, it is unlikely that repair
In cells, Sp lesions are recognized and repaired by enzymesnzymes recognize 8-oxoG by structural means aldf (
in the base excision repair (BER) pathway such as the The thermodynamic instability caused by a DNA lesion may
bacterial Nei enzyme5Q) and mammalian NEIL (Nei-like)  aid in the recognition of DNA damage by BER enzymes. A
DNA glycosylases%3). Experimental evidence suggests that common feature among many different DNA base lesions,
BER enzymes move processively along the DNA helix, including the Sp and 8-oxoG examined here, is the enthal-
patrolling for DNA damageF4—57). When a specific base  pically driven thermodynamic destabilization of the hefig,(
lesion is encountered, it is rotated 28@om the base pair 43, 49, 51). Reduction of the duplex stability should make
stack into the active site of the enzyme (a process known asit easier for recognition of the damage to occur in all of the

“base flipping”) where the glycosidic bond is cleaveéB{ models presented abovedj. For example, less stable DNA
61). The abasic site produced in this reaction is subsequentlyshould be more flexible and therefore easier to “pinch” or
repaired, restoring the integrity of the DNA molecu&g), actively scan. It should also have a greater propensity to

Several models have been put forward to describe how produce the extrahelical bases required in the passive model.

these enzymes find damaged bases in the DNA dup|eX_Disruption of stacking interactions, such as the kind that

Verdine and colleagues have suggested that DNA glycosy-"‘{oUId inhibit DNA CT, is enthalpically unfavorable, con-
lases actively scan the DNA duplex, flipping each base into sistent with our results. Thus, the thermodynamic study of a

the enzyme active site while traveling along the hefi)( base lesion can not only supply i_nformation on the_ engrggtic
Alternatively, others have proposed that these proteins rely €onsequences of adduct formation, but also provide insight
on a passive extrahelical recognition mechanism, trapping Nt© the process of recognition and repair by BER proteins.
damaged bases that are exposed during spontaneous DN

breathing 63). In the “pinch—push-pull” mechanism sug- %ONCLUSIONS

gested by Tainegt al, the enzymes bend the DNA backbone  The impact of the Sp lesion on the conformation, thermal
(64). This “pinching” action precedes the “push and pull” stability, and energetics of the DNA duplex was examined
motions used to flip the base lesion out of the helix. Finally, in this study. Results from our circular dichroism experiments
the Barton group has proposed a DNA-mediated chargefind that the Sp lesion does not induce a global conforma-
transport (CT) mechanism6%). Many BER enzymes, tional change from B-form DNA. Data from both our van't
including MutY, which recognizes 8-oxo@& mismatches, Hoff UV melting spectroscopic and DSC studies reveal that
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the

Sp lesion significantly lowers both the thermal and

thermodynamic stability of the helix, with the thermodynamic
destabilization being enthalpic in origin. This lesion displays
the enthalpy-entropy compensation that is common among

several other DNA base lesions. Most interestingly, the extent

of thermal and thermodynamic destabilization observed with

the

Sp lesion is far greater in magnitude than what is

observed with the standard marker for oxidative DNA

damage, 8-0x0G, suggesting that the Sp lesion may be even

more detrimental to biological systems.
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