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ABSTRACT. The exocyclic base adductNg;deoxyethenocytosineC) is a common DNA lesion that can

arise from carcinogen exposure and/or as a biproduct of cellular processes. We have examined the thermal
and thermodynamic impact of this lesion on DNA duplex properties, as well as the structural alterations
imparted by the lesion. For these studies, we used calorimetric and spectroscopic techniques to investigate
a family of 13-mer DNA duplexes of the forriCGCATGNGTACGC)s(*GCGTACNCATGCE), where

the central NN base pair represents the four standard Watginick base pairs (corresponding to four
control duplexes), and where either one of the N bases has been repla€&d/miding eight test duplexes.
Studies on these 12 duplexes permit us to assess the impact «£ flesion as a function of sequence
context. Our spectroscopic and calorimetric data allow us to reach the following conclusions: £ The
lesion imparts a large penalty on duplex stability, with sequence context only modestly modulating the
extent of this lesion-induced destabilization. This result contrasts with our recent studies of duplexes
with abasic sites, where sequence context was found to be the predominant determinant of thermodynamic
damage. (i) For theC-containing duplexes, sequence context effects are most often observed in the
enthalpic contribution to lesion-induced duplex destabilization. However, due to compensating entropies,
the free energy changes associated with this lesion-induced duplex destablization are nearly independent
of sequence context. (iii) Despite significant lesion-induced changes in duplex energetics, our spectroscopic
probes detect only modest lesion-induced changes in duplex structure. In fact, the overall duplex maintains
a global B-form conformation, in agreement with NMR structural data. We discuss possible interpretations
of the apparent disparity between the severe thermodynamic and relatively mild structural impacts of the
€C lesion on duplex properties. We also note and discuss the implications of empirical correlations between
biophysical and biological properties of lesion-containing duplexes.

The exocyclic DNA base modification!8?-deoxyetheno- polymerases show a tendency to add an A or T residue to
cytosine €C), shown below, can result from exposure to the nascent strand across from & site @—15), thereby
vinyl chloride (1—5), a highly reactive carcinogen, from resulting in eithea C to Ttransition @ a C to Atransversion.
hepatic copper poisoning6), or as a consequence of Addition of G and C across frorC, and even U with RNA
reactions between DNA and the products of lipid peroxida- polymerase, as well as one- and two-base deletions also have
tion (7, 8). been observed, with the specific outcome depending on the

polymerase studied18, 15, 1§. In vivo mutation rates
['\\' resulting fromeC depend strongly on the organism, with a
N mutation frequency range of approximately 2% in bacteria
)\ | (11, 19, to over 80% in mammalian COS cellt2). With
o) regard to the repair of this lesion, glycosylase activity has
dR been described which removes etheno-modified bases in
eC human cells 17, 18.

Recent NMR studies of short DNA duplexes which contain

Exocyclic base modifications, such a€, can lead to  the ¢C lesion show the duplex to have an unusual local

genetic mutations due to possible alteration of coding conformation in the immediate vicinity of the damaged base,

information at the lesion site. In this regard, several with most of the duplex remaining unperturbed in the B-form

conformation {9—21). These same NMR studies reveal that
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Table 1: Effect of thecC Lesion on the Thermal and Thermodynamic Stabilities of DNA Duplexes

sequence family duplex Tm (°C)? ATy (°C)2P AG(25°C) (kcal/mol) AAG(25°C)° (kcal/mol)
-GNG- AT 68.2+ 0.5 - 19.6+ 0.6 -
-CNC- cG 714405 - 20.5+ 0.5 -
G-C 69.2+ 0.5 - 20.4+ 0.6 -
T-A 68.4+ 0.5 - 20.4+ 1.1 -
-G €C G- €C-A 58.1+ 0.5 ~10.34 0.7 6.8+ 0.2 ~135+1.1
-CNC- eC-C 56.14+ 0.5 ~13.140.7 6.0+ 0.2 —14.440.7
C-G 56.2+ 0.5 ~15.240.7 5.1+ 0.4 ~15.3+ 0.6
C-T 55.94 0.5 ~12.340.7 7.6+ 0.2 ~12.0+ 0.6
-GNG- A-eC 57.5+ 0.5 ~10.7+ 0.7 5.94 0.2 ~13.74+ 06
CeCC- C-eC 53.3+ 0.5 ~18.140.7 6.4+ 0.3 141406
G-eC 57.9+ 0.5 ~11.3+0.7 7.04£0.2 ~13.4+ 0.6
T-C 56.7+ 0.5 ~11.74+0.7 6.6+ 0.2 ~137+1.1

2Ty, values are for solutions containing B duplex DNA. ® AT, = Trm(eC-containing duplex)- Tm(parent duplex)¢ AAG = AG(eC-containing

duplex) — AG(parent duplex).

Despite these impressive structural studies, little, if extinction coefficients of the oligomers with standard Wat-
anything, is known about the impact of this lesion on duplex son—Crick bases have been previously report2d.( The

energetics, thereby limiting our insight into the role of
“energetic recognition”Z?2) of this lesion in mechanisms of
mutagenesis and repair.

1:1 stoichiometry of each duplex was confirmed using the
method of continuous variations, also as previously described

To address this deficiency, we(27).

present here the results of our spectroscopic and calorimetric  All experiments, except fluorescence spectroscopy, were

studies on the thermodynamic impack@f lesions on duplex
DNA. We use differential scanning calorimetry (DSC) and

performed in a buffer solutionfd M NaCl, 0.1 mM EDTA,
and 10 mM sodium phosphate, at pH 7.0.

temperature-dependent UV absorbance spectroscopy to study Duplex Melting Differential scanning calorimetry (DSC)
the impact of the lesion, as well as the influences of the cross-and temperature-dependent UV absorbance spectrophotom-
strand and neighboring bases, on the thermodynamic properetry were used to monitor the thermally induced oreder

ties of duplex DNA. Circular dichroism spectropolarimetry

disorder transition of each DNA duplex. DSC measurements

and intrinsic fluorescence also are used to study the globalwere performed on a N-DSC differential scanning calorimeter
and local structures of these duplexes. By comparing the (Calorimetry Sciences Corp., Provo, UT), while the UV-

properties associated with a set of eigi€-containing

detected melting measurements were performed on an AVIV

duplexes with the corresponding undamaged parent Watson 14DS UV—Vis—IR spectrophotometer. Details of all the
Crick duplexes, we are able to isolate and define the experimental protocol{), as well as the data analys@2(
thermodynamic, thermal, and structural consequences of the25, 27, 29, 3] have been described previously.

€C lesion. We present these results and discuss possible Structure-Elucidating SpectroscapyCircular dichroism
correlations between our biophysical data and the known spectropolarimetry (CD), performed on an AVIV 62DS
biological, biochemical, and structural consequences of the spectropolarimeter, was used to evaluate the global structure

eC lesion.

MATERIALS AND METHODS
Oligonucleotide Synthesis and Purificatiohe DNA

of each duplex, using conditions and methods previously
described27). Fluorescence spectra were determined on a
Perkin-Elmer LS-50 fluorometer at 25C usirg a 4 mm
square quartz cuvette, with 100M duplex in a buffer of

oligomers studied here have the same sequence as those use@© MM NaCl, 50 mM MOPS at pH 7.0.

in our previous investigations of lesion23X-27), thereby

facilitating comparisons. Protocols used for the synthesis
and purification of the oligonucleotides previously have been

described 26). The sequences studied here are:
strand 1: 5CGCATGNGTACGC-3
strand 2: 5GCGTACNCATGCG-3

RESULTS AND DISCUSSION

The €C Lesion Induces Dramatic Thermal and Thermo-
dynamic Destabilization of the Host DNA DupleXable 1
presents thermall(,) and thermodynamicXG) stability data
derived from both our UV-absorbance and DSC melting

where N represents the four standard nucleotide bases, astudies. Note that the presence of éelesion dramatically

well aseC, the 3N*-deoxyethenocytosine exocyclic adduct
of deoxycytosine Z8). We refer to duplexes using the
notation strand éstrand 2, citing only the central bases of
each strand. Families of duplexes are citeck@N and
NecC, with each family corresponding to four duplexes in
which theeC lesion is either in strand ECeN) or in strand
2 (NeeC).

Molar extinction coefficients were determined as previ-
ously described?7), and were found to be (1.G6 0.02) x
1C° and (1.12+ 0.02) x 10° M~t.cm™t at 260 nm, 25°C
for N = ¢C in strand 1 and strand 2, respectively. The

reduces the thermal stability of the duplex, with, values
falling between—10 and—18 °C. Further note that this
thermal destabilization translates into an average lesion-
induced thermodynamic destabilization relative to the parent
Watson-Crick duplex AAG) of —13.8 kcal/mol. This
lesion-induced duplex destabilization represents a-60986

loss intotal duplex thermodynamic stability at 2&, despite

the modification of only 1 out of 26 bases (3.8%) [or 1 base
pair out of 13 (7.7%), or 2 base pair stacks out of 12 (17%)].
This dramatic lesion-induced destabilization corresponds to
a change of between 8 and 11 orders of magnitude in the
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Table 2: Effect of thecC Lesion on the Dissociation Enthalpy Change and the Effective Molecularity of a Family of DNA Duplexes

sequence family duplex AH (kcal/mol) AAH?2(kcal/mol) AH"™ b (kcal/“mol”) Ner®
-GNG- AT 101.6+ 2.4 - 100.8+ 2.3 2.01+ 0.06
-CNC- cG 98.1+ 1.8 - 89.84 1.7 2.09+ 0.05
G-C 104.0+ 1.9 - 100.0+ 3.0 2.04+ 0.07
T-A 104.1+ 4.2 - 98.2+ 4.4 2.06+ 0.12
-G €C G- €C-A 81.6+ 0.9 2264+ 4.3 93.7+ 1.2 1.87+ 0.03
-CNC- eC-C 7724 1.7 —26.7+2.6 91.14+ 1.0 1.85+ 0.05
€C-G 65.4+ 3.5 —32.84+ 4.0 97.6+ 1.3 1.67+ 0.10
C-T 97.0+ 1.0 —46+25 96.1+ 1.6 2.01+ 0.04
-GN G- A-eC 71.4+0.8 —30.24 2.4 98.5+ 1.5 1.73+ 0.03
-CeCC- C-eC 93.3+ 3.0 —4.8+36 77.8+ 2.6 2.20+ 0.10
G-eC 82.8+ 0.8 202421 96.6+ 1.4 1.87+ 0.03
T-C 82.74 0.5 —21.4+43 94.2+ 2.1 1.88+ 0.05

2 AAH = AH(eC-containing duplex)- AH(parent duplex)® From the concentration dependenceTef determined from UV absorbance vs
temperature curve$.nes calculated using calorimetridaH, and based on concentration dependencé,of

duplex equilibrium constant. These results indicate that 2. These enthalpy changes were derived from DSC mea-
although the chemical modification is localized to one base, surements, and therefore are not dependent on an assumed
the thermodynamic impact of the damage is far from local. melting model. ThesCeT and GeC duplexes show rela-
Apparently, the energetic consequences of the lesion propadively small lesion-induced enthalpic reductio@sAH, of
gate well beyond the site of the structural modification. —4.6+ 2.5 and—4.84 3.6 kcal/mol, respectively, compared
Sequence Context Has Reially Little Influence on the  to the other six duplexes, which exhibit more dramatitH
Impact of the Lesion on Duplex Stabilitynspection of the  values ranging between20.2+ 2.1 and—32.8+ 4.0 kcal/
data in Table 1 reveals few, if any, significant differences mol. Interestingly, in the two outlying duplexesCeT and
in the destabilization induced by th€ lesion among the  CeeC, a pyrimidine is placed opposit€. This observation
duplexes. In other words, the mere presence oé@hkesion may suggest a simple steric accommodation of the base
is sufficient to impart the primary penalty, with sequence opposite the lesion. TheC base has an exocyclic addition
context, including both neighboring and cross-strand bases,to the normal C base which converts a pyrimidine, a one-
exerting only a secondary or tertiary effect. On a quantitative ring base, into a purine-like two-ringed base. This “ex-
level, there may be some influence on thermalstability panded” base might be expected to impart less distortion to
of the base identity opposite theC lesion, although the  the duplex when paired across from a smaller pyrimidine
differences are similar to the uncertainty in the data. To be rather than a larger purine. However, this steric model may
specific, the average of all four pairings of pyrimidines across pe too simplistic given the failure to rationalize the corre-

from eC produces &Tp, value of—13.84 1.4°C compared  sponding properties of the remaining two pyrimidine
with a ATy, value of —11.9+ 1.4°C for all four pairings of pairs in a similar manner.

purines across froraC. The correspondin@AG values of
—13.6+ 1.6 kcal/mol for the four pyrimidines opposit€
and—14.0+ 1.5 kcal/mol for the four purines opposk€
are statistically indistinguishable, consistent with the lesion-
induced destabilization being independent of this feature of
the identity of the base opposite the lesion.

The identity of the bases neighboring the lesion also
appears to exert little or no effect on eith®AG or AT,

Further inspection of the data in Table 2 reveals that the
differential duplex melting enthalpyAAH, depends signifi-
cantly on the identity of the bases which flank the lesion, in
contrast to the near-independence ZAG on sequence
context. Comparison of theC lesion paired with the same
base in both sequence orientations (ec@sA vs AecC)
shows a difference iMAH between approximately 7 and

For CeN, the average\AG value is—13.9+ 1.6 kcal/mol 17 kcal/mol. Interestingly, the rank order of enthalpic
and the :awerage\T value is—12.7 + 1.4 °C. while for reduction based on opposite base identity is different for the
m " " b

NeeC, the averagdAG value is—13.8+ 1.5 kcal/mol and two orientations studied. For th&€eN family of duplexes,

the average\T, value is—13.0+ 1.4°C. These average ]Ehe ?AT: order is J = _A <<C <<G’ thile for theh NIEC
values are statistically indistinguishable, suggesting that the '@mily the AAH orderis C< G < T < A. Nevertheless,

neighboring base identity does not have a primary influence the overallAAH range which is encompassed by the two
on the damage imparted . upon the duplex, at least for ~ S€duences is virtually identical. Although we cannot provide

the sequences investigated here. We recognize, however® simple explanatioq 'for the enthalpic distinctions between
that additional studies on duplexes with #@lesion flanked ~ the two duplex families, our results do demonstrate that
by other neighboring bases are required to evaluate theS€duence cq_ntext can influence the enthalpic contribution to
generality of this behavior. duplex stability.

The Enthalpic Contribution to Duplex Stability Varies with In the aggregate, the data discussed above reveal that even
the Sequence Context of the Lesidn.contrast to the near-  though the stability 0¢C-containing duplexes is independent
independence from sequence context of the lesion-inducedof sequence context, the enthalpic impact of ¢elesion
changes in duplex free energy and thermal stability, the depends on the identity of the opposing base and the
corresponding enthalpic changes are far more variable. Theneighboring bases, with these two influences being ap-
relevantAH values are listed in the third column of Table proximately equal.
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Enthalpy-Entropy Compensations Equalize the Free
Energy Penalties of theC Lesion, Making Them Indepen-
dent of Sequence ContexAs noted above, the presence of
the €C lesion imparts a severe penalty on duplex stability.

We find this large lesion-inducedAG penalty to be
essentially independent of sequence context, in contrast to
the AAH penalty. This observation is common for many
types of nucleic acid damage, in which entropic differences
balance enthalpic effects, thereby tempering the overall
variation in free energyXAG) induced by the damage. This ‘%5
compensation effect is observed even for systems with widely T,
varying lesion-inducedAAH values. Similar enthalpy -
entropy compensations have been described for a model E
abasic site 47), and for two exocyclic adducts, N?-
propanodeoxyguanosingg) and 8-oxodeoxyguanosin2g),
thereby suggesting the generality of this phenomenon.

The Influence of Sequence Context Depends on the Identity
of the Lesion. As described above, the impact of th€
lesion on duplex stability is dramatic, although relatively
independent of sequence context. By contrast, recent results
from this laboratory demonstrate that the thermodynamic
impact of the abasic lesion strongly depends on sequence
context 7). These contrasting results underscore the need
to conduct biophysical, biochemical, and biological inves-
tigations of lesions as a function of sequence context before
attempting to define the impact of the lesion.

van’t Hoff Transition Enthalpies and the Duplex Melting ;20 240 260 280 300 220 240 260 260 30
Process The results presented and discussed above are Wavelength, nm
based upon model-independent thermodynamic parameters ) o ’ o
derived from calorimetric studies. Comparison with model- Ficure 1: Circular dichroism spectra of DNA duplexes containing

d dent 't Hoff estimat f th t theeC lesions and the parent Watse@rick duplexes. Each panel
épendent van Ooff estimates of the same paramelerSqy, s the spectrum for one Watse@rick parent (thick line) and

prOVid?‘S us with an opportunity to assess the .inﬂuence of the associateeC-containing duplexes, withC in strand 1 ¢CeN;
the lesion and sequence context on the mechanism of duplexdotted line) or in strand 2 (MC; thin line). Panel A presents the

melting. We previously have described an approach for spectra of AT, eCeT, and AeC, and similarly for GG (panel B),
combining spectroscopic and calorimetric data to calculate ©°C_(panel C) and 3A (panel D), and their respectiveC-
; - - containing duplexes.

an effective molecularitynes, which reflects the extent to
which duplex melting deviates from an idealized bimolecular of the eC-containing duplexes are shown in Figure 1. All
transition. Deviation ofnes from the formal molecularity  eight spectra show the duplexes to be primarily B-fo8@) (
value of 2 @5, 31) provides some measure of the degree to Slight differences exist among the eight duplexes, but no
which a structural perturbation, such as a lesion, alters thegross structural differences are apparent. CD spectra depend
nature of the melting process. on base content and sequence, as well as duplex conforma-

Inspection of the data in Table 2 reveals the following. tion. Consequently, spectral differences are expected, be-
First, as expected, the four parent Wats@rick duplexes cause each duplex has a different central base “pair”, as well
all melt with effective molecularities near 2. Second, in as two different neighboring pair stacks at the central
nearly all cases, the presence of the lesion alters the naturgosition, both in the four control WatserCrick duplexes
of the duplex melting. This observation is consistent with and in the eight duplexes which contain @ base. Our

[6], deg - M -

1 1 1 1 '} 1 1 1 1

what we have reported for other lesior5( 27). Direct
comparisons between the van't Hofkifl,;) and the corre-

conclusion that the lesion-containing duplexes exist primarily
as B-form DNA is consistent with previous NMR studies

sponding calorimetric enthalpy values also reveal significant (19—21) which indicate structural alterations in the duplex

disparities for most of the lesion-containing duplexes.
ConventionallyAHn < AHcalis interpreted as an indication
of non-two-state transitions. ConverseiMd,n > AHca is

only at and very near theC site, with the overall duplex
conformation remaining in the B-form. Thus, the dramatic
energetic consequences of the lesion are not reflected in

taken to indicate multimolecular (aggregation) processes. Forsignificant structural alterations of the duplex.

the data reported here, we filxH,; generally to be larger
than AHc. There being no independent evidence of ag-

Intrinsic Fluorescence Is Suggesti of Local Variations
in the Conformation and/or the Microemonment of theC

gregation, we interpret these data to reflect deviations from Base. The relative intensities and wavelengths of the
the idealized bimolecular dissociation process. This observa-maximum ofeC intrinsic fluorescence emission for all eight
tion appears to be general for lesion-containing duplexes and,eC-containing duplexes are summarized in Table 3. Because

as we previously have suggest@8)( may reflect differences

in helix initiation for lesion-containing duplexes.
Circular Dichroism Shows theC-Containing Duplexes

To Have Similar Global Conformations.The CD spectra

€C is the only significantly fluorescent moiety in the duplex,
fluorescence spectroscopy provides us with a microscopic
observable to compare with the circular dichroism and
thermodynamic characterizations of the duplexes. Inspection
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Table 3: Fluorescence Emission Spectral Characteristics for the ~ SUTUCIUTes suggests that similar localized structural variations
eC-Containing Duplexes also may be present in theCeN family, and that further
NMR studies with this latter sequence context & may

sequence relative fluorescence em "X

family duplex intensity? (nmy prove useful.

GeCO- CA 142 207 Localized Structural Changes with Far-Reaching Ther-

-CNC- eC-C 97 399 modynamic ConsequenceR.is of interest to compare the
€C-G 22.0 400 thermodynamic and structural consequences of@hlesion.
eCT 13.8 394 Our data show that theC lesion imparts a large penalty on

GNG- A-cC 248 385 the host duplex, destabilizing the duplex free energy by as

-CeCC- CeeC 95 390 much as 70%. Although there is variability in the enthalpic
GeC 9.0 392 contribution to this destabilization, it is consistently offset
T-eC 8.5 380 by a compensating change in the entropy to yield a lesion-

2 Fluorescence spectra were collected with excitation at 310 nm. induced free energy of destabilization that is nearly inde-
pendent of sequence context. In contrast to the dramatic

£ the fi q . bl hatee duplex destabilization induced by tk€ lesion, structural
of the fluorescence data in Table 3 suggests thate tudies reveal that this lesion only induces local changes in

containing duplexes can be_ Segfegat,e_d into two groups basegy structure, with the bulk of the duplex retaining B-form.
on the fluorescence emission intensities and the wavelengthdeany the apparent magnitudes of the energetic and
of maximum emission/en™). Note that the NeC family structural perturbations induced by th@ lesion cannot at

of dupl((ajxes exhibit ?]Tissri\gcr; me;xim_tjm }Ngvellengths k;?é\{veen present be correlated in a simple manner. Several possible
380 and 392 nm, while theCeN family of duplexes exhibit o140 ations/rationalizations are considered below.

higher emission maximum wavelengths, between 394 and It is possible that thesC lesion and associated local

407 nm. Thus, thee"™*0f eC is sensitive to the Sequence  gy,q1ra| perturbations induce large changes in the associated
context of the lesion. The simplest explanation for thiS o ent  Solvent effects can have very large influences on
observation is that the different neighboring bases provide ¢ thermodynamic properties of the duplex, often well in
ﬁlfferent microenvironments farC, Iead|rr]19 tOhSh:ﬂS ofthe oy cess of changes that might be predicted from NMR-derived

| UOfiiCGQ;Ef err;:ssmn sfpec.tlru_m. Furt er, t ghonggr WaVve-structures 33). Alternatively, subtle structural changes at
engthien™for theeCeN family is consistent witlkC being 4 jesjon site, that are outside the detection limits of a NMR
flanked by two guanines, with the purines perhaps providing gy ,ctyre, may propagate along the helix to induce an
modre exter:js_lvel hy_d(rjophobllc mterachoni th?n pyrlrr]mdmes, amplified global energetic effect. Independent of the veracity
and, accordingly, inducing longekn for the fluorophore. ot o,ch microscopic/macroscopic interpretations, our results

The variations in the fluorescence intensity also are of underscore the importance of including thermodynamic
interest. We find a nearly 3-fold fluorescence enhancementanalyses as a function of sequence context in any compre-

for two duplexes (A<C andeCeG) relative to the remaining  hensive study of DNA lesions.
duplexes. This distinction is consistent with some aspect Correlating Biophysical and Biological DataOur bio-
of the microenvironment of theC site being determined by  physical studies show that the presence of ¢felesion
the identity of the cross-strand base. In short, the fluores- dramatically decreases the thermal and thermodynamic
cence data reveal that the neighboring bases and the crossstability of duplex DNA. Although these effects are
strand base influence the microenvironment at the lesion site.independent of sequence context, we find the enthalpy data
Although enthalpy-entropy compensations mask the expres- to exhibit a dependence on the identities of the neighboring
sion inAG of sequence-dependent effects, Até data reveal and cross-strand bases.
sequence-dependent differences that may relate to those Biological studies reveal that in mammalian (COS) cells,
detected by fluorescence. Interestingly, the two duplexestheC lesion is highly mutagenid@). Several reports show
that are most intensely fluorescent also are most affectedthat bacteria are better able to cope with damage 11,
enthalpically by the lesion. As there are many factors that 12). Although we cannot now describe the basis for this
can influence fluorescence intensity, we will not attempt discrimination, such an observation is at least consistent with
further interpretation of the fluorescence data. the notion that repair enzymes may, in part, locate DNA
Comparison of Fluorescence and NMR Obsdnles. lesions by detecting alterations in duplex energet. (It
NMR structures of three 11-mer duplexes, with sequencesis also of interest to note that the tendency to pair T opposite
that are identical to the central 11 base pairs of oerQN €C during DNA replication in vivo {1, 12, 14 empirically
duplex family, show wide variation in the conformation of correlates with the one duplex in our studgeT, which is
botheC and the “paired”/opposing baseX-21), while the significantly less enthalpically damaged. In the aggregate,
remainder of the duplex exhibits normal Watsd®rick there is a growing body of data which suggests that
structure. It is interesting to note that the<& duplex, thermodynamics may play an important role in the overall
which exhibits enhanced fluorescence, also presents arbiological outcome okC and other DNA damage in both
altered solution structure in which the bases are accom-eukaryotes and prokaryote®5, 31). This possibility
modated within the helix in “a staggered conformation with underscores the need for parallel biophysical and biological
each residue displaced toward thet&minus and interca-  studies of DNA lesions.
lated between bases on the opposite strahlf. (This self-
intercalation model should result in an altered microenvi- CONCLUDING REMARKS
ronment for theeC residue relative to typical base pair We have shown that theC lesion dramatically decreases
stacking. This confluence of the fluorescence data and NMR the thermal and thermodynamic stability of duplex DNA,
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with this lesion-induced destabilization being essentially

independent of sequence context. The large destabilizing

effect of the lesion on the duplex is independent of the

identity of the same-strand neighboring bases of the lesion
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structural alterations are modest and highly localized at the 18- Hang, B., Singer, B., Margison, G. P., and Elder, R. H. (1997)

lesion site, with the balance of the duplex remaining in a
B-like conformation. This observation is consistent with

behavior we have observed with other lesions and under-

Proc. Natl. Acad. Sci. U.S.A. 842869-12874.

19. Korobka, A., Cullinan, D., Cosman, M., Grollman, A. P., Patel,
D. J., Eisenberg, M., and de los Santos, C. (1#6ghemistry
35, 13310-13318.

scores the dangers of assuming that large energetic perturba-20. Cullinan, D., Korobka, A., Grollman, A. P., Patel, D. J.,

tions imply significant structural alterations, and vice-a-versa.
Clearly, biophysical studies on DNA lesions require parallel

structural and thermodynamic studies before one can mean- <=
ingfully assess the impact of a lesion on duplex properties.
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