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ABSTRACT:
Ethidiun dimer is shwn to bind by intercalation, alnost equally

well, to the B and Z form of poly[ (dG-m5&) ].poly [ (dG-m5dC)], whereas the
ethidiun mxacrer shcws a strcng preference for the B form. The hydrogen-
deuteriun ( H-D ) ex kinetics of the ethidiun dimer bound to the B
and Z fonn of poly[(dGmid)].poly [ (dG-m5dC)] could then be ccipared. The
kinetics of the H-D exchange were strikingly slcwer when the dye was bound
to Z DNI as ocapared to B DNA. The exchange kinetics were also modified
when ethidiun dimer was bound to tRNA and to a triple stranded structure.
It is proposed that a dynamic fluctuaticn at the level of the nucleic acid
could nKdulate the dynamic fluctuation at the level of the bond ligand.

ITDULTIW

The hydrogen exctange kinetic stulies of DNM have recently been

reviewed (1). They have penrdtted the characterizaticn of the double helix

dynaric structural fluctuation referred to as the breathing reaction. More

recently, the hdrogen-deuterium (H-D) exan kitics of DNA bound

ethidiun dinr has been studied by fluoraietry (2). The exchage kinetics
of the DNA bound ethidium diner (EthDi) resebled that of DNA itself. The
time range of the eange process, the effect of catalysts, and the

activaticn energies were cauparable in the t cases. breover, the

exchange of EtbDi bound to I was found to be ind dent of the dye-DN
binding affinity although this paraneter was canged with ionic strth
by several orders of nagnitude (2). This raised the questicn whether the

structural fluctuations goveming the proton exchange kinetics in both
cases, are correlated. It is knaon that intercalated ethidiun is a probe
of the torsicnal dynaics of the double helix (3-5). Therefore, it could

also be hypothesized that the base pair pening process could indace a

displacnent of ethidiun dimer in its binding site leading to its amino
proton exchange. Because it was shown by NMIR stsxdies that several Ma

ligands did not appreciably perturb the imino proton exchange in oligo-
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nucleotides (7,8), a double helix fluctuation and the nucleic acid bound

ethidiun dimer H-D exange mght be correlated. If this were really the

case, ethidin dier ld be used as a fluorescent probe of the dynamic
structure of various nucleic acids. In order to investigate this
possibility, the dcaracteristics of the H-D excdange of ethidiun diner
bound to nucleic acids of different structures has been investigated. The

rate of proton excan of Z DN1 has been found to be nuch slcwer than

that of B DK (9). Therefore the cczparison of the exchange kinetics of

the same ligand bound to B or Z i1& wuld be of special interest. Indeed

this ccrxparison can be perfod with ethidiun dimer, because this dye
bind almxt equally well to B or Z DtIA, as is re ted in this paper. In

addition, the H-D exchange of ethidiun dinr bomd to t-RNA and the triple
stranded structure poly(A)-2 poly(U) was studied. The hydrogen exchange of

several protons of tRNA is rearkably slwer than those of DNA (10-11).
The rate for the HFogsteen base pair of poly(A)-2 poly(U) is nuch

faster than that of the 1htsonririck base pair of poly(A) - poly(U) (12).

MATERIALS AMD MES:
Ethidiun diner (EthDi) (4,7-Diazadecyl-5, 5'-bis) (3, 8 diamino-6

phenyl pienantbridiniun didhloride dihydrodloride) was synthezised and

purified as already described (13). Ethidiun braide (EthBr) was a product
of Sigma. Poly[d(A-T)].poly[d(A-T)], poly [d(G-C)].poly[d(G-C)], poly[(dG-
m5dc) ] .poly[ (dG-m5dc) ] were purchased fram Boehrirger. Prior to use, these

proaccts were extensively dialyzed against a buffer containing 50 nTM
sodiun chloride and 10-3M EDTA. Ebr concentration deternmnaticn the

follwing extinction coefficients were used: 6800 M7cncF for poly[d(A-
T)].poly[d(A-T)] at 260 rn, 8400 clanl for poly[(dG-dc)].poly[(dG-dc)]
at 254 nm (14), 6900 rlcm-l and 6400 ?lacml at 260 nu respectively for

poly[(dGm5d-)].poly[(dG-m5d2) ] in B and Z confonation (15).
Poly(A) and poly(U) were purdcased fran Miles. Solutions containing

mixtures of poly(A) and poly(U) were prepared arding to the continuous
variaticns retb1d. The total mcloie concentration was kept constant as

the propotions of the poly(A) and poly(U) were varied. E. coli MfM*et
and yeast tR he were extensively dialyzed prior to use. Concentrations
of tRbA saples Were e ined ty bance at 260 n usin an
extinction coefficient of 5.64 x 105 Wf1cml. Deuteriun oxide (99.8%) was
purchased frau the Coissariat A l'mVergie Ataoeque (Saclay, France). The
hydrog _i-deuteriun e ne of ethidium diner was measured at 25-C with a
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Durrum Gibson D110to e flw instrunent equipped with fluorescence

detecion. Data stored in a Minc 11/23 caiputer were analyzed by ncnlinear
regressicn using the Marquardt algrithn for a single or double

exponential process (16) as already described (2). Circular dichroies

spectra were recorded on a Rxoussel-Jouan dibrograph Srk IV.

Binding parareters were de&iced fran fluorescence titration as

already described (17). The Marquardt algorithn (16) was used to fit the

data to the McGhee and von Hippel equations (18).

Bquilibriun dialysis experiments were perforned in a three caipart-
ment cell as already described (19, 20). The two cuter chambers were

filled with 0.8 ml of poly[(dG-d2)] and poly[(dG-m5dC)] respectively
(2xl14M base pair). The inner chanber contained 0.8 ml of dier soluticn
at 10-6M. The concentraticn of free diner after equilibrium being
negligible, the ratio of the total dimer con ation measured in each

cuter chanber equals the ratio of the corresponding poly(dG-m5d2) :poly
(dG-dC) direr bin constant. The dye ccentraticn was deternined by

fluoraretry after diluticn (1:1) in 0.5% acetic acid-dinethylsulfoxide
(21). "B buffer" was 0.05 M Nal, 0.01 M Tris.HCl, riH 7.4, "Z buffer" was

0.05 M NaCl, 0.01 M Tris.HCl, 10 mM MgC12. All measurerents were done at

25°C.
In order to detenrne the DNE to dye energy transfer, fluorescence

excitation spectra were recorded and corrected as described (17, 22) using
a SIM 800 spectrofluorcreter controlled by a Minc 11/23 Digital caputer.

ELTS
I) Ethidiun dimer intercalation in B and Z D1l.
It is well kncwn that Et1Br favors the Z+B transition as do other

intercalating drugs (23,24). In addition, it was reported that the

bis(methidium) spermine dimer oculd bind to the Z form of poly [ (dG-
dC)].poly[(dG-dC)] at high ionic strength (25). The Z to B transiticn of

the poly[ (dG-m5c) ] .poly [ (dG-m5dC)] occurs at a relatively 1w ionic

strength. Because 1w salt concentraticn is required for the study of the

EthDi H-D exchange, as will be disacssed later, this polymer was

selected.

In figare 1, the effects of EtDi and Et1Br on the CD spectrun of

poly[(dG-m5dC)].poly[(dG-m5dC)] in B or Z form are caipared. Et1Br (fig.
lA) clearly indices spectral modifications characteristic of the Z to B

transition when it is added to the Z form of the polymer. By contrast, the
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Figure 1 : Effect of EtbDi and EtBr upon the ciraclar dURoiauspectra
of poly[ (dG-m5d) in Z or B form. Tloperatureas 25C.
A) EtbBr + poly (dGm5d)] in Z buffer. The dye/base-pair

ratios are 0, 0.10, 0.16, 0.26 and 0.56 for acrve n 1, 2,
3, 4 and 5 respetivly.

B) EtlBr + poly LdGm5d2)] in B buffer. 'lhe dye/base-pair
ratios are 0, 0.10, 0.16, 0.26 and 0.56 for urve n 1, 2,
3, 4 and 5 rctively.

C) EtlDi + poly (dG-ms5)] in Z buffer. The dye/base-pair
ratios are 0, 0.04, 0.06, 0.08 and 0.16 for curves n 1, 2,
3, 4 and 5 retively.

D) EtlSi + poly (dC-m5)] in B buffer. The dye/base-pair
ratios are 0, 0.5, 0.12 and 0.24 for aren 1, 2, 3, and
4 respe ly. In all esperinents nucleotide concentration
is 10I.

CD spectra of the polymr rmins characteristic of the Z fom when EtWi
is ad (fig. IC). In order to interpret quantitatively these CD s a,

the binding of Et}Br and EtWDi to poly[ (dG-m5dC) J in Z and B buffer, Where
the polymr xists in the Z and B fom re tively (15), was stAlied and

ocapared to the results ob ried with poly [(dG-W) ], Which reins in the
B for in thee t buffer. Figure 2 shbs the Scatdcard repre ttion
of the binding of EtbBr to poly [ (dG-dC) I and to poly[ (dG-mSdC)] ced
fre fluorescence titration. In B buffer (fig. 2A), the bin data are

well fitted (cntiJnus lin) acaording to the MoQee-von Hipel e ati
(18). This dauunstrates a pEferenc of the dye for the nuthylated poly-
ir. In Z hbffer (fig. 2B), the binding to poly (dG-) ] is also well
fitted ac g to the McGhee-Von Hippel equation, weeas the binding to
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Figure 2 Coiparison of the binding of ethidiun branide to poly [ (dG-dC)]
and poly[ (dG-m5dC) ] in B and Z buffer. Telperature was 25°C.
The data has been deciced fran fluorescence titration and
plotted according to the Scatchard representaticn with r the
number of ethidiun moleale baxnd per base-pair and c the free
dye concentration. The contimucs lines are the best fits
carputed fmrn the Mc Ghee-von Hippel equation (18) for non
cocperative binding. The discontinuous line in B has been dran
to help follaw the data.
(A), left, is in B buffer, (B), right, is in Z buffer

X X poly[(dG_m5C) ] * * YL[dG-C ]

the methylated polymer is highly cocperative. The MkGhee-von Hippel equa-
tion for cocperative processes (18) leads to a poor fit of these data in
the latter case. In figure 1B, a discontinaus line ws sinply drain to

help follai the data. Nevertheless, the extrapolated values of r/c for r

equals 0 leads to the binding constant of EttBr for the Z form of the

polymer.
The fluorescence titrations of poly[(dG-m5dC)] or poly[(dG-dC)] by

EtWDi in the presence or absence of magnesiun (Z or B buffer respectively)
could not be analyzed in term of binding parameters. Under the conditicns
which cacld be used (DNE base-pair concentrations greater than 10-6M), the

EthOi binding is always rigorously stoidcicretric, inplying that the

binding association constant is at least greater than 107 M-1 in all

cases.

Interestingly, the fluorescence characteristics of EtBr and EtbDi,
including fluorescence lifetimes, are very similar whatever the polymer
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Table 1: Binding parameters of EthDi and EthBr to poly(dG-m5dC) in Z and
B buffers.

Dialysis equilibrium EthBr fluorescence titraticn

EthBr EthDi poly_er Kap (Ma)n

poly (dG-m5dC) (a)

al 0.5 1.8 Z buffer 1.0 x 104 -

poly (dG-dC)
Z buffer 8.5 x 104 1.5

a2 3.0 1.2

poly (dGC-n5dc2)
B buffer 5.4 x 105 1.8

*1/a2 6.0 1.5

poly (dG-X)
B buffer 1.7 x 105 1.5

Dialysis equilibriun measurements were performed in a three ccmpart-
ment cell as described in the methods secticn: al is the ratio on the
Concentration of bound dye in the poly(dG-m5dC) caipartment to the concen-
tration of bound dye in the poly(dG-d) cczpartment, in the Z buffer. a2
is the same but in B buffer. al/Q2 represents the ratio of the binding
constants for the Z to the B form of poly(dGm5dC).

Fluorescence titration: Kap binding constant, n nunber of base pairs
covered, deduced frac the best fit to the MGMee-von Hippel equation (18)
of the results of Figure 2.
(a) deduced from extrapolation of r/c at r=O value (Figure 2).

and the salt concentration (results not shawn). The same was observed for

EtIBr and poly(dG-C) at high salt concentration (25).
In additicn, the ratios of the apparent binding constants of EttBr

and EthDi for poly[ (dG-m5C)] and poly [ (dG-dC)] in Z and B buffer could be

detennined by equilibriuu dialysis using a three ccapartment cell (19,
20). The results are reported with those of the fluorescence titration in

table 1.

In order to verify that EthDi binding to the Z form of poly [ (dG-
mndC) ] occured acoording to the intercalation process, the DN to dye

energy transfer was measured. It was shcwn before that such transfer can

occur only when the aramtic ring of the dye is directly in contact with

a base pair and therefore is intercalated (17, 26). If normlized

absorption and fluorescence excitatin spectra are ccpared, they nust

superpose in the absence of energy transfer. If energy transfer from the

3778



Nucleic Acids Research

I.F

2.0

+ o4o+++
0+ 0OOOO+4.4+

1.5 °

0.5 t

24 0 260 280 300 320 340 X

Figure 3 Conparison of the corre and nonralized fluorescence exci-
tation spectra of ethidiun dimer bound to poly[ (dG-m5dC)] in Z
and B buffer with the nornalized absorption spectrmz of
ethidium dimer bound to poly[ (dGmM5) . [b record the
absorption spectran, the EthDi DNA ccaplex solutiLon (EthDi 0.5
x 10-5 M, poly[(dG-m5dC)] 1.6xl0-4 M in nucleotide) was read
against a solution containing the same concentration of
poly[ (dG-m5dC)] in B or Z buffer. All absorbances were then
divided by the absorbance measured at X = 310 nm.
TIhe excitation spectra were recorded on solutions containing
0.5 10-6 M Eth)i and 3x10-5 M of the corresponding polymer.
After correction, all data were divided by the value measured
at 310 rn. Emission was at 610 m.

absorption spectra +--+and0- o fluorescence exci-
tation spectra in B and Z buffer respectively.

base pair to the dye occurs, the apparent quantun yield of fluorescence of

the bound dye increases in the DNA absorpticn region (17, 26). In figure
3, it can be seen that the normlized and Corrected fluorescence
excitation spectra of EtbDi bound to poly[ (dG-m5dC)] in Z and B buffer

cannot be distingished fran the corresponding normalized absorption
spectra at wavelength greater than 300 m. Contrastingly, belw 300 rim, in

the DNA absorption region, the apparent quantun yield of the dye is

increased snilarly whether the dye is bound to the Z or B form of the

polymer. The worresp ing fluorescence excitaticn spectra are very

similar. At 260 m, the fluorescence quantun yield of the bound dye is

increased by a factor of 3 as conpared to the visible region. This
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factor is close to the value reported for EthDi bound to DNA or t-RNA

(26). It can then be concluded that the dye intercalates in the Z or B

form of the methylated polymer in a similar way.

The C) results, together with the binding data of the dyes to poly

[(dG-dC)] and poly [ (dG-m5dC)] in the presence or absence of bi4++ and the

energy transfer neasurements allcw the follcwing conclusions to be dramn.

EtIBr can apparently bind to Z DNA, but the association constant is nuch

smaller than the corresponding constant for B DNA. Interestingly, EttBr
was found to bind to the Z form of poly[ (dG-dC)] in MgCl2 ethanol buffer

with a binding constant also much snaller than the corresponding value for

the B form (24). The Z - B transition is in&iced when a relatively lw

number of Et1Br moleales are bound. EtlDi can bind alrrost as strongly to

poly[ (dG-m5dC)] in either B or Z form. The Z + B transition does not

ocacr until the dye begins to bind according to the monointercalating node

when the polymer is albist saturated (27, 28). The sare conclusion was

also reached when the effect of EthBr and EthDi on the precipitation of

poly[ (dG-m5dC)] by Z specific antibodies was studied (29). It was observed

that, whereas Et1Br suppresses the imnuno-precipitation of the polymer in
Z form at lcw binding density, EthDi was without effect, even at high
birding density. Shafer et al. (25) also reported that the bis
(methidiun) spenrine dimer was able to bind and intercalate to the Z fonn
of poly(dG-dC) at high ionic strength.

II) H-D exchange kinetics of ethidiun dimer bound to poly (dG- m5dC)
in B and Z form.

After mixing with deuterated water, the rate of exchange of the

ligand protons, kexl is given by the follwing equation (2,30)

k1 kf + kb (k1[DNA]+ kf)

ex

1 + k1 [DNA] + kf
with kl, k_1 being the on-rate and off-rate constants relative to the DNk
ligand equilibriun respectively, kb and kf being the exchange rate of the

ligand fran the bound and free state, respectively, and [DNA] the free DNA

ncentration.
When the ionic strength is lcw enough to keep the binding affinity

high and DE is in excess

k1 [DNA] >> k_
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Figure 4 Typical fluorescence signal for the H-D exchange reacticn of
EtbDi bound to poly[ (dG-m5dC)] in Z buffer and B buffer
(inset). The dots represent the experimental detenrnaticns.
The contimis line is the best fit for a tw e :onential
process. (EtWDi 1.8x1-M, poly[ (dG-m5dC)] 1. 8xl0-M in
nucleotide).

Ejuation [1] then reduces to

kx=kb+ kf +klfF,N[2
The second term of equaticn [2] acccunts for the exchange process via

the free dye. It was found negligible relative to kb for DNA-EthDi

ccmplexes in buffer containing less than 1.0 M NaCl (2), where the EtbDi
binding constant reains high enough. In this case:

k = kb [3]

The rate of H-D exdcange of EthDi bound to the Z or B form of poly [(dG-
m5dC)] has been measured by stxpped flcw using fluorescence detection.

Typical records are shcn in figure 4. It is clear that the EthDi exchange
which can be analysed according to a two e ential process is nuch

slcier for the Z form than for the B form of poly[ (dG-m5dC) ]. As a

control, the exchange rates were neasured for poly[ (dG-dC)] in the pre-

sence or absence of Mg++ in the same buffers. As sban in table 2, the

presence of Mg++has no effect on the exchange process in this case.

III) H-D exchange kinetics of ethidimn diner bound to tIA.

The exchange behavior of EthDi bound to yeast tRNAPheand E.coli
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Table 2 Relaxation tins (s. ) for the H-D exchange
nucleiFacids of different structures.

of EthDi bcond to

rIex, r2ex are the relaxation times corresponding to the fast and slw
phase of the exchange respectively. T ex is the mean relaxation ti
ccmputed acoording to Scmarz (36). Calf thymus (C.T.) DNA,, poly(dA-,d),
poly(dA). poly(dT), poly(A).poly(U) were in B buffer. tRNA was in the same
buffer as in figure 3.

fMet

tRNA was investigated. As for DNA, the exchange is well acounted for

by a two eo ial process. Hoever the exchange rates are significantly

slwer (table 2). The activation energies dedaced fran the variaticn of

the exchange rates with teQperatures between 10°C and 40°C are given in

table 3.

TIhe effect of catalyst concentration (imidazole) on the exchange rate

is shown on figure 5. The slcw and fast exchange phases are nuch less

d nt on catalyst concentration than in the case of the DNA ccazplex

3782

Polymer T1ex T2ex ex

Poly(dG-n5dC)
Z buffer 0.73 6.9 1.5

Poly(dG-mn5dr)
B buffer 0.17 0.83 0.27

Poly(dG- )
Z buffer 0.05 0.60 0.13

Poly(dG-dC)
B buffer 0.05 0.55 0.14

C.T. DU& 0.13 1.08 0.28

Poly(dk-dr) 0.17 0.86 0.32

Poly(dA).poly(dr) 0.36 1.3 0.63

Poly(A).poly(U) 0.72 7.4 2.1

Yeast tRNPheYattRNA 0.16 1.65 0.50
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Table 3: Activaticn energies (Kcal/nl) of 1e H-D exchange reaction of
EthDi to calf thymas (C.T.) DNA and tRMNe

Fast process Slcw process

C.T. EA 4.5 13

tRNN(Phe) 4.0 15

The value of C.T. DNA hydrogen exchange was funnd to be 15.7 Kcal/mol
(33). DE was in B buffer and tRti buffer was the sawe as in Figure 3.

(2). The catalyst effect on the exchange kinetics of DNA bound EtWDi has

been interpreted according to the well known scheme prcposed to accoLnt
for exchange kinetics of DNA protons (1).

ko kH[C ]
Closed + Open + exchanged

kcl
The exchange can take place only in the cpen state when EthDi amino

grcups are accessible to solvent. In the cpen state, the exchange rate

constant is kCH[C], [C] being the catalyst concentration. k and kclis
the cpening and closing rate respectively. According to this schem, the

Figure 5 : Variations of the EtLDi
Isec-1] tRNA bound rates of exchange with
.Sec-1] catalyst (imidazole) concentraticn

for the fast k1ex (upper) and slcw k2ex
.0[. rate (lEwer).fM@t

10~ ~ ~ ~ U tRNA tR,
Buffer was 5 mM Na phosphate,

5 *pH 7.0, 2 t4M MgC12. NCl was added
to keep icnic strength equal to
0.125 M as imidazole ccncentration
was varied. tRNA is 3.7 x 10-6 M and2e, EtNDi is 1.5 x 10-6 M.
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k2x kIex Figure 6: Exchange rate of EtWDi in
[sec- sec-1] the presence of a mixture of poly (A)

and poly(U) as a function of the
0.15 percentage of poly(A). k1ex and k2ex

S. P are the exchange rates corresponding
L ? . ! to the fast and slocw phase
.t\* respectively. Total nucleotide

0.10 * \ 2 concentration is kept constant
0; (104 M). EthDi is 10-6 M. Buffer is

0.35 M NaCl, 0.05 M Tris HC1, jEI 7.4.
1

m 25 50 75 100
POLY A 96

exchange rate constant is calculated (1)

k x k42C]

k = [4]ex
kCl + k4kC]

At high catalyst concentration kex - k

Therefore, in the case of EthDi tRNA carplexes, the kOP values for the

slw and fast exchange phases, 0.6 and 13 sec respectively, can be car-
pared to the corresponding values measured for EthDi ccuplexed to DNA;
4 and 33 sec. Equation [4] sbows that a decreased dependence of k withex
catalyst concentration corresponds to a smaller value of kCl. Therefore
these results suggest that both k and kCl are significantly analler

for EthDi bound to tRSk than for EthDi bound to DN.

IV) H-D exchane kinetics of EthDi in the presece of poly (A).
poly (U) and poly (A). 2 poly (U).

Mixtures of poly(A) and poly(U) were prepared so that the total

nucleotide concentration renained constant, but that the prcporticns of

poly(A) to poly(U) were varied. EtbDi was added at such concentration
that there was less than 1 EthDi moleclle per 100 nucleotides and the H-

D exchange of EthDi was followed. Ihe results are shown in figure 6.
It has been previaosly shcwn that EthDi did not bind to single

stranded polynucleotides such as poly(A) and poly(U) (31). The presence
of single stranded polymer in the mixture cannot interfere therefore
with the H-D exchange measurennt. It was also shon that EtbBr does not
bind to poly(A).2 poly(U) (32). With EthDi, binding measurents
(results not shawn) suggest that this dye displaces the poly(U) strand
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fran the triple stranded structure to bind to the daoble stranded

poly (A) .poly (U). At the lw dye/nucleotide ratio used in the H-D

exchange jreasuranents it is likely that EtbDi is bound to the daoble
stranded regions. This would mean that the presence of triple stranded

structure at the ccntact of daoble strands is able to accelerate the

exchange of EthDi bcund to the daoble stranded regions. In triple
strand regions, the protons involved in Hoogsteen base pairing
exchange faster than those involved in Watson Crick pairing (12).

DISCLSSICti

EtbBr elicits a clear preference for the B form of the polymer and

indices the Z + B transition at a relatively 1w value of the ratio
bound dye/base-pair. Interestingly, it seems that adriamycin also indices
the Z + B transiticn at a lw dye/base-pair ratio (33). EtWDi also binds
to the Z form of poly[ (dG-m5dC)]. It does not exhibit a clear preference
for the B form and consequently the Z + B transiticn is only observed at a

high dye/base-pair ratio which corresponds to the change in binding mode

fran bisintercalation to ironointercalation. In additicn the fluorescence

prcperties of EthOi are very similar when the dye is banud to the Z or to

the B form of the polymer. Energy transfer exiperiments suggest that its
binding occurs also by intercalation. Therefore EtbDi cacld represent an

useful fluorescence probe for the stiuy of both the Z and B form of DNA.

The structural dynanic fluctuations of EthDi baLnd to Z or B DNA coald
then be ccapared. The H-D exchange kinetics of band EthDi is five times
slwer cn the Z form than on the B form of poly[ (dG-m5dC)]. However the

addition of Mg++ necessary to stabilize the Z form ccald have caused an

increase of the dissociaticn rate of the EthDi poly[ (dG-m5dC) ] cxrplex. If

the duplex dissociation rate k..1 increases, the second term of equation 2

can then become larger than kb. Should this be the case, the exchange
would then reflect the rate of dissociation of the ccaplex and no longer
the dynamic fluctuation of the DNA-dye caplex. However, the similar
binding constants of EtlBr to poly[(dG-d)] in Z and B buffers (table 1)
excludes this possibility.

It was prposed that the hydrogen exchange behavior of the double

helix is controlled by the a nearaCe of !melted" apen regions of base

pairs which prcpagate up and dwn the helix as solitans (1). If this were

the case, it is expected that such a large fluctuation will also indice
the hydrogen exchange of a baond ligand when the fluctuation encoLmters
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Table 4: Coparison of srean exchange rate constants for EtNDi bound to
nucleic acid (masured at 25°C) and nucleic acid ino proton exchange
rate constants.

EtWDi bound Nucleic acid Pef.

to nucleic acid imino protons

k(s-1 ) 25°C k (s-1 ) 25°C (a)

B DA 4-7 5-6 (34)

poly(dA-dT) 3.1 4 (34)

t~A 2 1.5-5 (11)

poly(A).poly(U) 0.5 2 (11)

Z DNA 0.6 0.007 (b)

a) Vables reported in the literature have been obtained at variaos
tenperatures. In order to ocpare then, they have been standardized to
25°C assuming an activation energy of 16 Kcal/mol.
b) Rantein, J. (unpublished results).

the ligand on the helix. Acording to this n-del, a strong ccupling
beteen the hydrogen exchange behavior of DNA and of DNA bound ligands is

expected.

However, recent NMR studies (34) do not support such a model. They
rather favor the idea that DNA hydrogen exchange is limited by randn

opening of single base pairs. Such limited fluctuations at the level of a

base pair might still be sufficient to induce a structural fluctuaticn of

a neighboring ligand. Therefore, it is of interest to lcok for a

correlaticn betwseen the behavior of the two types of exchange at the level

of the nucleic acid and of the ligand.
The largest difference in the hydrogen exchange kinetics of two

different rNAs is between Z and B DNA (9). The Z DNA EtbDi cuplex
exchanges slwer than the B DNA ccmplex. But the difference is ialler
than that bebween B and Z DNA hydrogen exchange rates. As already dis-

cussed, this cannot result fran the increase of the EtWDi dissociaticn
rate in presence of Mg++. The differences between the hydrogen exchange
kinetics of other nucleic acids are not as large as those between Z and B

DNA. Still, significant variations are observed. In table 4, the rate

constants of hydrogen exchange reported in the literature for different
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nucleic acids are conpared to the H-D exchange rates measured for the

correspning EthDi ccnplexes. Altho4h the number of cases is snall, it

can be noted that the rates of exchange for the nucleic acid imino protcns

and the baond EthDi can be ranged in the same order. The results obtained

with poly(A). 2 poly(U) are also of interest. They cald suggest that the

dynamic prcerties of a cirplex could be altered at distance by a

telestability effect as already suggested (35). It is also notable that

the activation energies associated with the nucleic acid and the EtNDi

cTplex exchange rates are similar. It nust also be pointed out that it is

the H-D exchange of the EthDi amino protons which leads to the

fluorescernce variation. lherefore, the dynamic structural fluctuations

which are recorded by fluorescence could be mrore directly related to

fluctuations in the environeant of the EtDi amino groups. Such

fluctuations would more likely reflect the dynamic of the phosphate sugar

backbone than that of the base pairs.
It has recently been suggested (37) that transient base-pair

unstadcing is involved in the associaticn or the dissociation of an

intercalating drug fran DNA. Such a DNA structural fluctuation which is

acccapanied by a modificaticn of the phospate sugar baddxbne gecaetry
might also be involved in the exchange of the EthDi amino protons.

In conclusion, we think that the hypothesis of a correlation between

the processes leading to the dynamic structural fluctuation of nucleic

acids and nucleic acids bound ligands is wrthy of consideration.
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