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Abstract: The kinetics of substitution, by thiourea, of ethylenediamine (em,bNf-dimethylethylenediamine
(Mezen) coordinated to palladium(ll) in the complexes [PdR4bpy)(en)](Pk)2 (bpy = 2,2-bipyridine;

R = H or Me), [Pd(en)](PFs)2 and [Pd(Meen)](PFs)2 have been studied at 2%, pH 7 and various ionic
strength values, in the presence of calf thymus DNA. The rate of the reaction in water depends on ionic
strength, pH, and nucleophile concentration; at fixed pH and ionic strengthghealues are correlated to

the square of the thiourea concentration. This rate law is not altered by the presence of DNA, but the rate of
reaction is influenced, depending on the nature of ancillary ligard,,lbound to palladium. DNA inhibits

the substitution process whenr-L is bpy or 4,4-Me;bpy and catalyzes the same reaction whertlLLlis en or

Mesen. These opposite kinetic effects can be related to the noncovalent interactions of the various complexes
with the DNA double helix. Inhibition of the reactivity of the complexes [Pd@®R4bpy)(en)f+ is due to
protection of the reaction center from nucleophile attack by DNA. Acceleration of the reaction wHersL

en or Meen is related to the dependence of the rate of reaction on pH. If, due to the higher activity of water
under the electric field of phosphate groups, hydronium ion concentration on DNA surface is higher than in
the bulk solution, the enzyme-like dependence of the rate of reaction on [DNA] is due to progressive
accumulation of the complexes around the double helix. Regardless of the complexes’ nature, the rate constant
values obtained in DNA at pH 7 correspond to values determined in water at pH 5. This pH value on the DNA
surface, lower by about two units with respect to the bulk solution, is in good agreement with theoretical
predictions. Acceleration of ethylenediamine substitution has been observed for all of the complexes studied
in the presence of sodium polyvinylsulfonate.

Introduction to mediate electron transfer (photoinduced) between metal

Host-guest interactions in supramolecular systems alter somecOMPIexes and to catalyze or inhibit reactions of small

of the relevant guest's chemical properties. The most significant Molecules such as diol epoxideand simple coordination
example is the substratenzymé interaction that can easily ~compounds. These kinetic effects have been attributed to
enhance the reactivity of the former by a billion times. In noncovalent interactions with the double helix. Duplex DNA
principle, however, any supramolecular interaction modifies the ¢an interact with small molecules in a variety of mdtigsat
chemical properties of both partners with resulting kinetic
effects. In the presence of micellar aggregatespolyelectro- (5) (@) Arkin, M. R.; Stemp, E. D. A; Turro, C.; Turro, N. J.; Barton, J.
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Inclusion o .e guest wi |n. € Ccycloaextrin cavity. ) J. Am. Chem. Sod.987 109 2108-2111.
Double-helical DNA also influences the rate of chemical (7) (a) Pasternack, R. F.; Gibbs, E. J.; Santucci R.; Shaertel, S.; Ellinas,

reactions occurring within its domain; DNA has been reported P.; Sah, S. CChem. Communl987 1771-1774. (b) Cusumano, M.; Di
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range from simple electrostatic binding to intercalafi@ntype Fitting to kinetic equations was performed using a Quantum Soft
of interaction in which the guest molecule is rigidly held proFit 5.1.2 program.

between two adjacent nucleobases. Therefore, DNA can either

cause partitioning effects and exert major steric and electronic Results

mfluenpes on small molecules mteractmg W'th It . The complexes follow Beer’s law and their absorption spectra
In this paper, we present an example in which the reactivity 44 not change with hydronium ion concentration over a large

of a series of closely related substances can either be enhancegH range (2-10). Substitution of en, or Men, by thiourea

or inhibited depending on the type and extent of interaction with .« s according to the general schéme: '

double-helical DNA. In particular, we report a kinetic study of
the substitution of ethylenediamine (en) MjN'-dimethyleth-
ylenediamine (Mgen) by thiourea in the palladium(ll) com-
plexes [Pd(4,4R.bpy)(en)](Pk)2 (R = H or Me), [Pd(en)]-
(PFs)2, and [Pd(Meen)](PFs)2, in water and in the presence of
calf thymus DNA. The kinetics have been followed in water at _
25 °C, variable pH, and variable ionic strength, or in the (L—L = bpy, 4,4-Mezbpy or en). The process, which takes
presence of DNA at 28C, pH 7, and variable ionic strength. place in one observable step, can be easily monitored spectro-
The rate of substitution of en has also been determined at 25Photometrically in the U¥-vis region. The rate of reaction
°C, pH 7, and 0.022 M ionic strength in the presence of sodium depends on ionic strength, pH, and thiourea concentration.

[Pd(L—L)(en)*" + 2 tu— [Pd(L—L)(tu),]*" + en (1)
[Pd(Meen),]*" + 2 tu— [Pd(Meen)(tu)]*" + Me,en (2)

polyvinylsulfonate (PVS). Keeping both ionic strength and pH constant, under pseudo-
first-order conditions with respect to the complex, the rate of
Experimental Section reaction is related to thiourea concentration according to eq 3:
Materials. (i) Complexes.The complexes [Pd(4&R-bpy)(en)](P _ 2
@ p p [Pd(4R:bpy)(en)](Pk). Kypeq= KItU] 3)

(R=H or Me), [Pd(em)](PFs). and [Pd(Megen)](PFs). were prepared
as described in the literatdfeor by similar methods. The substances

were characterized by elemental analysis #idNMR. A good linear trend with small intercept, over the whole
(i) DNA. Calf thymus DNA was purchased from Sigma Chemical concentration range investigated, is obtained on plotting the
Co. and purified as previously describédDNA concentration, kobsa Values against the square of the thiourea concentration

expressed in base pairs, was calculated spectrophotometrically usingFigure 1).

2 -1 —1 . . . .
an ezgo M valué O_f 1.31x 10°M cm = Dependence on ionic strength is unexpected on the basis of
Alcglrl'l)hp\ﬁ{ Prz'yl\"ny:sflfon‘f’“ﬁt (S(f’dt'ﬁm S‘r’}lt)mwras p“rdChr"?‘S‘aéj ;:Or': reaction stoichiometry; reporting tHepsq values, obtained at
Ich. “he molecular weight of fhe polymer, as derved from gy aq pH and thiourea concentration, versus ionic strength,

viscosimetric measurements, was about 80* (~450 residues). . " L 1o
(NH2),CS, NaCl, and other chemicals were of reagent grade and according to the Brgnstedijerrum—Christiansen equatiol:

were used without further purification.
Methods. All experiments were carried out at 28, controlled pH 1.02122\/T
in a phosphate buffer ([K#PQOy)/[NazHPQy]) with enough NaCl to give l0g Kopsg= 109 kg + ———— (4)
the desired ionic strength. 1+ ‘/T
pH was measured with a Radiometer PHM 62. ) )
Absorption spectra were recorded using a Lambda 5 Perkin-Elmer (Kobsais the observed rate constakg;is the rate constant for
spectrophotometer. infinite dilution; z andz are the charges of the two reactants)
H NMR spectra were recorded on a Bruker ARX-300 spectrometer. linear plots are obtained whose slopes are very close to the value
Kinetics. The kinetics of ligand substitution, by thiourea, in the Of 2 (see inset of Figure 1).
reported complexes was followed spectrophotometrically, in the range  In addition, at given ionic strength and thiourea concentration
300-400 nm, at 25°C. In all cases at least a 10-fold excess of the rate of reaction increases on increasingdH tending to
nucleophile was used to provide pseudo-first-order conditions and to g |imiting value (Figure 2).

force the reaction to completion. A Perkin-Elmer Lambda 5 spectro- A possible mechanism for the reactions, which accounts
photometer equipped with a SFA-11 HI-TECH stopped-flow accessory satisfactorily for the dependence of the observed rate constants

was used to monitor the processes. The two syringes of stopped-flow " . . L .
contained respectively the complex and the nucleophile or the mixture _On [H0™], thiourea concentration, and ionic strength, is shown

nucleophile-DNA. The ionic strength (NaCl) and the pH (phosphate 1N Scheme 1.

buffer) of both solutions were the same. The absorbance changes were This scheme is similar to those generally accepted for
displayed on a computer interfaced with the spectrophotometer, and displacement of chelate groups from square-planar compléxes.
pseudo-first-order rate constarkssqwere obtained from a nonlinear |t is assumed that displacement of the second nitrogen atom
least-squares fit of the experimental datate= A. + (Ao — As) exp- occurs only after protonation at the free site of ethylenediamine;
(—kobsd), WhereA, A, andkonsswere the parameters to be optimized  the direct displacement of the unprotonated intermediate, by a
(Ao = absorbance after mixing of the reagems, = absorbance at  goc4n thiourea molecule, has been ruled out on the basis that
completion of reaction). Thi&psq values were reproducible to better the observed rate constants tend to zero as the hydronium ion

0,

than£:5%. concentration decreases. Also, the customary solvolytic}gath,

(9) Neidle S.DNA Structure and RecognitioRickwood, D.; Male D., whose contribution to overall rate is undetectable, has not been
Eds.; Oxford University Press Inc.: New York, 1994.

(10) (a) Drew, H. D. K.; Pinkard, F. W.; Preston, G. H.; Wardlaw, W. (13) Frost, A. A.; Pearson, R. &inetics and Mechanismsohn Wiley
J. Chem Socl1932 1895-1909. (b) Morgan, G. T.; Burstall, F. H. Chem. and Sons: New York, 1961; Chapter 7.
Soc.1934 965-971. (c) Erickson L. EJ. Am. Chem. So02969 91, 6284 (14) (a) Annibale, G.; Cattalini, L.; EI-Awady, A. A.; Natile, G@. Chem.
6290. Soc., Dalton Transl974 802-807. (b) Annibale, G.; Cattalini, L.; Natile,

(11) Pasternack, R. F.; Gibbs, E. J.; Villafranca Bidchemistryl983 G. J. Chem. Soc., Dalton Trand975 188-193. (c) Pearson, R. G.;
22, 2406-2414. Johnson, D. AJ. Am. Chem. Sod.964 86, 3983-3989.

(12) Wells, R. D.; Larson, J. E.; Grant, R. C.; Shortle, B. E.; Cantor, C. (15) Basolo, F.; Pearson, R. @echanisms of Inorganic Reactiqrd®hn
R. J. Mol. Biol. 197Q 54, 465-497. Wiley: New York, 1968; Chapter 5.



1916 J. Am. Chem. Soc., Vol. 123, No. 9, 2001 Cusumano et al.

[Pd(en,)]** [PA(N,N'-Me,en), |2+
0.03 - 20 0.004 - 24
-3
2 22 § 2.6
[}
& 2.4 [}
2 L. 9 1027 - 28 1.02J7
- 2= 1T ~ 00037 o 1ol
@ 0.02 2.8 1 T T T 1 Itn -3.01 —T T 1
_3 . - 0.1 0.2 03 0.4
2 2 00021 e
N N
0.01 1 °
0.001 -
0.00 — T T T T T T 1 0.000 T T T T v T T T 1
0.00 0.05 0.10 0.15 0.20 000 001 002 003 004 005
[tu}2, m2 [tu]2, M2
[Pd(bpy)(en)]** [Pd(4.4'-Me,bpy)(en)|>*
q 0.100 1
0249 g ) W
©
;g 10 _§-1,s
2 s 10247 S s 10247
. o’ &t IR/ - 00757 o 1+
b b . .
E 0.12 - £ 0.050
2 2
0.06 0.025

0.00 — T 77— T 1 0.000 — T T T T
0.00 0.01 0.02 0.03 0.04 0.05 0.00 0.01 0.02 0.03 0.04 0.05

[tu]2, M2 [tu]2, M2

Figure 1. Plot of kopsa VS [tu]? for reaction of the complexes with thiourea in water at°25 pH 7, and 0.022 M ionic strength. Inset shows the
dependence of rate constants on ionic strength for the same systems.

included in the scheme. From Scheme 1 eq 5 may be deduced, [Pd(eny) |+ (PA(N,N-Mesen), |+
005 7 0015
C KKKGHt)? Lo . .
bsd + (5) |3 ~ 0.010
1+ [tu]l(K; + K,K,H™) § 0027 §
3
0.02 1
where: ] 0.005 1
0.01 4
[lnt 1] (6) ooo- — T T 0.000 . . —
- © 2 4 8 8 0 2 4 8 8
! [Complex][tu] 108 [H30°], M 108 [H30*], M
[Int. 2]
2= T (7) [Pd(bpy)(enm)]2* [Pd(4.4'-Mesbpy)(en) 2+
[Int. 1][H ] 047 . 0159
This equation is similar to the empirical expression 3. Even 7, o+ 7]
using a large thiourea concentration we could not detect ﬁ goog-
intermediatel, suggesting thak; is very small. Under our 2 027 2
o oy e . 0.06 -
experimental conditions of low acidity, the denominator can ] ]
be reasonably approximated as unity. 7 003 ]
The curves shown in Figure 2 were calculated according to v oo )
eq 5 using an estimated value farobtained from the limiting o J 2 : 4 o 1 2 3 .
kobsa Values. 1081501, M 109 H50°1, M

Rate law 3 also holds in the presence of calf thymus DNA, Figure 2. Effect of [H;O"] on kspsqfor reaction of the complexes with
suggesting that the substitution mechanism is the same as irthiourea in water at 28C and 0.022 M ionic strength.
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Figure 3. Influence of DNA onkgssq fOr reaction of the complexes
with thiourea at 25C, pH 7 at different ionic strength value®, | =
0.0055 M;®@, | = 0.022 M; A, | = 0.066 M;a, 1 =0.12 M;0, | =
0.22 M.

[Pd(4,4-R.bpy)(en)F" (R = H or Me) with thiourea at 25C, pH 7,
and 0.022 M ionic strength.

Discussion

Rate effects reported in this paper are dependent on the
binding mode of the complexes with DNA. While catalysis is
observed for [Pd(eg)?" and [Pd(Meen)]?" which bind
superficially either simply electrostatically or in the grod¥e,
the reaction of [Pd(4,4R;bpy)(en)f" (R = H or Me), which
intercalaté’ into the base pairs, is inhibited.

Acceleration of ethylenediamine substitution, by DNA, ap-
pears to be related to the pH dependence of the rate of reaction.
The catalytic effect of DNA increases, in fact, on increasing
pH dependence of the various reactions in water. Both the
sensitivity of kopsq to HsO™ and to DNA are higher for [Pd-

water; however, DNA induces opposite changes in the rate of (enp]?" than for [Pd(Meen)}]?" (Figures 2 and 3). The apparent
the reactions. Using the same experimental conditions, while change in the rate constant for en substitution with respect to

the substitution of ethylenediamine in [Pd(4Rbbpy)(en)f™
is inhibited, the same reaction in [Pd(gR} and [Pd(Meen)]?"
is accelerated.
In Figure 3, thekypsqvalues, at fixed ionic strength and at a
given [H;O™] and thiourea concentration, are plotted versus

the same reaction, in the absence of DNA, could result from a
change in the hydronium ion local concentration. Various
researchet8 have proposed that the effectivigof local water
molecules around the DNA surface is increased by the large
negative electrostatic potential generated by the phosphate

[DNA]. There is a systematic decrease of the rate constants ford"0UPS 0f DNA, so that the hydronium ion concentration is

the complexes [Pd(44R:bpy)(en)f™ on increasing DNA

igher than in the bulk solution. Lamm and Pa&&knapping

concentration until a limiting value is reached. Conversely, the outthe _hydronlum concentration in the vicinity of DNA' within
rate constantskopsa for [Pd(eny]2* and [Pd(Meeny]?", ob- the PmssoaBoItzmgnn approximation, have estlmgted pH
tained under the same experimental conditions, increase Onvalues aPOUt 2 units lower than in the bulk sqlutlon. The
increasing [DNA] exhibiting saturation enzyme-like dependence of the rate of the reactions on DNA
DNA also changes the ionic strenéth dependence of the concentration observed can be, therefore, related to partitioning

) o of the cationic complexes in the solution; on increasing [DNA],
reactions. While in water the rate constants for the Complexesincreasing amounts of the complexes move from the bulk
[Pd(en)]?* and [Pd(Meen)]*" increase on increasing ionic  go|ytion to the double-helical domain where the pH is lower
strength; however, when DNA is present, it strongly decreases. g the reaction faster. Limiting rate values are reached when

In addition, both the sensitivity to the DNA-catalyzing effect he complexes are totally distributed around DNA. The limiting
and the limiting rate value decrease as the ionic strength is

raised. For the complex [Pd(4;R:bpy)(en)}", both the rate
constant in water and that in DNA increase on increasing ionic
strength, and the inhibiting effect increases also.

(16) Franklin, C. A.; Fry, J. V.; Grant Collins, Jnorg. Chem 1996
35, 7541-7545.

(17) (a) Lippard, S. JAcc. Chem. Resl978 11, 211-217. (b)
Cusumano, M.; Giannetto, A. Inorg. Biochem1997, 65, 137—-144.

; ; ; ; _ (18) (a) Hartley, G. S.; Roe, J. Wrans. Faraday Sac194Q 36, 101—
The reactions have been studied also in polyvinylsul 108, (b) Fernandez, M. S.- Fromherz 1 Phys. Chem1977 81, 1755-

fonate at pH 7 and 0.022 M ionic strength. Also this polyanion 1761 (c) Lukak, SJ. Phys. Cheml983 87, 5045-5050. (d) Hartland, G.
affects the rate of ethylenediamine substitution. However, only H.; Grieser, F.; White, L. RJ. Chem. Soc., Faraday Trank987, 83, 591
catalysis is observed for all of the complexes studied, including 613:

. . L . (19) (a) Lamm, G.; Pack, G. FRroc. Natl. Acad. Sci. U.S.A99Q 87,
[Pd(4,4-szpy)(en)f+, saturation kinetics are reported in  9033-9036. (b) Lamm, G.; Wong, L.; Pack, G. R.Am. Chem. S04996
Figure 4. 18, 3325-3331.
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values relative to solution buffered at pH 7 are comparable, equilibrium between the complex intercalated and the complex
both for [Pd(enj]?" and [Pd(Meen)]?", to those obtained in  in proximity of the double helix:

the absence of DNA at a pH close to 5. Such a value for the

region around DNA, at 0.022 M ionic strength, is in good K int
agreement with the theoretical prediction of Lamm.

The situation is more complicated for the intercalating
complexes [Pd(4,4R;bpy)(en)f". Ligand substitution at pal-  Equilibria among the intermediates present in the three environ-
ladium(Il) tetracoordinated complexes is an associative processments have been neglected for simplicity. The rate law for such
that occurs by attack of the nucleophile, at the metal, above ora scheme is:
below the square plane. The nucleobases, in which a complex
is sandwiched, shield the reaction center, preventing entry of

Ky =
0
KB,surf

(8)

a+ b[DNA]

the nucleophile. This steric protection leads to inhibition of the Kabsd 1+ c[DNA] +d ©)
substitution proces®:2°Only the free portion of the complex

can react; as experimentally observed at large [DNA] and low Where:

ionic strength, when the substance is almost totally intercalated, P

the reaction can be hardly observed. For the complexes [Pd- a =Ky o Kq Ko W[tul TH, ] (10)

(4,4-Robpy)(en)f" the increase in rate of substitution due to -

local pH influence is counterbalanced by the inhibition of the b= Ky ;1K1 ;12 ine intU] THpnal +

same process as a consequence of intercalation. Probably K tuldH: 11
because of their strong intercalating abifi®y,large amounts 1surkLsuf€z sufe sk U] THowal (11)
of the complexes partitioned in DNA domain are intercalated, . _ _ K

and the observed DNA overall effect is of inhibition. The larger €= K sur + Kajne + [tu]EKl’S“”KB’SU’f—F Kl""tKB""i—F
inhibiting effect for [Pd(4,4Me,bpy)(en)f* reflects its higher K suf2,sug surl Honal T Ky inKz ine indHonal) (12)
affinity for DNA with respect to that of [Pd(bpy)(er).

However, in principle, for weak intercalators increase in the d = [tu](Ky ,, + Ky Ko oHi])
rate of en substitution could prevail, and catalysis could be ' o
observed. A reaction scheme that reasonably accounts for theAt constant [H] and [tu], a, b, ¢, andd are constants. In the

(13)

experimental findings is outlined in Scheme 2.

The scheme implies distribution of the complex between the

bulk solution (“w”) and DNA domain; in the latter region the
complex is further partitioned between DNA core (“int”

intercalated) and external DNA region (“surf” externally bound).
The complex localized in the three environments reacts with
thiourea, according to the mechanism already proposed in water.

Kiw Kisus Kiinte Kow Kosurt @nd Ko ine are the equilibrium
constants for the formation of the intermediatésand 2
respectively in the bulk solution, DNA surface and DNA core.
Kg.surt and Kg int are the binding constants of the complex on
DNA surface and within nucleobaseky is relative to the

(20) (a) Cusumano, M.; Di Pietro, M. L.; Giannetto, A.; Nicplb.;
Rotondo, Elnorg. Chem1998 37, 563-568. (b) Cusumano, M.; Di Pietro,
M. L.; Giannetto, A.Inorg. Chem.1999 38, 1754-1758.

absence of DNA eq 9 is equivalent to eq 5:

a

Kobsd™= 1+d (14)

At large [DNA] values, wherb[DNA] > a andc[DNA] > (1

+ d), kopsqa becomes independent of DNA concentration:

Kobsd™= g (15)

The kopsg Value can either be lower or higher than the
corresponding value in the absence of DNA and, consequently,
both inhibition and catalysis can be observed. A detailed analysis
of the ratiob/c is difficult due to the complexity of these terms.
However, some considerations can be made.
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For nonintercalating complexes: strength. Catalysis reduces the inhibition effect which intercala-
- tion alone would produce. If the catalytic effect is more sensitive
b Ky surf1 surf2 surdtUl THpnal (16) to ionic strength than the inhibition effect, the decrease in rate
P T due to intercalation is compensated more effectively at lower
¢ 1+ [tu](Kl,surf+ Kl,surKZ,sur{H DNA])

ionic strength.

Catalysis by DNA has already been reported for some diol
epoxide hydrolyssand adenine base alkylation by cyclopro-
pylpyrrolindoles?® Here, however, unlike for our complexes
where intercalation causes inhibition, this type of interaction
leads to an increase in the rate of reaction. The reason for this

[HBLNA] > [H +] has been attributed to the catalytic effect of hydronium ion on
W the reactions. According to computational stud#&¥,pH in
For intercalating complexes a similar expression can be DNA minor groove where the compounds intercalate is much

As the rate and equilibrium constant values on DNA surface
should be the same as those in the bulk solutio,differs
from a/(1 + d) only by hydrogen concentration (see equation).
As a consequence, to observe catalysis:

obtained?! lower than in the bulk solution.
The catalytic effect is not exclusive of DNA; hydrolysis of
Kk tuldH = benzop]pyrenecis-7,8-diol 9,10-epoxide has been repofted
tE) = 1sutssu2 sud W THonal (17) to be catalyzed both by double-helical DNA and single-stranded
1+ [tul(K +K Ht + B,int poly(G) and poly(A) nucleic acids. The data reported in this
(U)K st F Ky surkz,sul Honal) K sur work show that acceleration of ethylenediamine substitution is
observed also in the presence of the sodium polyvinylsulfonate.
Here, however, due to the presence of the teign = The catalytic effect is exerted also on the bipyridine complexes

K in/Ke sur, b/C is largely variable as a function of intercalating  whose reactivity is inhibited by double-helical DNA (Figure
avidity of the substance. When the intercalating constant is very 4). Polyvinylsulfonate has a single-stranded, random-coil struc-
small, b/c may be still larger than the corresponding value in ture? the presence of negative charges at fixed distances

water, and catalysis still occurs. However, Kb, is large  produces a large negative electrostatic potential at its surface
enough, as it happens for the complexes studied, inhibition is which may well decrease the<p of local water molecules.
observed. In conclusion, DNA accelerates acid-catalyzed ligand sub-

The curves shown in Figure 3 were obtained by fitting the stitution of square-planar complexes. If the complexes intercalate
experimental data according to eq 9. An initial approximation into the double helix, the increase in rate is more or less
for a andd was obtained using the paramet&fs, Kiw, and counterbalanced by the steric inhibition due to shielding of the
Kzw previously derived from the fitting of eq 5. metal by the nucleobases. The overall kinetic effect depends

Dependence of the rate of reactions on the ionic strength is on the relative distribution of the complex between the external
in agreement with the scheme proposed. Both catalysis andregion and the core of the DNA. Inhibition is peculiar of DNA
inhibition are a consequence of the interaction of the complexesbecause it originates from intercalation into DNA base pairs.
with DNA and occur within its domain. Due to competition for  Catalysis appears to be a more general phenomenon which

the anionic phosphate groups between the complexes and theccurs at negatively charged surfaces and results from a decrease
other cations present in solution, ionic strength destabffzes in local pH around polyanionic macromolecules.

noncovalent interactions between cationic species and DNA.

At higher ionic strength the number of complex cations around

DNA is lower, and so is the catalytic effect. Likewise, a lower

value of limiting rate and, therefore, of hydronium concentration  Supporting Information Available: Observed first-order

at higher ionic strength, could be due to less efficient competi- rate constants for reaction of the complexes with thiourea as a

tion of this species with the other cations. function of thiourea concentration, pH, and ionic strength (PDF).
Inhibition, as already reported for other systefhshould be This material is available free of charge via the Internet at

less effective at higher ionic strength. The composite nature of http://pubs.acs.org.

the kinetic effect caused by DNA on the intercalated complex

might account for the apparent increase of inhibition with ionic
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