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The nature of calf thymus DNA in aqueous
solution, in the presence of the organotin(IV)
species SnIVMe3, SnIVMe2 and SnIVMe, possibly
partly hydrolysed and/or hydrated, was investi-
gated by small-angle X-ray scattering (SAXS),
ultraviolet spectroscopy (UV) at different tem-
peratures and circular dichroism (CD). The
results are compared with those of previous
119Sn Mössbauer studies on condensed DNA
phases. The effects of tin–phosphate oxygen
bonding on the DNA melting profile in DNA–
SnIVMe systems are in agreement with previous
reports on DNA–Main Group metal ion inter-
actions. The structure and conformation of the
DNA double helix are not influenced by SnIVMen
species, even in experimental conditions near the
onset of DNA condensation. Gel electrophoresis
indicates that DNA is not degraded by SnIVMen;
the X-ray radii of gyration of the DNA cross-
section and its mass per unit length, determined
by SAXS from aqueous solutions, are constant
and independent of the nature and concentration
of the SnIVMen species present in the solutions.
The invariance of the interparticle distances in
solution at very low ionic strengths, in the
presence of increasing amounts of SnIVMen

compounds, even approaching DNA precipita-
tion, suggests that the condensation process
involves isolated DNA chains. Copyright
# 2000 John Wiley & Sons, Ltd.
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INTRODUCTION

The molecular basis of the biological activity of
organotin compounds is of interest (see, for
example, Ref. 1) because of their widespread use2

and subsequent release into the environment,3

where they interact with living organisms.4 Their
application as possible antitumor agents has also
been considered (e.g. Ref. 5)

In this context, the bonding and structure of the
tin environment have been investigated by119Sn
Mössbauer spectroscopy6–9 in a series of organo-
tin–deoxyribonucleic acid (DNA) condensates ob-
tained by addition of organotin halides in ethanol
solutions to aqueous DNA. DNA condensation is
mainly due to electrostatic interactions between
SnIVRn moieties (n = 1–3) and the phosphodiester
groups of DNA.6–10 SnR2(DNA phosphodiester)2
(R = Me, Et) and SnEt3(DNA phosphodiester)
stoichiometries have been determined in lyophi-
lized condensates by variable-temperature119Sn
Mössbauer spectroscopy.8 The existence of octa-
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hedralSnR2(H2O)2[O2P(OR')2], andtrigonal bipy-
ramidal SnR3(H2O)[O2P(OR')2] tin environments,
havebeenestablishedby point-chargemodellingof
the 119Sn Mössbauernuclear quadrupole split-
tings.7,8 Thesefindings indicate the existenceof
solid-state complexes of SnIVR2 and SnIVR3
moieties with mononucleotidesand phenylphos-
phates.11,12 Moreover,119Sn Mössbauerstudiesin
aqueoussolutionsat neutralpH (frozento 77.3K)
indicate that SnMe2(OH)2 and SnMe3(OH) are
coordinatedby phosphateand D-ribose 5-phos-
phate,13 while no interactionsoccurwith adenosine
3':5'-cyclic monophosphate,dimethylphosphinate
and DNA.13 Potentiometric studies in aqueous
solutions(pH� 6.5) gaveevidencefor the forma-
tion of 1:1 complexesbetweenSnMe3(H2O)2

� and
adenosine-or inosine-5'-monophosphates through
phosphateoxygens.14

The structureand polyelectrolytepropertiesof
DNA in aqueoussolution have been previously
investigated by SAXS, as a function of ionic
strength,DNA concentrationandtemperature.15,16

Thestructuralparameters,radiusof gyrationof the
cross-sectionand mass per unit length give
evidenceof thediameterof theDNA chains,which
behaveas long stiff rods, independentlyof ionic
strength,DNA concentrationandbiologicalsource.
It is also possible to obtain information on the
interparticledistances,from the interferencepeak
presentin the scatteringpattern of native DNA
solutionsat very low ionic strength.

Circular dichroism (CD) and UV absorption
spectroscopiesarewidelyemployedin thestructural
characterizationof nucleic acidsin solutions.17–19

Thermal denaturationof DNA, and the melting
temperature,Tm, as determinedby variable-tem-
perature UV spectroscopy,give indications on
binding sitesof metalsandorganometallicderiva-
tives in nucleic acids: binding to nitrogen bases
destabilizesthe double helix and decreasesTm,
while the reverseoccursin the caseof binding to
phosphodiestergroups.20–23 The effect of metal
bindingon theUV andCD spectraof nucleicacids,
poly- and mono-nucleotidesand nucleosides,has
beenreviewedrecently.24

Wereportresultsof anextensionof thesestudies
to representativeSnIVMe3, SnIVMe2 and SnIVMe
systemsinteractingwith DNA in aqueoussolution
usingsmall-angleX-ray scattering(SAXS), circu-
lar dichroismandvariable-temperatureUV spectro-
scopy, in order to investigate the influence of
methyltin(IV) chlorideson the secondarystructure
of DNA in its nativeform. In particular,theaim of
the following investigationsis to establishwhether

the binding mode of organotin(IV) to DNA,
detectedin the condensedphase,also occurs in
aqueoussolutions. For this purpose,the experi-
mentaltechniquesappliedhereareamongthemost
efficient to establishthe preferentialinteractionof
metalderivativeswith the inner or outerregionof
DNA, becausethey give complementaryinforma-
tion. In fact,eventualinteractionof cationicspecies
with the phosphate groups should leave the
secondarystructure and hence its chirality and
cross-sectiondiameterof DNA almostunchanged;
at the sametime the melting temperatureshould
increase, because of the stabilization of the
electrostatic repulsion between the negatively
chargedphosphategroups.In contrast,the inter-
action with the nitrogen basesshould producea
changein DNA helicity, a decreasein thediameter
of the cross-sectiondue to the axial elongationof
the doublehelix, detectableby changesin the CD
spectrumand possibly in the SAXS data, and a
destabilizationof the secondarystructureaccom-
paniedby a decreaseof the melting temperature.
Moreover, information about the interparticle
distancesobtainedby SAXS givesinsight into the
mechanismof DNA condensationby meansof the
organotin(IV)compounds.

EXPERIMENTAL

Materials and methods

Calf thymus DNA, M � 106, was from Serva
Feinbiochemica(Heidelberg,Germany);SnMeCl3,
SnMe2Cl2 and SnMe3Cl were from Aldrich Italia
(Milan, Italy) and Tris–HCl was from Sigma(St.
Louis,MO, USA); otherreagentsandsolventswere
from C. Erba (Milan, Italy). The purity of the
commercialorganotin(IV)compoundswaschecked
by their melting points; SnMe2Cl2 and SnMe3Cl
were recrystallizedfrom benzeneand light petro-
leum respectively.8,9,24

DNA was resuspendedin 1 mmol dmÿ3 tris-
(hydroxymethyl)aminomethane(Tris), pH 7.5,and
dialysed,for at leastsix hours,againsta solution
containing 5 mmol dmÿ3 ethylenediamine-
N,N,N',N'-tetra-acetate disodium salt (Na2H2
EDTA) and the appropriatebuffer, at pH 7.5, and
five changesof theappropriatebuffer.Thedialysis
bag (Visking, Prodotti Gianni, Milan, Italy; M
cutoff 12000–14000Da) had been treated pre-
viously following standardprocedures.25 All DNA
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solutionswereextensivelydegassedundervacuum
beforethemeasurementsweretaken.

The concentrationsof the aqueousstock solu-
tions of DNA werearound19mmol dmÿ3 (mono-
mer units), as determined by UV spectro-
photometry,in appropriatedilute samples,with a
Kontron Uvikon 922 (Neufahrn, Germany)or a
Varian Cary 1E (Milan, Italy) instrument,usinga
value of 7000 dm3 molÿ1 cmÿ1 for the molar
absorptivity,e, at 260nm.26 Theconcentrationwas
expressed in mgcmÿ3 assuming a molecular
weight of 315Da per monomer.8 The pH of the
solutions or supernatantswas measured with
RadiometerPHM62 (Copenhagen,Denmark) or
Crison(Barcelona,Spain)pH metersequippedwith
a glasselectrode.

Small-angle X-ray scattering

SAXSexperimentswereperformedon calf thymus
DNA solutions of about 5 mgcmÿ3 (monomer
units), in the presenceof mono-, di- and tri-
methyltin(IV) moieties, added as chloride salts
from 0.05 mol dmÿ3 aqueousacidic solutionsin
1 mmol dmÿ3 Tris–HCl, in variousratiosr = [Sn]/
[DNAphosphate] (mmol SnIVMen/mmol DNA mono-
mer) and in three different conditions: 1 mmol
dmÿ3 Tris–HCl,1 mmoldmÿ3 Tris–HCl150mmol
dmÿ3 NaCl and150mmol dmÿ3 Tris–HCl.

The X-ray scattering experimentswere per-
formed on the double-focusing monochromator-
mirror cameraX3327 of the EMBL in HASYLAB
on the storagering DORIS III of the Deutsches
ElectronenSynchrotron(DESY)atHamburg,using
a linear position-sensitivegasdetectorwith delay
line readout28 with standarddata acquisitionand
evaluationsystems.29 Theobservationrange,using
a 2 m camera length, was 0.01nmÿ1� s� 0.4
nmÿ1, wheres= 2 sin�/�, 2� is thescatteringangle
and� = 0.15nm is the wavelengthof the incident
radiation.

The scattering patterns of the solutions and
corresponding solvents were recorded in ten
separate1 min time frames,to monitor radiation
damage.The solvent scattering was subtracted,
thenthedatawerenormalizedto theintensityof the
primary beam and corrected for the detector
responsefollowing standardprocedures30 imple-
mented in the program SAPOKO (D. Svergun,
M.H.J. Koch, unpublishedresults). For rodlike
molecules the linear extrapolation of a fit of
log(sI(s)) vss2 to s= 0 yieldsaslopecorresponding
to theradiusof gyrationof thecross-sectionof the
rod, andan interceptproportionalto the massper

unit length.Theextrapolationwasmadein a range
whereinterferenceeffectswerenegligibleandthe
relation4p2s2Rc

2� 1 is valid,31 usingtheprograms
OTOKO29 andGNOM.32,33

Gel electrophoresis

Agarose(1%) gel electrophoresisof DNA samples
used for SAXS experimentswas carried out in
40mmoldmÿ3 Tris–acetatebuffer 1 mmoldmÿ3

EDTA, pH 8, using standardprocedures.34 EcoRI
plusHindIII restrictionfragmentsof phagel DNA
(Sigma, St Louis, MO, USA) were used as
molecular-weightstandards.

Circular dichroism and variable-
temperature UV spectroscopy

CD and variable-temperatureUV were performed
on calf thymusDNA solutionsin 1 mmoldmÿ3 or
10mmoldmÿ3 Tris–HCl.Thefinal DNA monomer
concentrationwas0.02mgcmÿ3 or 0.31mgcmÿ3.
Thespectroscopicinvestigationsof DNA solutions
in the presenceof SnMenCl4ÿn (n = 1–3) were
planned to determine the DNA–methyltin(IV)
binding modesand DNA conformation,in condi-
tionsanalogousto thoseof thepreviouscondensed-
phase studies.6–9 Hence SnMenCl4ÿn (n = 1–3)
were added from 0.01 or 0.1mol dmÿ3 ethanol
solutionsto aqueousDNA solutionsat neutralpH
(max.3.2%ethanolin thefinal solution).The[Sn]/
[DNAphosphate] ratios, r, were the sameas for the
condensedphasesandwereselectedon thebasisof
assumedSnIVMen valencesandthe dependenceof
119Sn Mössbauerparameterson r, reportedelse-
where.6–9,13

CD spectra,four accumulationsfor eachspec-
trum, were recordedat room temperaturein the
range320–200nmonaJasco(Tokyo,Japan)J-715
spectropolarimeter,using a 1-cm or 0.1-cm path-
length cuvette, and the buffer baseline was
subtracted.

Variable-temperature UV spectrawererecorded
in the range 320–220nm on a Varian Cary 1E
spectrophotometer(Milan, Italy), equippedwith a
double-cellPeltier thermostatingsystem(Varian,
Milan, Italy), using 1- or 0.1-cm pathlength
cuvettes. Tm values were determined from the
inflection point of the melting profile: the hyper-
chromicity at 258nm wasplottedagainsttempera-
tureandthecentralpartof thesigmoidfitted with a
fourth-degreepolynomial.
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RESULTS AND DISCUSSION

The organotin(IV) species present in aqueous
solutionsare determinedby the respectivehydro-
lysisconstants,whichhavebeenestablishedmainly
by potentiometry.35,36 Recentresultsareavailable
for SnIVMe3

14,37andSnIVMe2.
38–40Thehydrolysis

of SnIVMe hasbeenstudiedby 1H and119SnNMR
spectroscopy41,42 and potentiometry.43 Briefly,
from thereportedresults,14,35–43themain,possibly
hydrated,speciesexisting in aqueoussolutionsin
different pH ranges,maybeassumedto be:

(a) pH � 1–5: SnMe3
�; SnMe2

2�; [(SnMe2)2
(OH)2]

2�; SnMe(OH)2�; SnMe(OH)2
�.

(b) pH � 5–7.5: SnMe2(OH)�; [(SnMe2)2
(OH)3]

�; dimeric or polymeric SnIVMe
species,Sn–O–Snbridged.

(c) pH � 7.5–10.5:SnMe3(OH); SnMe2(OH)2.
(d) pH � 8.5–11:SnMe(OH)3.

In ethanol solutions, molar conductancesof
SnMe3Cl and SnMe2Cl2 suggestthe existenceof
nearly undissociatedspecies,7 in line with other
data on organotin(IV) chlorides in organic sol-
vents.44–46Theadditionof organotin(IV)chlorides
from 0.1mol dmÿ3 concentratedethanolsolutions,
to aqueousnativeDNA in 1 mmoldmÿ3 Tris–HCl
at neutralpH, inducesDNA condensationwith the
formation of gel phases,interpretedas the neu-
tralizationof thenegativechargeof phosphodiester
groupsby cationicorganotins.6–9 In thesolutionsat
low concentrationsof DNA monomerandorgano-
tin chloridesusedhere,organotinmoietiescould
interactwith bothphosphodiestergroupsandH2O.
The importanceof waterin assistingthe coordina-
tion of SnIVMe2 to phosphateoxygensof DNA has
recentlybeenestablished.47 Thelatterwould result
in theformationof hydrolysisproductsof SnIVMen.

The DNA melting profile21,48,49 in the system
DNA–SnIVMe (Fig.1) displaysanincreasein Tm as
r increasesfrom 0.33 to 0.66, correspondingto
stabilization of the double helix possibly due to
counterion coordination to the phosphodiester
group.21,49 Addition of SnIVMe2 or SnIVMe3 has
no effecton theDNA meltingprofiles,in line with
the reportedinvarianceof 119Sn Mössbauerpar-
ametersDE in aqueousSnMe2(OH)2–DNA and
SnMe3(OH)–DNA systems.13 The behaviour of
SnIVMe (Fig.1) maybeattributedto theoccurrence
of cationic, hydrolysed species;in fact, neutral
SnMe(OH)3 is only dominant at pH� 8.5, as
indicated above. Analogouseffects on Tm have
been reported21,50-52 for a seriesof DNA–Main
Groupmetalion systems(Ca2�, Mg2�, Sr2�, Ba2�,

Pb2�; r = 0.6–2.5),theincreaseof Tm by thecations
beingattributedto metalion–phosphodiesterinter-
action.21,50-52 The results obtained indicate that
there is a stabilizing interactionbetweenSnIVMe
andDNA. Thesameinteractioncannotbe inferred
for SnIVMe2 andSnIVMe3.

Theultravioletandcirculardichroismspectraof
calf thymusDNA are invariant in the presenceof
SnIVMen moieties at low r = [SnIVMen]/ [DNA
monomer],at nearlyneutralpH, asshownin Fig.2.
Similar findings have been reported for DNA–
Mg2� (r � 6);53 DNA–Pb2� (r = 0.5–3.0);54 DNA–
Ca2�, DNA–Sr2�, DNA–Be2� (r = 0.5)55 and
attributedto counterionbinding to DNA phospho-
diester53,54with theconsequentstabilizationof the
doublehelix. In agreementwith the resultsof the
melting studies,the interactionbetweenDNA and
SnIVMe2 or SnIVMe3 speciescannotbeassumedto
occur, becausethesewould consistof the hydro-
lysis productsdescribedabove,at neutralpH.

As far asorganometallicspeciesareconcerned,
HgMe(OH)22,23 and SnMe2(OH)2

56 do not induce
variationsin the CD and UV spectraof DNA at
r � 1.0, while largechangeshavebeenreportedat
high r values and interpretedin terms of DNA
denaturationdue to binding of HgIIMe to DNA
nitrogenbases22,23 as well as to DNA conforma-
tional transitionsinducedby SnIVMe2.

56Theresults
are in agreementwith the trendsdetectedin DNA
solutions in the presenceof a large excessof
Ca2�,57 or other Main Group metal ions.
SnMe2(OH)2 speciescan be assumedto interact

Figure 1 Melting profile of calf thymus DNA,
7.10� 10ÿ2 mmoldmÿ3 (monomer units) in 1 mmoldmÿ3

Tris–HCl, in the presenceof SnIVMe (addedfrom SnMeCl3
in ethanol,approx.0.5%ethanolin ther = 0.66solution;seethe
Experimentalsection.)Percentageincreaseof theabsorbanceat
258nm vs T: *, r = 0.00, pH = 7.5, Tm = 57°C; ~, r = 0.33,
pH = 7.4,Tm = 62°C; &, r = 0.66,pH = 7.2,Tm = 66°C.
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with both nitrogen bases and phosphodiester
groups,given the Tm increasefrom r = 1 to r = 2,
andr = 20 to r = 50, andthedecreasefrom r = 5 to
r = 10–15.57 To our knowledge,suchTm trends56

havenot beenreportedpreviouslyfor DNA–metal
derivativesystems.

Gel electrophoresisof organotin(IV)–DNA solu-
tions indicatesthat DNA is not degraded(seefor
example,Fig.3). All systemsinvestigatedherethus
consistof unalterednativecalf thymusDNA, and
organotin(IV)species,in essentiallyaqueoussolu-
tions,sincethe final ethanolvolumeconcentration
is lessthan3%.

The log(sI(s)) vs s2 plots of 5 mgcmÿ3 calf
thymus DNA solutions in three different condi-
tions:1 mmoldmÿ3 Tris–HCl, 1 mmoldmÿ3 Tris–
HCl/150mmol dmÿ3 NaCl and 150mmoldmÿ3

Tris–HCl, areshownin Fig. 4. At the lowestionic
strength an interferencepeak is visible around
s= 0.05nmÿ1, which vanishes at higher ionic
strength.This peakis characteristicof short-range
order in solution,with an interparticledistanceof
about20nm, due to electrostaticrepulsionof the
negativelychargedDNA rods.15

Addition of organotin(IV)compoundsmarkedly
decreasesthe pH of the solutionandthe solubility
of DNA. ThepH valuesandtheradii of gyrationof
the cross-sectionof DNA, obtainedfrom SAXS
of 5 mgcmÿ3 DNA in 1 mmoldmÿ3 Tris–HCl
(Fig. 5), or in 150mmoldmÿ3 Tris–HCl, or in
1 mmoldmÿ3 Tris–HCl/150mmoldmÿ3 NaCl
solutions, and in the presenceof methyltin(IV)
compounds,arereportedin Table1.

Similar Rc data were measuredfor a seriesof
systemsDNA calf thymus–SnIVMen, in Tris–HCl
1 mmoldmÿ3, otherexperimentalconditionsbeing
asfollows:

Figure 2 Examplesof UV (a) and CD (b) spectraof calf
thymus DNA and DNA–SnIVMen systems. [DNA mono-
mer]= 7.10 10ÿ2 mmoldmÿ3 in Tris–HCl (1 mmoldmÿ3);
SnIVMen = SnIVMe, addedfrom ethanolsolutionsof SnMeCl3
(see Experimental); r = moles SnIVMe per mol of DNA
monomer= 0.00–1.00; pH = 7.3–7.5. Analogous spectra are
obtained for DNA–SnIVMe3 and DNA–SnIVMe2 systems
r = 0.00–0.10,pH = 7.3–7.5, as well as for DNA–SnIVMen,
n = 1–3,pH = 6.1–7.1(n = 3, r = 1–5; n = 2, r = 0.5–1.0;n = 1,
r = 0.33–0.66).

Figure 3 Agaroseelectrophoresisgel of DNA. Lane1: EcoI
plusHindIII restrictionfragmentsof Phagel DNA. Lane2: calf
thymusDNA, 6 mgcmÿ3 (in monomerunits),in 1 mmoldmÿ3

Tris–HCl, pH = 7.0.Lanes3– 6: electrophoresisof representa-
tive SnIVMen (n = 1–3)-calf thymus DNA (2–5mgcmÿ3 in
monomerunits) systems,in 1 mmoldmÿ3 Tris– HCl aqueous
solutions. For the hydrolysed SnIVMen speciespresent at
different pH values,seethe Resultsand Discussionsection.
r = mmol SnIVMen /mmol DNA monomer.Lane 3: SnIVMe3,
r = 1.0, pH = 5.0. Lane 4: as in lane 3, r = 0.75. Lane 5:
SnIVMe2, r = 0.25,pH = 6.0.Lane6: SnIVMe, r = 1.0,pH = 6.0.
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(1) SnMe3
�; SnMe3(OH) (r = 0.01–0.50; pH

5.1–6.9;[NaCl] = 0.0 or 150.0mmoldmÿ3):
Rc = 0.97–1.03nm.

(2) SnMe2
2�; SnMe2(OH)�; [(SnMe2)2

(OH)2]
2�; [(SnMe2)2(OH)3]

� (r = 0.05–
0.25; pH 4.2–5.4; [NaCl] = 0.0 or 150.0
mmoldmÿ3): Rc = 0.91–1.00nm.

(3) (SnMe)n, Sn–O–Snbridges(r = 0.05;pH 5.4;
[NaCl] = 0.0mmoldmÿ3): Rc = 1.11� 0.04
nm.

DNA condensatesare formed in analogous
systems containing SnMe(OH)2� and SnMe
(OH)2

�, r = 0.05–0.25,pH 3.9–4.9, [NaCl] = 0.0
or 150.0mmoldmÿ3.

Acid solutions originate from hydrolysis of
organotin(IV) moieties,forming the specieslisted
in Table 1. DNA condensationis inducedby the
cationicorganotin(IV)species(seeTable1), in line
with the results of previous studies on DNA
condensatesinducedby SnMe3

� and SnMe2
2� at

pH � 2.5–3.5,6,7 due to electrostaticinteractions
with DNA phosphodiester.6–9

No variationsof theSAXSfeaturesof DNA were
observed upon addition of methyltin(IV) com-
pounds in either 150mmoldmÿ3 Tris–HCl or
1 mmoldmÿ3 Tris–HCl/150mmoldmÿ3 NaCl
(Table 1). At thesesalt concentrations,no inter-
particleinterferenceis detectable,evenat lowerpH
values(Table1).

In 1 mmoldmÿ3 Tris–HCl, at very low ionic

strength, the interference maximum of DNA
decreasesupon addition of larger amounts of
SnIVMe3 and SnIVMe2 and at lower pH values
(Fig. 5); this is analogousto theeffectof increasing
theionic strength.WhenSnIVMe is addedatratiosr
above0.01,macroscopiccondensationof DNA and
precipitationoccur.

In thecaseof SnIVMe3 andSnIVMe2, theradii of
gyrationof the cross-sectionandthe massper unit
lengthare independent,within experimentalerror,
of the ionic strength,pH and r values,indicating
that thestructureof DNA is conserved.

Increasing the amount of methyltin(IV) in
solution,thepositionof the interferencemaximum
remainsfixed arounds= 0.05nmÿ1 (Fig. 5), even
in conditions of incipient precipitation. This
suggeststhat the interparticleDNA distancesare
fixed at about 20nm and that the condensation
processinvolves isolated DNA particles, rather
thanintermolecularDNA aggregates.

CONCLUSIONS

The behaviourof nucleic acid–di- and tri-methyl-

Figure 4 Variation of the SAXS intensity (arbitrary units)
log(sI(s)) with s2 for calf thymusDNA (5 mgcmÿ3 in monomer
units) in Tris–HCl aqueoussolutions,pH 7.0,at concentrations
of (a) 1 mmoldmÿ3; (b) 150mmoldmÿ3; (c) 1 mmoldmÿ3 in
presenceof 150mmoldmÿ3 NaCl. The curves have been
displacedalongtheordinatefor bettervisualization.

Figure 5 Variationof theSAXSintensitylog(sI(s)) (arbitrary
units) with s2 of calf thymus DNA (5 mgcmÿ3 in monomer
units) in SnIVMen (n = 1–3)–DNA systemsin 1 mmoldmÿ3

Tris–HCl aqueoussolutions. For the hydrolysed SnIVMen

speciespresentat different pH values, see the Resultsand
Discussionsection.r = mmol SnMen/mmol DNA monomer.(a)
SnIVMe3, r = 0.10,pH 6.3; (b) SnIVMe2, r = 0.05,pH 6.0; (c)
SnIVMe, r = 0.01,pH 6.6.Thecurveshavebeendisplacedalong
theordinatefor bettervisualization.Thepatternsareidenticalat
lower pH values: curves (b) and (c) are identical to those
obtainedat pH 4.8 and5.4 respectively.
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tin(IV) systems,in aqueoussolutions,investigated
in the contextof the presentwork from the stand-
point of nucleic acid structure,is different from
thatof SnIVAlk2–andSnIVAlk3–DNA condensates,
studiedby 119SnMössbauerspectroscopy.6–9 Melt-
ing-temperaturedatagive evidencefor tin bonding
by DNA phosphodiestergroupsin the caseof the
monomethyltin(IV) moiety, in agreement with
literature data for a seriesof DNA–Main Group
metalion systems.Thestructuralparametersof calf
thymus DNA in solution determinedby SAXS
remain unchangedin the presenceof all the
methyltin(IV) species studied here. It can be
concluded that only when cationic organotin
speciesare presentin solution can an interaction
through the phosphategroupsof DNA be estab-
lished. SAXS results for dilute solutionssuggest
that bonding of SnMen–DNA, in the appropriate
rangeof pH, mainly involvesisolatedDNA chains;
this is also presumed to be so in the DNA
condensatesobtainedif largeamountsof reactants
areinvolved.
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