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ABSTRACT

The association behavior of cationic metalloporphyrin, tetrakis (2, 3, 5, 6
tetrafluoro-N, N2 , Ne-trimethyl ammonium phenyl) porphyinato acetate
manganese(l11), [Mn(I11)(TF,TMAPP)] was investigated in agueous
solutions at 25 °C and various ionic strengths using optical absorption and
resonance light scattering (RLS) spectroscopies. The[Mn(I11)(TF, TMAPP)]
does not have any affinity for aggregation due to increasing salt
concentration and exists as monomers even in high ionic strengths.
Interaction of [Mn(l11)(TF,TMAPP)] with ct-DNA has also been studied by
optical absorption, resonance light scattering spectroscopies and thermal
denaturation experiments. The appearance of hypochromicity and a
bathochromicity shift in UV-vis spectra, decreasing of therma melting point
of ct-DNA and no change in RLS spectra due to interaction with ct-DNA,
represent the outside groove binding mode without any aggregate
formation. The binding constants were obtained by analysis of the optical
absorption spectra at various ct-DNA concentrations using SQUAD
software. The thermodynamic parameters were calculated by van’t Hoff
equation. © 2015 Trade Sciencelnc. - INDIA
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Cationic porphyrins and their interaction with
DNA hasbeen asubject of intenseinvestigationson
molecular recognition since their first synthesig
and their prior discovery by Fid et a.[2. It has been
reported from the viewpoint of their rolein biologi-
cal systems that cationic porphyrins act as an in-
hibitor of human telomerase® 4, areceptor for pep-
tides®™, aDNA cleaver’® and aspecific probeof DNA

structuré™®. Threemgjor binding modes have been pro-
posed for the binding of cationic porphyrinsto DNA:
interca ation, outside groove binding and outside bind-
ing with self-stacking, in which porphyrinsare stacked
aongthe DNA hdlix™-4, Thebinding of cationic por-
phyrinsto DNA ispresumably stabilized by el ectro-
staticinteractions between the positively charged sub-
stituent on the porphyrin periphery and the negatively
charged phosphate oxygen atom of DNA.. Inthecase
of intercalation, favorablearomatic n-rn stacking inter-
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actions between the porphyrin macrocycleand the base
pair of nucleicacid aread so involved*. Theporphyrin
coreisplanar but shielded by periphera substituents.
Thismakescationic porphyrinsdifferent fromthe con-
ventional intercalators such as ethidium bromide,
proflavin and daunomycin in which the planar fused
aromatic ring can slip between adjacent base pairs
of DNA without any major distortion from the ide-
alized of metalloporphyrin-oligonucleotide com-
plexes have shown that intercal ation or groove bind-
ing of cationic porphyrin causes a distortion of B-
DNA significantly!> 1€, Besidesthe metal-free por-
phyrin, anumber of intensive studieson interactions
between metall oporphyrin and DNA have been re-
ported. It has al so been shown that the binding mode
of porphyrin to nucleic acid duplexes, e.g.
intercalative or outside binding mode, can be easily
tuned by varying the metal center*- 1516171 Except
for the experimental conditions such as pH, ionic
strength and molar ratio of porphyrinto DNA base
pairlt-13. 181 the nature of porphyrins plays an im-
portant role in their binding to DNA. The binding
strength of porphyrinto DNA isoneof theimportant
parametersof itsefficiency. The thermodynamic pa-
rameters of binding can also help usto obtain more
insights into the molecular nature of interactions.
Hence, determination of thermodynamic parameters
governing ct-DNA-metallo porphyrin complex for-
mation makes for deeper insight into the molecular
basis of ct-DNA-metalloporphyrin interactions. In
the present report, a comprehensive study on ag-
gregation behavior of tetrakis (2, 3, 5, 6 tetrafluoro-
N, N’ , N"-trimethyl ammonium phenyl) porphyinato
acetate manganese (I11), [Mn (Il1) (TF,TMAPP)]

(Scheme 1) and itsinteraction with ct-DNA hasbeen
done. Possessing four positive peripheral charges
along with e ectron withdrawing groups such asfluo-
rine make the porphyrin ring more positive, thereby
enhancing the intrinsic affinity for cat-DNA. The
binding constants were determined by analyzing op-
tical absorption spectra of [Mn(lI1)(TF,TMAPP)]
at various ct-DNA concentration using SQUAD soft-
ware. The aggregation behavior has been investi-
gated using RLS spectroscopy as a powerful and
simpletechnique. The mode, strength and nature of
binding were determined on the basis of these inte-
grative collected data.

EXPERIMENTAL

M aterialsand methods

Calf thymus DNA was purchased from Sigma.
The [Mn(I11)(TF,TMAPP)] was prepared and puri-
fied according to literature methods™® 2%, This met-
alloporphyrin was characterized by IR and UV-Vis
spectroscopies and elementa analysis. All experi-
mentswererunin 5 mM phosphate buffer, pH 7.0 at
25 °C. The buffer consisted of (2.5 mM NaH,PO,
and 5 MM Na,HPO,) dissolved in Milli-Q water.
To prepare the ct-DNA stock solution, 2 mg of ct-
DNA wasdissolvedin 1 mL of phosphate buffer the
day before the experiment and stored at 4°C. The
experimentswere conducted at 25+0.1°C. The con-
centration of ct-DNA was determined from its opti-
cal absorption using its molar absorption coeffi-
cents, &,.,,nm=1.32x10*cm™.M"(i.e. reportedin mo-
lar basepair)!?-24, ThepH valueswere controlled us-
ingaMetrohm 744 pH meter. All other reagentswere

F
+
F
~ N(CH3),
Ar =
F
F

Scheme 1 : The structure of tetrakis (2, 3, 5, 6 tetrafluoro-N, N2 , Ne-trimethyl ammonium phenyl) porphyinato

acetate manganese (111)
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TABLE 1: UV/Vis spectral characteristics of [M n(III)(TF4TMAPP)] insmM phosphate buffer,pH 7.0

Band Amax(NM) Molar absorptivity (M.cm)™
Q;-band 367 10%x1.56
Q.-band 552 10°x3.47

B-band 456 10°x3.47

TABLE 2 : UV/Vis spectral characteristics of [M n(III)(TFATMAPP)] solution (2x10° M) up on increasing the NaCl

[NaCI] M Abs(max) Amax(B-band)(nm) W 15(nm)
0 0.61285 456 17
0.45 0.60088 456 17
1 0.59011 457 17
1.67 0.56923 457 18
2.14 0.54746 457 18
25 0.52926 458 19

andytical reagent gradeand used without further purifi-
cation. Doubledistilled water was used throughout the
experiments.

Optical absorption

The absorption spectrawere recorded on a Cary
500 scan UV-Vis-NIR spectrophotometer. The
[Mn(l11)(TF,TMAPP)] solutionswere prepared inthe
concentration range of 8 to 20 uM for optical absorp-
tion measurementsinthe Q bandregion. TheUV/Vis
titration experimentswere made by the addition of the
ct-DNA stock solutioninto al mL cuvettecontaining
the porphyrin sol ution of appropriate concentration. The
concentration range of ct-DNA was 10 M to 10 M.
Thetitration experimentswere performed at varioustem-
peratureswithaprecisionof 0.1 °C.

Resonancelight scattering

Thelight scattering measurementsweredoneon a
Shimadzu model RF-5000 spectrofluorimeter. Thescat-
tered light intensity wasmonitored usngtheright angle
inthe synchronous scanning regime of the excitation
and emission monochromatorsin theregion of 300to
600 nm. Theexperimenta light-scattering spectrawere
corrected taking into account the solution optical ab-
sorption and instrument sengitivity dependenceon the
wavel ength as described el sewhere?® 24, All experi-
mental dataarethe averaged vauesof at least fivein-
dependent experiments.

Ther mal denatur ation of ct-DNA
Thethermd denaturation of ct-DNA wasmonitored

on a Cary 500scan UV-Vis-NIR spectrophotometer
equipped with atemperature controller and thermo-
couplemonitor using atemperatureriseof 1 deg/min,
at A =259 nm.

RESULTSAND DISCUSSION

Solution propertiesof [Mn(l11)(TF,TMAPP)]

In order to identify the solution properties of
[Mn(l11)(TF,TMAPP)], we employed UV-Vis and
RLS spectroscopies. The optical absorption spec-
trum of [Mn(l11)(TF,TMAPP)] shows Q, and Q,
bands and a Soret band feature (B-band), whichisa
characteristic of the base porphyrin®!. The molar
absorptivity coefficient of these bands was calcu-
lated at 1.58 x 10*M™.cm™ for Q, band (A = 367
nm), 3.47 x 10°M*.cm™, for Q, band (A = 352 nm)
and 3.47 x 10*M-1.cmifor Soret band (A = 456 nm),
respectively. TABLE 1 summarizes the molar ab-
sorptivity of these bands. The B band maximum of
[Mn(I11)(TF, TMAPP)] obeys Beer’s law over an
extended concentration range between 3.78x10°to
2.52x10°M inwater. From this observation, we can
concludethat [Mn (1) (TF,TMAPP)] doesnot show
aconcentrati on-dependent aggregation.

Effectsof inorganic salts

The effect of NaCl on the absorption spectrum
of [Mn(lI1)(TF,TMAPP)] (2 x 10°M) in water is
shown in Figure 1 and the data concerning these
spectral changesarepresented in TABLE 2.
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Figure 1: Effect of ionic strength on spectra of 0.2 uM [Mn(III)(TF4TM APP)] in 5 mM phosphate buffer, pH 7.0 and

at 25°C
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Figure 2 : Spectra of relative scattered light of [M n(III)(TFATMAPP)] solution (2x10°M) upon addition of NaCl in

5 mM phosphate buffer,pH 7.0 at 25°C

AscanbeseeninFigure 1, thebandwidth at half
height, W ,, and thewavelength of maximum absorp-
tion, A__, of the B band do not show considerable
changes by theincrease of NaCl. Further, by increas-
ing the concentration of NaCl, no new band appears
even at high concentrationsof the salt. Thismeansthat
[Mn(I11)(TF,TMAPP)] does not form well-defined
aggregates (i.e. H or Jtype) even at high concentra-
tionsof the salt. Thelack of NaCl-induced self-asso-
ciationof [Mn(l11)(TF,TMAPP)] was al so supported
by resonancelight scattering experiments.

Figure 2, illustrates the RLS profile of
[Mn(II1)(TF, TMAPP)] in neat water and at different
NaCl concentrations. By increasi ng the concentration
of NaCl, the resonance light scattering signal at de-
creased quickly, which showsthat the prominent fea-
ture can be assigned to no extended aggregates of elec-
tronicaly coupled metalloporphyrin. So, it can becon-
cludedthat [Mn(lI)(TF,TMAPP)] doesnot have any
aflnity for aggregation by increasing of the salt concen-
tration and existsas monomersin homogeneous agque-
ous solutionseven at highionic strength (morethan 1
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Figure 3 : The absorption spectral change of [Mn(111)(TF TMAPP)] (2x10°M) titrated with stock solution of ct-
DNA (4x10” M) in 5 mM phosphate buffer, pH 7.0 and at 25°C

TABLE 3 : Thermodynamic parameters and affinity constants for binding of [Mn(l| I)(TF4TM APP)] to ct-DNA in 5

mM phosphate buffer, pH 7.0 at various temperatures

T(K) logKy(M ) AG;°(KJ/mol) AH°(KJ/mol) AS°(J.mol 1K )
298 4.26+0.27 -24.30+1.54 12.36+1.07 123.02+8.76
308 4.34+0.25 -25.59+1.47 12.36+1.07 123.20+8.25
328 4.46+0.18 -28.00+1.13 12.36+1.07 123.05+6.71
338 4.52+0.28 -29.25+1.81 12.36+1.07 123.09+8.52

M of NaCl). On the other hand, the addition of NaCl
does not have any effect on the monomer-aggregate
equilibrium of metaloporphyrin.

Binding of [Mn(l11)(TF,TMAPP)] toct-DNA

Optical absorption. We have conducted thetitra-
tion of metalloporphyrin solution,
((Mn(l11)(TF,TMAPP)]) at afixed concentration of
(2 x10°M) and varying concentrations of ct-DNA
in 5 mM phosphate buffer of pH 7.0 with a suffi-
cient binding capacity. Regarding the results of the
previous section, our metalloporphyrin existsmainly
asmonomers. Figure 3 showsatypica titration spec-
tra of [Mn(lI1)(TF,TMAPP)] upon addition of ct-
DNA at 25°C. A little bathochromicity shift and weak
hypochromism in the soret band were observed,
which represents the existence of non-covalent in-
teraction and externa groove binding between ct-
DNA and the ((Mn(l11)(TF, TMAPP)] )27,

The binding constant at any specified tempera-
turewas determined by the concentration dependence
of UV-Visabsorption data using SQUAD program.
Thisprogram hasbeen devel oped for evauation of the

best set of binding constants of the proposed equilib-
rium model by employing anonlinear least-squares ap-
proach. Theinput dataconsistsof (a) the absorbance
values, and (b) thetotal ct-DNA and metalloporphyrin
concentrations. The absorption datawere anayzed by
assuming 1:1 or 2:1 and/or ssimultaneous 1:1and 2:1
molar ratiosof metalloporphyrinto ct-DNA. Fitting of
the experimenta data (15 point), to the proposed sto-
ichiometric mode swaseva uated by thesum of squares
of the calculated points by the model. The results
showed that thebest fitting correspondstothe 2:1 com-
plex model. Theseresults are also confirmed by the
existence of two sSimultaneousisosbestic pointsinthe
titration stage. Theca culated binding condantsaregiven
iINTABLE 3and4. AscanbeseeninthisTABLE, the
binding constant increaseswith increasing of tempera:
ture. Thisphenomenaisduetoincreasing the complex
stability at higher temperature and showsahigher bind-
ing congtant vaue. TheK vaueindicatesahigh binding
afinity of [Mn(l11)(TF,TMAPP)] for ct-DNA.
Thermodynamics of [Mn(I11)(TF,TMAPP)]-ct-
DNA binding process. A prerequisite for deeper in-
sghtintothemolecular basisof metaloporphyrin-DNA
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TABLE 4 : Thermodynamic parameters and affinity constants for binding of [Mn(l| I)(TF4TM APP)] to ct-DNA in 5

mM phosphate buffer, pH 7.0 at various temperatures

T(K) logK,(M ) AG,*(KJ/mol)

AH*(KJ/mol) AS’(J.mol 1K )

298 2.88+0.08
308 3.45+0.08
328 3.93+0.10
338 4.30+0.02

-16.43+0.45
-20.34+0.47
-25.74+0.63
-27.82+0.13

67.62+1.86
67.62+1.86
67.62+1.86
67.62+1.86

282.04+7.75
285.58+7.56
284.64+7.59
282.37+5.89

interactionsisthorough characterization of theenerget-
icsgoverning complex formation. The energetics of
metalloporphyrin-ct-DNA equilibrium can be conve-
niently characterized by thermodynamic parameterssuch
as standard Gibbsfree energy change, AG®, standard
molar enthalpy change, (AH°) and standard molar en-
tropy change, AS’. The standard Gibbs energy change
isusually ca culated from the equilibrium constant (K)
of thereaction by thefollowing relationship:

AG®=-RT InK )
WhereR and T are the gas constant and the absol ute
temperature, respectively. Since the activity coeffi-
cients of the reactionsare not known, the usual pro-
cedure is to assume them to be unity and to use the
equilibrium concentrations instead of the activity.
Therefore, it would be appropriate to adjust the ter-
minology of apparent equilibrium constant K’ , and
Gibbs free energy AG® . Apparent standard enthal-
pies per mole of cooperative unit can be obtained
from the dependence on temperature of the apparent
binding constant K2, by van’t Hoff equation:

dInK2 =-(AH°2 /R)8(L/T) (2)

This is the so-called van’t Hoff enthalpy. The
apparent standard entropy change, AS®can be de-
rived from Equation 3:

AS” =(AH®' -AG®" )IT (3)

The van’t Hoff plot for interaction
[Mn(l11)(TF,TMAPP)] with ct-DNA is shown in
Figure.4a and 4b. The calculated thermodynamic
parametersfor binding of [Mn(lI1)(TF,TMAPP)] to
ct-DNA arelisted in TABLE 3 and 4.

Resonance light scattering. Figure 5 demon-
strated the relative SLI spectra of [Mn(III)
(TF,TMAPP)] solutioninthe presence of different ct-
DNA concentrations. The SLI intheregionof 300to
600 nm at first decreased dramatically with the addi-
tion of ct-DNA and then remai ned approximately un-
changed upon further increase of ct-DNA. Thisresult
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Figure 4a : The van’t Hoff plot [Mn(III)(TF4TMAPP)]
binding to ct-DNA
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Figure 4b : The van’t Hoff plot [Mn(III)(TF4TMAPP)]
binding to ct-DNA

clearly showsthat addition of ct-DNA doesnot have
any effect onthemonomer-aggregateequilibriumof [Mn
(IIN(TF,TMAPP)].

Thermal Denaturation of ct-DNA. The melting
curves of both free ct-DNA and [Mn(lll)
(TF,TMAPP)]—t-DNA complex in phosphate buffer
were obta ned by measuring the hyperchromicity of ct-
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Figure 5 : Spectra of relative scattered light of [Mn(I11)(TF TMAPP)] solution (2x10° M) in 5 mM phosphate

buffer, pH 7.0 and at 25°C

TABLE 5: DNA melting temper ature changes up on increasing the molar ratio of [Mn(l| I)(TFATMAPP)] to ct-DNA

[Mn(11)(TF,TMAPP)]

[DNA]
0 0.026 0.0523 0.1012
Tm(K) 341.66 336.34 335.74 334.65
T(K)
297 307 37 327 337 347 357
1000 : : : s ; s
o
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Figure 6 : Mélting profiles (x

= 260 nm) for the free ct-DNA in the absence of [Mn(I11)(TF TMAPP)] and in

different molar ratios of ct-DNA’to [Mn(I11)(TF TMAPP)]

DNA absorbance at 259 nm asafunction of tempera-
ture. Thetemperaturewas scanned from 24 to 90° 0C
a aspeedof 1 °C/min. The melting temperature (T )was
taken asthe midpoint of the hyperchromic transition.
Themeltingtemperature(T ) of ct-DNA issenstiveto
itsdoublehelix stability and the binding of compounds
to ct-DNA dtersthe T  values, depending on the
strength of interaction'?®. Therefore, it can be used as
anindicator of binding properties of metalloporphyrin

toct-DNA and their binding strength. Theobtained re-
sults of such studiesfor [Mn(l11)(TF,TMAPP)]—ct-
DNA complex show decreasing T valuesupon addi-
tion of [Mn(lI)(TF,TMAPP)] (TABLE 5 and Figure
6). Theaboveresultsreveal ed that the studied metal -
loporphyrin[Mn(l11)(TF, TMAPP)], interactswith ct-
DNA to stabilizethe duplex structureto therma dena-
turation. Henceit can be concluded that external bind-
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CONCLUSION

Studying the aggregation behavior of [Mn (I11)
(TF,TMAPP)] indicated that increasing the concen-
tration of complex doesn’t affect the tendency to ag-
gregation. The addition of NaCl shows no signifi-
cance electrolyte effect, no new band appears even
in high concentration of salt. Thisresult means that
[Mn(I11)(TF,TMAPP)] does not form well defined
aggregates even in high concentration of salt. The
[Mn(I11)(TF,TMAPP)] binds to external regions of
ct-DNA. The DNA-binding process was endother-
mic for [Mn(l11)(TF,TMAPP)] and has the large
positive entropy value. These can be represent the
predominate role of hydrophobic interactions and
outside binding mode. The decreasing of melting
temperature (T, ) of DNA upon addition of metal-
loporphyrin represents the existence of an outside
binding mode
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