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Understanding the interaction between porphyrin and DNA is 80
important due to its potential biological applications in photody- 60 -
namic therapy, and for its unique DNA binding propérfihe most
extensively studied DNA binding porphyrin is cationinese
tetrakis(\-methylpyridium-4-yl)porphyrin (TMPyP, Figure 1, inset).

At low [TMPyP]/[DNA] ratios, the groove binding modé and
intercalatiod have been suggested for the TMPyP complexed,
respectively, with the AT and GC site of DNA. In the groove
binding mode, whether the crescent-shaped side of TMPyP fits into 2
the minor groove or it binds near the minor groove is still unclear,
while porphyrins intercalate between the base pairs in 16653
site4 As the ratio increases, the outside binding mode, represented
by a bisignate excitonic CD in the Soret region, dominates for both
AT- and GC-rich DNAs*® However, the exact location of porphyrin
that assembled (or stacked) outside of the AT and GC template
still needs to be clarified.

In the poly(dA)[poly(dT)], and poly(dGjpoly(dC}poly(dC)" N
triple helical DNA, thymines and protonated cytosines, which are 1900 350 200 250 500
located in the major groove, block the binding of the major groove
binding drugs or alter their binding propertie®n the other hand,
the effect of the third strand on the binding mode of the minor Figure 1. Representative CD spectra of TMPyP in the Soret band in the

- - . - presence of d(A}-d(T)i2 duplex (A) and d(Ajz+[d(T)12 triplex (B) at 4
groove b.lndlng d_”"gs anq intercalators is ver){ smahis gorlcept °C. [oligonucleotide}= 5 uM. The mixing ratios are 0.4, 1.0, 2.0, and 3.0.
was applied to this work: it was assumed that if porphyrin is located 1.0 mM cacodylate buffer pH 7.0 containing 20 mM NaCl and 1 mMeMg
in the major groove of the duplex, the spectral property is expected (for triplex) was used in this work.
to be altered to a great extent as compared to that assembled in the, 455 1 were apparent in the duplékMPyP complex case

triplex, while if it is located near the minor groove, the spectral (Figure 1, panel A). Similar CD spectra for the poly(cBoly-

pr(l):perty Viloﬂd rer.“‘";i”- dCD inthe S band of TMPYP (dT)—TMPyP complex were reportédlhis characteristic bisignate
Igure 2 shows Incluce spectra in the Soret band o Y= cp spectrum has been assigned to the formation of the porphyrin

in the presence of the d(£)d(T),, duplex and d(A)[d(T)ual exciton or the assembly of porphyrin on the DNA tempftt@y

triplex. He_re, the Concentration.’ [oligonuc_leotide], indicates the comparing Figure 1A and B, itis clear that the stacked or assembled
cqncentratlo'n fgr Fhe whole 0“90n,UCIQOt'de' Thereforeylﬁ!l TMPyP, which produces the excitonic CD band, is located at the
ollgon_ucleotlde mdu_:ates 60 base pairs (for duplex) or base triplets major groove because the excitonic CD was not apparent when
(for triplex). The triplex was stabilized by 1 mM Mg The the major groove of the d(Ay-d(T).> duplex was blocked by the

plreseI:ce gf M%j.lons, in the abfs1eir'\1/|cpe (I;f ()Bllgonucleﬁtldgg did not third d(T)» strand. An isodichroic point observed near 423 nm,
alter the absorption spectrum o yP. Because the SpECtrumbetween excitonic and monomeric TMPyP, indicates that the

of the porphyrir-polynucleotide mixture is sensitive to the order transition occurs between these two states. The decrease in

of mlxmgf Td the clcl)n((j:entréam(l)_n of Nafé:l,he Sﬁ‘lt c]oncen:r_?'t\l/lo; P monomeric TMPyP near the minor groove seems to be related to
was carefully controlled, and aliquots of a small volume o YP the formation of the excitonic porphyrin.

were always added last. At a low [TMPyP]/[oligonucleotide] ratio When the mixing ratio increased further, the intensity of the

(ratio lower than 0.4), which corresponds to 0.033 TMPyP molecule exciton CD of TMPYP complexed with the d(&)d(T):» duplex

per base pairs (or pase triplets), the CD spectrum Sh""_VS & POSItVe, - eases: it reaches a maximum at the mixing ratio of 4.0, which
band at 425 nm with a shoulder in the 3920 nm region, for

) corresponds to 1 TMPyP molecule per 3 base pairs or 6 nucleobases
.bOth th? duplex TMPyP and the tnple_xTMPyP Comp'_ex?s- The (Figure 2A, and inset). A similar behavior in the excitonic CD in
|ntensmes_ of thg CD spectra are similar. This result indicates that the Soret band for the poly(dAoly(dT)—TMPyP complex was
TMPyP binds either to the minor groove of both the duplex and reportec® In the d(Ayx[d(T)1]o— TMPYP complex case, the
the triplex or near the minor groove at these low mixing ratios. As '

he mixi . ive band at 434 d > _excitonic behavior is pronounced at a much higher mixing ratio,
the mixing ratio increases, a negative band at nm an aposmveStarting at 4.0 (Figure 2B), which corresponds to 1 TMPyP per 3

t Yeungnam University. base triplets. This observation again indicates that the formation
*Korea Institute of Science and Technology. of the TMPyP exciton at a mixing ratio lower than 4.0 is inhibited
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Figure 2. CD spectrum of TMPyP in the Soret band in the presence of
d(A)12d(T)12 duplex (A) and d(Aj2[d(T)122 triplex (B) at 4°C at the
higher ratios. In the arrow direction, [TMPyP]/[oligonucleotide] ratios are
3.0, 4.0, 5.0, 7.0, and 10.0. [oligonucleotide]5 uM.
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Figure 3. CD spectrum of TMPyP in the Soret band in the presence of
d(G)2-d(C)h2 duplex (A) and d(G)»d(Chd(Chzt triplex (B) at 4°C. In

the arrow direction, the mixing ratios are 1.0, 1.6, 2.0, 2.4, and 3.0.
[oligonucleotide]= 5 uM. Inset: at low mixing ratios of 0.2, 0.4, 0.6, and
0.8.

by the presence of the third strand. As the concentration of TMPyP
increases, the equilibrium shifts toward the stacking of TMPyP in
the major groove of duplex oligonucleotides; that is, the third g(T)
strand is removed by the population of TMPyP.

Induced CD spectra of TMPyP in the Soret region in the presence
of d(G)d(C)d(Chot triplex and d(G)»rd(C). duplex are
depicted in Figure 3, with the same ionic strength as that in the
AT case but at pH 5.0, which is required to stabilize the triplex. At
the binding ratio of 0.2, negative CD bands were apparent for both
the duplex and the triplex complex (Figure 3, inset), which is
diagnostic of intercalatio?®**°In the duplex case (Figure 3A),

of the CD band remains. A further increase in the mixing ratio
results in a bisignate CD band with a negative band at 440 nm and
positive band at 420 nm, which is typical for the TMPyP stacked
outside of DNA. On the other hand, the intensity of the negative
band of the TMPYP-d(G)2°d(C)2rd(C)2" triplex complex at a
very low mixing ratio is one-half that in the duplex and starts to
disappear at the mixing ratio as low as 0.4. The extrusion of
intercalated TMPyP is probably due to repulsion of the positive
charges of TMPyP and protonated cytosines. In the intermediate
mixing ratios (0.8-2.0), the shape of the CD band seems to be a
combination of two excitonic CD. As the mixing ratio increases
further, the excitonic bisignate CD appears, which resembles that
of the AT case. At extremely high mixing ratios, the magnitude of
the excitonic CD is comparable to that of the duplex complex (data
not shown). Although a full understanding of the porphyrin species
at an intermediate mixing ratio requires more investigation, it is
clear that the formation of bisignate CD is inhibited by the presence
of the third strand. This result demonstrates that the location of the
stacked porphyrin in the d(&)d(C). duplex is also the major
groove.

In conclusion, the third strand in the triplex inhibits the formation
of the TMPyP assembly. Therefore, TMPyP stacking occurs in the
major groove of both the d(A)d(T)i2 and the d(G)rd(C)2
duplexes.
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