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DNA plays an important role in storage and expression of CG).?® And the X-ray structure of Ni(I)T4AMPyP-d(CCT-
genetic informations in a cell. In order to carry out its AGG), showed that Ni(I)'TAMPyP was not intercalated into
biological function, DNA should interact with various DNA, but was stacked onto the two ends of DNA duplex.
proteins such as DNA polymerases, RNA polymerases, and few NMR studies on porphyrin-DNA adducts have also
many kinds of the regulatory molecules. Various ligands cafeen reporteéf? The proposed NMR structure of the
also interact with DNA and regulate its function, and someT4MPyP-d(GCATGTGG) adduct shows that TAMPYP is
of them are used as antitumor or antibiotic ageh@®ationic ~ sandwitched between two cis Watson-Crick 5'-CG-3' base
porphyrins containing four pyrrole rings and conjugatedpairs, but this structure is still disputabte.
double bonds have also been reported to be able to interactWe report here the NMR and spectroscopic analysis of
with DNA to form DNA-porphyrin complexes and cause interactions between d(CGCGAATTCGG@nd two differ-
cleavage of DNA with the aid of irradiation of laser or UV ent cationic porphyrinsmesetetrakis-(4N-methylpyridin-
light.>*® In addition, porphyrins remain longer in cancer cellsiumyl)porphyrin(T4AMPyP) anthesetetrakis-\N,N,Ntrimethyl-
than normal cells after injection. Because of these uniquanilinium-4-yl)porphyrin(TMAP). T4MPyP used in the
properties, some cationic porphyrins have been used as thesearch is chemically stable in the absence of light, main-
photochemotherapy agents to treat caftdRecently, it has  tains the monomeric state and can be used as a photo-
been reported that tumor necrosis and inhibition of telomerassensitizer agerft. TMAP has an identical porphyrin ring but
due to stabilization of telomere can be induced by interactiobulkier substituent groups on the periphery of the porphyrin
of a cationic porphyrin derivativé:® ring. Thus, comparison of two porphyrins in the binding

Cationic porphyrins are very versatile in the number ofinteraction with DNA is thought to be important for under-
positive charges and the number as well as the types of sustanding the mechanism of interaction between porphyrins
stituents, and the kind of metal ions coordinated at porphyrimand DNA in detail. The DNA oligomer d(CGCGAATT-
center®® Consequently, they show various interacting CGCG) was synthesized with an ABI 391 PCR MATE DNA
patterns in binding to DNA, depending on the followings: (i) synthesizer by3-cyanoethyl-phosphoramidite chemistry in
the number and position of positive charges, (ii) the positionsolid phase. The synthesized DNA was purified with the
the type, and the number of the substituents at the porphyriialysis tube with the molecular cutoff range of 2,000, and a
ring and (jii) the base sequence of DNA! Presence or Chelex-100 column and then lyophilized (Figure 1A). All
absence and the type of the coordinated metal ion have al&NA solutions were prepared in 20 mM sodium phosphate
an important effect on the binding pattét?® Based on buffer (pH 6.92) containing 100 mM of NaCl. This sequence
these facts, all of Coulombic, hydrophobic, and steric intercontains both of 5-CG-3' and 5'-AT-3', hence the depen-
actions might be involved in binding of porphyrins to DNA. dence of binding porphyrins to DNA on the base sequence
The favorable site for intercalation and groove binding ofcan be monitored. Water soluble, tetracationic porphyrins of
cationic porphyrins to DNA has been reported to be 5'-CG-3nesetetrakis-(4N-methylpyridiniumyl) porphyrin (TAMPyP)
and 5'-AT-3' sites, respectiveé{?® Thus, mesetetrakis-(4-  tosylate andmesetetrakis-N,N,Ntrimethylanilinium-4-yl)
N-methylpyridiniumyl)porphyrin(T4AMPyP), Cu(l)TAMPyP porphyrin (TMAP) tosylate were purchased from Sigma
and Ni(I)T4AMPyP are reported to bind to the 5-CG-3' sitesAldrich Co. and were used without further purification
but mesetetrakis-(2N-methylpyridiniumyl)porphyrin(T2MPyP),  (Figure 1B).

Zn(IDTAMPyP, Fe(ll)T4AMPyP, and Co(lllTAMPyYP do UV absorption spectra in the Soret band region of each
not?® Intercalation of TAMPYP occurs at 5'-CG-3' sites of T4AMPyP and TMAP are shown in Figure 2, as a function of
poly(dG-dC), but TAMPyP is also able to bind to 5-AT-3' the [porphyrin] : [DNA] molar ratio. Both of two porphyrins
sites of poly(dA-dT) in the groove or in the manner of showed substantial hypochromicity(H) up to 50% decrease
outside stacking along the phosphate backbone chain. Veig the intensity of the Soret band upon binding to a
recently, X-ray structures of some porphyrin-DNA complexesd(CGCGAATTCGCG) duplex. Binding of each of TMAP
has been reportéd.According to the X-ray structure of and T4MPyP to the d(CGCGAATTCGC&Guplex also
Cu(IDT4AMPyP-d(CGATCG) adduct, Cu(l)TAMPyP was caused the red shift of the Soret band by 10 nm and 16 nm,
regarded to hemiintercalate at the 5-CG-3' steps of d(CGArespectively, upon adding the DNA oligomer up to 2 : 1 of
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Figure 1. The base sequence of DNA oligomer (A) and the§
chemical structure of cationic porphyrins (B). 5
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the [porphyrin] : [DNA] molar ratio (Table 1).
This was consistent with the result reported elsevthere
and represented that interaction with the d(CGCGAATT-
CGCG) duplex caused the environment of TAMPYP to be

more hydrophobic than that of TMAP. Consequently, the  o.0 —— 3 e
porphyrin ring of TAMPYP was considered to be positionec 380 400 420 440 460 480
in the major or minor groove near to base pairs of the
d(CGCGAATTCGCG) duplex. In addition, the Soret band Figure 2. Absorption spectra in the Soret region of TAMPYP(A)
of TMAP showed an isosbestic point clearly, but that ofa"d TMAP(B) at various molar ratios(r) of [porphyrin}/[DNA].
TAMPYP did not, which indicated that the former ShOWGd-EaCh insertion is prepared in order to make s_ure the eX|s£ence of the
. e isosbestic point. (a) free porphyrin, (b) r=0.3, (c) r=0.5, (d)
the single binding mode but the latter showed a heterc, =10, (e) r=2.0.
geneous binding mode.
In circular dichroism (CD) spectra obtained as a function(Table 2). Binding of TAMPYP increased df the duplexby
of the [porphyrin]: [DNA] molar ratio, the induced CD 2°Catl:1,5Cat2:1,5C at 3:1 of [porphyrin] : [DNA]
signals are shown in the visible range from 410 to 430 nnmolar ratio. But TMAP increasednlof the same DNA
for both of TAMPyP and TMAP (Figure 3). The results duplex 4°C at 1:1, 5°C at 2:1, and C at 3:1 of
represented that each porphyrin interacted with thdporphyrin]:[DNA] mole ratio upon binding to DNA
d(CGCGAATTCGCG) duplex, because free porphyrin do oligomer. Binding of TAMPyYP increasedh ®f the duplex
not cause any CD signal. The negatively induced CD signalgradually with increase of the amount of porphyrin, but in
for T4AMPyP and the excitonic CD signals for TMAP case of TMAP, T of the duplex increased maximally at 1: 1
represented intercalating binding and groove or outsidef [porphyrin] : [DNA] molar ratio and extra addition of this
binding with self stacking, respectively. compound did not caused further increaseninflthe DNA
Two porphyrins increased thermal stability of the d(CGC-duplex any more. Based on the UV melting result, TMAP is
GAATTCGCGY) duplex by 5 of melting temperaturesJ]  considered to bind to the d(CGCGAATTCGGGuplex
upon binding at 2:1 of [porphyrin] : [DNA] molar ratio through Coulombic interaction between the negative charge
on phosphodiester chain and the positive charge on
Table 1 Spectroscopic data for porphyrins(TAMPyP and TMAP) substituent of porphyrin, and the second TMAP might be

bound to the DNA oligomer inhibited to bind to same DNA duplex. The data from UV
Samples iy H Induced CD mixing between each porphyrin and the d(CGCGAATT-
AATT-TAMPYP 16 nm 53% 420 nmy CGCG) duplex revealed that TMAP and T4MPyP formed

the stable complex with 1:1 and 1.3:1 of [porphyrin]:

complex X - y
AATT-TMAP 10 nm 50% 414 nm (+), 424 ) [D_NA] molar_ ratio, respec_tlvely, and_were well consistent
complex with UV melting data mentioned previously.

Figure 4 shows the imino proton region of e NMR
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nm Figure 4. Imino proton resonance signals of d(CGCGAATTCG-

Figure 3. Induced CD spectra of T4AMPyP(A) and TMAP(B) a CGY) at various [porphyrin]/[DNA] molar ratios(r) of TAMPyP (A)
various molar ratios(r) of [porphyrin)/[DNA]. (a) free porphyrins, and TMAP (B).
(b)r=2.0,(c)r=1.0, (d) r=0.5.

TMAP did not cause observable change in chemical shifts of

Table 2. Melting Temperature ) of d(CGCGAATTCGCGyand  imino proton signals and any broadening effect up to 0.5: 1

its complex with porphyrin at various mole ratio(r) of [porphyrin] : [DNA] molar ratio, but caused serious
Samples| AATT-T4AMPyP AATT-TMAP broadening effect on every imino proton of bases at 1: 1 of
[porphyrins)/[DNA] complex,°C complex°C [porphyrin] : [DNA] mole ratio. Hence TMAP showed a

0.0 15 45 diff(_erent binding mode from that of TAMPyP.
10 47 40 Figure 5 shows NMR spectra of a d(CGCGAATTC-
' GCG) duplex(A), a d(CGCGAATTCGCGuplex-T4AMPyP
20 50 50 complex(B), and a d(CGCGAATTCGCSYuplex-TMAP
3.0 o1 50 complex(C). Both porphyrins caused broadening®&f
resonance signals upon binding, but TMAP broadened more
spectra as a function of [porphyrin] : [DNA] molar ratio. significantly 3}P resonances of 5-AATTC-3' in the middle
Binding of TAMPYP caused the gradual broadening effect opart of the model DNA. In addition, T4AMPyYP caused more
guanine imino resonance signals, especially on guanine @& less upfield shift upon binding to a d(CGCGAATT-
and 10, with the increase of [porphyrin] : [DNA] molar ratio, CGCG}) duplex, but TMAP did not. This might be due to
and they could not be observed at higher [porphyrin] ;perturbation in the phosphodiester chain caused by TAMPyP.
[DNA] mole ratio than 0.5 : 1 because of serious broadeningrherefore the binding mode of TAMPyP might have two
effect on guanine imino protons. And guanine imino protonscharacteristics, that is partial intercalation as well as the
also showed observable upfield shift in the chemical shifts abnic interaction between the phosphate negative charge of
0.5: 1 of the [porphyrin] : [DNA] molar ratio. This indicated DNA and the positive charge of TAMPyP.
that T4AMPyP might bind at 5'-GCG-3' of a d(CGCGAATT- According to the results obtained from this research,
CGCG) duplex in the manner of intercalation. In contrast, TAMPYP is regarded to bind to double helical d(CGCGAA-
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Figure 5. *P NMR spectra of double helical d(CGCGAATTCG-
CG), (A), its complex with TAMPyP (B), and its complex with
TMAP (C).

20.
TTCGCG) primarily at the 5-GCG-3' site through not only 21.

the Coulombic interaction between opposite charges on

DNA and TAMPYP, but a weak intercalation of the porphyrin22-
23.

ring until the molar ratio of [porphyrin] : [DNA] became 0.5.
In contrast, TMAP is regarded to bind to d(CGCGAA-

TTCGCG) at A-T pair rich site along the phosphodiester 24.

chain only through the Coulombic interaction between

opposite charges on DNA and TMAP, until the molar ratio of2>-

[porphyrin] : [DNA] became 1.0. For more detailed infor-
mations, more works with two-dimensional NMR data are
under progress.
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