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Abstract:



The synthesized cobalt(II) complex, CoPNBDENA and the binding of this complex with sheep genomic DNA were investigated by UV–Visible absorption and viscosity techniques. Also the interaction of sheep genomic DNA with the complex was studied using the agarose gel electrophoresis method. The results indicated that the complex interacted with DNA. The nature of the binding seemed to be mainly an electrostatic interaction between DNA and the cobalt(II) complex. Other binding modes such as hydrogen bonds may also exist in this system. In this study, after the interaction of DNA–CoPNBDENA, it was observed that the migration of the DNA band became slow as the amount of cobalt(II) complex was increased. This clearly demonstrates that the CoPNBDENA complex neutralizes the negative charges of DNA.
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1. Introduction


Deoxyribonucleic acid (DNA) plays a significant role in the life process, because it carries the inheritance information and leads the biological synthesis of proteins and enzymes through the replication and transcription of genetic information in living cells. DNA is especially a good target for metal complexes as it gives a wide variety of potential metal binding sites [1–4]. For example, the rich DNA electron bases and phosphate groups are suitable for direct covalent coordination at the metal centre. There are non-covalent binding behaviours such as hydrogen bonding and electrostatic binding in the grooved regions of the DNA, along with the intercalation of planar aromatic ligands in the stacked base pairs [5–11].



The factors that lead the binding modes show that the most important factor is the molecular shape [12]. Those complexes that best match with each other against the DNA helical structure indicate the highest binding affinity. Many useful applications of these complexes require that the complex bind to DNA through an intercalative mode with the ligand intercalating into the adjacent base pairs of DNA. However, the majority of such researches have concentrated on the complexes of Ru(II), yet lesser attention has been given to other metal complexes [12]. The interaction of DNA with transition metal complexes has got intensive attention in the last few years in order to develop new novel non-radioactive probes of DNA structure [12, 13], new therapeutic agents that cleave DNA [14–16] and DNA-mediated electron transfer reactions [17]. These complexes give an opportunity to discover the effects of the central metal atom, the ligands and the coordination geometries on the binding event. As to the different ligands, it is possible to change the mode of interaction of the complex with nucleic acids that makes easy individual applications [18–20]. The application of octahedral complexes has allowed the targeting of specific DNA sites by matching the shape, symmetry and functionality of the metal complex to that of the DNA target [21]. Because of the unusual binding properties and general photo-activity, these coordination compounds were available candidates as DNA secondary structure probe, photocleavers and antitumor drugs [22–25].



Cobalt was accepted as an essential metal element widely distributed in the biological systems such as cells and body, and thus the interaction of DNA with cobalt complex has attracted much attention [26]. Their binding properties of cobalt with calf thymus DNA were studied by several methods, and the experimental results showed that the size and shape of the intercalated ligand had an important effect on the binding affinity of the complexes with DNA [27]. Hisaeda and co-workers [28] discovered a new water-soluble dicobalt complex having two cobalt–carbon bonds and reported that this dicobalt complex showed higher ability for DNA cleavage in comparison with the corresponding monocobalt complex. Nair and co-worker [29] worked on the interaction of DNA with cobalt(II) tridentate complex, and the photocleavage studies showed that the cobalt(II) complex increased to nicking of DNA in the presence of plasmid DNA [29].



In this study, we concentrated on studies, concerning the interaction of DNA with a new [Co(p-O2NC6H4COO)2(C10H14N2O)2(H2O)2], trans-diaquabis(N,N′-diethylnicotinamide)bis(p-nitrobenzoato) cobalt(II), which has both para-nitrobenzoate and N,N′-diethylnicotinamide ligands in the coordination sphere. The binding properties of this CoPNBDENA with genomic DNA were studied using absorption, electrophoresis and viscosity experiments [30].




2. Results and Discussion


In the UV–Visible region, intense absorption bands, which appeared from 260 to 300 nm, are believed to charge transfer transitions. Electronic absorption spectra are initially used to study the binding of CoPNBDENA complex with genomic DNA. Moreover, increasing concentrations of the complex result in the obvious tendency of hyperchromism and shift of the absorption bands[31]. The absorption spectra of the complex CoPNBDENA in the absence and presence of genomic DNA, is shown in Figure 1. An electrostatic interaction between CoPNBDENA complex and the DNA can be predicted when it is based on the hyperchromism exhibited and shifted in absorbance of the cobalt complex. Because our complex contains the para-nitrobenzoate and N,N′-diethylnicotinamide ligands. However, the high hyperchromism effects observed suggest van der Waals contacts between the groups of PNBDENA of the complex [31]. The coordination bond of DNA base with cobalt can take place through replacement of ligands in the complex [32]. It should be reported that a favourable hydrogen bond may be formed between NH2 in the complex and N of adenine or O of thymine in the DNA [31,32,33]


Figure 1. Absorption spectra of [Co(p-O2NC6H4COO)2(C10H14N2O)2(H2O)2] complex (15.4mM) in the absence and in the presence of DNA and increasing amounts of [DNA] = 0–10mM. Arrow shows that the absorbance changes upon increasing the DNA concentrations.
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This shows that our cobalt(II) complex binds strongly with DNA compared with other ordinary cobalt(II) complexes known in the literature [31].



Gel electrophoresis study of [Co(p-O2NC6H4COO)2(C10H14N2O)2(H2O)2] complex provides visualization of the interaction of DNA and CoPNBDENA complex. Complex of a linearized genomic DNA with CoPNBDENA complex was formed at different concentrations, and agarose gel electrophoresis was subsequently carried out. Representative gel images are shown in Figure 2. While free DNA moves in the electric field toward the anode, the movement of DNA has been made slow due to the complex above. This study explains that the cationic unit of the complex is neutralizing the negative charges of DNA, thereby resulting in the formation of stable complex[35, 36]. It is reported that electroneutral complex with DNA is irrespective of the inherent amount of quarternization. This may be because of the fact that all the nitro groups are charged by abstracting protons from the buffer[35, 36].


Figure 2. Analysis of complex formation between DNA and CoPNBDENA by agarose gel electrophoresis. Gel retardation assay of genomic DNA by CoPNBDENA. Lane 1: unterated genomic DNA alone, Lanes 2–4: DNA + CoPNBDENA complex in the concentration of 15.4, 0.154 and 0.0154mM. An increasing concentration of the complex was added to DNA in 45mM Tris-borate and 1mM EDTA at pH 8.0. The mixture was then analyzed on a 1% agarose gel in Tris-borate buffer (45mM, pH 8.0) containing 1mM EDTA.
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Tang and Szoka [34] and Bronich et al. [35]] have reported that DNA-polycation complexes are formed as a result of ionic interactions between negatively charged phosphate groups of DNA and cationic groups of the polycation. Vinogradov et al. [36,37] have noticed that the binding between DNA and complex is considered to occur mainly through electrostatic interactions among the participating species. CoPNBDENA-DNA complex which is produced spontaneously resulting from the interaction of nitro groups of para-nitrobenzoate, amino groups of diethylnicotiamide with the phosphate groups of DNA. In order to substantiate the binding of the cobalt (II) complex to DNA, a gel retardation assay was conducted on DNA (Figure 2). Lane 1 is pure DNA not treated with any complex. Lanes 2–4 represent the DNA reacted with the cobalt(II) complex. In this study, due to the interaction of DNA–CoPNBDENA, the migration of the DNA band is made slow as the amount of cobalt(II) complex is increased. This clearly demonstrates that the CoPNBDENA complex is neutralizing the negative charges of DNA which could be made further easy because of the increase of p-nitrobenzoate groups and N,N′-diethylncotineamide groups of CoPNBDENA complex.



The experiment gave signs that untreated DNA does not represent any cleavage in the dark (see lane 1). Similarly, DNA nicking was not observed for genomic DNA treated with CoPNBDENA in the dark experiments (see lanes 1, 2–4).



To further make clear the interaction between the complex and DNA, viscosity measurements were studied. Optical photophysical studies are not enough to explain a binding between DNA and the complex. A classical intercalation model results in lengthening the DNA helix, as base pairs are separated to accommodate the binding ligand, leading to the increase of DNA viscosity. The effect of [Co(p-O2NC6H4COO)2(C10H14N2O)2(H2O)2] on the viscosity of DNA is shown in Figure 3. When the ratio of Co(II) complex to DNA increase, [compound]/[DNA. CoPABDENA can increase the viscosity of DNA, which indicates that the compound binds to DNA by intercalation of the aromatic ring into the base pairs of DNA. Not only does this result give sign of an intercalative binding mode of the complex, but it is also in agreement with the pronounced hypochromism, bathochromism of the complex in the presence of DNA [25].


Figure 3. Effect of increasing amounts of [Co(p-O2NC6H4COO)2(C10H14N2O)2(H2O)2] (◆), on the relative viscosities of goose genomic DNA (▽), [DNA]=0.5 mM, at 30.0 (±0.1) °C
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3. Experimental


3.1. Materials and methods


Cobalt sulphate (CoSO4).7H2O) heptahydrate, sodium p-nitrobenzoate, N,N′-diethylnicotinamide, and all common solvents and reagents were purchased commercially from Aldrich and Sigma and used without further purification. Genomic DNA obtained from the blood sample was used as well. All experiments involving the interaction of the complex with DNA were conducted in Milli-Q water, and all solutions were prepared with Milli-Q water. The spectroscopic titration was performed in the buffer (10 mM NaCl 50mM Tris–HCl, pH 7.3) at room temperature. A solution of DNA in the buffer gave a ratio of UV absorbance at 265 and 285 nm showing that the DNA was almost free of protein [13].




3.2. Synthesis of Diaquabis(N,N′-diethylnicotinamide)bis(p-nitrobenzoato)cobalt(II) complex


[Co(p-O2NC6H4COO)2(C10H14N2O)2(H2O)2],trans-diaquabis(N,N′-diethylnicotinamide)bis(pnitrobenzoato) cobalt(II) complex was synthesized (Fig. 4) [30]. The complex was prepared by 0.01 mol [Co(p-O2NC6H4COO)2(H2O)4].2H2O and 0.02 mol of diethylnicotinamide in 100 mL water. The solution was filtered and set aside for crystallization at ambient temperature for a few days. Pink crystals were obtained [30]. Elemental analysis were carried out on a LECO CHNS 932 analyzer. The theoretical contents of C, H and N were calculated for [Co(p-O2NC6H4COO)2(C10H14N2O)2(H2O)2] (%):C, 53.14; H, 5.70; N, 10.33, analytical results were found (%): C, 49.76; H, 5.78; N, 10.34.


Figure 4. Chemical structure of [Co(p-O2NC6H4COO)2(C10H14N2O)2(H2O)2].
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3.4. Physical measurements


Absorption spectra were recorded on a UV–Vis Heyλios Range of UV-Visible spectrophotometer spectrophotomer using cuvettes of 1 cm path length. For the absorption spectra, an equal solution of DNA was added to both complex solution and reference solution to eliminate the absorbance of DNA itself. The DNA concentration pernucleotide was determined by absorption spectroscopy using the known molar extinction coefficient value of 6600 M−1 cm−1 at 260 nm [27,28,29,31]. Absorption titrations were carried out by using [Co(p-O2NC6H4COO)2(C10H14N2O)2(H2O)2], (CoPNBDENA), complex concentration to which increments of the DNA stock solution were added. CoPNBDENA complex and DNA solutions were allowed to incubate for 1 h before the absorption spectra were recorded. The electrophoretic mobilities of the complex/DNA at different complex concentrations were determined by gel electrophoresis using 1.0% agarose gel in a buffer consisting of 45mM Tris-borate and 1mM EDTA at pH 8.0. Experiments were run at 50 V for 2 h. DNA was visualized under UV illumination by staining the gels with ethidium bromide overnight at room temperature.



Viscosity experiments were carried out using an Ubbelodhe viscometer maintained at a constant temperature of 30 °C in a thermostatic bath [23]. A digital stopwatch was used to measure six times the flow time, and each sample was measured six times, and an average flow time was calculated. Data were illustrated as (η/η0)1/3 versus binding ratio [24], where η is the viscosity of DNA in the presence of complex, and η0 is the viscosity of DNA alone [25].




3.5. DNA-binding experiments


The DNA-binding experiments were carried out at room temperature. CoPNBDENA, [Co(p-O2NC6H4COO)2(C10H14N2O)2(H2O)2], complex were used as the source of reactive. Miliq water was used to prepare the solutions of complex. The pH of the solutions was fixed to 7.3 by adding slowly NaOH solution. The solution of genomic DNA in the buffer consisting of 1mM Tris-HCI at pH 7.3, 1mM NaCI and 1mM EDTA was used [29]. DNA was allowed to interact with the metal complex. In order to compare the effect of interaction of the metal complex between DNA and CoPNBDENA complex–DNA, solutions were allowed to incubate for 24 h before the absorption spectra were recorded. For the gel electrophoresis experiments, genomic DNA was treated with CoPNBDENA in 50 mM Tris–HCl, 20 mM NaCl buffer, pH 7.3. The samples were electrophoresed for 3 h at 50 V on a 0.8% agarose gel in tris–acetic acid–EDTA buffer. The gel was stained with 0.5 lg/mL ethidium bromide and then photographed under UV light [38].





Conclusion


The DNA binding of cobalt complex containing the p-nitrobenzoate and N,N′-diethylncotineamide ligands has been studied by absorption spectroscopy, gel electrophoresis and viscosity methods. The binding of cobalt(II) complex to DNA seems stronger than ordinary cobalt(II) complex. This may be due to the presence of cobalt(II) complex molecular units and free amino groups in a single molecule which cooperatively help the binding to DNA between each other.
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Abbreviations








	[Co(p-O2NC6H4COO)2(C10H14N2O)2(H2O)2]
	
CoPNBDENA





	Tris
	
tris-(hydroxymethyl) aminomethane





	CoPNBDENA
	
diaquabis(N,N′-diethylnicotinamide)bis(p-Nitrobenzoato) cobalt(II)









References


	1. 
Pyle, A.M.; Long, E.C.; Barton, J.K. Shape-selective Targeting of DNA by Phenanthrenequinone diimine Rhodium(III) Photocleaving Agents. J. Am. Chem. Soc 1989, 111, 4520–4522. [Google Scholar]

	2. 
Sitlani, A.; Long, E.C.; Pyle, A.M.; Barton, J.K. DNA Photocleavage by Phenanthrenequinone Diimine Complexes of Rhodium(III): Shape-Selective Recognition and Reaction J. Am. Chem. Soc 1992, 114, 2303–2312. [Google Scholar]

	3. 
Jin, L.; Yang, P. Effect of polyamine-induced compaction and aggregation of DNA on the formation of radiation-induced. Polyhedron 1997, 16, 3395–3403. [Google Scholar]

	4. 
Song, Y.-M.; Lu, X.-l.; Yang, M.-l.; Zheng, X.-R. Precursors for mitochondrial DNA replication. Transition Met. Chem. 2005, 30, 499–513. [Google Scholar]

	5. 
Zhang, Q.-L.; Liu, J.-G.; Chao, H.; Xue, G.-Q.; Ji, L.-N. DNA-binding and photocleavage studies of cobalt(III) polypyridyl complexex. J. Inorg. Biochem 2001, 83, 49–55. [Google Scholar]

	6. 
Zhang, Q.-L.; Liu, J.-G.; Xu, H.; Li, H.; Liu, J-Z.; Zhou, H.; Qu, L.-H.; Ji, L.-N. Synthesis characterization and DNA-binding studies of cobalt(II) polypyridyl complexes. Polyhedron 2001, 20, 3049–3055. [Google Scholar]

	7. 
Jiang, C.-W.; Chao, H.; Li, H.; Ji, L.-N. Synthesis, Characterization and DNA-binding studies of ruthenium(II) terpyridine complexes. J. Inorg. Biochem 2003, 93, 247–255. [Google Scholar]

	8. 
Vaidyanathan, V.G.; Nair, B.U. Synthesis, characterization and electrochemical studies of mixed ligand complexes of ruthenium(II) with DNA. J. Chem. Soc., Dalton Trans. 2005, 2842–2848. [Google Scholar]

	9. 
Chao, H.; Mei, W.-J.; Huang, Q.-W.; Ji, L.-N. DNA binding studies of ruthenium(II) complexes asymmetric tridentate ligands. J. Inorg. Biochem 2002, 92, 165–170. [Google Scholar]

	10. 
Jiao, K.; Wang, Q.-X.; Sun, W.; Jian, F.F. Sythesis, characterization and DNA-binding properties of a new cobalt(II) complex co(bbt)2CI2. J. Inorg. Biochem 2005, 99, 1369–1444. [Google Scholar]

	11. 
Kumar, R.S.; Arunachalam, S. Synthesis, characterization and DNA binding studies of a polymer-cobalt( III) complex containing the 2,2′-bipyridyl ligand. Polyhedron 2006, 25, 3113–3117. [Google Scholar]

	12. 
Hong, X-L.; Liu, Y-J.; Tan, L-F.; Ji, L.-N. DNA interactions of cobalt(III) mixed-polypyridyl complexes containing asymmetric ligands. J. of Inorg Biochem 2004, 98, 1143–1193. [Google Scholar]

	13. 
Erkkila, K.E.; Odom, D.T.; Barton, J.K. Recognition and Reaction of Metallointercalators with DNA. Chem. Rev 1999, 99, 2777–1795. [Google Scholar]

	14. 
Yam, V.W-W.; Lo, K.K.-W.; Cheung, K.-K.; Kong, R.Y.-C. Dipyrido[3,2-a:2′,3′-c]phenazine-Tethered Oligo-DNA: Synthesis and Deoxyribonucleic acid binding and photocleavage studies of rhenium(I) dipyridophenazine complexes. J. Chem. Soc., Dalton Trans 1997, 2067–2081. [Google Scholar]

	15. 
Ren, J.; Chaires, J.B. Sequence and structural selectivity of nucleic acid binding ligands. Biochemistry 1999, 38, 16067–16075. [Google Scholar]

	16. 
Barton, J.K.; Raphael, A.L. Photoactivated Stereospecific Cleavage of Double-Helical DNA by Cobalt(III) Complexes. J. Am. Chem. Soc 1984, 106, 2466–2468. [Google Scholar]

	17. 
Barton, J.K.; Raphael, A.L. Site-Specific Cleavage of Left-handed DNA in pBR322 by L-Co( DIP)33+. Proc. Natl. Acad. Sci. USA 1985, 6460–6471. [Google Scholar]

	18. 
Shields, T.P.; Barton, J.K. Sequence-selective DNA Recognition and Photocleavage: A Comparison of Enantiomers of Rh(en)2phi3+. Biochemistry 1995, 34, 15037–15048. [Google Scholar]

	19. 
Krotz, A.H.; Kuo, L.Y.; Shields, T.P.; Barton, J.K. DNA Recognition by Rhodium(III) Polyamine Intercalators: Considerations of Hydrogen Bonding and van der Waals Interactions. J. Am. Chem. Soc 1992, 115, 3877–3687. [Google Scholar]

	20. 
Sitlani, A.S.; Long, E.C.; Pyle, A.M.; Barton, J.K. DNA Photocleavage by Phenanthrenequinone Diimine Complexes of Rhodium(III): Shape-Selective Recognition and Reaction. J. Am. Chem. Soc 1992, 114, 2303–2313. [Google Scholar]

	21. 
Selvi, P.T.; Evans, H.S.; Palaniandavar, M. Interactions of polypyridyl cobalt complexes with DNA studied by rotating electrode methods. J. of Inorg. Biochem 2005, 99, 2110–2123. [Google Scholar]

	22. 
Chan, S.; Wong, W.T. Synthesis, structure and DNA-binding studies on the 2-(3-chlorophenyl)imidazo[4,5-f]1,10-phenanthroline-bis(2,2′-bipy ridine)-ruthenium(II) complex. Coord. Chem. Rev 1995, 138, 219–196. [Google Scholar]

	23. 
Pratviel, G.; Bernadou, J.; Meunier, B. DNA and RNA cleavage by metal complexes. Adv. Inorg. Chem 1998, 45, 251–312. [Google Scholar]

	24. 
Liang, F.; Wang, P.; Zhou, X.; Li, T.; Li, Z.Y.; Lin, H.K.; Gao, D.Z.; Zheng, C.Y.; Wu, C.T. Copper Complex of Hydroxyl-Substituted Triazamacrocyclic Ligand and Its Antitumor Activity. Bioorg. Med. Chem. Lett 2004, 14, 1901–1917. [Google Scholar]

	25. 
Wang, X.L.; Chao, H.; Li, H.; Hong, X.L.; Liu, Y.J.; Tan, L.F.; Ji, L.N. DNA interactions of cobalt(III) mixed-polypyridyl complexes containing asymmetric ligands. J. Inorg. Biochem 2004, 98, 1143–1193. [Google Scholar]

	26. 
Shimakoshi, H.; Kaieda, T.; Matsuo, T.; Sato, H.; Hisaeda, Y. Ability for DNA cleavage. Tetrahedron Lett 2003, 44, 5197–5199. [Google Scholar]

	27. 
Vaidyanathan, V.G.; Nair, B.U. Photooxidation of DNA by a cobalt( _ ) tridentate complex. J. Inorg. Biochem 2003, 94, 121–132. [Google Scholar]

	28. 
Zhang, Q.L.; Liu, J.H.; Ren, X.Z.; Xu, H.; Huang, Y.; Liu, J.Z.; Ji, L.N. A functionalized cobalt(III) mixed-polypyridyl complex as a newly designed DNA molecular light switch. J. Inorg. Biochem 2003, 95, 194–102. [Google Scholar]

	29. 
Jiao, K.; Wang, Q.X.; Sun, W.; Jian, F.F. Synthesis characterization and DNA-binding properties of a new cobalt(II) complex: Co(bbt)2Cl2. J. of Inorg. Biochem 2005, 99, 1369–3444. [Google Scholar]

	30. 
Necefoglu, H; Clegg, W.; Scott, A.J. Diaquabis(N,N-diethylnicotinamid)bis(4-nitrobenzoato) zinc(II). Acta Crystallgraphica Section E 2001, E57, m465–m466. [Google Scholar]

	31. 
Carter, M.T.; Rodriguez, M.; Bard, A.J. Tris-Chelated Complexes of Colbalt (III) and Iron (II) with 1, 10-Phenanthroline and 2,2′-Bipyridine. J. Am. Chem. Soc 1989, 111, 8901–8911. [Google Scholar]

	32. 
Sherman, S.E.; Gibson, D.; Wang, A.H.J.; Lippard, S.J. Lippard Crystal and molecular structure of cis-[Pt(NH3)2{d(pGpG)}], the principal adduct formed by cis-diamminedichloroplatinum(II) with DNA. J. Am. Chem. Soc 1988, 110, 7368–7381. [Google Scholar]

	33. 
Pyle, A.M.; Rehmann, J.P.; Meshoyrer, R.; Kumar, C.V.; Turro, N.J.; Barton, J.K. Mixed-Ligand Complexes of Ruthenium(II): Factors Governing Binding to DNA. J. Am. Chem. Soc. 1989, 111, 3051–3063. [Google Scholar]

	34. 
Tang, M.X.; Szoka, F.C. The influence of polymer structure on the interactions of cationic polymers with DNA and morphology of the resulting complexes. Gene Ther 1997, 4, 823–832. [Google Scholar]

	35. 
Bronich, T.K.; Nguyen, H.K.; Eisenberg, A.; Kabanov, A.V. Recognition of DNA Topology in Reactions between Plasmid DNA and Cationic Copolymers. J. Am. Chem. Soc 2000, 122, 8339–8343. [Google Scholar]

	36. 
Vinogradov, S.V.; Bronich, T.K.; Kabonov, A.V. The linear biodegradable cationic copolymer of claim wherein the PEI has an average. Bioconjugate Chem 1998, 9, 805–812. [Google Scholar]

	37. 
Annaraj, J.; Srinivasan, S.; Ponvel, K.M.; Athappan, P.R. Athappan, The mode of binding of copper(II) mixed ligand complexes of phen/bpy. J. Inorg. Biochem 2005, 99, 669–745. [Google Scholar]

	38. 
Arslantas, A.; Devrim, A.K.; Kaya, N.; Necefoglu, H. Studies on the Interaction between Zinc-Hydroxybenzoite Complex and Genomic DNA. Int. J. Mol. Sci 2006, 7, 111–118. [Google Scholar]





© 2007 by MDPI Reproduction is permitted for noncommercial purposes.







media/file4.png
002 004 o006 008 0.10
[Co/[DNA]






nav.xhtml


  ijms-08-01225


  
    		
      ijms-08-01225
    


  




  





media/file1.png
2.0 4 ¢ CoPNBDENA

CoPNBDENA +DNA

15-
ABS

101

05 ¥

0.0

250.0  300.0 3500 4000 (nm)





media/file2.png





media/file7.png





media/file5.png
001 002 004 0ps 008 0.10
[Col/[DNA]






media/file3.png





media/file0.png
CoPNBDENA
CoPNBDENA +DNA

2.0 | i
- 1.5
ABS

1.01]

05 ¥

0.0

250.0  300.0 350.0 4000 (nm)





media/file6.png





