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Lysine-Enediyne Conjugates as a Photochemically Triggered DNA Double-Strand Cleavage Agents
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Department of Chemistry and Biochemistry, Florida State University, Tallahassee, Florida 32306-4390

SUPPORTING INFORMATION

General Information

1H and 13C NMR were collected on a Varian Gemini 300 MHz spectrometer. 19F NMR was performed on a Bruker 300 MHz NMR. Mass spectrometry data was collected on a Jeol JMS-600H. UV spectra were recorded on a Shimadzu UV-2100. Fluorescence spectra were obtained with SPEX FluoMax spectrofluorimeter using right-angle geometry. 

Scheme 1. Synthesis of the lysine-enediyne conjugates 3. 
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Reagents and conditions: (a) t-BuOH, DMAP, 72, rt, (95%); (b) Tf2O, Py, CH2Cl2, 0oC, 30 min, 5 h, rt, (88%); (c) PhCCH, PdCl2(PPh3)2, CuI, Et3N-DMF , 80oC, 8 h, (58%); (d) TFA, CH2Cl2, rt, (76%); (e) 1. ClOCCOCl, C6H6, reflux, 3 h, 2. BocNHCH2CH2NH2, Et3N, THF, 24 h, (54%); (f) HCl, THF, 5 h, rt, (97%); (g) Boc2Lys(OH), HOBt, DCC, 20 h, (63%); (h) HCl, THF, 1h, (95%).

Scheme 2. Synthesis of the lysine-enediyne conjugates 4.
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aReagents and conditions: (a) t-BuOH, DMAP, 72, rt, (95%); (b) Tf2O, Py, CH2Cl2, 0oC, 30 min, 5 h, rt, (88%) (c) Me3SiCCH, PdCl2(PPh3)2, CuI, Et3N-DMF , 80oC, 8 h, (67%); (d) C5F5N, CsF, DMF, 24 h, rt (64%); (e) TFA, CH2Cl2, rt, (89%); (f) 1. ClOCCOCl, C6H6, reflux, 3 h, 2. BocNHCH2CH2NH2, Et3N, THF, 24 h, (85%); (g) HCl, CH2Cl2, rt, (52%); (h) Boc2Lys(OH), HOBt, DCC, 20 h, (59%); (i) HCl, THF, 1h, (95%).

Analytical data for 1:  m.p. 280-282 (C (decomp.); 1H NMR (300 MHz, DMSO-d6) δ 8.47 (broad s , 3H), 8.26 (d, J= 1.5 Hz, 1H), 8.1-7.8 (m, 5H), 4.16 (broad s, 1H), 2.79-2.76 (m, 2H), 2.0-1.8 (m, 2H), 1.65-1.5 (m, 2H), 1.49-1.41 (m, 2H);  13C NMR (75.4 MHz, CDCl3/CD3OD) δ 167.5, 144.7 (m), 143.3 (m), 141.4 (m), 139.9 (m), 139.8, 133.4, 123.9, 122.8, 121.2, 118.6 (m), 103.0, 102.5, 53.2, 38.6, 30.5, 26.1, 21.3; 19F NMR (282 MHz, CDCl3/CD3OD) δ -91.6 (m), -91.8 (m), -138.7 (m), -139.1 (m);  HRMS (ESI+) calcd for C26H18F8N5O 568.1383, found 568.1394.

Analytical data for 2:  m.p. 292-295 (C (decomp.); 1H NMR (300 MHz, DMSO-d6) δ 8.48 (broad s , 3H), 8.04 (s, 1H), 8.3-7.3 (m, 14H), 4.14 (m, 1H), 2.79-2.76 (m, 2H), 2.0-1.8 (m, 2H), 1.65-1.5 (m, 2H), 1.49-1.41 (m, 2H);  13C NMR (75.4 MHz, CDCl3/CD3OD) δ 166.9,  136.9, 131.9, 131.1, 128.1, 127.9, 125.9, 122.6, 122.4, 122.1, 121.4, 119.2, 93.2, 19F NMR (282 MHz, CDCl3/CD3OD) δ -91.05 (m), -91.15 (m), -138.5 (m), -138.6 (m);  HRMS (ESI+) calcd for C29H23F8N6O2 639.1755, found 639.1773.

Analytical data for 3:  m.p. 187-190 (C (decomp.); 1H NMR (300 MHz, DMSO-d6) δ 9.1 (s, 1H), 8.8 (s, 1H), 8.35 (s, 1H), 8.26 (broad s, 3H), 8.17 (d, J=8.1 Hz, 1H), 8.02 (d, J=8.1 Hz, 1H), 7.87 26 (broad s, 3H), 3.7-3.6 (m, 1H), 2.73-2.71 (m, 2H), 1.73-1.67(m, 2H), 1.54-1.5 (m, 2H), 1.37-1.31 (m, 2H); 13C NMR (75.4 MHz, CDCl3/CD3OD) δ 168.7, 165.9, 144.7 (m), 143.5 (m), 141.5 (m), 139.9 (m), 135.5, 132.8, 131.7, 128.9, 125.8, 123.5, 116.0 (m), 102.1, 102.0, 78.8, 78.7, 52.5, 39.9, 39.1, 38.6, 30.1, 26.0, 21.2; 19F NMR (282 MHz, CDCl3/CD3OD) δ -91.05 (m), -91.15 (m), -138.5 (m), -138.6(m); HRMS (ESI+) calcd for C29H23N6F8O2  639.1755, found 639.1773.

 Analytical data for 4:  m.p. 198-200 (C (decomp.);1H NMR (300 MHz, DMSO-d6) δ 8.86 (s, 1H), 8.78 (s, 1H), 8.33 (broad s, 1H), 8.16  (s, 3H), 7.93 (d, J=7.8 Hz, 1H), 7.89 (broad s , 3H),   7.75 (d, J=7.8 Hz, 1H), 7.58-7.56 (m, 4H), 7.48-7.45 (m, 6H), 3.7-3.6 (m, 1H), 2.73-2.71 (m, 2H), 1.73-1.67(m, 2H), 1.54-1.5 (m, 2H), 1.37-1.31 (m, 2H);  13C NMR (75.4 MHz, CDCl3/CD3OD) δ 169.4, 167.1, 132.7, 131.5, 131.4, 130.5, 128.6, 128.2, 126.5, 125.8, 122.6, 122.5, 95.8, 94.1, 87.5, 87.4, 53.1, 39.15, 39.1, 30.4, 26.2, 21.5;  HRMS (ESI+) calcd for C31H33N4O2 493.2603, found 493.2606.

Plasmid DNA Photocleavage.

 pBR322 plasmid DNA (4,361 b/p; from BioLabs Inc., 1(g/(L solution in 10 mM Tris-HCl (pH 8.0), and 1mM EDTA buffer) was diluted to a concentration of 0.01 (g/(L. A solution of compounds (60 (L) in water was added to the solution of supercoiled DNA (20 (L) and 100 mM potassium phosphate buffer (20 (L). The solution (100 (L) containing cleavage agent, DNA (0.02 (g/(L, 30 (M/bp) in 20 mM potassium phosphate buffer was incubated for 1 hour at 25oC. After incubation, 10 samples (10 (L of each) in a Pyrex tubes (OD 0.11 in) were sealed tightly with Parafilm to prevent evaporation during irradiation. The sample was exposed to radiation using 200 W Hg-Xe lamp (Spectra-Physics, Laser & Photonics Oriel Instruments), placed at a distance of 20 cm.

 Electrophoretic Analysis. 

The electrophoretic run was carried out in Tris-borate buffer (0.045 M), EDTA (0.001 M) for 2 hours at 70 V using Miligel FisherBiotech Horizontal Electrophoresis System. All gels were run on 1% agarose slab gels. Before loading, the DNA samples were mixed with 0.33 volume of tracking dye containing bromophenol blue (0.25%) and glycerol (30%) in water. After staining in ethidium bromide solution (2 (g/ml in Tris –borate buffer) for 1 hour, the gel was washed with water and pictures were taken with Polaroid 3000ISO type 667 film. The relative quantities of the supercoiled, nicked, and linear DNA were calculated by integrating the “area” of each spot by the image analyzer software Total/Lab (Nonlinear Dynamics Ltd., UK). The amount of supercoiled DNA was multiplied by factor of 1.4 to account for reduced ethidium bromide intercalation into supercoiled DNA. 

Fluorometric Determination of C50 Values.

                The concentrations of stock solutions of calf thymus DNA and ethidium bromide were determined spectophotometrically using the following molar absorptovity values: 6.55x103 M-1cm-1 at 260 nm; 5.86x103 M-1cm-1 at 480 nm. The C50 value aws determined as the concetration of lysine-enediyne conjugate leading to a 50% reduction in the fluorescence intensity of bound ithidium bromide (excitation at 547 nm, emission at 595 nm) under  buffer conditions ( 8mM NaCl, 2 mM HEPES, 0.05 mM EDTA, [ethidium]=1.26 μM, [DNA base pairs]=1.31 μM, pH 7.4). 

Kinetics of DNA Photocleavage And Calculation of Number of ss Breaks and ds Breaks.
1.
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Figure 1. Photocleavage of plasmid DNA sensitized by 1.  A plot of

 the fractions of supercoiled (■), nicked (●), and linear (▲) DNA versus

 irradiation time at pH 8.0. pBR322 plasmid DNA (30 (M/bp) and

 1 (20 (M) were irradiated in phosphate buffer (20 mM, pH 8.0). 

Table 1A .  Statistical Efficiency of Single-Strand and Double-Strand Break Formation by 1 as

 a Function of Irradiation Time. 

	Radiation time, min
	         Relative amounts, %

Supercoiled         Nicked              Linear
	Number of ss-breaks (n1) and ds-breaks (n2) per molecule

   n1              n2
	n1/n2

	     0
	  88.1
	 11.9
	      0
	0.127
	0
	

	     2
	75.15
	24.82
	0
	0.286
	0
	

	     7
	64.02
	35.15
	0.83
	0.438
	0.008
	52.6

	    13
	54.00
	44.53
	1.35
	0.603
	0.014
	44.0

	    16
	52.92
	45.54
	1.54
	0.627
	0.016
	39.6

	    22
	50.02
	48.31
	1.67
	0.640
	0.017
	39.8

	    25
	32.02
	63.61
	4.37
	1.105
	0.046
	23.9

	    30
	38.90
	56.18
	4.92
	0.896
	0.052
	17.3

	    35
	29.5
	64.96
	5.54
	1.174
	0.059
	19.8

	    40
	22.05
	68.88
	9.08
	1.476
	0.01
	14.2

	    45
	6.53
	81.85
	11.62
	2.607
	0.13
	19.8


Table 1B .  Statistical Efficiency of Single-Strand and Double-Strand Break Formation by 1 as

 a Function of Irradiation Time
	Radiation time, min
	         Relative amounts, %

Supercoiled         Nicked              Linear
	Number of ss-breaks (n1) and ds-breaks (n2) per molecule

   n1              n2
	n1/n2

	     0
	  88.1
	 11.9
	      0
	0.127
	0
	

	     2
	78.42
	21.58
	0
	0.243
	0
	

	     7
	70.71
	29.29
	0
	0.347
	0
	

	    13
	65.36
	34.64
	0
	0.425
	0
	

	    16
	60.54
	38.5
	0.97
	0.493
	0.01
	49.3

	    22
	32.75
	62.21
	5.04
	1.063
	0.053
	20.0

	    25
	41.06
	55.66
	3.28
	0.856
	0.034
	25.2

	    30
	36.49
	58.90
	4.62
	0.96
	0.049
	19.8

	    35
	36.5
	59.05
	4.46
	0.961
	0.047
	20.6

	    40
	33.84
	62.69
	3.47
	1.047
	0.036
	29.1

	    45
	18.75
	70.34
	10.92
	1.551
	0.12
	12.7
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Figure 2. Photocleavage of plasmid DNA sensitized by 2.  A plot of 

the fractions of supercoiled (■), nicked (●), and linear (▲) DNA versus 

irradiation time at pH 8.0. pBR322 plasmid DNA (30 (M/bp) and 

2 (20 (M) were irradiated in phosphate buffer (20 mM, pH 8.0). 

Table 2.  Statistical Efficiency of Single-Strand and Double-Strand Break Formation by II as

 a Function of Irradiation Time. 

	Radiation time, min
	         Relative amounts, %

Supercoiled         Nicked              Linear
	Number of ss-breaks (n1) and ds-breaks (n2) per molecule

   n1              n2
	n1/n2

	     0
	  88.1
	 11.9
	      0
	0.127
	0
	

	     2
	71.74
	28.25
	0
	0.332
	0
	

	     7
	60.10
	38.99
	0.9
	0.499
	0.009
	54.5

	    12
	56.43
	42.99
	0.6
	0.566
	0.006
	97.5

	    17
	40.51
	56.70
	2.79
	0.875
	0.028
	30.5

	    22
	29.85
	65.85
	4.30
	1.164
	0.045
	25.9

	    27
	15.95
	78.06
	5.99
	1.772
	0.063
	27.8

	    32
	12.41
	81.60
	5.99
	2.022
	0.064
	31.8

	    37
	15.95
	77.18
	6.87
	1.762
	0.074
	23.9

	    42
	3.36
	86.42
	10.22
	3.280
	0.114
	28.8

	    47
	4.68
	84.46
	10.85
	2.939
	0.122
	24.1


3.
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Figure 3. Photocleavage of plasmid DNA sensitized by 3.  A plot of 

the fractions of  supercoiled (■), nicked (●), and linear (▲) DNA

versus irradiation time at pH 8.0. pBR322  plasmid DNA (30 (M/bp) and

 3 (30 (M) were irradiated in phosphate buffer (20 mM, pH 8.0).

Table 3.  Statistical Efficiency of Single-Strand and Double-Strand Break Formation by 3 as a 

Function of Irradiation Time. 

	Radiation time, min
	         Relative amounts, %

Supercoiled         Nicked              Linear
	Number of ss-breaks (n1) and ds-breaks (n2) per molecule

   n1              n2
	n1/n2

	     0
	  88.1
	 11.9
	      0
	0.127
	0
	

	     2
	77.10
	22.9
	0
	0.260
	0
	

	     7
	68.28
	31.72
	0
	0.382
	0
	

	    12
	55.1
	42.28
	2.62
	0.569
	0.027
	21.1

	    17
	43.94
	51.09
	4.97
	0.770
	0.052
	14.7

	    22
	42.42
	53.14
	4.44
	0.811
	0.046
	17.4

	    27
	32.16
	59.89
	7.95
	1.048
	0.086
	12.1

	    32
	28.45
	61.46
	10.09
	1.145
	0.112
	10.2

	    37
	13.51
	74.87
	11.62
	1.870
	0.132
	14.2

	    42
	7.84
	74.87
	14.57
	2.375
	0.171
	13.9

	    47
	4.56
	77.0
	18.44
	2.863
	0.226
	12.6
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Figure 1. Photocleavage of plasmid DNA sensitized by 4.  A plot of

 the fractions of  supercoiled (■), nicked (●), and linear (▲) DNA versus

 irradiation time at pH 8.0. pBR322  plasmid DNA (30 (M/bp) and

 4 (30 (M) were irradiated in phosphate buffer (20 mM, pH 8.0).

Table 2.  Statistical Efficiency of Single-Strand and Double-Strand Break Formation by 4 as

 a Function of Irradiation Time. 

	Radiation time, min
	         Relative amounts, %

Supercoiled         Nicked              Linear
	Number of ss-breaks (n1) and ds-breaks (n2) per molecule

   n1              n2
	n1/n2

	     0
	  88.1
	 11.9
	      0
	0.127
	0
	

	     2
	78.75
	21.25
	0
	0.239
	0
	

	     7
	66.76
	30.7
	2.54
	0.378
	0.026
	14.5

	    12
	52.23
	43.52
	4.25
	0.605
	0.044
	13.6

	    17
	41.82
	52.39
	5.79
	0.810
	0.061
	13.2

	    22
	33.09
	57.88
	9.03
	1.006
	0.099
	10.2

	    27
	27.44
	64.17
	8.39
	1.201
	0.092
	13.1

	    32
	17.64
	71.27
	11.09
	1.610
	0.125
	12.9

	    37
	18.49
	69.16
	12.35
	1.547
	0.141
	11.0

	    42
	12.77
	71.16
	16.07
	1.866
	0.192
	 9.8

	    47
	8.66
	76.85
	14.47
	2.276
	0.169
	13.4
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		0		0		0		103.3434732029		19.8337856414		30.4898340611		21.6388268492		22.447543148		28.8147558532		9.1654030511

		0		0		0		102.3434732029		18.8337856414		29.4898340611		20.6388268492		21.447543148		27.8147558532		8.1654030511

		0		0		0		0.0097710188		0.05309607		0.0339099907		0.0484523664		0.046625387		0.0359521401		0.1224679289		n2

		0.7842382192		0.7071106783		0.6535916379		0.6053624444		0.327481094		0.4106382178		0.3648594695		0.3649924975		0.3384221848		0.187507279

		0.2430424538		0.346568079		0.4252725294		0.5019279187		1.116324954		0.8900427007		1.0082430147		1.0078784805		1.0834610954		1.6739376131

		0		0		0		0.4921568999		1.063228884		0.85613271		0.9597906484		0.9612530935		1.0475089553		1.5514696843		n1

		0		0		0		50.3690465006		20.0246248892		25.2472115515		19.808953003		20.6165171985		29.1362058453		12.6683752937		n1/n2

								16		22		25		30		35		40		45

								0.0097710188		0.05309607		0.0339099907		0.0484523664		0.046625387		0.0359521401		0.1224679289		n2

								16		22		25		32		35		40		45		time

								0.4921568999		1.063228884		0.85613271		0.9597906484		0.9612530935		1.0475089553		1.5514696843		n1

								16		22		25		30		35		40		45		time

								0.4921568999		1.063228884		0.85613271		0.9597906484		0.9612530935		1.0475089553		1.5514696843

								0.0097710188		0.05309607		0.0339099907		0.0484523664		0.046625387		0.0359521401		0.1224679289

		2		7		13		16		22		25		30		35		40		45		time

		395686.03		374489.29		321595.02		307570.9		269131.38		147490.7		193292.2		135165.1		106619.8		20989.5		supercoiled

		130656		205619.42		265920		264675.78		259969.74		292969.8		279154.95		297647.81		333067.68		263096.06		nicked

		0		4827.56		8035.77		8960.5		8986.5		20138		24423.5		25398.82		43886		37354		linear

		526342.03		584936.27		595550.79		581207.18		538087.62		460598.5		496870.65		458211.73		483573.48		321439.56

		0		121.1660279727		74.1124733535		64.8632531667		59.8773293273		22.8721074585		20.3439576637		18.0406699996		11.0188552158		8.6052246078

		0		120.1660279727		73.1124733535		63.8632531667		58.8773293273		21.8721074585		19.3439576637		17.0406699996		10.0188552158		7.6052246078

		0		0.0083218195		0.0136775567		0.0097710188		0.05309607		0.0339099907		0.0484523664		0.046625387		0.0359521401		0.1224679289		n2

		0.7517659762		0.6402223784		0.539995959		0.5291932216		0.500162743		0.3202153285		0.3890191542		0.2949839368		0.2204831415		0.0652984343

		0.2853302053		0.4459396967		0.6161936227		0.6364016556		0.6928217475		1.1387616078		0.944126697		1.2208343757		1.511934043		2.7287872195

		0		0.4376178772		0.602516066		0.6266306368		0.6397256775		1.1048516171		0.8956743307		1.1742089887		1.4759819028		2.6063192907		n1

		0		52.5868020689		44.0514398218		64.1315557857		12.04845628		32.5818908497		18.4856674239		25.1838979488		41.054076271		21.2816474881		n1/n2

				7		13		16		22		25		32		35		40		45

				0.0083218195		0.0136775567		0.0097710188		0.05309607		0.0339099907		0.0484523664		0.046625387		0.0359521401		0.1224679289		n2

				7		13		16		22		25		32		35		40		45		time

				0.4376178772		0.602516066		0.6266306368		0.6397256775		1.1048516171		0.8956743307		1.1742089887		1.4759819028		2.6063192907		n1

				7		13		16		22		25		30		35		40		45		time

				0.0083218195		0.0136775567		0.0097710188		0.05309607		0.0339099907		0.0484523664		0.046625387		0.0359521401		0.1224679289

				0.4376178772		0.602516066		0.6266306368		0.6397256775		1.1048516171		0.8956743307		1.1742089887		1.4759819028		2.6063192907

				0.0083218195		0.0136775567		0.0097710188		0.05309607		0.0339099907		0.0484523664		0.046625387		0.0359521401		0.1224679289
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Sheet1

		0		2		7		12		17		22		27		32		37		42		47		time

		88.1		78.75		66.76		52.23		41.82		33.09		27.44		17.64		18.49		12.77		8.66		supercoiled

		0		2		7		12		17		22		27		32		37		42		47		time

		11.9		21.25		30.7		43.52		52.39		57.88		64.17		71.27		69.16		71.16		76.85		nicked

		0		2		7		12		17		22		27		32		37		42		47		time

		0		0		2.54		4.25		5.79		9.03		8.39		11.09		12.35		16.07		14.47		linear

		0		2		7		12		17		22		27		32		37		42		47		time

		0		2		7		12		17		22		27		32		37		42		47

		0.88		0.79		0.67		0.52		0.42		0.33		0.27		0.18		0.18		0.13		0.09

		0		2		7		12		17		22		27		32		37		42		47

		0.12		0.21		0.31		0.44		0.52		0.58		0.64		0.71		0.69		0.71		0.77

		0		2		7		12		17		22		27		32		37		42		47

		0		0		0.025		0.04		0.06		0.09		0.08		0.11		0.12		0.16		0.15

		2		7		12		17		22		27		32		37		42		47		time

		276422.26		240415.2		181671.53		133123.59		88010.37		81464.22		46035.5		55150.732		33471.76		19860.54

		74569.44		110536.17		151365.9		166774.94		153964.69		190494.91		186008.62		206287.52		186503.87		175944.82

		0		9147.44		14788.12		18454.18		24010.7		24915.57		28946.14		36855.29		42114.59		33135.71

		350991.7		360098.81		347825.55		318352.71		265985.76		296874.7		260990.26		298293.542		262090.22		228941.07

		0		39.3660750986		23.5206064057		17.2509810785		11.077801147		11.9152281084		9.0164097873		8.0936425137		6.2232641942		6.9091946423

		0		38.3660750986		22.5206064057		16.2509810785		10.077801147		10.9152281084		8.0164097873		7.0936425137		5.2232641942		5.9091946423

		0		0.0260646938		0.0444037777		0.0615347464		0.0992279948		0.0916151261		0.1247441219		0.140971299		0.1914511621		0.1692277985		n2

		0.7875464292		0.6676367523		0.5223064551		0.4181638347		0.3308837661		0.274406071		0.1763878085		0.1848874489		0.1277108318		0.0867495727

		0.2388329524		0.4040110374		0.6495007847		0.8718819742		1.1059881251		1.2931462588		1.7350702506		1.6880080234		2.0579866974		2.4447297856

		0		0.3779463436		0.605097007		0.8103472278		1.0067601303		1.2015311327		1.6103261287		1.5470367244		1.8665355353		2.2755019872		n1

		0		14.5003178014		13.6271515325		13.1689374656		10.1459283954		13.1149863925		12.9090341388		10.9741254786		9.7494082286		13.446384151		n1/n2

				0.3779463436		0.605097007		0.8103472278		1.0067601303		1.2015311327		1.6103261287		1.5470367244		1.8665355353		2.2755019872

				0.0260646938		0.0444037777		0.0615347464		0.0992279948		0.0916151261		0.1247441219		0.140971299		0.1914511621		0.1692277985		n2

				0.3779463436		0.605097007		0.8103472278		1.0067601303		1.2015311327		1.6103261287		1.5470367244		1.8665355353		2.2755019872

				0.3779463436		0.605097007		0.8103472278		1.0067601303		1.2015311327		1.6103261287		1.5470367244		1.8665355353		2.2755019872		n1

				7		12		17		22		27		32		37		42		47		time
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Sheet1

		0		2		7		12		17		22		27		32		37		42		47		time

		88.1		77.11		68.28		55.1		43.94		42.42		32.16		28.45		13.51		7.84		4.56		supercoiled

		0		2		7		12		17		22		27		32		37		42		47		time

		11.9		22.9		31.72		42.28		51.09		53.14		59.89		61.46		74.87		74.87		77		nicked

		0		2		7		12		17		22		27		32		37		42		47		time

		0		0		0		2.62		4.97		4.44		7.95		10.09		11.62		14.57		18.44		linear

		0		2		7		12		17		22		27		32		37		42		47		time

		0		2		7		12		17		22		27		32		37		42		47

		0.88		0.77		0.68		0.55		0.44		0.42		0.32		0.29		0.135		0.08

		0		2		7		12		17		22		27		32		37		42		47

		0.12		0.23		0.32		0.42		0.51		0.53		0.6		0.62		0.75		0.75		0.77

		0		2		7		12		17		22		27		32		37		42		47

		0		0		0		0.0262		0.05		0.045		0.08		0.1		0.12		0.15		0.18

		2		7		12		17		22		27		32		37		42		47		time

		283651.2		213092.42		236778.84		167051.63		161390.89		110529.65		94634.246		41346.816		26298.636		12705.714		supercoiled

		84.203.63		98987.48		181710		194250.77		202161.24		205871.06		204444.57		229081.18		260274.51		214764.09		nicked

		0		0		11265.08		18903.95		16867.67		27327.5		33563.71		35558.19		48866.83		51435.5		linear

		283651.2		312079.9		429753.92		380206.35		380419.8		343728.21		332642.526		305986.186		335439.976		278905.304

		0		0		38.1492115458		20.1125346819		22.5531919939		12.5781066691		9.9107794103		8.6052238879		6.8643694711		5.4224281673

		0		0		37.1492115458		19.1125346819		21.5531919939		11.5781066691		8.9107794103		7.6052238879		5.8643694711		4.4224281673

		0		0		0.0269184717		0.052321684		0.04639684		0.0863699073		0.1122236287		0.1314885682		0.170521316		0.2261201227		n2

		1		0.6828136641		0.5509637702		0.4393709626		0.4242441902		0.3215611835		0.2844923262		0.1351264138		0.078400423		0.0455556557

		0		0.3815332765		0.5960862249		0.8224112053		0.8574460692		1.1345674471		1.2570489989		2.0015445398		2.5459259566		3.0888204985

		0		0		0.5691677532		0.7700895213		0.8110492292		1.0481975398		1.1448253702		1.8700559716		2.3754046405		2.8627003757		n1

		0		0		21.1441332681		14.7183626848		17.4806997531		12.1361429261		10.2012863368		14.2221943472		13.9302504555		12.6600867763		n1/n2

						0.5691677532		0.7700895213		0.8110492292		1.0481975398		1.1448253702		1.8700559716		2.3754046405		2.8627003757		n1

						0.0269184717		0.052321684		0.04639684		0.0863699073		0.1122236287		0.1314885682		0.170521316		0.2261201227		n2

						0.5691677532		0.7700895213		0.8110492292		1.0481975398		1.1448253702		1.8700559716		2.3754046405		2.8627003757
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