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All reagents were purchased at the highest available quality.  Thin layer chromatography (TLC), where mentioned, was performed on silica TLC plates purchased from Merck.  Column chromatography was performed using Merck silica gel 60.  All solvents used were purchased dry or dried over CaH2.  All  reactions were performed under argon in oven-dried glassware.


PNA  was synthesized  via manual, solid phase synthesis using Wang derivatised Tentagel resin and standard Fmoc chemistry.  Removal of the NBoc protecting groups from the amino acids and nucleobases, with concomitant release from the solid support was achieved with 95% TFA in TIS/H2O.  Products PC and PN were purified by reversed-phase high-performance liquid chromatography (RP-HPLC: analytical, 5 µm pore, luna-phenomenex column, using a gradient elution from 0-100% MeCN-H2O (0.1% TFA) over 22.5 min, dectection wavelength 254 nm.)  The identity of each was established by electrospray mass spectrometry (ES+ MS) and for PC HR MALDI –TOF.
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{[3-(2,9-Dimethyl-[1,10]phenanthrolin-5ylcarbamoyl)-propionyl]-[2-(9H-fluoren-9-ylmethoxycarbonylamino)-ethyl]-amino}-acetic Acid tert-Butyl Ester


5’ Amino-succiniate-neocuproine (324 mg, 1 mmol) was dissolved in anhydrous DMF (2.5 ml).  EDC.HCl (300 mg, 1.6 mmol) was added and the solution allowed to stir for 10 min at room temperature.  N-[-2-(N-9-fluorenylmethoxy carbonyl) aminoethyl] glycine (633 mg, 1.6 mmol) was added to the solution under nitrogen.  The reaction was allowed to proceed for 40 h, until deemed complete by TLC.  Column chromatography was performed on the reaction mixture with a gradient elution of 0-5% methanol-EtOAc.  68% yield (477 mg, 0.68 mmol). Rf 0.30 (10% methanol/CH2Cl2 on silica).  

1H NMR ( (250 MHz, MeOD): 8.37 (t, 1 H, J = 9.1 Hz); 8.02 (dd, 1 H, J = 14.3 Hz, 8.2 Hz); 7.82 (app d, 1 H, J = 9.7 Hz); 7.68 (t, 2 H, J = 6.5 Hz); 7.52 - 7.43 (m, 4 H); 7.30 - 7.15 (m, 4 H); 4.29 - 4.01 (m, 5 H); 3.56 - 3.54 (m, 2 H); 3.34 - 3.29 (m, 2 H); 2.85 - 2.70 (m, 10 H); 1.48 (s, 3 H) and rotamer 1.44 (s, 6 H); 13C NMR ( (62.5 MHz, MeOD): 23.2, 26.9, 27.8, 30.9, 38.6, 50.8, 66.5, 81.6, 119.5, 119.9, 123.3, 123.8, 124.7, 126.3, 126.7, 127.3, 130.8, 132.1, 136.4, 141.1, 142.6, 143.8, 144.5, 157.5, 158.3, 158.8, 169.2, 172.9, 173.6, 174.1.

HR ES+ TOF MS m/z calculated for C41H43N5O6: 702.3291; found: 702.3292.

{[3-(2,9-Dimethyl-[1,10]phenanthrolin-5-ylcarbamoyl)-propionyl]-[2-(9H-fluoren-9-ylmethoxycarbonylamino)-ethyl]-amino}-acetic Acid
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{[3-(2,9-Dimethyl-[1,10]phenanthrolin-5-ylcarbamoyl)-propionyl]-[2-(9H-fluoren-9-ylmethoxycarbonylamino)-ethyl]-amino}-acetic acid tert-butyl ester (250 mg, 0.35 mmol) was dissolved in 80% TFA - CH2Cl2 (3 ml).  The reaction was stirred under nitrogen for 16 h at room temperature.  The solvent was removed in vacuo. Dry Et2O was added, the mixture stirred and then filtered to yield solid product.  Trace solvent was removed in vacuo to give product in 88% yield (153 mg, 0.24 mmol). The compound was used crude in the synthesis of oligomers, but was HPLC purified for analytical purposes.

1H NMR( (250 MHz, MeOD): 8.79 (d, 0.5 H, J = 7.5 Hz) and rotamer 8.70 (d, 0.5 H, J = 7.5); 8.50 (m, 1 H); 8.23 (s, 0.5 H) and rotamer 8.16 (s, 0.5 H); 7.78 (m, 2 H); 7.55 (d, 2 H, J = 7.5 Hz); 7.23 (t, 2 H, J = 7.4 Hz); 7.11(t, 2 H, J = 7.3 Hz); 4.30 - 4.13 (m, 3H); 4.00 (d, 0.5 H, J = 7.3 Hz); 3.82 (t, 0.5 H, J = 7.4 Hz); 3.60 (m, 2H); 3.38 (m, 2 H); 3.01 - 2.79 (m, 10 H); 13C NMR ( (400 MHz, MeOD): 20.6, 22.1, 27.8, 29.3, 30.9, 38.3, 46.5, 46.8, 66.4, 118.0, 119.2, 123.9, 124.7, 125.9, 126.6, 127.1, 127.7, 133.2, 134.6, 135.3, 137.5, 140.6, 141.9, 143.6, 156.9, 157.4, 159.4, 171.6, 173.1, 173.7 174.3.

HR ES+ TOF MS m/z calculated for C37H35N5O6: 646.2665; found: 646.2670.

Characterisation of PC and PN
PC:                    
Lys-GATTGGGP*TTGACTC-Lys

HPLC Retention time:


8.35 min

MS ES+:

m/z calculated: 
4520.48 amu




m/z found:
 
4518.43 amu

HR MALDI-TOF



Monoisotopic 
m/z calculated:
4517.86 amu



m/z found:

4518.30 amu
PN:                     
Lys-ACAGATTGGGP*

HPLC Retention time:


8.29 min

MS ES+:

m/z calculated: 
3326.29 amu

m/z found:
 
3324.56 amu
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First derivative of melting curves of Cleaver PC and Cleaver PN against hTR21.


The UV-thermal denaturation experiments were carried out at pH 7.4 in 100 mM NaOCl4 / 10 mM HEPES buffer with a heating rate of 1 ºC min-1 (100 µl total volume – 2 µM cleaver and 2 µM hTR21).  Both showed stable duplexes at 37 ºC, the intended temperature of the cleavage reactions.  Tm values of 70 ºC and 74 ºC for PC and PN respectively.
Protocol for cleavage experiment


A 10x buffer solution was made up at pH 7.4 (1 M NaOCl4 / 100 mM HEPES).  To 2 µl of this, 1 µl (100 µM cleaver solution), 1.3 µl (150 µM Zn(OAc)2)  was added and the volume made up to 10 µl with Rnase-free water.  A stock solution of 32P labeled hTR21  was made up at 0.2 µM  (PNK labeling at 0.5 µM RNA with 2 µl [(-32P] dATP (specific activity: 3000 Ci/mmol)  in a total volume of 20 µl and then addition of 5 µl of 9.2 µM cold hTR and 245 µl RNAse free water).  After pre-incubation of the cleaver with metal in buffer, 10 µl of the RNA solution was added and the reaction mix heated for 24 h at 37 ºC.  The reaction was stopped with denaturing loading buffer containing formamide and EDTA.

Protocol for hTR gel purification

Run off transcription of the hTR gene with associated tail was achieved from plasmid ‘hr197’ and T7 RNA polymerase, in the presence of 5 µl [(-32P] UTP (specific activity: 3000 Ci/mmol).  The unincorporated 32P was removed using a G25 spin column and an equal volume of denaturing loading buffer was added to the purified product.  The solution was heated to 60 ºC for five minutes and loaded on 4.5% denaturing polyacrylamide gel.  After visualization with a Molecular Dynamics Phosphorimager the one band was cut from the gel with a scalpel and the RNA recovered with extraction at 60 ºC in ammonium acetate extraction buffer for 1 h.  The RNA was phenol/chloroform extracted and salt precipitated and then re-dissolved up in water to the appropriate concentration. It was was heated to 65 ºC and slowed cooled to allow secondary structure formation.

PA control


Cleaver PA (Lys-GGGP*TTG-Lys) was synthesized and shown with UV-thermal denaturation experiments not to bind the target hTR21. No melting transition was observed.

HPLC Retention time:


8.22 min

MS ES+:

m/z calculated: 
2377.41 amu




m/z found: 

2376.80 amu


When used in a cleavage experiment in conjunction with 10 (M zinc, no cleavage was seen.  There is a prerequisite of target binding, before a cleavage event can occur. 
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Putative secondary structure of hTR with site of RNA cleavage.
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		clv c  90.00-5.00°C Ramp 2				clev n  90.00-5.00°C Ramp 1				Temperature (°C)		Abs

		84.98		8.68E-04		87.98		7.60E-04		83.97		-7.40E-04

		84		6.38E-04		86.98		0.00117		83		-3.76E-04

		83		7.77E-04		85.99		0.00165		81.99		-1.65E-04

		81.97		8.75E-04		84.99		0.00151		81		-6.51E-04

		80.98		7.63E-04		83.98		0.00199		80		-6.68E-04

		79.98		8.51E-04		82.99		0.003		79		-3.14E-04

		78.98		9.56E-04		81.98		0.0033		78		-6.26E-04

		77.99		9.83E-04		81		0.00403		76.97		-7.52E-04

		76.99		0.00138		80		0.00498		75.96		-6.23E-04

		75.98		0.00185		78.99		0.00535		74.99		-5.27E-04

		75		0.00232		77.98		0.00635		74		-2.62E-04

		73.98		0.00325		76.97		0.00666		72.98		-7.60E-05

		72.98		0.00462		75.98		0.00672		71.97		-5.87E-05

		71.99		0.00566		75		0.00708		70.99		-3.48E-05

		70.96		0.00701		73.99		0.00665		69.99		2.59E-06

		70		0.0073		73		0.00616		68.99		-2.80E-04

		68.97		0.00686		71.98		0.00601		67.99		1.31E-04

		67.99		0.00648		71		0.00552		66.98		5.17E-04

		66.98		0.00552		70		0.00485		66		-8.89E-06

		65.98		0.0046		69		0.00447		64.98		3.52E-05

		64.99		0.00394		68		0.00404		63.99		3.85E-04

		63.98		0.0033		66.96		0.00367		63		2.30E-04

		62.99		0.00274		65.98		0.00359		61.98		1.09E-04

		62		0.00232		64.99		0.00339		60.98		3.70E-04

		60.99		0.00185		63.99		0.00342		60.01		3.89E-04

		59.98		0.00159		63		0.00298		59		3.13E-04

		59.01		0.00142		62		0.00259		58		3.91E-04

		57.99		0.00124		60.97		0.00265		56.98		3.73E-04

		57.01		0.00105		59.99		0.0027		56		5.59E-04

		56		6.67E-04		58.98		0.00261		55		4.61E-04

		54.98		7.15E-04		57.99		0.00245		53.99		1.63E-04

		54		0.00102		57.01		0.00227		53		4.33E-04

		53		7.86E-04		56.01		0.00223		51.98		6.60E-04

		52		5.46E-04		55		0.0021		50.99		4.58E-04

		50.99		5.84E-04		54		0.00181		49.99		6.32E-04

		49.99		6.44E-04		52.98		0.0019		49		9.16E-04

		49		7.10E-04		51.99		0.00157		48		7.41E-04

		48		6.29E-04		51		0.00146		47		0.00107

		47		4.75E-04		49.98		0.00159		45.99		0.00114

		46		4.62E-04		49.01		0.00136		45		0.00109

		45		4.70E-04		47.99		0.00129		43.98		0.00126

		44.01		4.52E-04		47.01		0.00145		42.98		9.60E-04

		42.98		3.63E-04		45.99		0.00136		41.98		0.00123

		41.99		5.55E-04		45		9.80E-04		40.99		0.00127

		40.98		4.89E-04		43.98		0.00118		40		0.00125

		39.98		4.65E-04		43		0.00145		39.01		0.0015

		39		7.13E-04		41.99		0.00134		38		0.00106

		38		5.74E-04		41.01		0.00118		36.98		0.00128

		37.01		5.33E-04		40		0.00114		36		0.00127

		36.01		5.76E-04		39		0.00116		35		9.06E-04

		35.01		7.45E-04		37.98		0.00106		34.01		0.00102

		34.01		7.02E-04		37.01		0.00123		33.01		0.0013

		33.01		5.28E-04		35.98		0.00121		31.99		0.00129

		32		6.25E-04		35.01		0.00124		31		0.00106

		31		7.98E-04		34		0.00116		29.97		0.0011

		29.98		6.85E-04		32.98		9.75E-04		29		0.00105

		28.98		6.34E-04		32		0.00124		28		0.00107

		27.98		6.90E-04		30.98		0.00115		26.96		0.00118

		27		7.51E-04		29.98		0.00118		26		0.00125

		26		0.00114		29		0.0012		25		0.00111

		24.99		0.00115		27.99		0.00104		23.96		0.00117

		23.97		8.50E-04		27		0.00127		23		0.00135

		22.97		8.95E-04		25.98		0.00112		21.99		0.00132

		21.99		0.00106		24.98		0.00102		20.98		0.00143

		21		0.00114		24		0.00123		19.99		0.00145

		19.99		0.00113		23		0.00124		19		0.00129

		19		0.00114		21.99		0.00114		17.99		0.00155

		17.98		0.00131		20.98		0.00109		17		0.00161

		16.98		0.00102		20		0.00113		15.99		0.00166

		15.99		9.35E-04		18.99		0.0014		14.98		0.00174

		14.97		0.00118		18		0.00131		14		0.00145

		13.98		0.00112		17		0.00113		13		0.00118

		13		0.00103		16		0.00136		11.98		0.00126

		11.98		0.00114		15		0.00128		11		0.0013

		10.97		0.00106		13.96		0.00133		9.98		0.00119

		9.99		0.00111		12.98		0.00156		8.99		0.00137

		8.98		0.00103		11.98		0.00112		8		0.00131

		7.97		8.23E-04		10.98		0.00111		6.97		0.00128

		7		7.81E-04		9.99		0.00132		5.99		0.00114

		5.98		8.68E-04		8.99		0.00127

						7.96		0.00155
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