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Supplementary Information for “Motexafin gadolinium reacts with ascorbate to produce reactive oxygen species”
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Effect of oxygen on the rate of ascorbate oxidation in the presence of MGd.

A solution of ascorbic acid (1.25 mM) in 50 mM HEPES buffer, pH 7.5, 100 mM NaCl (all concentrations final) was placed in a 1 mm quartz cuvette.  The UV-visible spectrum of this solution was recorded following addition of a solution of MGd in ACS grade water (62 M final, 0.05 eq.).  Oxygen was dispersed through the cuvette for 5 minutes prior to addition of MGd.  The rate of ascorbate oxidation was monitored by measurement of the change in absorbance at 266 nm (every 5 minutes) using a Hitachi Model U-3000 instrument (Figure 1, Cf., also, Figures 1A and 1B in text).  Buffer was treated with Chelex 100™ (BioRad) prior to use, to remove endogenous transition metal cation contaminants. 

Effect of catalase and superoxide dismutase on the rates of ascorbate, MGd, and oxygen decrease.
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Figure 2, Supplementary Information  Effect of antioxidant enzymes on the rate of ascorbate oxidation in the presence of MGd.
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Figure 1, Supplementary Information Effect of oxygen on the rate of ascorbate oxidation in the presence of MGd.

Using solution conditions identical to those above, further studies were conducted to provide the data shown in Table 1 in the text.  Superoxide dismutase [EC 1.15.1.1] (100 units/mL) or catalase [EC 1.11.1.6] (2600 units/mL) was added prior to MGd.  Enzymes were obtained from Roche Molecular Biochemicals.  The rate of absorbance change was monitored at 266 nm (ascorbate) and 470 nm (MGd) every 30 seconds using a Hewlett-Packard Model 8453 instrument.  In addition, a ruthenium bipyridine-tipped fiber optic probe (Ocean Optics) was inserted into the 2 mm cuvette (sealed with a septum) prior to the reaction in order to monitor the oxygen tension every 30 seconds.  The oxygen probe was calibrated using an aqueous solution of sodium sulfite (no oxygen) and a Clark-type electrode (ambient oxygen) prior to the measurements.  Data from the first 20 minutes were used to calculate the (linear) initial rate of ascorbate decay (Figure 2).  Data at 470 nm were fit to the equation y = a + b exp(-x/c), and the first derivative was used to calculate the initial rate of decrease in MGd absorbance (Figure 3).  Data from 5-25 minutes were used to calculate the (linear) initial rate of oxygen consumption (Figure 4).  Data from the first 5 minutes were not used, in order to avoid the transient change in probe fluorescence immediately following addition of MGd and mixing.

Reaction of MGd with dehydroascorbic acid (DHA) in buffered solution.

To a solution of MGd 1 (50 mg, 43.6 mol) in ACS grade water (20 mL) was added a suspension of dehydroascorbic acid (15.3 mg, 87.9 mol) in buffer (10 mL, 200 mM HEPES, pH 7.5, 400 mM NaCl).  An aliquot was removed for UV-vis analysis (T = ca. 2 minutes) whereupon the mixture was heated at 50 oC for 70 minutes.  Aliquots removed periodically for UV-vis analysis appeared to indicate that no further spectral changes were occurring after this time.  Therefore, an additional amount of DHA was added (15.3 mg, 87.9 mol) and the mixture incubated at 50 oC overnight.  The UV-vis spectrum of a sample taken the following day (1045 minutes) appeared to indicate complete conversion to the new species, as evidenced by the complete conversion of the Q-like absorbance band from 740 nm to 780 nm (Figure 5).  Within several hours upon cooling to ambient temperature, a very fine dark-brown precipitate was observed in the reaction flask.  This precipitate (2) was isolated by centrifugation at 10 oC and 15,000 r.p.m. for 25 min and removal of supernatent.  The pellet was resuspended and centrifuged with ACS grade water five times to remove salts and other impurities, and then dried under vacuum at 50 oC for 4 days.  Anal. Calcd for [C48H66N5O10Gd](C2O4)(H2O):  C, 52.85; H, 6.03; N, 6.16.  Found:  C, 52.47; H, 6.01; N, 5.65.  
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Figure 3, Supplementary Information Effect of antioxidant enzymes on the rate of MGd absorbance decrease.
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Figure 4, Supplementary Information Effect of antioxidant enzymes on the rate of oxygen consumption in the presence of MGd.

Reaction of MGd with disodium oxalate.

MGd (200 mg, 174 mol) was placed into 250 mL Erlenmeyer flask and dissolved in ACS grade water (50 mL) and 4X HEPES buffer (20 mL, 400 mM NaCl, 200 mM HEPES, pH 7.5).  Disodium oxalate (233 mg, 1.74 mmol) was dissolved in ACS grade water (10 mL) in a vial, and then added dropwise over 5 min to the above solution of MGd. The reaction mixture, which immediately changed color from olive to brown, was allowed to stir for 1 h.  The resulting suspension was divided into 4 polypropylene tubes and centrifuged at 15,000 r.p.m. for 2 h.  The pellet was resuspended and centrifuged with ACS grade water five times to remove salts and other impurities, and then dried under vacuum at 50 oC for 4 d to provide the oxalate complex of MGd 2 as a brown-green powder (70 mg).  The UV-visible absorbance spectrum indicated complete conversion of the Q-like absorbance band from 740 nm to 780 nm.  The IR spectrum (KBr) showed loss of the absorbance at 1588 cm-1 (acetate) and appearance of a new absorbance at 1650 cm-1 (oxalate). This procedure was repeated using oxalic-13C2 acid dihydrate (Aldrich) in buffer.  The 13C nmr spectrum on the resulting material contained a single (major) resonance at  213.6 (singlet).  


[image: image5.wmf]400

500

600

700

800

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

470 nm

742 nm

512 nm

780 nm

4

5

3

2

1

1

  - t=2 min,        MGd/DHA=1:2

2

  - t=18 min,      MGd/DHA=1:2

3

  - t=90 min,      MGd/DHA=1:4

4

  - t=125 min,    MGd/DHA=1:4

5

  - t=1045 min,  MGd/DHA=1:4

Absorbance

Wavelength, nm


Figure 5 Supplementary Information Reaction of MGd with DHA.

Analysis of A549 Human Lung Carcinoma Cells by Flow Cytometry.

A549 human lung cancer cells were treated with MGd 1 (50 M), ascorbate (50 or 100 M), or MGd oxalate compound 2 (10 or 50 M) in RPMI 1640 medium/10% dialyzed fetal bovine serum.  L-Buthionine-[S,R]-sulfoximine (100 M) was also added where indicated. After 22 h, cultures were washed with Dulbecco’s phosphate buffered saline (PBS), and treated with dichlorofluorescin acetate in Hank’s sterile saline for 10 minutes (0.25 g/mL).  Cultures were washed with PBS, treated with trypsin, resuspended in PBS, and subjected to analysis by flow cytometry as described in the text (Figure 3).  Mean fluorescence at 530 nm (DCF) and >650 nm (MGd) is shown.  Complete data from this experiment, including all control groups, are shown below in Figure 6.  Error bars indicate standard deviation (n=3).

Product analysis for the reaction of oxidation of ascorbic acid in the presence of MGd.

It is well established that ascorbic acid undergoes stepwise oxidation in aqueous solutions leading to threonic acid and oxalic acid.1 Since we were investigating the catalytic effect of motexafin gadolinium on the above reaction, it was important to determine the amount of both threonic and oxalic acids produced as the result of ascorbate oxidation under the conditions used in our studies. For the purpose of this analysis, an ion chromatography method was employed. This method allows quantitative determination of the anions formed in the reaction.
An ion chromatograph DX 500 equipped with a conductivity detector was used for the studies.  The mobile phase was 40 mM KOH, used at a flow rate of 0.5 mL/min and a column temperature of 35 oC. Values of retention time for threonate and oxalate at these conditions are 2.1 min and 5.6 min respectively.  Calibration curves were obtained using stock solutions of sodium oxalate (Na2C2O4, Aldrich Chemical 37,973-5), 9.80 mg in 10 mL ACS grade water (FW 130.0; 7.31 mM), and calcium L-threonate (CaC8H16O10, Aldrich Chemical 38,064-4), 10.40 mg/10 mL ACS grade water (FW 310.28, 3.35 mM).  Solutions for calibration were prepared by further dilution of the above stock solutions in ACS grade water.  An injection volume of 5 L was used in all injections.  Calibration curves were prepared for each anion using the data in Table 1.
A solution of ascorbic acid (1.25 mM) in 50 mM HEPES buffer, pH 7.5, 100 mM NaCl (all concentrations final) was placed in a 6 mL polypropylene screw cap vial.  Oxygen was dispersed through the cuvette for 5 minutes prior to addition of MGd.  The excess of gaseous O2 in the tube was necessary to ensure complete oxidation of ascorbic acid in the presence of MGd (Cf., Figure 1 in text).  The UV-visible spectrum in the range 190-1100 nm of this solution was immediately recorded, with an absorbance A=1.42 at 266 nm observed.  MGd in ACS grade water (62 M final, 0.05 eq.) was then added.  A second UV-visible spectrum that was recorded after 60 minutes showed no ascorbate absorbance at 266 nm.  The resulting reaction mixture was analyzed using ion chromatography. 

Table 1 Calibration data for ion chromatography.
	Oxalate
	Threonate

	IC Peak Area
	Conc. (mM)
	IC Peak Area
	Conc. (mM)

	0
	0
	0
	0

	6223569
	0.358
	2401534
	0.168

	11491726
	0.716
	4172932
	0.335

	50541315
	3.58
	14491678
	1.68
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Figure 6, Supplementary Information Flow cytometry analysis of A549 lung cancer cells.

Injection of 5 L of sample resulted in three peaks on the ion chromatogram.  The smallest peak was identified as acetate, deriving from the MGd complex catalyst 1.  The other two peaks eluted at the same retention times as threonate and oxalate standards.  The threonate peak had an area of 6148437 relative units (0.55 mM), whereas the oxalate peak had an area of 11699802 relative units (0.74 mM).  These data indicate that, within a ca. 25% error, the products of ascorbate oxidation include equimolar amounts of oxalate and threonate, in ca. 50% overall yield.  The lower than theoretical (1.25 mM) amount of these compounds may possibly be attributed to their further oxidation (to carbon dioxide and non-anionic species) under the experimental conditions.  

1
G. Banhegyi, L. Braun, M. Csala, F. Puskas, and J. Mandl, Free Radical Biology & Medicine, 1997, 5, 793-803 and references therein.
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Chart1

		3.26		2.8233333333		0.0360555128		0.0360555128		0.0115470054		0.0115470054

		3.4533333333		2.9333333333		0.0404145188		0.0404145188		0.02081666		0.02081666

		3.2933333333		3.5133333333		0.0288675135		0.0288675135		0.1159022577		0.1159022577

		3.9366666667		17.3633333333		0.065064071		0.065064071		1.2365004381		1.2365004381

		33.2566666667		5.1366666667		0.2371356855		0.2371356855		0.2953528963		0.2953528963

		34.94		26.9766666667		0.9885342685		0.9885342685		1.8401177499		1.8401177499

		62.5433333333		25.6566666667		2.9801398177		2.9801398177		5.0625520573		5.0625520573

		65.49		109.0733333333		4.5176985291		4.5176985291		33.1203447043		33.1203447043

		127.0533333333		22.7866666667		13.7214807267		13.7214807267		5.9536907321		5.9536907321

		141.7633333333		109.75		5.6112060498		5.6112060498		9.3013063599		9.3013063599

		3.8333333333		4.32		0.0503322296		0.0503322296		0.11		0.11

		4.5966666667		24.0866666667		0.0305505046		0.0305505046		0.5445487428		0.5445487428

		3.8933333333		3.9333333333		0.1106044002		0.1106044002		0.02081666		0.02081666

		4.4833333333		18.8		0.0814452782		0.0814452782		1.2082632164		1.2082632164

		80.9066666667		11.12		13.1914378797		13.1914378797		1.3858932138		1.3858932138

		77.39		59.5566666667		0.25		0.25		8.3227058901		8.3227058901

		197.7933333333		19.7266666667		8.6160335035		8.6160335035		1.5654498821		1.5654498821

		231.37		136.69		5.3925782331		5.3925782331		9.5775362176		9.5775362176
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		A549s (plated 1.2x10^5 in 5cm plates on 01/14/02) were 40-50% confluent on 01/16/02 when drug treatment started (4x10^5 per plate).

		Staggering of drug treatment was performed to allow for harvesting and analysis (12 plates set up 1hr apart).

		All plates were washed 2x in 5ml of dulbecco's PBS before addition of test media.

		6 plates of cells (with 4x10^5 cells) were incubated with 50uM Gd-Tex, 50uM Gd-Tex with either 50 or 100uM Asc, with Ascorbate alone or 10 or 50uM

		Gd-Tex oxalate in diFBS/RPMI containing 15% dialyzed FBS or left untreated.

		All treatments were made in fresh media. 100uM BSO (made on 1/11/02 and frozen) was diluted in diFBS/RPMI and was added to half the plates in each group (3).

		After 22hr, the overlying media was removed and plates were washed twice in dPBS, and HBSS containing 0.25ug/ml was placed on the cells

		for 10 minutes at 37oC.						Each replicate set was done at same time.

		After removal of HBSS/DCFA, cells were washed in PBS and trypsinized (1-1.5ml, 7 min, 37oC). Added 5ml HBSS/10% serum and spun 1k, 5minutes.

		Resuspended pellets in 1ml dPBS and analyzed on Flow (FL1 + FL3).

										morphology/color												Difficulty in trypsinization

		Control no BSO (no DCFA)								Normal

		Control + BSO (no DCFA)								Normal

		Control no BSO								Normal

		Control + BSO								Normal

		50uM Gd-Tex no BSO								Normal, no precipitate on cells

		50uM Gd-Tex + BSO								Normal, no precipitate on cells

		50uM Gd-Tex + 50uM Asc no BSO								Brown precipitate on plate and cells												Yes, some cells not removed

		50uM Gd-Tex + 50uM Asc + BSO								Brown precipitate on plate and cells												Yes, some cells not removed

		50uM Gd-Tex + 100uM Asc no BSO								Brown precipitate + lots of floating brown material/rafts												Yes, some cells not removed

		50uM Gd-Tex + 100uM Asc + BSO								Brown precipitate + lots of floating brown material/rafts												Yes, some cells not removed

		50uM Asc no BSO								Normal

		50uM Asc + BSO								Normal

		100uM Asc no BSO								Normal

		100uM Asc + BSO								Normal

		10uM GdTex-Oxalate no BSO								Moderate coloration of cells + floating rafts

		10uM GdTex-Oxalate + BSO								Moderate coloration of cells + floating rafts

		50uM GdTex-Oxalate no BSO								More pronounced than 10uM Gd Oxal above

		50uM GdTex-Oxalate + BSO								More pronounced than 10uM Gd Oxal above

		Overall, no adverse effect of BSO treatment obvious at gross level.

		Dialyzed FBS

										DCF						MGd

										FL1						FL3						FL2

								A		B		C		A		B		C		A		B		C

		Control no BSO (no DCFA)						2.81		2.83		2.83		3.29		3.22		3.27		2.5		2.48		2.5

		Control + BSO (no DCFA)						2.91		2.94		2.95		3.43		3.43		3.5		2.62		2.63		2.67

		Control no BSO						3.53		3.62		3.39		3.31		3.31		3.26		2.68		2.71		2.62

		Control + BSO						17.79		15.97		18.33		3.87		3.94		4		6.17		5.78		6.33

		50uM Gd-Tex no BSO						5.44		4.85		5.12		33.19		33.06		33.52		3.98		3.83		3.97

		50uM Gd-Tex + BSO						27.29		28.64		25		36.02		34.72		34.08		9.94		10.17		9.23

		50uM Gd-Tex + 50uM Asc no BSO						31.34		24		21.63		59.58		62.51		65.54		11		9.15		8.54

		50uM Gd-Tex + 50uM Asc + BSO						133.19		71.31		122.72		68.45		60.29		67.73		36.45		21.18		33.93

		50uM Gd-Tex + 100uM Asc no BSO						19.47		29.66		19.23		114.95		124.25		141.96		8.55		11.25		8.34

		50uM Gd-Tex + 100uM Asc + BSO						120.49		104.32		104.44		135.29		145.24		144.76		34.1		30.34		30.3

		50uM Asc no BSO						4.43		4.32		4.21		3.78		3.88		3.84		3.19		3.24		3.19

		50uM Asc + BSO						23.9		23.66		24.7		4.59		4.57		4.63		7.97		7.9		8.19

		100uM Asc no BSO						3.94		3.95		3.91		3.79		3.88		4.01		3.09		3.16		3.21

		100uM Asc + BSO						17.77		20.13		18.5		4.52		4.54		4.39		6.56		7.13		6.63

		10uM GdTex-Oxalate no BSO						12.7		10.55		10.11		65.73		87.37		89.62		4.94		4.36		4.23

		10uM GdTex-Oxalate + BSO						67.2		60.78		50.69		77.64		77.39		77.14		18.87		17.23		14.67

		50uM GdTex-Oxalate no BSO						21.15		19.98		18.05		206.09		198.4		188.89		6.86		6.55		6.04

		50uM GdTex-Oxalate + BSO						128.81		147.35		133.91		233.8		225.19		235.12		34.66		39.09		35.9

								Ave		SD				Ave		SD				Ave		SD

		Control no BSO (no DCFA)						2.8		0.0				3.3		0.0				2.5		0.0

		Control + BSO (no DCFA)						2.9		0.0				3.5		0.0				2.6		0.0

		Control no BSO						3.5		0.1				3.3		0.0				2.7		0.0

		Control + BSO						17.4		1.2				3.9		0.1				6.1		0.3

		50uM Gd-Tex no BSO						5.1		0.3				33.3		0.2				3.9		0.1

		50uM Gd-Tex + BSO						27.0		1.8				34.9		1.0				9.8		0.5

		50uM Gd-Tex + 50uM Asc no BSO						25.7		5.1				62.5		3.0				9.6		1.3

		50uM Gd-Tex + 50uM Asc + BSO						109.1		33.1				65.5		4.5				30.5		8.2

		50uM Gd-Tex + 100uM Asc no BSO						22.8		6.0				127.1		13.7				9.4		1.6

		50uM Gd-Tex + 100uM Asc + BSO						109.8		9.3				141.8		5.6				31.6		2.2

		50uM Asc no BSO						4.3		0.1				3.8		0.1				3.2		0.0

		50uM Asc + BSO						24.1		0.5				4.6		0.0				8.0		0.2

		100uM Asc no BSO						3.9		0.0				3.9		0.1				3.2		0.1

		100uM Asc + BSO						18.8		1.2				4.5		0.1				6.8		0.3

		10uM GdTex-Oxalate no BSO						11.1		1.4				80.9		13.2				4.5		0.4

		10uM GdTex-Oxalate + BSO						59.6		8.3				77.4		0.3				16.9		2.1

		50uM GdTex-Oxalate no BSO						19.7		1.6				197.8		8.6				6.5		0.4

		50uM GdTex-Oxalate + BSO						136.7		9.6				231.4		5.4				36.6		2.3

								Ave		SD				Ave		SD				Ave		SD

		Control no BSO						3.5133333333		0.1159022577				3.2933333333		0.0288675135				2.67		0.0458257569

		Control + BSO						17.3633333333		1.2365004381				3.9366666667		0.065064071				6.0933333333		0.2829016319

		50uM Gd-Tex no BSO						5.1366666667		0.2953528963				33.2566666667		0.2371356855				3.9266666667		0.0838649708

		50uM Gd-Tex + BSO						26.9766666667		1.8401177499				34.94		0.9885342685				9.78		0.49

		50uM Gd-Tex + 50uM Asc no BSO						25.6566666667		5.0625520573				62.5433333333		2.9801398177				9.5633333333		1.2810282328

		50uM Gd-Tex + 50uM Asc + BSO						109.0733333333		33.1203447043				65.49		4.5176985291				30.52		8.1862262368
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								DCF						Gd-Tex

								Ave		SD				Ave		SD				Ave		SD

		Control No BSO						3.5133333333		0.1159022577				3.2933333333		0.0288675135				2.67		0.0458257569

		Control  BSO						17.3633333333		1.2365004381				3.9366666667		0.065064071				6.0933333333		0.2829016319

		Gd-Tex No BSO						5.1366666667		0.2953528963				33.2566666667		0.2371356855				3.9266666667		0.0838649708

		Gd-Tex BSO						26.9766666667		1.8401177499				34.94		0.9885342685				9.78		0.49

		Gd-Tex No BSO Ascorbate						22.7866666667		5.9536907321				127.0533333333		13.7214807267				9.38		1.622867832

		Gd-Tex BSO Ascorbate						109.75		9.3013063599				141.7633333333		5.6112060498				31.58		2.1824756585

		Gd-Tex Oxalate No BSO						19.7266666667		1.5654498821				197.7933333333		8.6160335035				6.4833333333		0.4140450861

		Gd-Tex Oxalate BSO						136.69		9.5775362176				231.37		5.3925782331				36.55		2.2854102476





Sheet1

		0		0		0.0360555128		0.0360555128		0.0115470054		0.0115470054

		0		0		0.0404145188		0.0404145188		0.02081666		0.02081666

		0		0		0.0288675135		0.0288675135		0.1159022577		0.1159022577

		0		0		0.065064071		0.065064071		1.2365004381		1.2365004381

		0		0		0.2371356855		0.2371356855		0.2953528963		0.2953528963

		0		0		0.9885342685		0.9885342685		1.8401177499		1.8401177499

		0		0		2.9801398177		2.9801398177		5.0625520573		5.0625520573

		0		0		4.5176985291		4.5176985291		33.1203447043		33.1203447043

		0		0		13.7214807267		13.7214807267		5.9536907321		5.9536907321

		0		0		5.6112060498		5.6112060498		9.3013063599		9.3013063599

		0		0		0.0503322296		0.0503322296		0.11		0.11

		0		0		0.0305505046		0.0305505046		0.5445487428		0.5445487428

		0		0		0.1106044002		0.1106044002		0.02081666		0.02081666

		0		0		0.0814452782		0.0814452782		1.2082632164		1.2082632164

		0		0		13.1914378797		13.1914378797		1.3858932138		1.3858932138

		0		0		0.25		0.25		8.3227058901		8.3227058901

		0		0		8.6160335035		8.6160335035		1.5654498821		1.5654498821

		0		0		5.3925782331		5.3925782331		9.5775362176		9.5775362176



MGd

DCF

Fluorescence (Mean)

458-01-17-02:Effect of treatment of A549 cells with 50uM GdTex, GdTex-Ascorbate or GdTex Oxalate in the presence or absence of 100uM BSO for 22hr on Redox state as determined by DCFA oxidation.
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