CIENT Protocol: Reactive Oxygen Species

1: Chemicals and Concentrations

Singlet Oxygen: 

1. Singlet Oxygen Sensor Green (SOSG) (Invitrogen, USA) (#S-36002 10 X 100 µg)

2. (-carotene (Aldrich #C9750-5G)

3. Add a concentration of 1.65 µM SOSG to sample and for a control add appropriate amount of (-carotene (< 100 µM). 

4. Calculate the difference in FSU measurements between the sample and the control.

5. Find the concentration of singlet oxygen by comparison with a standard curve (Fig 1).

Superoxide:

1. XTT (Aldrich #X4251-100MG) 

2. SOD (Aldrich #S-2515 - 30,000 Units)

3. Add a concentration of 100 µM XTT to sample and for a control add 10 U/mL SOD. 

4. Calculate the difference in ABS at 470 nm between the sample and the control. 

5. Find the concentration of superoxide by comparison with a standard curve (Fig 2). 

Hydroxyl Radical:

1. APF (Invitrogen # A36003)

2. NaN3 

3. Add a concentration of 10 µM APF to sample and for a control add 10 mM NaN3.

4. Calculate the difference in FSU measurements between the sample and the control.

5. Find the concentration of hydroxyl radical by comparison with a standard curve. 

2: Introduction

Measuring reactive oxygen species (ROS) rarely is a straightforward process. Due to the transient nature of the molecules, measurement techniques are often indirect and require careful standardization. There are techniques that are more prominent in literature (e.g. EPR) but require access to more specialized equipment that is not always available or convenient for measurement of ROS in situ. For this reason “benchtop” techniques that can be simply applied in every CIENT lab are emphasized here.

A broad definition of ROS would include all molecules that contain oxygen and a free radical. However, in this case the definition is narrowed to three predominate species discussed in the literature: singlet oxygen (1O2), superoxide (O2•-), and hydroxyl radical (•OH). 

Table 1: Types of ROS and their respective detectors, quenchers, and standard generators.

	
	Detector
	Quencher
	Standard

	Singlet Oxygen
	SOSG 1, 2
	(-carotene (ref)
	Rose bengal 3

	Superoxide
	XTT 


4, 5 ADDIN EN.CITE 
	SOD 6
	X/XO 4

	Hydroxyl radical
	APF (ref)
	NaN3 (ref)
	H2O2/HRP (ref)


Singlet oxygen sensor green (SOSG), XTT (2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide), and APF (3´-(p-aminophenyl) fluorescein) detect the three respective types of ROS (Table 1). (-carotene ((-c), superoxide dismustase (SOD), and sodium azide (NaN3) quench the three respective types of reactive oxygen species. Employing these quenchers well is essential for indirect measurements such as the ones outline in this protocol. Finally, generation of known amounts of ROS can allow for the construction of standard curves. Rose Bengal (RB), Xanthrine/Xanthrine oxidase (X/XO), and H2O2 and horseradish peroxidase (HRP) can generate known amounts of each respective ROS and these protocols will also be reviewed below. 

3: Illumination

ROS generated by photoactivated pathways can be measured provided the light source is carefully controlled with a known photon flux on the nanomaterial suspension/sample. Calculations can be simplified by employing a light source that monochromatic. In any case the irradiation spectrum must be measured across all the significant wavelengths of light delivered to the sample. The following equations are useful in determining the strength of your light source (Equation 1, 2, and 3).

Equation 1 
[image: image1.wmf] (usually given by radiometer)
Equation 2

 EMBED Equation.3  [image: image2.wmf] 

(conversion of Watts to joules at a given irradiation time seconds)

Equation 3

 EMBED Equation.3  [image: image3.wmf] 

(where c is the speed of light, h is planks constant, and ( is the specific wavelength of light utilized)

Knowing the surface area of sample irradiated, the wavelength ((), and the time of irradation (s) the total amount of photons delivered to the sample can be calculated.

4: Singlet Oxygen

Measurement under fluorescence spectroscopy: Singlet oxygen sensor green (SOSG) is a commercial product (Invitrogen, OR) specifically designed to detect molecules of singlet oxygen 1, 2. When the product reacts with singlet oxygen the resulting molecule is fluorescent (Equation 4). 

Equation 4

[image: image4.wmf]
Using spectrofluorimetry (e.g. Turner Biosystems Modulus™ Single Tube Multimode Reader) the SOSGF compound can be exited between 460-490nm and subsequently it fluoresces between 510-550 nm. (-carotene ((-c) is an efficient quencher of singlet oxygen (TK ref foote 1968). Adding this compound to a singlet generating system will not prevent the generation of singlet oxygen, but rather quench the singlet oxygen before the compound is detected by the SOSG. Care must be taken with this compound because of its low solubility in aqueous systems (TK ref). Raising the concentration too high (> 100 µM) may result in a significant decrease in irradiation flux delivered to the system. In some cases the limiting concentration of (-c will be reached before complete quenching can be attained. When this occurs NaN3 can instead be added to suspension to quench the singlet oxygen 7. However, in systems where cells or microorganisms are involved NaN3 should be avoided due to its toxicity. 

SOSG usually arrives in packages of 10 plastic tubes that must be stored at under 0 ˚C. The same day as the singlet oxygen measurements mix the one tube of 100 µg SOSG with 33µL of methanol (~ 5 mM). Immediately after this add 0.97 mL of ultra-pure water and mix by carefully drawing the water/SOSG solution in and out of the pipette tip. The concentration of the SOSG should now be 165.0 µM. Add 0.1 mL of this solution to 9.9 mL of nanomaterial suspension in order to measure singlet oxygen with a final concentration of (1.65 µM). 

Standard generation: Rose bengal (RB) is a known photosensitizer of singlet oxygen with a singlet oxygen quantum yield (() of approximately (0.75) 3. Knowing this yield, the concentration of RB, and the photon flux reaching the sample the calculation of singlet oxygen produced via RB is as follows:

Equation 4
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Where N represents Avagadro’s number and V is the total volume of suspension in liters. By irradiating for various time periods (providing a known amount of photon flux) a standard curve can be constructed similar to the example given in figure 1. 
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Figure 1: Standard curve of SOSG (FSU's) reacted with known amounts of singlet oxygen generated from rose bengal. PBS buffer was used to control the pH.

5: Superoxide


Measurement under spectroscopy: The reduction of 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide (XTT) allows for superoxide to be specifically targeted and measured 


4, 5 ADDIN EN.CITE  when it is combined with the use of superoxide dismutase (SOD), a known quencher of superoxide which cells utilize for protection 6. The reduction of XTT to XTT formazan results in an increase in optical density at 470 nm that can be used to make simple spectrophotometric measurements to quantify the amount of superoxide present. The concentration of superoxide is determined by comparing XTT reduction with and without SOD. This control allows for non-superoxide related XTT reactions to be accounted for.  A drawback of XTT is reported sensitivity to pH conditions 8, so care must be taken when utilizing this measurement in pH conditions that are not neutral. 

Experiments are prepared by mixing 100 µM XTT with the appropriate suspension. One set of experiments is done without SOD while in others 10 U/mL SOD is added to the samples to quench any superoxide generated. SOD-containing samples serve to eliminate non-superoxide pathways for XTT reduction as well as the influence of background absorbance of suspensions at 470 nm. 

Standard: Xanthine Oxidase added to Xanthine releases superoxide radicals into suspension 4. Adding 200 mU/mL of XO to 3 mM of X generates enough superoxide to reduce 100 µM of XTT to XTT formazan. By varying the concentration of XTT in suspension a standard curve for the absorbance measured from various amounts of XTT can be generated (Fig 2). Two superoxide molecules are required to reduce XTT to its formazan detectable at 470 nm, so this must be taken into account in the calculation.
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Figure 2: Standard curve for the measurement of XTT formazan absorbance at 470 nm.  Note: Two superoxides are required to reduce XTT to XTT formazan.

6: Hydroxyl Radical

Measurement under fluorescence spectroscopy: Adding APF (10 µM) to a sample suspension allows the measurement of [(OH] by fluorescence with an excitation wavelength of 490 nm and an emission wavelength of 520 nm. One set of experiments is done with APF only, and a second set of control experiments with radical quenching NaN3 (10 mM). By removing the fluorescence given by the azide control samples from that of the sample a concentration of (OH can be determined by comparison with a standard curve. 


Standard: Standard curves of hydroxyl radical can be generated using H2O2 and horseradish peroxidase (HRP). In the presence of various nM concentrations of H2O2 as well as 10 µM APF, and 2.95 U/mL HRP in 10 mM potassium phosphate buffer can be reacted for 30 minutes in the dark (tk ref Cohn 2006). After reaction the fluorescence is measured with an excitation wavelength of 490 nm and an emission wavelength of 520 nm. Correlating fluorescence with concentrations of H2O2 ([H2O2] = [(OH]) allows the generation of a standard curve.
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