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Microvolume samples are quantified by a spectrophotometer system that uses natural surface tension to retain samples without the use of cuvettes or capillaries.  The dynamic range of protein concentrations and speed by which they can be measured are greatly increased with this method.

Long Abstract: (150 word minimum, 400 word maximum)

Traditional spectrophotometry requires placing samples into cuvettes or capillaries, which is not always practical because many protein isolation techniques produce very limited sample volumes. This problem is solved by the NanoDrop 2000c Spectrophotometer (Thermo Fisher Scientific), which employs a technique that retains microvolume samples between two measurement surfaces using the natural surface tension properties of liquids, thus enabling the quantification of samples in volumes as low as 1-2 l. The elimination of cuvettes or capillaries allows real time changes in path length, which reduces the measurement time while greatly increasing the dynamic range of protein concentrations that can be measured.  The need for dilutions is also eliminated, and preparations for sample quantification are relatively easy as the measurement surfaces can be simply wiped with laboratory tissue. This video article presents modifications to traditional protein concentration determination methods for quantification of microvolume amounts of protein using absorbance reading at A280 and a colorimetric assay.

I. The NanoDrop 2000c Spectrophotometer Sample Retention System

1.1. Many molecular biology techniques require the accurate quantitation of samples that are available in only limited amounts. The classic approach to the problem of samples being wasted for quality control spectroscopic measurements is to reduce the volume of the sample container. The NanoDrop 2000c Spectrophotometer (Thermo Fisher Scientific) overcomes this problem by utilizing a patented sample retention system that combines fiber optic technology and the natural surface tension of liquid samples to keep microsamples in place without the use of cuvettes or capillaries. 
1.2. The miscrosample is placed directly on top of the detection surface and a liquid column is created between the ends of the optical fibers by surface tension. This liquid column forms the optical path. A pulsed xenon flash lamp provides the light source and a spectrometer utilizing a linear CCD array is used to analyze the light that passes through the sample.
1.3. The NanoDrop 2000c Spectrophotometer offers many advantages over traditional spectrophotometric techniques.  Firstly, it can accurately quantify proteins in volumes as small as 2 l. Secondly, the elimination of a sample container reduces the inherent absorbance difference in cuvettes and capillaries and allows real time changes in path length. As revealed by the Beer-Lambert Law (A=ebC; where A is the absorbance at a specific wavelength, e is the molar extinction coefficient of the chromophore, b is the path length, and C is the concentration), the path length is the only adjustable parameter; when the path length decreases the maximum concentration increases proportionally. 
1.4. During each measurement cycle, the sample is assessed at both 1 mm- and 0.2-mm path lengths, providing a greatly broadened concentration measurement range, which eliminates the need to perform dilutions or make assumptions about the concentration of a sample prior to its measurement.  
1.5. Preparations for measuring a sample are also relatively easy, requiring both optical surfaces to be wiped with common laboratory tissue. Finally, the total measurement time per sample is also dramatically reduced to about 30 seconds. 
1.6. The NanoDrop 2000c Spectrophotometer is a full spectrum spectrophotometer for measuring the absorbance of DNA, RNA, proteins, and dyes.  This video protocol will focus on the measurement of proteins.

II. Microvolume Spectrophotometric Determination of Protein Absorbance by Direct A280 Measurements
a. Principle of A280 measurements

2.1. The measurement of proteins directly in the UV range (280 nm) relies on the absorption of aromatic amino acids such as Trp or Tyr residues, or Cys-Cys disulfide bonds.  This method does not require the generation of a standard curve and is most applicable for purified proteins (Stoscheck, 1990; Aitken and Learmonth, 1996; Simonian and Smith, 2006). 
2.2. In classical spectrophotometry, a factor of 1 mg/ml is multiplied by the 1.0-cm path length absorbance at 280 nm to obtain an approximation of the protein concentration (Stoscheck, 1990). For more accurate quantitation of known purified proteins, the molar extinction coefficient can be employed (Aitken and Learmonth, 1996). 
2.3. The NanoDrop 2000c software includes assays for concentration determination based on common proteins such as BSA and IgG. The researcher can also enter the molar extinction coefficient and the molecular weight of the protein.
b. Turning system on and initializing

2.4. The spectrophotometer should first be placed in a location with good lighting.  This will enable a visual confirmation that a sample droplet is on the pedestal and a liquid sample column is completely formed prior to measurement.

2.5. To clean the optical surfaces of the NanoDrop 1000 Spectrophotometer, pipette 1-2 l of clean deionized water onto the lower optical surface. Close the lever arm and tap it a few times to bathe the upper optical surface. After that, lift the lever arm and wipe both optical surfaces with a laboratory wipe.

2.6. After the optical surfaces have been wiped, open the NanoDrop software and select the Protein A280 module. 
2.7. Place 1 l of clean water onto the lower optical surface of the spectrophotometer, lower the lever arm, and select ‘Initialize’ in the NanoDrop software. Initialization will take about 10 seconds.  Once the spectrophotometer is initialized, clean both of its optical surfaces with a laboratory wipe.
c. Blanking the machine
2.8. Similar to a traditional spectrophotometer, measurement of a blank is required for subtraction from subsequent measurements.  To perform a blank measurement, load 1 l deionized water and select ‘Blank’. Once the blank measurement is complete, clean both optical surfaces with a laboratory wipe.

2.9. To assess the contribution of a specific buffer to the A280, measure the buffer against deionized water as a blank.  If the buffer does not contribute to the A280, deionized water can be used as a blank.  The measurement of the water or buffer should be zero or very close to zero. All measurements are automatically normalized to the background absorbance measured at 340 nm.

d. Measurement of a 2 l sample
2.10. The purity of the sample is important because the presence of additives such as surfactants or detergents may reduce the surface tension by interfering with the hydrogen bonding between water molecules. The homogeneity of the sample is also extremely important since such a small volume is being measured. To ensure that samples are homogenous, gently but thoroughly mix the samples immediately prior to taking an aliquot for measurement. Avoid introducing bubbles when mixing and pipetting.

2.11. Due to the variability in surface tension between different proteins, we recommend loading 2 l of samples to ensure proper column formation (sample touching the upper and lower optical surfaces). Always use low retention pipette tips. To load a sample, touch the pipette tip to the lower optical pedestal surface while expelling the solution to prevent the solution from adhering to the outside of the pipette tip. Expel less than the full amount of sample to prevent blowout and introduction of bubbles in the sample.  

2.12. Once the sample has been loaded, select ‘Measure’ on the NanoDrop software. The software automatically calculates the protein concentration.  When the measurement is complete, clean both optical surfaces with a laboratory wipe.

2.13. If replicate samples are being measured, change tips between samples because even a small amount of residual protein sample in a tip can interfere with the uptake and subsequent dispensing of the next sample. Always use fresh aliquots for each measurement because taking multiple measurements of the same sample will result in sample evaporation, which alters the protein concentration. 

2.14. Wipe the pedestals between measurements to prevent sample carryover and avoid residue buildup, and clean all surfaces with deionized water after each measurement. After measuring a large number of samples, clean the pedestals thoroughly by applying 5-10 l of a fresh 5% bleach solution or dilute HCl solution to the bottom pedestal, and then lower the upper pedestal to from a liquid column.  Allow to sit for 2-3 minutes. Wipe pedestals with a laboratory wipe and repeat using 5-10 l of deionized water. We also recommend that measurement surfaces be cleaned with 2 l deionized water after very high-concentration samples.

2.15. Many common solvents can be used for cleaning the sample loading area of the NanoDrop 2000c spectrophotometer: methanol, ethanol, n-propanol, isopropanol, butanol, acetone, ether, chloroform, carbon tetrachloride, DMSO, DMF, acetonitrile, THF, toluene, hexane, benzene, sodium hydroxide (1 N), sodium hypochlorite (0.5% to 1% bleach), dilute HCI, dilute HN03, and dilute acetic acid.  One solvent that is incompatible and must not be used is Hydrofluoric acid (HF) because the fluoride ion will dissolve the quartz fiber optic cable.
2.16. If many samples are being measured, the pedestals may have to be reconditioned.  This can be achieved by rubbing each pedestal surface aggressively with a dry laboratory wipe 30-40 times.
III. Microvolume Spectrophotometric Determination of Protein Concentration using Colorimetric Assays
a. Principle of colorimetric detection

3.1. The NanoDrop 2000c microvolume spectrophotometer can also be used to measure uncharacterized protein solutions and cell lysates using colorimetric assays.   The colorimetric method is an indirect method that involves binding of a dye with the protein component of the sample to produce a new complex that absorbs in the visible wavelength range.  A standard curve must be generated before unknown protein samples can be measured.

3.2. Common colorimetric assays are the bicinchoninic acid (BCA) protein assay (Smith et al., 1985), the Bradford assay (Reisner et al., 1975; Bradford, 1976), and Lowry assays (Lowry et al., 1951).  The BCA protein assay is demonstrated here as an example of a colorimetric assay on a microvolume spectrophotometer.  This assay is often used for dilute protein solutions and/or when other compounds with significant UV absorbance are present.  The resulting Cu-BCA chelate formed in the presence of protein is measured at its wavelength maximum of 562 nm and normalized to the absorbance measured at 750 nm (Smith et al., 1985).
b. BCA Protein Assay Using a Microvolume Spectrophotometer
3.3. This protocol is an adaptation of the Pierce BCA protein assay kit and the required reagents are contained in the reducing agent compatible kit (Pierce cat. no. 23250): BCA reagent A, BCA reagent B, Compatibility reagent, Reconstitution buffer, and Albumin (BSA) standard.

3.4. Begin by diluting the reconstitution buffer 1:1 with ultra pure water.  However, do not dilute the reconstitution buffer if your protein samples are in a buffer with pH < 5. Add 1 ml of either working reconstitution buffer or undiluted reconstitution buffer to one 1.5-ml microcentrifuge tube of compatibility reagent and vortex at high speed for 30 seconds to dissolve. This solution can be stored for up to 8 hours at 4°C in the dark.

3.5. To determine the total amount of working reagent needed, use this formula:  (number of blanks + number of standards + number unknowns) (number of replicates) (volume of working reagent per sample) = total volume of working reagent required.
3.6. To prepare the working reagent, mix 50 parts BCA reagent A with one part BCA reagent B (50:1 reagent A:B). The solution will initially be turbid but will become a clear green upon mixing.

3.7. A standard curve is required every time the BCA assay is run and BSA protein standards for generating a standard curve are provided in the kit. It is important to verify the starting concentration of the BSA using A280 measurement to avoid dilution errors with the standards. Use the recommended dilutions that cover the analytical range of interest.  If proteins of higher concentrations will be measured, prepare protein standards at concentrations higher than those provided in the kit.
3.8. Pipet 25 l of each replicate of standard, unknown sample, and the standard and sample blanks into 1.5-ml microcentrifuge tubes.

3.9. Add 25 l of compatibility reagent stock solution to each tube and vortex at low speed (~1200 rpm) for about 10 seconds to mix. Incubate the tubes in a 37°C water bath for 15 minutes.
3.10. Next, add 1 ml of the working reagent to each tube, vortex to mix well and incubate the tubes in a 37°C water bath for 30 minutes.

3.11. When the 30 minute incubation is complete, cool the tubes for 5-10 minutes at room temperature.

3.12. Prepare the NanoDrop 2000c spectrophotometer by cleaning its upper and lower optical surfaces with clean deionized water as described previously, then wipe off both optical surfaces with a laboratory wipe.
3.13. Open the NanoDrop software and select the BCA Assay module. Initialize the spectrophotometer by placing 1 l of clean water onto the lower optical surface, lowering the lever arm, and selecting ‘Initialize’ in the NanoDrop software. Once initialization is complete, clean both optical surfaces with a laboratory wipe.
3.14. Perform a blank measurement by loading 1 l deionized water or buffer and selecting ‘Blank’.

3.15. After wiping both optical surfaces, measure the reference (BCA reagent zero protein standard) by loading 2 l and selecting Measure. Once the measurement is complete, clean both optical surfaces with a laboratory wipe.
3.16. Click on the ‘Measurement Type’ drop box and select ‘Standard 1’. Enter the standard 1 concentration.
3.17. Mix standard 1 thoroughly and pipet 2 l of the solution onto the bottom pedestal, close the arm, and click the ‘Measure’ button.
3.18. Repeat the measurement for up to five replicates of standard 1, using fresh aliquots for each measurement.  Do not forget to wipe the optical surfaces between measurements.

3.19. Repeat the process for all subsequent standards (entering the standard concentration and then measuring the standard). To construct an appropriate standard curve, between two and seven unique standards may be measured.

3.20. Once all the standards have been measures, generate the standard curve by clicking on the ‘View Standard Curve’ button to display the curve information and modification options. Erroneous or non-representative readings can be deleted with the ‘Delete Point’ button.
3.21. Once the standard curve is completed, click on the ‘Measurement Type’ drop box and select ‘Sample’.
3.22. Enter the respective sample information and measure the unknown sample(s).
3.23. To determine the concentration of the unknown samples, choose either a linear interpolation (point-to-point) between two standards flanking the unknown sample, or use a polynomial fitting. Keep in mind that in order to obtain a concentration value (mg/ml), the unknown sample must fall within the linear range of the standard curve.
Representative Results: – What happens when the protocol is done correctly?  What is the purity of your nucleic acid sample?  After performing a cell culture prep, how will the cells look in optimal conditions? What do your labeled cells look like when imaged in vivo using 2-photon laser microscopy? Please add a “representative” outcome to the protocol to show a viewer what a “good” or even “bad” result looks like.  
AUTHOR:  For the representative results, please provide an example standard curve for the BCA method as well as sample values so that the concentration can be read from the curve.
Tables and Figures:  Please make sure that text in all tables or figures is made in Arial font.  Figures should be submitted separately as layered .tiff or .psd files at 300 dpi.   All tables and figures should be given an appropriate title and should have a corresponding figure legend.    
Discussion 

(Short discussion on critical steps, possible modifications, applications, significance, etc…)
Microvolume quantitation uses the intrinsic surface tension properties of a sample to form a liquid column between two measurement surfaces. In this way, the microsample is retained during the measurement cycle without the need for a containment device, which allows changes in path length in real time.  The dynamic range of protein concentration measurement as well as the speed of measurement is dramatically increased.  Since this technique uses minimal amounts of samples, it allows scientists to make more measurements and achieve better quality control. In addition a large number of samples can be analyzed quickly and accurately and if necessary, a sample can be recovered after its measurement. Since such small volumes are being measured, sample homogeneity is extremely important to avoid micro-sampling errors. Low retention pipette tips should always be used for loading samples and the tips should be changed between sample replicates. Finally, the pedestal surfaces must be properly cleaned and conditioned to ensure the most accurate results.
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	Catalogue number
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Laboratory wipes
BCA Protein Assay Kit
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