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Why Quantify Nucleic Acids?

Nucleic acids are the building blocks of life in all living things, from plants and animals to bacteria and
viruses. In research, it's important to quantify RNA and DNA prior to downstream processes like sequenc-
ing, restriction enzyme digestions and ligations, PCR and gPCR along with many other applications.
Along with determining nucleic acid concentrations, it's also important to calculate the ratio of nucleic
acid to protein to ascertain purity before using the sample in downstream applications.

There are fluorometric and spectrophotometric methods for nucleic acid quantification. The former is
used for applications requiring high sensitivity due to minute available amounts of nucleic acid; the latter
is more conventionally used from common nucleic acid extraction procedures. In this application guide,
we'll discuss in detail the spectrophotometric methodology as performed in microplate instrumentation
and in specialized micro-volume accessories.

Absorbance Quantification Methods

Nucleic acid quantification is commonly performed in a cuvette spectrophotometer, where the mono-
chromator optical system provides light at 260 nm, the absorbance peak for DNA and RNA. Increas-
ingly, microplate spectrophotometers are being used to quantify nucleic acids as well due to increased
sample processing.

Light absorbed by the nucleic acid in the sample correlates to the concentration of nucleic acid present.
Both DNA and RNA absorb light at 260 nm, therefore this is a measurement of total nucleic acid. Nucleic
acid samples are also typically measured at 280 nm, which is the absorbance peak for protein. The ratio
of the 260 nm and 280 nm measurements provides a determination of the purity of the nucleic acid, with
a ratio near 2 indicating a highly pure nucleic acid sample. (Fig. 1)
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Figure 1. Typical absorbance spectrum for DNA, RNA and protein, indicating the
peak at about 260 nm for DNA and RNA and the peak at about 280 nm for protein.

Cuvettes and other Sample Vessel Types

A cuvette-based spectrophotometer has a horizontal light path where the wavelength-specific light is
perpendicular to the sample. Most standard cuvettes have fixed optical path lengths of 1 cm.

A microplate spectrophotometer, measures samples in a microplate, therefore the light path is vertical
and varies according to the volume in the microplate well. (Fig. 2)
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Figure 2. Comparison of the fixed 1 cm path length of light in a cuvette based system
and the variable vertical light path of a microplate based system.

The advantage of a cuvette-based method is that it is simple and precise, while the disadvantages include limited
throughput of one-at-a-time sample measurements and the need to dilute samples. Some BioTek microplate readers
offer optional cuvette ports (Fig. 3a) and BioTek offers the patented BioCell™, a sample cuvette with a fixed 1 cm path
length that can be measured in a microplate spectrophotometer and offers the advantages of a traditional cuvette spec-
trophotometer. (Fig. 3b)
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Figure 3a. BioTek Epoch 2 with available cuvette Figure 3b. BioTek's patented BioCell allows fixed 1cm
port for measurements (1 cm). path length readings in most of BioTek's microplate
spectrophotometers. Up to 8 BioCells can be measured at a time.

Microplate spectrophotometers and some micro-volume systems offer multiple sample throughput and in some cases,
sample dilution may not be necessary.

By convention, the extinction coefficients for nucleic acids and protein are based on a 1 cm path length (Table 1). There-
fore, in a microplate spectrophotometer, where the sample path length is dependent upon the volume in the microplate
well, it is necessary to correct the path length of the sample to a 1 cm equivalent in order to proceed to quantify the
sample.

Nucleic Acid Type Average Extinction Concentration (ug/mL) if
Coefficient (ug/mL)" cm OD=1*
Double-stranded DNA 0.020 50
Single-stranded DNA 0.027 37
Single-stranded RNA 0.025 40

Table 1. Commonly accepted extinction coefficients at known concentration.
*Based on a T cm path length.
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Path Length Correction and Nucleic Acid Quantification

Nucleic acid calculations are based on the Beer-Lambert Law, credited to the separate research of August Beer and
Johann Heinrich Lambert in the 19" and 18" centuries, respectively. The Beer-Lambert equation is shown here:

OD=¢Cb

According to this equation, the optical density (OD) of the sample can be found by the product of the extinction coef-
ficient (g) and concentration (C) of the sample and path length (b) of the measuring vessel.

In microplate spectrophotometers, the OD measurement is taken vertically through the samples in the plate, and there-
fore the path length of the samples will vary according to the volume in the well.

To correct the path length to 1 cm, BioTek's reader control and data analysis software, Gen5™, has a built-in method for
samples diluted in water. Gen5's method uses the absorbance peak of water at room temperature (977 nm), and a blank
measurement of 900 nm. The 977 nm — 900 nm optical density difference is divided by 0.18, which is the known optical
density for water at 1 cm. The result of this calculation is the path length of the sample, which can then be used to cal-
culate the concentration of nucleic acid in the microplate wells. A step-wide procedure contained in the Gen5 method
appears below:

BioTek’s automated method of path length correction and quantification (dsDNA example):

1. Measure the OD of the solution at 977 nm — 900 nm, then divide by the known
OD of water @ 1 cm:

A,,, — Ay, sample /0.18 OD = sample path length (in cm)
2. Measure the sample at 260 nm (minus a blank) and divide by the path length:
A, sample — A, blank / sample path length = OD corrected to 1 cm

3. To calculate the concentration of DNA in the sample wells, multiply the corrected OD
values by the extinction coefficient:

OD corrected to 1 cm * 50 = concentration of DNA in the well (in pg/mL)

The latest methods for nucleic acid quantification use very low volume samples, typically 2 pL or less, to conserve pre-
cious samples and reagents. BioTek's Take3™ or Take3™ Trio Micro-Volume plate can be read in a BioTek microplate
spectrophotometer to measure multiple nucleic acid samples and provide quick quantification results. The Take3 plates
use a quartz slide with a hydrophobic coating to create ‘'microspots’ suitable for 2 pL samples. (Fig. 5) When the plate lid
is closed, the samples are sandwiched between the two surfaces in a fixed nominal 0.5 mm path length. This very short
path length allows high concentration of nucleic acids to be measured without dilution. After each measurement, the
slides can be easily wiped clean and reused.
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Figure 5. The Take3 plate from BioTek has up to 48 sample locations for 2 ulL nucleic acid samples.

Nucleic Acid Purity

Along with the calculation of nucleic acid concentration, it is important to determine the purity of the sample prior to
downstream applications. Proteins and other contaminants like phenol and salts associated with the extraction process
may interfere with true values and skew results. Purity of nucleic acid samples is determined by finding the ratio of the
nucleic acid measurement at 260 nm and the protein measurement at 280 nm, where protein absorbance peaks. To cor-
rect for background turbidity, a measurement at about 320 nm can also be taken, since protein and nucleic acids do not
absorb light at this wavelength. This ratio calculation and background subtraction is typically done automatically in the
systems described in this paper.

The A,,, / A, ratio is an approximation of purity that will approach the ideal ratios shown in Table 2, but it is not an ab-
solute value. Ratios that are significantly lower than accepted norms most likely are contaminated. Very small wavelength
differences and other influences such as light source and instrument maintenance can contribute to variation and these
factors should be considered when results are not as expected.

Nucleic Acid Type Approximate
A, /A, Ratio

Pure DNA

Pure RNA ”

Pure Protein 057

Table 2. Approximate purity based on A,, /A, ratio. Note that specific nucleic acids are not
clearly distinguished from each other using this ratio.

Best Practices

Care should always be taken to minimize sample contamination and ensure both accurate and precise spectrophoto-
metric measurements. Some useful tips are presented below:

Use gloves to protect samples from nuclease or other contamination found on human skin
Ensure the sample vessel (cuvette, microplate, micro-volume surface) is absolutely clean
Ensure instrumentation is well maintained

Use the same buffer type for blanks and samples

Use replicate samples to reinforce accuracy
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Nucleic Acid Quantification via BioTek’'s Microplate Instruments

BioTek has a number of microplate-based instruments for nucleic acid measurements via absorbance and fluorescence.

Absorbance | Fluorescence | Gen5™ Take3™ Micro-
Software Volume Plate
Compatible
Synergy™ Neo2
Multi-Mode Reader ° e ° °
Syne.rgy H1 o o ° °
Multi-Mode Reader
Synergy 2
[ ] [ ] [ ] [ ]
Multi-Mode Reader
Syne.rgy HTX o o ° °
Multi-Mode Reader
Epoch™ 2
: ° °
Microplate Spectrophotometer
Epoch™
: ° °
Microplate Spectrophotometer

For more information on nucleic acid measurements, low volume measurements or BioTek's microplate readers,
contact your local representative or CustomerCare@BioTek.com.
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