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4.1 Purpose 
Here we discuss the DNA extraction methods used at the Quadram Institute to evaluate the 

microbiome from various samples collected as part of human microbiome studies. The 

methods for quality control and DNA/RNA enumeration of extracted DNA and its importance 

for sequencing and downstream analysis are also explained. 

 
4.2 Introduction 
Identifying the composition of the human microbiome is immensely important for 

understanding its impact on health and pathology. The complex gut microbiome contains 

many microbes that cannot be cultured in vitro and so research relies upon DNA extraction 

and purification methods to yield DNA material of a high enough quality and concentration 

for profiling by genome sequencing [1]. 

 

There are many factors to consider when choosing DNA extraction methods including the 

downstream processing, physical qualities, and the body site from which the sample has 

come. As an example, the organisms within a faecal sample are highly diverse and can 

provide great insight into the gut microbiome. However, this diversity can have implications 

for the pre-processing of the sample. Effective DNA extraction is highly reliant on optimised 

sample preparation, specifically, the successful lysing of all organisms within the faecal 

sample. Gram-negative organisms will lyse easily when treated with lysozymes such as 

ethylenediaminetetraacetic acid (EDTA). However, Gram-positive bacteria such as 

Lactobacillus and pathogens are more difficult to lyse [2]. Similarly, fungi, which are often 
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present in much lower abundances than their enteric bacterial counterparts, have tough 

outer cell walls that make them more resistant to lysis.  

 

This is an important consideration for achieving an accurate and complete identification of 

the gut microbiome and not skewing the profiling in favour of Gram-negative bacteria. Faecal 

samples are also considered to be particularly ‘dirty’ as they contain food debris that can 

influence successful lysis of all microorganisms. To overcome these issues, a combination of 

chemical and mechanical lysis (bead beating) can be used on faecal samples to ensure full 

lysis of microbial content. The use of a high-speed bead beating machine such as the MpBio 

Fastprep machine and Lysing E matrix tubes ensures complete lysis of more resistant 

microorganisms and also drastically speeds up the lysing process [2]. This is very beneficial 

in large microbiome studies where numerous samples are processed at the same time. A 

combined chemical and mechanical lysis approach is also used for mycobiome studies 

conducted at QI and details of the fungal DNA extraction method (currently a manual 

process) are provided in Section 10: Mycobiome-Specific Protocols). Viruses within the gut 

microbiota, whether resident or transient, can complicate decisions on the best extraction 

process further; their capsids come in a variety of sizes and their genomes can be made up 

of single-stranded or double-stranded RNA or DNA ranging from a couple of kilobases up to 

1Mb. While the methods described in this section are not focused on capturing viral DNA, 

they will still identify the majority of the dsDNA bacteriophages that make up the majority of 

the faecal-associated virome. See Section 9: Virome-Specific Protocols for more detail. 

 

High throughput, automated methods for DNA extraction are ideal for sample processing in 

large-scale microbiome studies. Robots, such as the Promega Maxwell® can process 48 

samples at a time in approximately 45 minutes, significantly reducing the time taken to 

process samples compared with manual DNA extraction methods. With multiple samples 

being processed at the same time in an automated way, there is an improvement in 

efficiency within the laboratory, a reduced risk of human error or contamination, and a 

reduced cost. It also allows for the same quality and concentration of DNA to be extracted 

from a smaller quantity of the sample than some manual kits such as the Qiagen QIAamp® 

PowerFecal® kit [1]. 

 
4.3 Materials (including products, kits, solutions etc.) 

4.3.1 DNA extraction from faecal samples using Maxwell® RSC PureFood GMO and  
Authentication Kit:  

• MpBio Lysing Matrix E tube 
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• MpBio Fast prep 

• Promega Maxwell® 

• 1 ml Gilson pipette 

• Vortex 

• Sterile, aerosol-resistant pipette tips  

• Heat block 

• Microcentrifuge 

• Maxwell® RSC PureFood GMO and Authentication Kit:  

 RNase A solution 

 Elution Buffer 

 Maxwell ® RSC cartridge 

 Elution tubes (0.5ml) 

 CTAB Buffer 

 Proteinase K solution 

 Lysis buffer 

 RSC plungers 

4.3.2 DNA quantification and quality control 
4.3.2.1 Invitrogen Qubit Fluorometer  

The Invitrogen Qubit kit for DNA includes: 

• Qubit® dsDNA BR Reagent *200X concentrate in DMSO 

• Qubit® dsDNA BR Buffer 

• Qubit® dsDNA BR Standard #1 *0 ng/μL * 

• Qubit® dsDNA BR Standard #2 *100 ng/μL* 

• Qubit® dsDNA HS Reagent *200X concentrate in DMSO 

• Qubit® dsDNA HS Buffer 

• Qubit® dsDNA HS Standard #1 *0 ng/μL 
• Qubit® dsDNA HS Standard #2 *100 ng/μL* 

• Qubit assay tubes 

 

4.3.2.2 Nanodrop spectrophotometer 
• Nanodrop and computer with installed software 
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• 10 µl pipette 

• Pipette tips 

• Lint-free lab wipes 

• EB buffer (used as a blank). This should be whichever liquid the DNA is 

resuspended in.  

• Distilled water 
 
4.4 Methods (step by step procedure)  

4.4.1 Faecal sample preparation for DNA extraction using the Promega Maxwell ® 

robot 
1. Place 200 mg of the faeces sample into a lysing matrix E tube with screw top lid. 

2. Add 1 ml CTAB to the sample and vortex for 30 seconds. 

3. Heat sample in a ‘Hot Block’ at 95ºC for 5 minutes. 

4. Vortex for 1 minute. 

5. Homogenize in the ‘FastPrep’ Instrument for 45 seconds at a speed setting of 6.0 m/s.  

6. Add 40 μl of proteinase K and 20 μl of RNase A to samples and vortex to mix. 

7. Heat sample in a ‘Hot Block’ at 70ºC for 10 minutes. 

8. While heating, prepare cartridges. 

 

4.4.2 Preparation of the cartridge 
1. Place cartridges in rack and remove foil seal. The cartridges have eight wells that are 

numbered. The cartridges should be placed in the rack so that well 1 is furthest away 

from the elution tubes.  

2. Add 100 μl elution buffer into each of the supplied elution tubes and place in the 

numbered holes of the rack (Fig. 1). Ensure the elution tubes are labelled with the 

relevant sample code. It is important to only use the elution tubes that are provided with 

the kit as other elution tubes may not be compatible. 

3. Place plunger into 8th well of cartridge (Fig. 2)  

4. Add 300μl of lysis buffer (RED label) into well 1 of the cartridge. 

5. Centrifuge the sample at 14,000 x g for 5 minutes to pellet debris. 
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6. Add 300 μl of supernatant to well 1 of cartridge and mix by pipetting up and down.  

  
 

 

 

 

 

 

  

 

 

4.4.3 Instrument set up 
1. Turn on the ‘Maxwell® Instrument’ and ‘Tablet PC’. 

Log in to the Tablet PC and start the Maxwell® software by double-touching the icon 

on the desktop. 

2. Touch ‘Start’.  

3. Select a method by scanning or entering the 2D bar code on the kit box to select the 

‘PureFood GMO’ and ‘Authentication method’ and touch ‘proceed’. 

4. On the ‘Cartridge Setup’ screen,  select the rack positions of your samples. Enter any 

required sample numbers, and touch ‘proceed’.  

 

Note: When using both 24-position racks, press the ‘Front’ and ‘Back’ buttons to select 

cartridge positions on each deck rack.  

 

5. Follow the on-screen instructions. These are there to confirm that cartridge set up 

has been completed correctly. (See 4.4.2) 

6. Place the rack with the inserted cartridges onto the Maxwell®. Ensure that the rack is 

placed in the Maxwell® with the elution tubes closest to the door.  

7. Touch ‘Start’. 

 

Once the extraction is completed, store the DNA short-term (up to 2 weeks) at 2–10°C 

and -20°C or -80°C for longer-term storage (up to 2 years) to prevent degredation of the 

sample. For much longer studies, DNA can be stored in liquid nitrogen to prevent 

degredation over decades.  

 

Figure 1. Promega Maxwell ® rack 

Figure 2. Promega Maxwell® cartridge 
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4.4.4 DNA quantification and quality control 
After the DNA has been extracted quality control is necessary to ensure there is sufficient 

DNA to sequence and that it is not contaminated. At the Quadram Institute we use two main 

methods to do this which are explained here:  

 

4.4.4.1 Invitrogen Qubit Fluorometer 
The ‘Qubit Fluorometer’ accurately measures the quantity of extracted DNA, RNA and 

protein. It uses a fluorescent dye to emit a signal when bound to the extracted DNA. This 

ensures that only the double-stranded DNA is quantified and that contaminants are not 

included in the final quantification. It is a relatively fast process conducted using a specific kit 

of pre-made reagents (see 4.3.2.1). 

There are high sensitivity reagents (HS) as well as broad range reagents (BR). The HS 

reagents should be used on samples that you assume have low quantities of DNA, e.g. DNA 

extracted from skin swabs. The BR reagents are not quite as sensitive as the HS reagents 

but will quantify samples with both high and low DNA concentrations. DNA extraction from 

faecal samples usually contain a high concentration of DNA, so BR reagents are most 

suitable. 

1. 200 µl of working solution will need to be prepared for each sample and both 

standards. Do this by diluting the required amount of ‘Qubit reagent’ 1:200 in the 

‘Qubit buffer’. 

2. Prepare the ‘Qubit tubes’ according to the table and Fig. 3 below. 

 

 Tubes for standards Tubes for samples 

Volume of working 
solution 

190 µl 180-199 µl 

Volume of sample N/A 1-20 µl 

Volume of standard 10 µl N/A 

Total volume in each tube 200 µl 200 µl 
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3. Vortex for 3 seconds 

4.  Incubate tubes at room temperature  for 2 minutes. The tubes must be protected 
from the light.  

5. After incubation the tubes are read on the Qubit fluorometer.  

6. Firstly, measure the standards. See below for ‘on screen’ instructions. 

 

Figure 3. Visual representation of Invitrogen Qubit fluorometer sample and standard preparation 

Select assay type for reading standards Select the corresponding assay type to the 
reagents used 
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NOTE: If calibration fails the Qubit will show a calibration error message. Try reading 
the standards again, ensuring the correct assays have been selected. If this doesn’t 
work, make up the standards again and read again.  
 

Press ‘Read standards’ Insert standard #1 into the fluorometer, 
close the lid and press ‘Read standard’ 

Remove standard #1 and insert standard #2 
and press ‘Read standard’ 

If standards have read correctly the ‘Run 
sample’ button will be available to select. 
Press ‘Run samples’.  
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7. Remove standard from the Qubit and begin reading samples. On-screen instructions 

below. 

 

 
 
 
 

 
 
 
 
 
4.4.4.2 Nanodrop Spectrophotometer 
The Nanodrop Spectrophotometer uses a small amount of sample (usually 2 µ𝑙𝑙) to assess 

DNA quantity and quality.  

 

Select the volume of sample originally put in 
the tube by pressing the + and – buttons. The 
output units can also be selected from this 
screen. Insert the first sample and press ‘Read 
tube’. 

Results will be displayed as above. 

The ‘out of range’ screen will appear if sample 
readings are out of the instruments range.  
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Not only can the Nanodrop measure the concentration of the extracted DNA but also its 

purity.  

 

4.4.4.2.1 Cleaning Nanodrop before use 
1. The nanodrop should be cleaned before use. Add around 3 µl of purified water to the 

lower pedestal and then place the arm back down.  

2. Lift the arm again after about 20 seconds and then wipe using ONLY a Lint-free lab wipe. 

 

4.4.4.2.2 Starting up the Nanodrop 
1. Select ‘Nucleic Acid’ button on the Nanodrop software. 

 

 
 
2. Add 2 µl of purified water to the lower pedestal and lower the arm. Click “ok”. This will 

initialise the Nanodrop.  

3. After initialisation wipe the pedestal dry with a Lint- free wipe.  

4. Add 2 µl of the EB buffer to create a blank for the measurements.  

5. Lower the arm and click “Blank”.  

6. When complete, wipe the pedestal dry.  

7. Add 2 µl of sample and lower the arm and click “Measure”.  

8. Collect the data on interest from the screen produced (Fig. 4) 

9. Clean the Nanodrop as in section 4.4.4.2.1 and repeat for all samples.  
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10. When all samples have been measured, clean the Nanodrop as in section 4.4.4.2.1 

and shut down the computer.  
 

 
 

 
 

 
 
 

 

 
4.5 Tips and Troubleshooting  
The Promega Maxwel® uses magnetic beads that bind to particles in the first well and then 

carry these particles through the remaining wells during the DNA extraction process. 

However, this can result in high carry over of beads in the eluted DNA sample, which can 

260/280 field is used to measure the 
purity of DNA. Pure DNA should 
have a ratio of around 1.8. A 
significantly lower level may indicate 
presence of protein or phenol. 

260/230 ratio is a secondary 
measure of DNA purity. Pure DNA 
should have a value of 1.8-2.2. If the 
number is significantly lower this 
may indicate the presence of 
contaminants. 

Concentration of DNA 

Figure 4. Nanodrop sample measurement screen 
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affect the accuracy of DNA quantification [3]. If this does become an issue, magnetic tube 

stands can be used to attract the beads while the eluted DNA is transferred to new tubes.  

It is good practice to use a negative control for each DNA run. This will help identify any 

contaminants during sample processing with the kit described. You can also run a positive 

control using a mock community of typically found microorganisms at known concentrations. 

Running these quality controls alongside experimental samples helps to troubleshoot 

unexpected results. 

 

There are alternative methods for DNA extraction from faecal samples such as the MpBio 

fast spin soil kit. However, this is a manual kit so naturally it will take longer to process many 

samples and will not have the same consistency as an automated method. For these 

reasons this method may not be ideal for larger microbiome studies, but it is still a good 

method producing high concentrations of DNA if only a few samples need to be processed.  

 

 
Quadram Institute Best Practice in Microbiome Research: DNA Extraction and Quality 

Control v1.0 by Rachel Watt, Thomas Atkinson, Sarah Phillips, Steve James and Evelien 

Adriaenssens is licensed under a Creative Commons Attribution-ShareAlike 4.0 International 

License. 
 

 
References  
1. Lim MY, Song EJ, Kim SH et al. (2018) Comparison of DNA extraction methods for 

human gut microbial community profiling. Syst & Appl Microbiol 41:151-157. 

doi:10.1016/j.syapm.2017.11.008 

 

2. Whyte JD. (2016) Bead-Beating Sample Preparation for Nucleic Acids Isolation from 

Fecal Samples. In: Micic M. (eds) Sample Preparation Techniques for Soil, Plant, 

and Animal Samples. Springer Protocols Handbooks. Humana Press, New York, 

NY. https://doi.org/10.1007/978-1-4939-3185-9_25 

 

3. Ellström P. (2017) Evaluation and optimization of microbial DNA extraction from fecal 

samples of wild Antarctic bird species. Infection Ecol & Epidemiol 7:1, 1386536, DOI: 

10.1080/20008686.2017.1386536 

 

http://www.quadram.ac.uk/
https://quadram.ac.uk/4-dna-extraction-and-quality-control/
https://quadram.ac.uk/4-dna-extraction-and-quality-control/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.1007/978-1-4939-3185-9_25
http://creativecommons.org/licenses/by-sa/4.0/

	4.3.1 DNA extraction from faecal samples using Maxwell® RSC PureFood GMO and  Authentication Kit:
	 RNase A solution
	 Elution Buffer
	 Maxwell ® RSC cartridge
	 Elution tubes (0.5ml)
	 CTAB Buffer
	 Proteinase K solution
	 Lysis buffer
	 RSC plungers
	4.3.2 DNA quantification and quality control

	4.3.2.1 Invitrogen Qubit Fluorometer
	4.4.1 Faecal sample preparation for DNA extraction using the Promega Maxwell ® robot
	4.4.2 Preparation of the cartridge
	4.4.3 Instrument set up
	4.4.4 DNA quantification and quality control


