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Core Technologies in:

• Nucleic Acid Extraction and Amplification

• Protein Expression, Purification and Analysis

• Cell Health, Viability and Energy Metabolism

• Cellular, Genetic and Protein Reporters



Our “Wastewater Surveillance Journey”
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Challenges of Wastewater Samples for Molecular Biology 

• Sample composition greatly varies between 
locations/sewersheds

• Analytes are present in low abundance
• Wastewater contains compounds that inhibit PCR
• “Solids” vs “Liquid” phase – which one to use?
• Simple, scalable and consistent workflow is 

needed for surveillance.
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The Inspiration: Sewage, Salt, Silica and SARS-CoV2 (4S) method 



Sample Concentration

Release TNA 

from solid 

fraction

30’ Protease

Prepare TNA 

for capture on 

silica:

Chaotropic 

agents 

+ alcohol

Bind TNA
to Midi-column 

on Vacuum 

Manifold
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Elute TNA
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Wizard® Enviro TNA Kit Maxwell RSC® Enviro TNA Kit

Direct Capture & Spin column Direct Capture & Maxwell® RSC Cartridges



Advantages of Direct TNA Capture

Total 
Nucleic Acid 
concentration

• 40 ml input provides higher yield than PEG/NaCl Method

• Consistent Recovery is ideal for surveillance
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SARS-CoV-2

Recovery of SARS-CoV-2 genetic material was more 

than 20-times more than the PEG/NaCl method. 

Mondal et al, 2021

% Recovery of Direct Capture Method

Spike virus* % Recovery

MS2 phage 39.67 ± 10.66

OC43 coronavirus 63.13 ± 4.16

229E coronavirus 40.09 ± 10.36

• Consistent yield

• Good Recovery



High Yield and Quality for Sequencing

TNA purified 
using AlCl3 ppt

TNA purified 
using 
Maxwell® 
Enviro TNA

Enviro TNA kits yield more nucleic acid from a smaller 

sample volume than other methods

Enviro TNA purified nucleic acid 

provides high quality sequencing data



New Purification Methods: Going after the “solids” 

• Nucleic acid concentrations are 1-3 orders of magnitude higher in the solid fraction than the liquid 

fraction 

• Require smaller volumes: simple and scalable

• Eliminate any purification bias

• Steps to effectively remove PCR inhibitors



Detection and Quantification

Sample concentration

• Direct TNA capture

Nucleic Acid Extraction

• Manual Spin column

• Automated Extraction

Detection and 
Quantification

• PCR

• Sequencing

GoTaq® Enviro qPCR kits

made for wastewater surveillance:

PCR inhibitor tolerant qPCR and RT-qPCR 

Master-Mix

 Multiplexed to include process control 

(PMMoV or CrAssphage)

Quantitation standard RNA/DNA included



Design of the Wastewater SARS-CoV-2 RT-qPCR Detection Kit



In vitro 

transcription to 

generate RNA

Quantitation Standards

SARS-CoV-2 

E/N-pGEM3z

(4079bp)

Linearize 

plasmids

DNase treatment to 

remove plasmid DNA

Quantify RNA using 

QuantiFluor RNA System 

and droplet digital RT-PCR.

Dilute the RNA at 4x106

copies/ul in TE-Buffer + 

protectant

Internal Amplification Control

• An exogenous RNA that is in every qPCR 

assay serving as an amplification control

• Template for the Internal control used is Firefly 

Luciferase RNA

A shift in Cq value from the no template control 

(NTC) reflects the level of RT-qPCR inhibition in 

a sample. 

ΔCq = Cq [Sample] – Cq [NTC]  

ΔCq > 2 represents significant inhibition of the 
reaction

Human Fecal Control

PMMoV levels in wastewater from one sampling point over multiple days
provided by Zeynep Cetecioglu, KTH, Stockholm

Pepper mild mottle virus

• An RNA plant virus that is commonly

found in human feces (diet)

• It is present in wastewater globally and 

serves as human fecal indicator

Assays with Proper QA/QC controls



Application scientists develop additional applications:

Promega purification 

used for qPCR and for 

Oxford Nanopore 

Sequencing

Automation for 

Concentration and 

purification

Reduce hands-on time 

by using larger containers
Using additional 

qPCR instruments

...and more

Compare Standard 

RNAs

https://promega.widen.net/s/vnppv5xgw7/wastewater-tna-maxwell-streamlined-protocol-pa802
https://promega.widen.net/s/zb7bgmjvft/sars-cov-2-wastewater-detection-on-qtower-pa847
https://promega.widen.net/s/hpnbwbcdbx/eurm-019-rna-vs-sars-cov-2-n_e-rna-pa763


Where Next?

Now that the COVID-19 pandemic is behind us, how do we sustain the surveillance system that was 

set up during the pandemic

• Targets?

• What sample-type to use thats best for the targets

• What throughput

Industry

Academia

Public Health

Utilities
Policy makers

Please stop by our booth 

Reach us at:

applied@promega.com

mailto:applied@promega.com


Thank you


