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Development of a highly inhibitor-tolerant engineered Taq DNA polymerase and qPCR system for POC MDx applications
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qPCR System Performance Against Common Inhibitors
qPCR is the most commonly used method for amplification and detection of nucleic acid sequences specific to 
clinically relevant pathogens. While there are numerous commercially available products for this application, each 
one exhibits variance in performance against inhibitors. When challenged with direct amplification in a matrix of 
biological fluids, the delay in real-time signal (ΔCq) can result in false negative assays. As such, it is imperative to 
demonstrate the ability of any new qPCR system to resist relevant inhibitors. It is also important to measure the  
ability to perform properly in the absence of inhibitors to ensure that the qPCR system can handle a wide range  
of sample inputs without compromise.      

Figure 2. Watchmaker qPCR system demonstrates broad inhibitor tolerance. StellarTaq and two different Watchmaker qPCR buffers were 
tested against a range of inhibitors and compared to the performance of commercially available engineered Taq+buffer systems (Supplier K) or 
qPCR master mixes (Suppliers B, P, R, and Q). Approximately 100 copies of the SARS2 ORF1ab target (131 bp amplicon) were input into 20 µL 
reactions. Amplification was performed either in the absence of inhibitor or in the presence of (A) Plasma or whole blood with Heparin or EDTA 
preservative, (B) Saliva, Urine, or UTM, or (C) bile salts, ethanol, guanidinium thiocyanate (GTC), humic acid, or melanin.

Am
pl

ifi
ca

tio
n 

Cy
cl

e 
(C

q)

No
Inhibitor

50

35

25

10

45

40

30

20

15

5

0
Plasma

(EDTA, 5% v/v)
Plasma

(Heparin, 3% v/v)
Blood

(EDTA, 3% v/v)
Blood

(Heparin, 1.5% v/v)

qPCR in the Presence of Blood-based Inhibitors

Watchmaker 2
Watchmaker 1

Supplier K
Supplier B
Supplier P
Supplier R
Supplier Q

Am
pl

ifi
ca

tio
n 

Cy
cl

e 
(C

q)

No
Inhibitor

50

35

25

10

45

40

30

20

15

5

0
Saliva

(27.5% v/v)
Urine

(27.5% v/v)
UTM

(27.5% v/v)

qPCR in the Presence of Saliva, Urine, or UTM

Watchmaker 2
Watchmaker 1

Supplier K
Supplier B
Supplier P
Supplier R
Supplier Q

Am
pl

ifi
ca

tio
n 

Cy
cl

e 
(C

q)

No
Inhibitor

50

35

25

10

45

40

30

20

15

5

0
Bile Salts

(0.09% w/v)
Ethanol
(5% v/v)

GTC
(0.7% w/v)

Humic Acid
(1.5 ng/µL)

Melanin
(25 ng/µL)

qPCR in the Presence of Extraction Inhibitors

Watchmaker 2
Watchmaker 1

Supplier K
Supplier B
Supplier P
Supplier R
Supplier Q

A

B

C

Introduction
The development of point of care (POC) molecular diagnostic (MDx) methods has significantly improved turnaround 
time in pathogen detection applications. However, the requirement for DNA purification is a limitation for POC devices 
because it increases both the cost and time to get from sample to answer. To enable the use of crude lysates or skip 
extraction altogether, as well as rapid PCR cycling, we utilized a protein engineering platform that includes directed 
evolution, rational design, and in-silico modeling to develop a new Taq DNA polymerase (Taq DNAP). The resulting 
polymerase exhibits higher levels of inhibitor tolerance and faster polymerization speed. Paired with an optimized 
reaction buffer, the resulting qPCR system is capable of amplification when blood, saliva, or urine are directly added  
to the reaction without purification, or in the presence of other common inhibitors that may carry over after nucleic 
acid purification.

Enzyme Engineering, qPCR System Development
Watchmaker has previously detailed our engineered StellarScript® HT+ Reverse Transcriptase, purposefully designed 
for greater thermostability and inhibitor tolerance. Following onto this work, Watchmaker also engineered our 
StellarTaq™ DNA Polymerase. This engineered polymerase retains all the standard functions of a Taq polymerase  
but significantly increases the speed of polymerization while improving inhibitor tolerance to the point of similar  
or higher performance compared to currently existing solutions available to laboratories focused on molecular 
diagnostic applications.

Figure 1. Fast Polymerization with StellarTaq. StellarTaq DNAP, wild-type Taq DNAP and other commercially available engineered  
Taq DNAPs (Suppliers T and R) were evaluated for polymerization speed by assessing extension of a pre-primed, ssDNA template at 72°C. 
Relative polymerization speed was measured over time by monitoring the fluorescence of an intercalating dye. StellarTaq had the fastest 
polymerization speed which enables faster workflows and ultra-fast PCR.

The final development step is to combine these engineered polymerases with a qPCR buffer optimized for 
performance with known inhibitors from biological fluids or nucleic extraction chemistries. Here, we present a  
new qPCR system consisting of StellarTaq DNAP and 10X reaction buffer(s) as well as a one-step RT-qPCR system 
including StellarScript HT+. An optional 5X PCR enhancer is also available for targets with a high GC content or 
situations where even greater inhibitor tolerance is required. In this poster, we describe challenging the  
Stellar (RT)-qPCR system with relevant concentrations of blood, saliva, urine, universal transport media (UTM),  
and other common inhibitors encountered in MDx applications. In addition, comparison data vs. industry leading 
qPCR systems is described to verify the systems’ ability to improve performance in testing environments where 
inhibitor tolerance is a critical concern.

Polymerase

Av
er

ag
e 

Nu
cl

eo
tid

es
 S

yn
th

es
iz

ed
 (p

m
ol

e)
 

pe
r U

ni
t o

f E
nz

ym
e 

Wild-type Taq

16,000

12,000

8,000

4,000

0
Supplier T Supplier R StellarTaq

Polymerization Speed

Peformance Summary
In order to assess overall performance of the new qPCR/RT-qPCR system, we summarized all systems tested 
in Figure 4.        

Figure. 4 Watchmaker qPCR and RT-qPCR systems demonstrate greater overall tolerance to a range of PCR inhibitors.  
The performance of the Watchmaker Stellar (RT)-qPCR systems was compared across all inhibitors and commercially available systems 
for (A) qPCR or (B) RT-qPCR applications. Green indicates a Cq <34, yellow indicates a Cq between 34 – 38, and red indicates a Cq >38. 
Watchmaker systems consistently show higher success in amplifying the same targets at a Cq below 34 across all inhibitors compared  
to all other tested systems.
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Conclusions
•  �The development of engineered polymerases, both for DNA and RNA amplification, can significantly improve

the overall speed of polymerization and inhibitor tolerance compared to wild-type enzymes.

•  �The performance of these polymerases can be further enhanced by the addition of optimized buffers designed
specifically to work with sample types that are known to carry strong inhibitors, including direct amplification of
biological samples such as blood, saliva, urine, or collection media such as UTM.

•  �Watchmaker Genomics has developed a (RT)-qPCR system with a focus on the challenges faced by pathogen
detection assay developers, providing paired, optimized buffer and polymerases while enabling users to perform
key optimization steps that are not available when using qPCR master mixes.

•  �The system described enables target amplification in the presence of key biological sample types and their
associated inhibitors.  This performance will enable faster turnaround by allowing the use of crude sample
extraction methods or skipping extraction/purification steps altogether.

RT-qPCR System Performance Against Common Inhibitors
Viral pathogens are the most important targets for infectious disease detection, so the ability to add a 
reverse transcriptase to any qPCR system and perform a one-step RT-qPCR assay is critical to achieving 
rapid results for common infections. Using the same qPCR system shown in Figures 2A – C, we added 
StellarScript HT+ reverse transcriptase to the Watchmaker systems to create a one-step RT-qPCR assay.  
If the compared supplier did not contain an RT polymerase, StellarScript HT+ was also added to those 
systems. All compared RT-qPCR systems were tested with the same biological samples or known inhibitors 
as in the previous qPCR experiments.      

Figure 3. Watchmaker RT-qPCR system demonstrates broad inhibitor tolerance. StellarScript HT+, StellarTaq, and two different 
Watchmaker RT-qPCR buffers were tested against a range of inhibitors and compared to the performance of commercially available 
engineered polymerase+buffer systems (Supplier K) or RT-qPCR master mixes (Suppliers A, P, P2, N, Q, and T). Approximately 100 copies 
of the hIAV target (106 bp amplicon) were input into 20 µL reactions. Amplification was performed either in the absence of inhibitor or in the 
presence of (A) Plasma or whole blood with Heparin or EDTA preservative, (B) Saliva, Urine, or UTM, or (C) bile salts, ethanol, guanidinium 
thiocyanate (GTC), humic acid, or melanin.
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