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§ SGC (synthetic gene circuits)
§ Split versions of T7RNAP

§ Transcriptional AND gates
§ 3-input AND gate

§ RNA editing
§ Industrial biotechnology
§ RNA Interference

Eukaryotic RNAP II

12 subunits
600 kDa

Bacterial RNAP

5 subunits
390 kDa

T7 RNAP

1 subunit
99 kDa

Structures of RNA Polymerases



RNA Contaminates and Immunogenicity

anti-sense RNA generation
(dsRNA formation) 3’-extended mRNA (extension)2 unconsolidated mechanisms

generating unwanted mRNA

Prevention Methods
   - During IVT

   - Post-IVT



• Abortive initiation

• Template strand switching

• Runoff mRNA

• slippage

• 3’-extensions

• Duplex RNA
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Two Concerning RNA Contaminants

T𝝓T7 promoter Runoff
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3’-extensions have a limited range
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3’-extensions are ubiquitous

>43mer
5-TTAATACGACTCACTATAGGAATAAGAAGAGGAGAAGAAAAACCCGCTTCGGCGGGAAAAA-3
3-aattatgctgagtgatatccttattcttctcctcttctttttgggcgaagccgcccttttt-5

>24mer_2
5-AATTAATACGACTCACTATAGGAATAAGTAGAGGTGAAGATTTA-3
3-TTAATTATGCTGAGTGATATCCTTATTCATCTCCACTTCTAAAT-5

>24mer_1
5-AATTAATACGACTCACTATAGGAATAAGAAGAGGAGAAGAAAAA-3
3-TTAATTATGCTGAGTGATATCCTTATTCTTCTCCTCTTCTTTTT-5

>48mer
5-TTAATACGACTCACTATAGGAATAAGTAGAGGTGAAGATTTAAAAAACCCGCTTCGGCGGGAAAAA-3
3-aattatgctgagtgatatccttattcatctccacttctaaattttttgggcgaagccgcccttttt-5

>51mer
5-TAATACGACTCACTATAGGGAGACGGTCGGGTCCAGATATTCGTATCTGTCGAGTAGAGTGTGGGCTC-3
3-ATTATGCTGAGTGATATCCCTCTGCCAGCCCAGGTCTATAAGCATAGACAGCTCATCTCACACCCGAG-5

>54mer
5-TAATACGACTCACTATAGGGTTGGTCAATTTCGTGCCAGCCACACCCTCTACAACCCCAACTAATGGGGTT-3
3-ATTATGCTGAGTGATATCCCAACCAGTTAAAGCACGGTCGGTGTGGGAGATGTTGGGGTTGATTACCCCAA-5
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Duplex RNA contaminants are ubiquitous

Nucleic Acids Res 46, 5239-5249 (2018).
Mu, X., Greenwald, E., Ahmad, S. & Hur, S.
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Long, sense-antisense duplex RNA (dsRNA)
[hybridization of the intended mRNA transcript with a fully complementary antisense RNA]



Time-course study of dsRNA formation by WT T7

dsRNA formation occurs continuously throughout the IVT

Acridine Orange stain 

~800ng

2h1h0.5h 4h 6h 8h 10h 24h

ssRNA
(sense mRNA)

duplex RNA
[dsRNA]

(sense + antisense mRNA)



How does the antisense RNA occur?

5’ 3’
5’3’

Duplex RNA
(Long, complete complementary sense/antisense RNA)



T7 RNAP does not release the template DNA & mRNA

Urea-PAGE



T7 RNAP does not release the template DNA & mRNA
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Spectroscopically, ssRNA and dsRNA are indistinguishable
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Readings by Thermo Scientific™ NanoDrop™ OneC Microvolume UV-Vis Spectrophotometer 



Rational designing of T7 RNA polymerase
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Engineered T7 RNAPs can reduce duplex RNA

Long, sense-antisense duplex RNA (aka, dsRNA)
[hybridization of the intended mRNA transcript with a fully complementary antisense RNA]

Acridine Orange stain 
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The presence of dsRNA influences circRNA production

Nat Commun 9, 2629 (2018).
Wesselhoeft, R.A., Kowalski, P.S. & Anderson, D.G.
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CircRNA reaction Complete duplex RNA

circRNA

precursor

Linear

duplex
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Circular template 1

CircRNA reaction
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Circular template 2

Long duplex RNA (dsRNA) cannot become circRNA

Why should we care about dsRNA in circRNA?



~80ng
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T7 RNAP circular RNA formation abilities cont.



Agarose gel
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Our T7 mutant produces more circular RNA



Processivity comparison
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CE analyses on the 10k base-long mRNA
by Capillary electrophoresis instrument
(4150 TapeStation, Agilent)



Summary

§ 3’-extensions do not occur continuously

§ Template DNA and RNA are not released promptly from T7 
RNAP

§ dsRNAs are immunostimulatory molecules

§ dsRNAs in the IVT reactions cannot become circRNA

§ Suppressing the production of dsRNA byproducts increases the 
target mRNA

§ Certain T7 mutant RNA polymerases can reduce the dsRNA 
byproducts

§ Use of versatile T7 RNAP simplify the mRNA production



Thank you!


