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Protein synthesis from low concentration DNA GeneFrontier
using a reconstituted cell-free protein synthesis system (PUREfrex®)
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Abstract 1. Introduction 2. Method
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Ref. 2; Fuse-Murakami, T. et al.

(2024) Int. J. Mol. Sci., 25, 5264

3. Protein synthesis from low concetration DNA
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» Protein synthesis decreased with decreasing DNA concentration. DNA (pM) 2000 200 20 DNA (pM) 2 0.2
» The synthesis from 2 pM decreased to less than 1% of that from - Protein synthesis from low-concentration DNA increased by the addition of TZRNAP.
2 nM DNA.  The addition of 33-fold T7RNAP increased protein synthesis from 2 pM DNA to over 5% of that from 2 nM DNA.
5. Exploration of the optimal composition for protein synthesis from low concentration DNA
5-1. Overview of optimizataion of composition 5-4. Comparison of compositions showing high synthesis activity
s ) Component vol. (uL) Concentration
Round 3 4 5
l Preparation of reaction mixture 20 AAs etc 1.9 "
CompositionNo. | 2 (21|27 | 4 (13|14 2 | 8 |29 1 8
31 Compositions K Glutame .
P Mg Acetate 0.5 K Glutamte :E
Spermidine 0.4 Spermidine
Creatine Phosphate 0.6 Creatine Phosphate -
Machine Learning ATP || 06 2: o
(METIS on Google Colab) GTP 0.6
CTP/UTP
l Addition of 2 pM sfGFP(G4Y) DNA cTP/UTP || 04 {RNA
l Synthesis of sSfGFP(G4Y) (37 °C, 6 h) IF2 0.4 EF-G
Data EF-G 0.4 EF-Tu/EF-Ts
|, measurement of fuorescence rove | |
EF-Tu/EF-Ts 0.4 Ribosome
- s T7RNAP 04 h
METIS (Machine-learning guided Experimental Trials for Improvement of Systems) ARSs, RFs etc 0.4 Q. 20 °
Ref. 3; Pandi, A. et al. (2022). A versatile active learning workflow for optimization of genetic and metabolic networks. k Ribosome 1.0 . "'ua 3 ® °
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S .  Using METIS, we identified compositions that increased the synthesis from 2 pM DNA to more than 10% of that from 2 nM DNA.
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C . ° o ° « T7RNAP was identified as the key factor contributing for the high synthesis efficiency from 2 pM DNA.
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6. Protein synthesis using new composition (R4_#13)
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5-3. Effect of each factor on the model’s decision
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Conclusion

« Protein synthesis decreased as the concentration of DNA decreased. - Detailed analysis of the compositions found in this study
- The addition of T7RNAP significantly increased protein synthesis from low-concentration DNA. _’ - Search for new compositions with higher synthesis efficiency

 Optimizing the composition of the reaction mixture led to a more than 30-fold increase in the synthesis from 2 pM DNA. under different search conditions



