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Cell Free Transcription and Translation – Faster, Safer 
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In Vitro Transcription and Translation 

Harvest E. coli 

cellular contents 

Filter to enrich 

protein-production 

components 
Add energy 

chemicals, 

amino acids, 

other metabolic 

components 

You now have a “cell-free” 

means to produce protein. 

 

Add DNA, incubate, assay. 
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Cellular Lysates – Early Work 
Establishing the Central Dogma of Molecular Biology 
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M.W. Nirenberg and J.H. Matthaei 

Proc Natl Acad Sci Unit States Am, 47 (1961), 

pp. 1588-1602, 10.1073/pnas.47.10.1588 

J.H. Matthaei and M.W. Nirenberg 

Proc Natl Acad Sci Unit States Am, 47 (1961), 

pp. 1508-1588, 10.1073/pnas.47.10.1580 

Cracking the Code 
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Shining light in the black box; increasing productivity 
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PRODUCTIVITY BREAKTHROUGH 

Spirin, Alexander S., et al. "A continuous cell-free translation 

system capable of producing polypeptides in high yield." 

Science 242.4882 (1988): 1162-1164. 
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ENGINEERING THE SYSTEMS 

Shimizu, Y., Inoue, A., Tomari, 

Y. et al. Cell-free translation 

reconstituted with purified 

components. Nat Biotechnol 

19, 751–755 (2001). 

https://doi.org/10.1038/90802 

Kim, Dong‐Myung, and James R. 

Swartz. "Regeneration of 

adenosine triphosphate from 

glycolytic intermediates for 

cell‐free protein synthesis." 

Biotechnology and bioengineering 

74.4 (2001): 309-316. 
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CURRENT PROMINENT APPLICATIONS 

Metabolic Engineering 

 

 

Continued Basic Research (Engineering Translation!) 

 

 

“Breadboarding” / Screening 

 

 

Fielding 

 

Lee, Joongoo, et al. "Ribosome-mediated incorporation of 

fluorescent amino acids into peptides in vitro." Chemical 

Communications 57.21 (2021): 2661-2664. 

Moore, Simon J et al. “Cell-free synthetic biology for in vitro prototype 

engineering.” Biochemical Society transactions vol. 45,3 (2017): 785-791. 

doi:10.1042/BST20170011 
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Testing an Engineered Protein 

Overnight culture, grow to 

density, induce, lyse, purify, 

label, test. 

Stitch together a linear ORF from 

primers on a robot, 

Isolate 

Express in vitro 

Throw that PCR product into a tube 

with lysate and reaction buffer, purify, 

label, test. 

Miklos, A. E., R. A. Hughes, and A. D. Ellington. "Design and 

assembly of large synthetic DNA constructs." Current 

Protocols in Molecular Biology (2012): Unit3-23. 
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Screening for Biosensors 

Phosphonate-binding protein 

Starting point for sensing 

pesticides and nerve agents. 

This type of screening can take months 

with conventional methods, days with in 

vitro expression 

Alicea, I., et. al. (2011). Structure of the Escherichia coli phosphonate 

binding protein PhnD and rationally optimized phosphonate 

biosensors. Journal of molecular biology, 414(3), 356-369. 
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If I had an engineered organism which could turn latrine contents into 

freshly-crimped 5.56 rounds, would someone let me USE it? 

Using Syn Bio in the Field - The Question: 
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Cell-Free Syn Bio Sensing 

Lysates and energy mixes can be stable when freeze-dried, and you can even embed 

these reagents in paper before freeze-drying, so we can make shelf-stable devices 

that run various sensing schemes. 
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Lysate Team 
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In-house experience making cell-free systems 

• CBC established protocol for 
generating E.coli cell-free lysate 

• CBC experience in creating novel cell-
free lysate for V. natriegens 

 

 

• Known key considerations: 

• Tuning mRNA and protein 
degradation rates 

• DNA stabilization 

• Regeneration of energy (ATP) 

Cole et al. 2020 
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Non-traditional cell free lysate systems 
Organism Type Proteins Made 

Bacillus megaterium Gram positive GFP, mCherry 

Bacillus subtilis Gram positive GFPmut3b, renilla luciferase 

Clostridium autoethanogenum Gram positive Luciferase, metabolic enzymes 

Corynebacterium glutamicum Gram positive eGFP 

Escherichia fergusonii Gram negative eGFP 

Klebsiella oxytoca Gram negative eGFP 

Lactococcus lactis Gram positive None (only transcription active) 

Pantoea agglomerans Gram negative eGFP 

Pseudomonas fluorescens Gram negative GFP, apolipoprotein, pancreatic 

RNase, p37a, glucokinase, 

peptidases 

Pseudomonas putida Gram negative sfGFP 

Salmonella enterica Gram negative eGFP 

Streptomyces species Gram positive eGFP, sfGFP, metabolic proteins 

Sulfolobus solfataricus Archaeal thermophile ORF 104, ORF 143 

Sulfolobus tokodaii Archaeal thermophile Polyphenylalanine 

Thermococcus kodakaraensis Archaeal thermophile Chitinase 

Thermus thermophilus Gram negative Polyphenylalanine 

Vibrio natriegens Gram negative sfGFP, eGFP 

Cole et al. 2020 
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New Reason to go cell-free – Risk Reduction 

Yersinia pestis 
Gram-negative enterobacteria, 

Causative agent of the plague 

– Route of transmission proceeds typically through flea 

bites 

Encodes a variety of virulence factors including multiple 

virulence plasmids 

– pCD1/pMT1/pPCP1 

– Pigmentation locus (pgm) 

– F1 proteinaceus capsule 

– Type III secretion system 

– Lipopolysaccharide 

 

Experiences dramatic environmental shifts during lifecycle 

from flea hindgut through human infection 

– Temperature transitions range from 21⁰C-37 ⁰ C 

Barbieri et al. 2020 
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BROAD EXPRESSION CHANGES ACROSS TEMPERATURES 

Y. pestis transitions from ~21⁰C to 26 ⁰ C to 37 ⁰ C 

during the infection of a human host from a 

carrier flea. 

 

The shift in temperature results in dynamic gene 

expression changes associated with 

pathogenesis 

– Stimulates expression of F1 capsule antigen 

which is essential for evading phagocytosis 

 

– Upregulation of T3SS effector proteins 

 

– Modifications to the lipopolysaccharide to a 

low immunostimulatory form 

 

 
Motin et al. 2014 
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BACKGROUND 
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48 h  
Colony 

3 ml 

12 h 

Harvest 

Microfluidize  

Run-off reaction 

Dialysis 

21, 26, or 37 ⁰C 
90 min 

4 ⁰C 
1 hr 

Generating a Yersinia pestis CO92- extract 

60 ml 

12 h 

3L 

OD 3 

Lysate optimization  

Productivity evaluation 

http://www.clker.com/clipart-petri-dish-5.html
http://keywordsuggest.org/gallery/845974.html
http://keywordsuggest.org/gallery/845974.html
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OPTIMIZATION OF EXTRACTS 

A B 
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Y. Pestis CO92- 37⁰C lysate is most productive  

deGFP 

p70a 

plasmid: p70a-deGFP 
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T7 promoters less active in Y. pestis CO92- lysates 

deGFP 

T7p14 

Plasmid: T7p14-deGFP 

pT7 

T7 polymerase 
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Yp Lysates work with Native Promoters 
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Strain Plasmids Attenuation 

D-12 pCD1/pMT1 pCD1- 

Kim6 pCD1/pMT1 Lcr- 

EV76 pCD1/pMT1 Pgm- 

CO92 pCD1/pMT1 Pgm- 

N-41 pPCP/pCD1/pMT1 Pgm- 

Extract Productivity is Strain Specific 
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CONCLUSIONS AND A QUESTION 

• Cell-free production systems can be generated from Yersinia pestis extracts 

 

• Yersinia pestis extracts are able to express deGFP from native E. coli σ70 and 

bacteriophage T7 promoters,  

 

• Growth temperature impacts productivity of the extracts 

 

• Yersinia pestis strains have variable production in cell-free expression tests 

 

• How much “live organism” work could be replaced with cell-free? 

 

 


