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Rights and permissions disclaimer

• Except otherwise noted, all contents used in this presentation is licensed under a 
Creative Commons CC-BY 4.0  Which permits use, sharing, adaptation, distribution 
and reproduction in any medium or format, as long as you give appropriate credit 
to the original author(s) and the source, provide a link to the Creative Commons 
license, and indicate if changes were made. The images or other third party 
material in this article are included in the article’s Creative Commons license, unless 
indicated otherwise in a credit line to the material. If material is not included in the 
article’s Creative Commons license and your intended use is not permitted by 
statutory regulation or exceeds the permitted use, you will need to obtain 
permission directly from the copyright holder. To view a copy of this license, visit 
http://creativecommons.org/licenses/by/4.0/.
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D.S. Goodsell and RCSB PDB (2015)
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Central Dogma of Molecular Biology
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St. Jude Children’s Research Hospital,(2022)



Recombinant protein expression systems
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Simple proteins complex proteins

transfection

Bacteria 
(10mg/L)

Yeast
(10g/L)

Insect
(900mg/L)

Mammalian
(1g/L)

cell lysiscloning



Cell-free Protein Synthesis (CFPS)

Khambhati., et al, Front. Bioeng. Biotechnol. (2019)Maharjan A., et al, Biotechnology and Applied Biochemistry (2023)

Rapid protein production

Open System

Easy to optimise

Express Toxic protein

$$$$$

Low yield
(50 µg/mL)

Lack of PTM

Limited protein complexity
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(SK) (Chinese hamster ovary)



Tran K., et al, Biotechnology and Bioengineering (2017)
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(Dissolved 
oxygen)
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Thoring L., et al, Scientific Reports (2017)

Z-VAD-FMK: general caspase inhibitor
Ac-VAD-CMK: casp-1 inhibitor
Ac-DEVD-CMK: casp-3 inhibitor
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Hunt A.C., et al, Nature Communications (2023)

VH: variable heavy chain
VL: variable light chain
CH1: Heavy chain constant
CL: Light chain constant
sdFab: synthetically dimerized 
antigen-binding fragment



16

Whole workflow is completed in <24hours
By one researcher

Hunt A.C., et al, Nature Communications (2023)



AI and machine learning

• 3-D>Protein folding problem

•Structure determined experimentally by:

•X-ray crystallography, cryo-EM, NMR

•>Expensive and time-consuming

•AlphaFold

•-AI developed by Deepmind
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Jumper J., et al, Nature (2021)

Multiple sequence alignments



Application of AI in protein synthesis

• Impractical to synthesize all sequences 
or

investigate all functionally interesting 
variants

• Protein optimization to improve the 
efficiency of identifying desirable 
mutants through predictive modelling

• Machine learning can learn relationship 
between sequences and properties
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1. Genomics

2. Protein structure and function

3. Protein design and evolution

4. Drug design
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Challenges and Future Direction
• CFPS Scalability and Cost-effectiveness

• Many proteins remain difficult to express

• AI focuses on protein designing

Future Direction

• ↑ cost-effectiveness

• Incorporate the AI-automated synthesiser to produce novel proteins 

• Design and Synthesize of dream-up proteins
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Challenges and Future Direction
• CFPS Scalability and Cost effectiveness

• Many proteins remain difficult to express

• AI focuses on protein designing

Future Direction

• ↑ cost effectiveness

• Incorporate the AI-automated synthesiser to produce novel proteins 

• Design and Synthesize of dream-up proteins
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Ian C Haydon/UW Institute for Protein Design



Thank you!
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