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Non-standard Amino Acids
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Resist all natural viruses:
Re%oding TCATCG: Ser = null 2 Leu
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Non-Ribosomal Peptide Synthesis is hard to program since
each AA requires a huge, bespoke (1100 AA) enzyme

All D-AA versions of the 20 standard AA are seen in NRPS

Pub. Free codons

2013 1 TAG (in production)
2025 2 TAG,TGA
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Semi-synthetic cells likely much faster than fully synthetic cells

Bioproduction, biocontainment and resistance to all viruses (2023)
Mirror proteins in the next 5 years via hybrid cells with ribosomal replacement of NRPS.

As with synthetic DNA 1n 2004, Gain-of-function virology in 2011, germline editing in 2017,
we should be skeptical of mere consensus & moratoria. Instead:

#1 Surveillance of all DNA synthesis requests

#2 Checking stated/licensed use with actual DNA made (& Al use)

#3 Recording each transaction for checking all unfavorable later outcome

#4 Stiff (globally enforced) penalties

#5 Encouragement of whistleblowers

#6 Frequent tests of #1 to #5 with tough red-teams.

2024 Baker & Church (2024) Protein design meets biosecurity. Science
2009-2025 IGSC: GeneSynthesisConsortium.org SecureDNA.org
2004 Church. A Synthetic Biohazard Non-proliferation Proposal.






Biocontainment:
Non-standard AA

in essential proteins
AA-tRNA synthetases
Eco TyrS
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Al costs dropping 10X per year.

Cost to Train a Neural Network (ResNet-50)

Cost to Perform Inference on 1B Images
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Model type
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