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ATGACCCCCGAACACCTTCCAACAGAACAGTATGAAGCGCAGTTAG

CCGAAAAAGTGGTACGTTTGCAAAGTATGATGGCACCGTTTTCTGA

CCTGGTTCCGGAAGTGTTTCGCTCGCCGGTCAGTCATTACCGGATG

CGCGCGGAGTTCCGCATCTGGCACGATGGCGATGACCTGTATCACA

TCATTTTCGATCAACAAACCAAAAGCCGCATCCGCGTGGATAGCTT

CCCCGCCGCCAGTGAACTTATCAACCAGTTGATGACGGCGATGATT

GCGGGTGTGCGTAATAATCCCGTTCTGCGCCACAAGTTGTTCCAGA

TTGATTACCTCACTACACTGAGTAATCAGGCGGTGGTTTCCCTGCT

ATACCATAAGAAGCTGGATGATGAGTGGCGTCAGGAAGCGGAGGCC

CTGCGCGATGCACTGCGCGCGCAGAATCTGAATGTGCATCTGATTG

GTCGGGCAACGAAAACCAAAATCGAGCTGGATCAGGATTACATCGA

TGAACGTCTGCCGGTCGCAGGGAAAGAGATGATCTACCGTCAGGTA

GAAAACAGCTTTACCCAGCCGAACGCGGCGATGAATATTCAGATGC

TGGAATGGGCGCTGGACGTAACCAAAGGCTCAAAAGGCGATTTACT

GGAGCTGTACTGCGGCAACGGTAACTTTTCATTAGCGCTGGCGCGT

AATTTTGATCGGGTATTAGCCACCGAAATCGCTAAGCCGTCGGTTG

CTGCTGCGCAATACAACATCGCAGCTAACCATATTGATAACGTACA

AATTATTCGTATGGCGGCAGAAGAATTTACTCAGGCGATGAATGGT

GTGCGCGAGTTTAACCGCCTGCAAGGGATCGACTTAAAGAGTTATC

AGTGCGAAACCATTTTTGTCGACCCTCCGCGCAGCGGTCTGGACAG

TGAAACCGAGAAAATGGTGCAGGCGTATCCGCGTATTTTGTACATC

TCCTGTAACCCGGAAACGTTATGCAAGAATCTGGAAACATTAAGCC

AGACGCACAAGGTCGAACGTCTGGCTCTGTTTGATCAGTTCCCCTA

“Methylate tRNA U54 in pos 5”“O, she doth teach the torches 
to burn bright.”



Biology: a string of ACGT
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Sequential assays
Optimize for one parameter at a time
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Sequential assays
Optimize for one parameter at a time

Design of Experiments (DoE)
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Design Of Experiment
Optimize for two parameters at once



A library Design of Experiment

Requires high throughput

“low” relevance
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Can use low throughput 

“high” relevant

DoE vs Library



Design of Experiment

Requires high throughput

low relevance ASSAYS
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What antibody library size is required?

Average yeasts display diversity: 108-9

Average phage display diversity: 1010-11

Estimated human repertoire: 1018-19 

How much of total theoretical diversity 
does this cover?



How big of an antibody library is big enough?

Assume CDR length = 10aa = 30aa/variable domain
Assume 20aa choices at each position

2030 = 1039 (1.7 x 1015 moles) possible sequences

Assume 500bp amplicon @ 325kDa each
Assume 1 copy of each sequence option in the library

1.7 x 1015 moles x 3.25 x 105 g/mole = 5.25 x 1020g
= 5.25 x 1014 metric tons

Assume an ultra large crude carrier (ULCC) has max DWT 
~525,000 metric tons

5.25 x 1014 MT / 5.25 x 105 MT/ULCC = 109 ULCC’s



>400M
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Design Of Experiment

Requires high throughput

low relevance ASSAYS
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DoE: variable matrix

AA substitutions (Variables)
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• Target affinity
• Cross reactivity
• Functionality

- blocking
- activating
- cell based
- other

• Solubility
• Expression titer
• Thermostability
• Immunogenicity
• Patentability

… etc …



Machine Learning Models

• Consensus Models from several algorithms

• Models for every measured attribute

• Models on fitness functions

• Cross-validated leaving 15% out

• ~96 variants per round
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Mapping variable impact

Quantifies 
impact of 

substitutions

  

  

  

  

  

  

  

  

  

   

   

   

   

   
   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   
   

   

   

   

   

   

   

   

   

   

   

   

    

     

 

    

   

    

       

         



Antibody case study

Explored space:

VH = ~1012

VL = ~1010

Total: 1022



Variable matrix

Variants (Total of 184 variants)

R1 (96) R2 (7) R3 (81)

VH (41)

VL (36)



 
 

 
 

 

  
 

 
 
 

 
 
 

         

 
 
  
 
 
  
 
 
 
 
 
 

     

 

 

 

 

 

Improvement by round
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Multi-dimensional variable weight plot

Weight

Variables

Attribute 1

Attribute 2

Attribute 3



Machine Learning Models
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8 unique attributes / assay measurements

Multi-dimensional variable weight plot



Machine Learning Models
Multi-dimensional Fitness

Fitness = 6x Function A
1x Function B
3x Function C
5x Function D
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Life is multi-dimensional

Winner
✓ Cell based assay
✓ Antigen binding
✓ Cross reactivity
✓ Aggregation
✓ Thermostability
✓ Humanized
✓ Solubility
✓ IP
✓ …And more



The GPS Platform

vector GPS

Expression vector element 
optimization

protein GPS

Protein attribute 
optimization

gene GPS

ORF codon optimization



ATUM

• Gene synthesis, vectors

• Large, complex, routine

• Host optimized

• Protein production

• 96-well to 100’s of grams

• mAbs to others

• Mammalian, e. coli, other

• Protein analytics

• MS, HPLC, CE, other

• Developability

• Cell based assays

• FACS, signaling, other

• Primary immune cells

• Cell Line Development
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