
ElevateBio Gene Editing Platform

Conclusions

Parallel engineering pathways to optimize protein function

• ElevateBio’s curated bioinformatic database of 10B+ proteins enabled the 

prediction of 150+ novel LSR systems, of which ~80% were active in 

mammalian cells

• Our novel LSR systems show significant activity in two-plasmid recombination 

and human genome insertion assays

• We achieved >90% landing pad insertion and 67% TRAC insertion using 

CRISPR-targeted LSR

• Active learning-guided machine learning models can enhance the potency 

of large gene insertion by ElevateBio’s novel LSRs
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We have versatile editing options for targeting genetic disorders, 
enabling us to match the right modality to best address the target

ElevateBio®, 200 Smith Street, Waltham MA 02451, US.

Discovery and validation of novel, high-efficiency large serine recombinases 

for targeted gene insertion
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• ElevateBio’s large, curated bioinformatic database can be mined to 

find novel large serine recombinases (LSRs) for targeted gene 

insertion

• Here, we provide an overview of the bioinformatic pipeline for the 

prediction of 150+ novel LSR systems

• Our LSRs show significant activity in mammalian cells across various 

assay conditions and cell types

• We employ several different avenues for improving targeted gene 

insertion, including generative AI, active learning, rational design, 

and directed evolution

Introduction and methods

 l v   B  ’s large gene insertion toolbox

Advantages
Single site integration; 

programmable

All RNA delivery; 

very low off target

Challenges 
Finding LSR with optimal insertion sites;

 DNA delivery 

Partial integration; 

reprogramming

Motif family diversity High; each LSR seq is unique Low, 28S locus

Large Serine Recombinase (LSR) R2 Retrotransposase

Bioinformatic pipeline for predicting novel LSR systems
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ElevateBio-mined LSRs display significant genome insertion activity in human cells

Bxb1

ElevateBio catalog and discovery pipeline enables 

identification of novel LSRs

ElevateBio catalog 

10+ Billion proteins;

public & proprietary databases

Mining pipeline

enzyme 

clustering

feature 

refinement
AI assisted 

selection

attL attR

attP LSR

attB

Phage genome

Bacterial host genome

Bacterial host with integrated prophage

+

Integration

Components essential for testing (LSR, attB, attP) 
were mined and predicted

Network diagram with 150+ ElevateBio LSRs ()

* literature standard

In a two-plasmid recombination assay, many novel 

LSRs exhibit significant activity in mammalian cells
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HEK 293T (in vitro) Single amino acid mutants

Double amino acid mutants

Multi amino acid mutants

Protein activity 

landscape

Round 5

Round 4

Round 3

Round 2

Round 1

Active learning for LSR engineering

Pseudo sites in genome with 

varying LSR insertion efficiencies

LSR mRuby

Profile of human 

genomic insertion

+

attB or attP 

donor

>13 days

HEK 293T (in vitro)

HEK293T
lipofection delivery
readout: flow via reporter

• attP recombines more efficiently than attB

• Observed diversity in integration efficiency (~0% to 

>80%)

Human genome insertion activity across 9 of the 150+ proprietary LSRs

* literature standard
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TRAC ex1

TRAC ex1attB

TRAC ex1SA-2A CD19-CAR pA

CRISPR landing pad installation 

~90%

LSR >2kb cargo installation

>50%

Primary human T cells 
(in vitro)

CRISPR-LSR approach has robust, specific insertion in primary human T-cells
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RT editing + LSR 

+ DNA cargo
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• Achieved ~90% of cells 

having TCR KO and 67% 

targeted insertion

• CAR expression driven by 

endogenous promoter

• CD19-CAR insertion 

approach is robust across 

multiple T cell donors
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Single vs. double mutants

• Iterative protein engineering approach; automated pipelines (~2 weeks in-
house)

• Uses a large protein language model to sample the fitness landscape and 
identify beneficial mutants
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