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Deaminase D1 increases

potency of LEG-D system
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ElevateBio gene editing platform

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

ABE system selection for correction of deleterious G>A SNP in “gene A” Deaminase engineering improves specificity for target base

Background and approach

Parallel protein engineering significantly boosts potency of LEG-D Combined protein and guide engineering yields more specific, potent editor

Optimization of guide RNA sequence further improves potency of LEG-D

• Diverse RGNs enable precise targeting and correction of pathogenic SNP

• Protein and gRNA engineering drastically improves potency from ~10% to 

>85% editing, with high specificity

• Engineering LEG-D editor simultaneously improves potency and reduces 

number of detectable off-target sites

Engineering further reduces already minimal off-

target editing

Learn more

partnerships@elevate.bio

Conclusions

Leveraging protein and gRNA engineering of diverse CRISPR systems to 

optimize adenosine base editor activity for correction of a causative 

monogenic disease mutation
Sean M. Crosson, Gavin I. Ellis, Nathan Yu, Hui-Chia Yu-Kemp, Salem Faham, Tian Yang, Karthik Tiruthani, Megan Williamson, Avery Roberts, Allie Crawley, Michael P. Coyle

ElevateBio, Durham, NC
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Deaminase D1 improves target A
editing over bystanders
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Parental deaminase Deaminase  D1

OT

Site

Discovery Assay

(806 unique sites)
LEG-D LEG-D_var3

CALITAS

(650 sites)

Digenome 

Seq

(196 sites)

Parental architecture arch. 7

Wt guide Shortened guide

0 On target editing (%) 26.8 62.6 73.7 82.6

1 ✓ ✓ N.S. 2.13 N.S. N.S.

2 ✓ N.S. N.S. 0.43 N.S.

3 ✓ N.S. 1.06 N.S. N.S.

4 ✓ N.S. 0.30 F.QC N.S.

5 ✓ F.QC N.S. 0.29 N.S.

6 ✓ F.QC N.S. N.S. 1.24

7 ✓ F.QC 0.87 N.S. N.S.

8 ✓ F.QC 0.39 N.S. N.S.

9 ✓ F.QC 0.61 N.S. N.S.

10 ✓ F.QC 0.53 N.S. N.S.

11 ✓ 0.27 N.S. N.S. N.S.

Diagram compares the activity 

profiles of several CRISPR editing 

systems (LEG-A, -C, -D, and -F). 

Schematic maps top active gRNA 

designs and their corresponding 

PAMs onto schematic of “gene A” 

locus. Initial screen demonstrates 

highest target A>G editing by LEG-D 

system, which was selected as lead 

editor for further gRNA and protein 

engineering.

Systematic engineering of 

the PAM-interacting domain 

(A), NLS (B), and 

architecture (C) additively 

boosts LEG-D potency. The 

final combined editor (D) 

increases target A>G editing 

from an initial ~10% to over 

60%.

Optimization of the guide 

RNA (gRNA) via backbone 

shortening (A, B) and the 

introduction of modified 

bases (C) further enhances 

editing. Dose-response 

analysis (D) demonstrates that 

the final optimized gRNA is 

2.5-fold more potent than the 

initial version.
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Engineering the deaminase 

improved specificity for the 

target base. The D1 variant has 

both increased target editing, 

and reduced bystander editing 

(A), which doubled the on-

target to bystander ratio (B). The 

engineered editor also had 

reduced cytosine editing (CBE) 

and maintained negligible 

INDELs (C).

The fully engineered LEG-D editor with the D1 deaminase is both more potent and specific. It exhibits a lower EC50 

and substantially reduced cytosine editing (A), as well as an improved on-target vs. bystander editing ratio (B).

A B

Total of 11 validated  

off-target sites 

identified from pool 

of 806 discovered OT 

sites. Final LEG-D 

editor (right most 

column) only edits a 

single off target site 

at 1.24%. N.S. = not 

significant, F.QC = 

reads <10k cutoff.
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A B CDiverse PAM specificity increases genomic access and 
enables correction of pathogenic alleles

Adenine base editing
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Challenge: G>A SNP in “gene A” causes a deleterious gain-of-function 

mutation and drives disease development

Strategy: Use adenine base editing (ABE) technology to precisely correct 

G>A SNP

Approach:

1) Selection of optimal starting editors from a diverse CRISPR library

2) Engineering the ABE protein to improve both potency and specificity

3) Optimizing the guide RNA to further improve potency
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