
Enabling better non-viral gene 

therapy with mbDNATM – 

a circular ssDNA 
.

MegaBulb DNA

Scan to download!
Extensive external industry leader & in-house ex vivo data demonstrates 

mbDNA’s outstanding gene editing profile over existing DNA formats  

Synthetic ssDNA

Minimal vector

 - no backbone sequences

dsDNA stem (~50 bp) 

 with a nuclease target site

Circular ssDNA:

Improved stability

Structural advantage for 

HDR 

Gene-length:

Multi-kb sequences

Beyond viral packaging 

capacity

Facilitated nuclear trafficking

Flexibility for targeted nuclease

0 2 5 7

0

2.5×10 6

5×10 6

7.5×10 6

1×10 7

1.25×10 7

1.5×10 7

1.75×10 7

Days post electroporation

A
li

v
e

 c
e

ll
 c

o
u

n
ts

mbDNA 5 μg
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R&D (0.1-1 mg)
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Large scale rep process 

(10 mg) 

■ Linear ssDNA

■ mbDNA

■ mbDNA (ss)

■ dbDNA (ds)

■ pDNA (ds)

IUK-funded scale up program

2025
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Toward Operations 

transfer for GMP
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Days post cell electroporation

Primary T cell viability post editing

Potential to introduce increasing mbDNA 

concentrations for higher KI

Edited primary T cells yields            

Primary T cell viability post editing (24 h) Alive primary T cell counts post editing Upstream Reaction Scalability from mL to L scale

CRISPR knock-in efficiencies in primary T cells CRISPR knock-in efficiencies in primary T cells

CRISPR knock-in efficiencies in primary T cells 

Lower toxicity and better expansion of cells post electroporation with mbDNA  

compared to dsDNA – plasmid (pDNA) and doggybone DNA (dbDNA)

Potential to introduce increasing mbDNA 

concentrations with maintained cell viability

75% knock-in in primary T-cells 

Outcompetes dsDNA (pDNA and dbDNA)

Rivals AAV efficiencies

Outperforms competitor’s  linear ssDNA

Produces 4-fold higher HDR rates

+ HDR enhancers

GMP

Potential to introduce increasing mbDNA 

concentrations for higher cell yields 

■ mbDNA (ss)

■ dbDNA (ds)
■ pDNA (ds)

■ RNP only 

■ mbDNA (ss)

■ dbDNA (ds)

■ pDNA (ds)

Highly consistent editing profile compared to 

dsDNA across blood donors make mbDNA 

suitable for ex vivo autologous applications

Preserved cell subpopulation ratios compared 

to non-edited T cells even at high [mbDNA]
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Innovate UK – 

UK gov funding 

toward platform dev

Process optimisation 

towards scale up

Analytical techniques for QC 

Edited primary T cells yields            

■ 5 µg

■ 5 µg

mbDNA overcomes AAV packaging capacity   

 mbDNA mediates successful CRISPR KI up to ~8 kb with Cas9 and Cas12a

Closed=

 more stable

+CTS=

 enhanced 

nuclear 

trafficking

HDR

mbDNA’s low toxicity enables improved…

Physiological T cell profile 

The mbDNA process is…

Cell recovery & expansionCell survivalDose range

mbDNA’s high efficiency ensures…

Improvement over ssDNAImprovement over dsDNA Increased edited cell yieldsHigh HDR

Scaled up process maintains…

mbDNA has low… mbDNA overcomes AAV size limits with…

Cas9

Collaborations

External contributors: Elizabeth 

Del Greco, Margarita Krivega, 

Julia Poniatowski,

Ivan Krivega – SonoThera Inc. 

Cas12aDonor-Donor variability

vs Single-stranded DNADouble-stranded DNA vs

mbDNA is stable after….

mbDNA

dbDNA

plasmid

(pDNA)

mbDNA 

Lower toxicity

Better recovery

Higher KI and cell counts

mbDNA is a functional episomal expression vector Next-generation editing technologies

Non-HDR Applications & Future

Touchlight is exploring novel DNA 

formats (ssDNA and dsDNA) for 

the next generation of genome 

engineering technologies:

Targeted….

NHEJ

Recombinases

Integrases

Transposes

Example: 

synthetic DNA 

circles for 

recombinase-

based genome 

engineering

Interested in collaborating with us? Get in touch! 

A non-integrative mbDNA generates 

firefly luciferase transgene 

expression sufficiently above 

background in the liver cell line HepG2

This suggests mbDNA could be used 

as a vector for episomal expression 

in Non-Viral Gene Therapy (NVGT), 

helping to improve toxicities from 

double-stranded DNA ex vivo/in vivo 

Luciferase expression in HepG2 cells

Plasmid-Fluc mbDNA-Fluc Plasmid-tdTomato Mock
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300 ng

100 ng

Authors: Elizabeth Del Greco, Margarita Krivega, Julia 

Poniatowski and Ivan Krivega

SonoThera, Inc. 

CD4 & CD8 toxicity

Improved stability

Better trafficking into the nucleus

Improved efficiency 
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T cell donor

Primary B cells (CRISPR EP)
Improved viability over dsDNA

High edited cell counts at high DNA concentrations

HSCs
mbDNA outperforms hybrid ssDNA 

as described in Shy et al, 2023      

mbDNA generates 10% stable KI in 

pilot studies

LNPs
CAR-T ex vivo

Efficient ILNP 

encapsulation & delivery

Improved viability and cell 

recovery compared to EP 

iPSC (CRISPR EP)
Extremely low toxicity at high 

template concentrations

Improved viability over dsDNA 

(pDNA & dbDNA)

Cas12a (iPSCs EP)
Demonstrated KI in iPSCs

Evaluated by a renowned industry 

leader

T cell characterisation post-editing 

Upstream Yield by Total Mass vs Upstream Volume

Elena Stoyanova, Linda Meggiolaro, 

Elena Garitta, Duncan Simpson, 

Shivam Bhatt, Jonathan Extance,

Tom Adie -Touchlight Genetics, UK

&

Upstream scalability demonstrated for multiple sequences using a range of 

flexible off the shelf reactors

A B C D E

0

10

20

30

40

50

HDR Efficiency

K
I/

K
O

 (
%

)

DAY 5

T cell donor

post-EP

A B C D E

0

10

20

30

40

50

HDR Efficiency

K
I/

K
O

 (
%

)

DAY 5

T cell donor

post-EP

Long-term storage Repeated freeze-thaws

mbDNA’s editing efficiency

Scalable to tens of mgs

More data…

www.touchlight.com   elena.stoyanova@touchlight.com
Interested in mbDNA? Get in touch! 
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6.4 kb 

6.4 kb 

CRISPR knock-in efficiencies in primary T cells

Successful tech transfer from R&D to development (DEV)

Process changes towards scale up retain mbDNA’s editing profile 

Production in scale-up program maintains consistency 

CRISPR knock-in efficiencies in primary T cells

Low CD4+ & CD8+ T cell cytotoxicity

CD4:CD8 ratios maintained close to control 

(No EP & RNP only)

4 pmol 

mbDNA

CRISPR knock-in efficiencies in primary T cells CD4:CD8 T cell ratios post editing 

mbDNA maintains efficiency&overall performance in cells after storage and 

multiple facilitated degradation treatments 
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5.7 kb 7.8 kb
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Linear ssDNA

■ mbDNA (ss)

■ dbDNA (ds)

■ pDNA (ds)
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3 months post-production
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1.5 months post-production
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