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THE ACE SYSTEM FOR PRODUCTION OF BIOPHARMACEUTICALS

The Technology

The ACE System is based on a pre-engineered artificial
chromosome that contains 20-50 recombination acceptor
sites for targeted integration of single or multiple copies of
product genes.  The product genes are introduced into a
controlled and consistent environment on the artificial
chromosome, resulting in a highly reproducible process for
rapidly and efficiently generating stable high-expressing
cell lines.  Among the unique features of the ACE System is
the ability to readily purify and transfer artificial 
chromosomes into a wide variety of mammalian cell lines.

The Components 

The ACE System contains the following components for
targeted integration of multiple copies of the product
gene(s) into the artificial chromosome.

Platform ACE Pre-engineered artificial chromosome 
containing multiple recombination acceptor sites.
ACE Targeting Vector Plasmid containing product gene,
recombination donor site for targeted integration into the
Platform ACE and genetic elements for enhanced product
gene expression.
ACE Integrase Proprietary enzyme that catalyzes 
site-specific integration of the ACE Targeting Vector into
the Platform ACE.

ACE Targeting Vector and ACE Integrase are introduced
into a cell containing the Platform ACE 

ACE Targeting Vector recombines into multiple acceptor
sites on Platform ACE, catalyzed by the ACE Integrase

Multiple copies of the product gene are incorporated into 
multiple acceptor sites in a single step

Production cell line expresses high levels of protein product

Engineering Cells to Outperform

The ACE System (Artificial Chromosome Expression
System)  is a highly efficient and versatile
engineering system for the rapid generation of 
high-expressing production cell lines for  clinical and
commercial manufacturing of recombinant 
biopharmaceuticals.  

Key advantages include:

Performance Achieve higher yields of protein 
products.  

Speed  Rapidly generate candidate production cell
lines  using a process that requires minimal 
screening. 

Versatility Unparalleled ability to optimize cell
line performance and improve product quality. 
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Speed 

Rapidly generate milligram quantities of protein for 
preclinical research programs in 1.5 to 2 months and sub-
cloned cell lines for manufacture in 3 to 6 months, 
post-transfection.

As illustrated in the flow diagram, single cell subcloned
lines can be generated using either a “single load” or “dou-
ble load” process, depending on the required timelines and
target yield. The double load option is performed by
repeating the primary transfection step to load additional
copies of the product gene on the platform ACE.

Performance 

Key performance features of cell lines engineered using the ACE System includes:

Stability Productivities and yields are extremely stable
and have been maintained over 30 passages. 

Expression Candidate production cell lines consistently
achieve titres of monoclonal antibodies in the range of
0.5g/L to 1g/L in non-optimized / non fed-batch shake
flask cultures.

Single Load
Primary Transfectants

Single Cell
Subcloning 

Single Load 
Single Cell Subclones

Single Cell
Subcloning

Double Load
Primary Transfectants

Double Load
Candidate Cell Lines 

500 - 1000 mg/L*

Single Load 
Candidate Cell Lines

300 -  700 mg/L*

An added benefit of the ACE System is the  minimal
resources and effort required to identify high performing
cell lines.  This is because the ACE System relies on 
highly reproducible targeting of the product gene into a
controlled and consistent environment of the artificial
chromosome, resulting in a minimum number of clones
required to  screen for high-expressing cell lines.  In 
contrast, alternative methods often require significant
screening efforts due to variable gene expression resulting
from the random integration of plasmids or viral vectors
into the host cell chromosome. 

MAb-ATVs

Research Lines
200-450 mg/L*

Transfect Platform ACE-
containing CHO line;

Select & Expand

Repeat Transfection;
Select & Expand

3 - 4 months

1.5 - 2 months

5 - 6  months

Double Load 
Single Cell Subclones

*250 ml non-optimized, non-fed batch shake flask productivities (CD-CHO)

Process Overview for Generating Research Lines and
Candidate Cell Lines 
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Versatility
The unique features of the ACE System provide unparalleled versatility for optimizing cell line performance and
improving product quality.

Optimize Cell Line Performance & Improve Product
Quality

The features of the ACE System  enable optimization of cell
line performance and the potential to improve product
quality, as described in the following examples: 

• Increase yield and productivity of the product 
gene(s) by sequentially loading cell lines.

• Metabolically engineer cell lines to increase
bioreactor performance (e.g., introduction of 
anti-apoptotic genes) or post-translationally 
modify the gene product (e.g., introduction of 
specific glyscosylation genes).

• “Audition” a wide variety of cell lines through
artificial chromosome transfer to select host cell  
lines  with enhanced performance  (yields and/or 

growth) and/or  improvement in product 
quality (e.g., desired post-translational product). 

Unique Features 

Platform Chromosomes The Platform ACE serves as a
universal platform chromosome for all cell line engi-
neering projects.  As such, the Platform ACE does not
need to be re-constructed for each project.

Artificial Chromosome Transfer Our artificial chromo-
somes can be readily isolated from a cell line using
flow cytometry and transferred to alternative cell
lines. 

Sequential Loading Our artificial chromosomes con-
tain a large number of available recombination sites
for performing sequential rounds of targeted “load-
ing” of the product gene(s).

CHO Strain Specific Productivity
(pg/cell/day)

Original DG44 12

Transfer DG44 11

Transfer CHO 55

Productivity was maintained when an artificial chromosome expressing a monoclonal antibody was 
isolated from an original DG44 cell line and transferred to a parental DG44 cell line. The productivity
increased about five-fold when this same artificial chromosome was transferred to a 
different CHO host cell line.




