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Abstract

The production of high-quality recombinant proteins is critical to maintaining a continuous supply of bio-
pharmaceuticals, such as therapeutic antibodies. Engineering mammalian cell factories presents a number of
limitations typically associated with proteotoxic stress induced upon aberrant accumulation of off-pathway
protein folding intermediates, which eventually culminate with the induction of apoptosis. Recent progress in
mammalian synthetic biology provides unique opportunities to endow cells with programmable, user-defined
behaviors, thereby addressing some of the challenges of current methods. In this review, we will discuss

advances in synthetic biology to design efficient strategies for biomanufacturing.
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Transgene Integration Tools:

Engineered nucleases enable transgene
insertion with high specificity
(.g., TALENS, ZFNs, and CRISPR/Cas9).
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Promoters, Enhancers, and
Insulators:

Promoter sequences are optimized to
maximize gene transcription
(e.g.. CMV promoter).

Cis-regulatory elements (e.g., enhancers)
and trans-regulatory elements

(e.g., ranscription factors binding sites)
provide further tuning of transcription
rates.

Other Regulatory elements
that enhance expression:

Epigenetic regulatory elements limit gene
silencing (e.g., SIMARS).

Post-transcriptional regulatory elements
enhance mRNA half-ife (e.g., WPRE).
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Regulatory elements of

expression in proteins

with quaternary structure:
Sequences that control the expression
ratio of different open reading frames

are used to improve the production
of multi-subunit proteins (e.g., IRES).

Engineering translation and
trafficking:

The inactivation of proteins that mediate
translational silencing limit the reduction
in translation rates associated with high
protein expression (e.g., Protein kinase R
blocked by Ebola virus protein 35).

Signal peptides are used to control the
efficiency of protein translocation to
desired subcellular compartments.
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Recapitulating native
postranslational
modifications:

The modulation of glycosylation pathways
allows for controlling glycosylation to
enhance the product’s therapeutic

activity (e.g., FUT9 Knockout).
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