
 

Highly efficient, low-cost method developed
to reduce DNA errors
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A newly developed low-cost method provides a highly efficient way to reduce
DNA errors. Credit: ZHANG Jia

DNA only persists through replication—naturally or synthetically. While
humans need the genetic material to be reproduced in order to replace
old or damaged cells, the ability to replicate DNA in a laboratory setting
can provide researchers insights into the mechanisms of disease or the
platform to develop treatments.

Moreover, large-scale synthesis of DNA via such replication is a
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cornerstone of synthetic biology. However, just like the way we write or
type an article, this DNA "writing" process is error prone, which has
become a serious problem in large-scale DNA synthesis.

Now, a team of researchers from the Chinese Academy of Science
(CAS) has developed a more efficient and cost-effective way to
accurately synthesize DNA than traditionally used methods. They
published their results on March 5, 2020 in ACS Synthetic Biology.

"In synthetic biology, genes, gene networks and even entire genomes are
synthesized to create new functions," said Zhang Jia, paper first-author
and a researcher from Single-Cell Center, Qingdao Institute of
Bioenergy and Bioprocess Technology (QIBEBT), CAS.

The synthetization process involves assembling DNA in liquid or on a
microchip outfitted to intentionally pair specific genetic fragments. The
problem, according to Zhang, is that the fragments frequently mismatch
and produce significant errors. Current methods to reduce these errors
involve a protein called MutS, which is attracted to mismatched genetic
fragments. The protein acts as a flag on the errors, allowing scientists to
identify and remove them.

This process is costly and time-consuming, however. One major reason
is that, the key error-correcting enzyme of eMutS, a protein derived
from E. coli and binds errors with high accuracy, is fragile and does not
last long.

"To tackle this challenge, we have developed a simple, effective and cost-
efficient error-correction system that is readily applicable in gene
synthesis workflow," Zhang said.

The CAS team began by treating eMutS with chemical stabilizers in the
form of a kind of molecular glue called disulfide bonds. With a strong
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chemical structure, the introduced bonds, plus improvements in enzyme
production and storage, extended the life of the proteins from seven to
63 days. Preparing the proteins for the error-removal process can take a
significant amount of time, so this remarkable increase in enzyme
durability means that researchers can go from preparing proteins once a
week to once every two months. In industry-scale DNA synthesis
workflows, this means significant reduction in operation, labor and time
costs.

Furthermore, using the newly durable eMutS protein, 86.4% of the
synthetic DNA fragments are completely free of errors—a nearly seven-
fold increase in accuracy from the commercial enzyme systems currently
on the market, according to Zhang.

"This system's high fidelity, simple operation and low cost in error
correction address one of the key challenges in DNA synthesis and could
have implications for broad applications in synthetic biology, including
industrial applications," said Xu Jian, senior author of the study and
Director of Single-Cell Center, QIBEBT, CAS.

The team plans to continue improving the shelf-life of the proteins while
also further increasing the accuracy of error removal in DNA synthesis.

  More information: Jia Zhang et al, Efficient and Low-Cost Error
Removal in DNA Synthesis by a High-Durability MutS, ACS Synthetic
Biology (2020). DOI: 10.1021/acssynbio.0c00079
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