
 

New yeast model can improve protein
production
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Overview of components in pcSecYeast. a Simplified schematic processes
involved in the protein secretory pathway. The process includes protein
translation, translocation, glycosylate, GPI transfer, ERAD and sorting process.
The detailed description of all components and reactions can be found in
Supplementary Methods. The protein secretion reactions are added for all
proteins in the model that are processed in the secretory pathway based on their
PTM profiles and amino acid sequences. Transloc translocation, NG N-
glycosylation, OG O-glycosylation, DSB disulfide bond formation, GPI
glycosylphosphatidylinositol, ER Endoplasmic reticulum, ERAD ER-associated
degradation, LDSV low-density secretory vesicles, HDSV high-density secretory
vesicles, ALPP alkaline phosphatase pathway, CPYP carboxypeptidase Y
pathway. b Subsystems in the secretory pathway and the protein number in each
subsystem. All proteins processed by the secretory pathway are client proteins
for Transloc, COPII and ERAD. c Coupling process in the model. The metabolic
part produces energy and precursors such as amino acids, glycans for enzyme
and ribosome synthesis. Enzymes constrain these metabolic reactions.
Ribosomes constrain protein translation. The secretory machinery constrains
protein processing in this pathway. All proteins, including ribosomes are diluted
due to growth and degraded due to misfolding. Credit: Nature Communications
(2022). DOI: 10.1038/s41467-022-30689-7

Microorganisms, such as baker's yeast, can be used as cell factories to
produce different chemicals and proteins, such as commonly used
pharmaceuticals as insulin. By modifying the cell factories researchers
are trying to increase the yield and speed of the production processes. In
a new study published in Nature Communications, researchers in systems
biology at Chalmers provide us with a new yeast model focusing on one
of the limiting steps of the cell factory production—the secretory
pathway.

The secretory pathway in eukaryotic cells consists of several different
organelles that involve transportation and different modifications of
proteins. This very complex pathway is—and has been historically—a
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target for improving recombinant protein expression in the cells in order
to develop efficient cell factories. But due to its natural complexity,
there has so far been a lack of tools to systematically optimize this
pathway to produce any recombinant protein.

Advanced model can lead to better cell factory
production

In their recently published study, the researchers present a new advanced
genome-scale protein secretory model of baker's yeast, Saccharomyces
cerevisiae, called pcSecYeast.

"We aimed to systematically understand protein secretion in yeast to
better design the yeast cell factory for recombinant pharmaceutical and
industrial production of proteins such as insulin and α-amylase, an
enzyme that converts starch into sugars," says Feiran Li, postdoc in
systems and synthetic biology at Chalmers and first author of the study.

Model predicts engineering targets

The model is the first complex and advanced protein secretory model
containing the detailed processes of how the proteins are synthesized and
modified to their mature form in the cell. This model enables multiple
types of simulations, including the competition between those
recombinant and native secretory proteins for the limited resources.

"We predicted the engineering targets for eight recombinant proteins
produced in yeast and experimentally validated several predicted targets
for α-amylase. For the first time, a model can systematically predict the
engineering targets in both the metabolic and protein secretory part,"
says Feiran Li.
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Rational cell factory strain design

By identifying engineering targets (such as gene amplification targets)
the model can be used for rational cell factory strain design, for
industrial or pharmaceutical protein production.

"The model also facilitates in silico testing of various hypotheses for 
protein expression and secretion, which will boost the fundamental
understanding of the complex secretory pathway," says Feiran Li.

"We also tested several hypotheses and identified that the so called retro-
translocation capacity could prevent degradation of excessive misfolded
protein. This can lead to the accumulation of those proteins, which is
related to human diseases such as Alzheimer's and Parkinson's."

  More information: Feiran Li et al, Improving recombinant protein
production by yeast through genome-scale modeling using proteome
constraints, Nature Communications (2022). DOI:
10.1038/s41467-022-30689-7

Provided by Chalmers University of Technology

Citation: New yeast model can improve protein production (2022, June 13) retrieved 21 June
2024 from https://phys.org/news/2022-06-yeast-protein-production.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

4/4

https://phys.org/tags/protein+expression/
https://dx.doi.org/10.1038/s41467-022-30689-7
https://dx.doi.org/10.1038/s41467-022-30689-7
https://phys.org/news/2022-06-yeast-protein-production.html
http://www.tcpdf.org

