
 

Scientists reveal the inner workings of an
essential protein trafficking complex

January 3 2024, by Will Cushman
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This image is a 3D reconstruction showing sites (in red) where the Coat Protein
Complex II (COPII) is facilitates the packaging of various proteins within a
mammalian cell. The green areas are the endoplasmic reticulum, where protein
sorting and trafficking takes place. Credit: Anjon Audhya

Like mail carriers who manage to deliver their parcels through snow,
rain, heat and gloom, a critical group of mammalian proteins helps cells
function properly even under less-than-ideal conditions.

Using state-of-the-art cell imaging and genome editing technology,
University of Wisconsin–Madison scientists have begun to unravel how
this collection of proteins performs its essential service. The discovery
could eventually help researchers better understand and develop new
treatments for diseases like cancer, diabetes and those that cause
immune dysfunction.

Led by Anjon Audhya, a professor in the Department of Biomolecular
Chemistry, the research team sought to better understand how the Coat
Protein Complex II, or COPII, functions. COPII is an enormously
important group of proteins responsible for transporting roughly a third
of all proteins that function in mammalian cells.

COPII was a subject of the 2013 Nobel Prize in Physiology or Medicine,
which was awarded to a trio of scientists for their work defining how
proteins are sorted and transported around cells. This new research
builds on some of those discoveries.

There are millions of proteins inside mammalian cells, and they perform
a wide variety of duties. Cells must ensure that proteins are moved
efficiently to their proper places, so they can perform their cellular
roles—an intricate task requiring precision. Previous research identified
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COPII as an essential part of this process, but no one had recorded
exactly how this set of proteins goes about packaging and transporting
other proteins around cells.

To do so, Audhya and his colleagues used the CRISPR/Cas9 genome
editing tool to add a tag, which could be chemically linked to a bright, 
fluorescent dye, to individual proteins involved in controlling the traffic
flow within cells, including some that make up the COPII complex. With
the tag, the scientists could follow the proteins as they moved about
living cells.

Using a technique called lattice light-sheet imaging, the team tracked
how COPII helps get cellular proteins, including molecules destined for
other places, where they're supposed to go—something that had never
been done before.

The team described their advance in a paper recently published in the
journal Nature Communications. Audhya described it in terms of the
postal system. Researchers knew that COPII functions like postal
workers who pick up and deliver parcels, but they had never tracked
these workers as they sorted packages through the cell's distribution and
delivery systems.

"We can now see that envelope in the mailbox, see how the mail carrier
comes to the mailbox to pick up the letter and then drive away," says
Audhya, who is the senior associate dean for basic research,
biotechnology, and graduate studies at the School of Medicine and
Public Health.
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Engineering human cell lines to study native COPII dynamics. a Representative
immunoblots (n = 3) of extracts generated from control and clonal
CRISPR/Cas9 edited cells using antibodies directed against TFG (top) and
GAPDH (bottom). b Representative confocal images of cell lines natively
expressing HaloTag fusion proteins after labeling with JFX650-HaloTag ligand
are shown. Insets show 3x zoomed regions (boxed). Bar, 10 μm. c Representative
super resolution images of fixed cells expressing HaloTag fusion proteins labeled
with the JFX650-HaloTag ligand (magenta) and co-stained using antibodies
directed against Sec24a (green). Color-coded linescans highlighting their relative
localizations are shown (right). Bar, 500 nm. d Confocal imaging of edited cell
lines (HaloTag-Sec16a, green; HaloTag-Sec23a, light blue; HaloTag-Sec31a,
purple; HaloTag-TFG, salmon) co-expressing either ss-DsRed (top) or ManII-
SBP-GFP (bottom) was used to monitor their synchronous release from the ER.
Based on fluorescence intensity, the percentage of each cargo present within the
perinuclear region relative to its maximal accumulation there was quantified over
time. Error bars represent mean +/- SEM (n = 20 cells each; 3 biological
replicates each). ***p = 0.0003, **p = 0.0082, and *p = 0.0260, as calculated
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using a two-way ANOVA and Dunnett’s multiple comparison test. e Confocal
microscopy was used to monitor the fluorescence recovery of HaloTag-Sec16a
labeled with JFX650-HaloTag ligand after partial photobleaching (n = 20; 3
biological replicates). Error, as displayed by green-colored bands around the
smoothed tread line, represents mean +/- SEM. Based on the recovery curve, the
mobile fraction (Mf) and half-time of recovery (t1/2) were determined. Source
data are provided as a Source Data file. Credit: Nature Communications (2023).
DOI: 10.1038/s41467-023-44002-7

The researchers discovered that, on average, this delivery process takes
between 45 and 60 seconds under normal conditions. However, when
cells receive subpar nutrition, as they sometimes do, thanks to certain
diseases and environmental conditions, this process slows down
significantly until cells adapt over time.

Through a series of experiments, Audhya and his colleagues identified a
single protein named Sec23 that was capable of helping restore COPII's
trafficking system after disruption. When the scientists increased how
much Sec23 was produced inside cells, they saw a change in the rate in
which cells transported proteins, "something we never anticipated when
we started this work," Audhya says. "Sec23 seems to be the central
player in regulating the function of the COPII complex."

Identifying what triggers Sec23 to promote COPII function has potential
implications for a number of diseases. For instance, cancer cells often
grow prodigiously in nutrient-starved environments, in part by producing
more of certain proteins that promote growth. Understanding the 
molecular mechanisms that underlie this property could identify new
targets for therapies.

Beyond that, a more precise picture of the process by which cells
correctly prepare and deliver proteins can help inform our basic
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understanding of proper cell function and what can go awry in diseases
such as cancer, Type 2 diabetes, neurodegenerative conditions and
immune disorders.

"Understanding these fundamental processes and the regulatory systems
that exist in cells can ultimately pave the way to developing more
rational approaches to disease intervention," says Audhya.

  More information: William Kasberg et al, Nutrient deprivation alters
the rate of COPII subunit recruitment at ER subdomains to tune
secretory protein transport, Nature Communications (2023). DOI:
10.1038/s41467-023-44002-7
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