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Okayama University Research: Overloading of Protein Localization Triggers
Cellular Defects

Researchers at Okayama University report in Scientific Reports how the overloading of protein
transport mechanisms affects cell functioning. Over-expression of different types of target
proteins leads to cellular growth defects, and the mechanism for transporting proteins out of a
cell nucleus has the lowest over-expression tolerance.

Okayama, Japan (PRWEB UK) 3 March 2017 -- Source: Okayama University (JAPAN), Public Relations and
Information Strategy

Researchers at Okayama University report in Scientific Reports how the overloading of protein transport
mechanisms affects cell functioning. Over-expression of different types of target proteins leads to cellular
growth defects, and the mechanism for transporting proteins out of a cell nucleus has the lowest over-
expression tolerance.

Transporting proteins to where they need to be within an organism’s cell — protein targeting — costs
resources. Too much expression (the synthesis and subsequent handling by the cell) of proteins that require
transportation may limit the cell’s resources for moving other proteins around, potentially hampering proper
cell functioning. A team of researchers from Okayama University led by Hisao Moriya has now investigated in
detail what actually happens when protein-targeting resources become overloaded, and concluded that
overloading situations lead to cellular growth defects.

For protein targeting, organisms rely on so-called signals: particular amino acid sequences within proteins that
act as labels. Mitochondrial targeting signals (MTSs), signal sequences (SSs), nuclear localization signals
(NLSs) and nuclear export signals (NESs) are important labels that drive proteins to mitochondria, to the
endoplasmic reticulum, into the cell nucleus, and out of it, respectively. Moriya and colleagues attached signals
of these types to green fluorescent proteins (GFPs) and, using a method they had developed before (‘genetic tug
of war’), measured the expression limits of the modified GFPs.

By comparing results for signal-modified and unmodified GFPs, the researchers first observed that the added
signals reduce expression limits of the modified GFPs — except for the NLS modification. NESs had the
lowest limit; this is due to the exhaustion of a protein known as chromosomal maintenance 1 (Crm1) when
overloading nuclear export processes mediated by Crm1. For MTS- and SS-modified GFPs, specific limiting
factors could not be identified yet.

Moriya and colleagues assessed the physiological consequences of the reduced protein expression capabilities
by gene analysis of the sets of messenger-RNA molecules (the transcriptomes) in the cells expressing modified
GFP; they found that the artificially applied signals trigger various defects in cellular processes, similar to what
happens with GFPs modified with a misfolding mutant.

The scientists also managed to obtain estimates for the critical amount of protein causing growth defects, via
measurements of the number of modified GFPs produced. For MTS-, NES- and SS-modified GFPs the limits
were 4%, 1% and 0.7%, respectively (the percentages are relative to the amount of unmodified GFP produced).

The findings of Moriya and colleagues show that the overloading of transport machineries in cells has various
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knock-on effects on cellular functioning. As the researchers point out: “understanding and controlling process
overloads is beneficial for disease treatment and cellular engineering.”

Background
Genetic tug of war
Developed in the group of Hisao Moriya at Okayama University, the ‘genetic tug of war (gTOW)’ screening
method enables estimating the over-expression limit of a particular protein. The method consists of first
implanting the gene encoding the protein in yeast (Saccharomyces cerevisiae) cells, then generating copies of
the gene and, finally, determining the copy-number limit; the latter serves as a proxy for the protein’s
expression limit. The researchers used the gTOW technique for investigating the expression limit of various
signal-modified green fluorescent proteins (GFPs).

Green fluorescent protein
Green fluorescent protein (GFP) displays green fluorescence upon exposure to blue-to-ultraviolet light. The
GFP gene is often used in biomedical protein expression experiments. For instance, it has been shown that the
GFP gene can be expressed in specific cells, particular organs, or whole organisms. Moriya and colleagues
expressed GFPs modified with localization signals in yeast cells; they exploited the fluorescence property of
GFPs for investigating the effects of the modifications on cells, including growth defects.
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Further information
Okayama University

Website: http://www.okayama-u.ac.jp/index_e.html Medical Research Updates ）OU-MRU）

Okayama Univ. e-Bulletin: http://www.okayama-u.ac.jp/user/kouhou/ebulletin/

About Okayama University (You Tube):
https://www.youtube.com/watch?v=iDL1coqPRYI

Okayama University Medical Research Updates ）OU-MRU）
Vol.1）Innovativenon-invasive ‘liquid biopsy’ method to capture circulating tumor cells from blood samples for
genetic testing
http://www.okayama-u.ac.jp/eng/release/index_id210.html

Vol.35）Potentialcause of Lafora disease revealed
http://www.okayama-u.ac.jp/eng/research_highlights/index_id46.html
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Contact Information
Hiromi TOKIWA
Okayama University
+81 9065213797

Online Web 2.0 Version
You can read the online version of this press release here.
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