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Okayama University research: Protein dosage compensation mechanism unraveled

(Okayama, 15 March) Researchers at Okayama University report in PLOS Genetics which
genes from the yeast genome exhibit dosage compensation — the ability to temper
protein production when the corresponding encoding gene’s copy number increases. In
addition, they identify the underlying process to be protein degradation, and link the
mechanism to stoichiometric buffering of protein complex subunits.

Cells are exposed to environmental influences that can affect their biological function.
Various buffering mechanisms exist for mitigating such influences, ensuring a cell’s
robustness. Dosage compensation is one such mechanism: it arises when an increase in
gene copy number does not lead to a linear increase in the production of proteins encoded
by the gene. A team of researchers lead by Hisao Moriya from Okayama University has now
succeeded in identifying genes that exhibit dosage compensation — an important step
towards a full understanding of the robustness of cellular systems against environmental
fluctuations.

The researchers performed experiments on the yeast genome. For 54 genes, they applied a
screening method that enabled revealing whether dosage compensation occurs or not; the
method is based on monitoring the amount of target protein when increasing the encoding
gene copy number. The latter was done by means of a technique called ‘genetic tug of war’.
For 5 genes, protein expression per gene copy decreased upon an increase in gene copy
number — an indication of dosage compensation.

Moriya and colleagues then looked for the mechanism behind dosage compensation: the
acceleration of protein degradation (rather than the deceleration of protein synthesis) was
found to be the most probable candidate. Such degradation happens via the ubiquitin—
proteasome system: the proteasome (a specific protein complex) assists in breaking down
proteins tagged with ubiquitin (a small protein molecule acting as a label for degradation).
In addition, the researchers found evidence that the translational efficiency of a gene — the
capability of producing proteins — is not affected by dosage compensation.

Finally, the scientists made the important observation that dosage compensation
predominantly happens for genes that encode subunits of multi-protein complexes.
Consequently, the phenomenon may be important for maintaining subunit stoichiometry
balance (the quantitative relationships between the amounts of subunits). Perturbations of
stoichiometries result in changes in the levels of protein complexes, which in turn have an
impact on the biological processes that the complexes are involved in. As Moriya and
colleagues point out: “studies of mechanisms behind stoichiometry maintenance might be
important for understanding diseases related to gene copy number alterations”.
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Background

Genetic tug of war

Developed in the group of Hisao Moriya at Okayama University, the ‘genetic tug of war
(eTOW)’ 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. In the present study, the researchers used the gTOW technique for counting (rather
than determining the upper limit of) the copy numbers of the 54 yeast genes studied.

Protein complexes

Multi-protein complexes (also known simply as protein complexes) are groups of
polypeptide chains — the backbones of proteins — bound together into supramolecular
structures. Acting as molecular machines, protein complexes fulfill key roles in biological
processes. The structure of a protein complex can be seen as consisting of subunits. The
research of Moriya and colleagues provides valuable insights into the stoichiometry balance
of the subunits required for the actual formation of protein complexes. Specifically, the
researchers found that of the various subunits occurring across the protein complexes
investigated, 70% (12 out of 17 subunits tested) display dosage compensation. Therefore,
dosage compensation may be crucial for subunit stoichiometry maintenance, as
perturbations of stoichiometries lead to changes in the levels of protein complexes.
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Schematic of the approach for detecting dosage compensation. When an increased gene
copy number does not lead to a proportional increase of expressed proteins (right panel),
dosage compensation has taken place.
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About Okayama University (You Tube):
https://www.youtube.com/watch?v=iDL1cogPRY!

Okayama University Image Movie (You Tube):
https://www.youtube.com/watch?v=_WnbJVk2elA
https://www.youtube.com/watch?v=KU3hOIXS5kk

Okayama University Medical Research Updates (OU-MRU)

Vol.1 : Innovative non-invasive ‘liquid biopsy’ method to capture circulating tumor cells
from blood samples for genetic testing

Vol.2 : Ensuring a cool recovery from cardiac arrest

Vol.3 : Organ regeneration research leaps forward

Vol.4 : Cardiac mechanosensitive integrator

OKAYAMA University
1-1-1 Tsushima-naka, Kita-ku, Okayama 700-8530 Japan © OKAYAMA University



(] okavama uN1v. e-Bulletin OU-MRU Vol.37 March 2017

Vol.5 :
Vol.6 :
Vol.7 :
Vol.8 :
Vol.9 :

Vol.10 :
: Compound-protein combination shows promise for arthritis treatment
Vol.12 :
Vol.13 :
Vol.14 :
Vol.15 :
Vol.16 :
Vol.17 :
Vol.18 :
Vol.19 :
Vol.20 :
Vol.21 :
Vol.22 :
Vol.23 :
: Sticky molecules to tackle obesity and diabetes
Vol.25 :
Vol.26 :
Vol.27 :
Vol.28 :
Vol.29 :
Vol.30 :
Vol.31 :
Vol.32 :
Vol.33 :
Vol.34 :
Vol.35 :
Vol.36 :

Vol.11

Vol.24

Cellinjections get to the heart of congenital defects

Fourth key molecule identified in bone development

Anticancer virus solution provides an alternative to surgery

Light-responsive dye stimulates sight in genetically blind patients

Diabetes drug helps towards immunity against cancer
Enzyme-inhibitors treat drug-resistant epilepsy

Molecular features of the circadian clock system in fruit flies
Peptide directs artificial tissue growth

Simplified boron compound may treat brain tumours
Metamaterial absorbers for infrared inspection technologies
Epigenetics research traces how crickets restore lost limbs

Cell research shows pathway for suppressing hepatitis B virus
Therapeutic protein targets liver disease

Study links signalling protein to osteoarthritis

Lack of enzyme promotes fatty liver disease in thin patients
Combined gene transduction and light therapy targets gastric cancer
Medical supportive device for hemodialysis catheter puncture
Development of low cost oral inactivated vaccines for dysentery

Self-administered aroma foot massage may reduce symptoms of anxiety
Protein for preventing heart failure

Keeping cells in shape to fight sepsis

Viral-based therapy for bone cancer

Photoreactive compound allows protein synthesis control with light
Cancer stem cells’ role in tumor growth revealed

Prevention of RNA virus replication

Enzyme target for slowing bladder cancer invasion

Attacking tumors from the inside

Novel mouse model for studying pancreatic cancer

Potential cause of Lafora disease revealed

Overloading of protein localization triggers cellular defects
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About Okayama University

Okayama University is one of the largest
comprehensive universities in Japan with
roots going back to the Medical Training
Place sponsored by the Lord of Okayama
and established in 1870. Now with 1,300
faculty and 14,000 students, the University
offers courses in specialties ranging from
medicine and pharmacy to humanities
and physical sciences.

Okayama University is located in the heart
of Japan approximately 3 hours west of
Tokyo by Shinkansen.
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