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Okayama, 5 October  October - Okayama University researchers control the timing and location
 of protein synthesis using a photoresponsive compound that is an  inactive key molecule until it
is activated by brief irradiation.

  

The production of proteins  at distinct times and locations regulates cell functions, such as cell 
development and differentiation into specific cell types. The ability to  exert spatiotemporal
control over protein synthesis would help  investigate these processes. Now Takashi Ohtsuki
and colleagues in the  Department of Medical Bioengineering at Okayama University, Japan,
have  shown that they can prevent protein synthesis reactions from taking  place using a
photoresponsive molecular cage (see Figure). Brief  exposure to light releases key protein
synthesis molecules from the cage  without damaging them, so that protein synthesis takes
place at the  time and location of irradiation.

  

In their study, the  researchers used an aminoacyl-transfer RNA (aa-tRNA), a molecule that 
helps decode messenger RNA so that protein synthesis can occur. Previous  work had
successfully inhibited protein synthesis by protecting aa-tRNA  with a molecular cage of
nitroveratryloxycarbonyl group. However the 30  minutes of light exposure required to release
the aa-tRNA from the cage  caused damage that then inhibited the protein’s function.

  

Instead Ohtsuki’s team  used (7-diethylaminocoumarin-4-yl)methoxycarbonyl (DEACM) group.
While  the caged aa-tRNA was stable for at least 4 hours, irradiating for just  20 seconds
released the aa-tRNA. The researchers demonstrated  light-controlled activity of the caged
aa-tRNA in vitro, in a gel, in liposomes and in mammalian cells.

  

“This method of spatiotemporally photocontrolling translation offers a  promising approach for
investigating the relationship between local  translation and biological functions,” conclude the
researchers in their  report of the work. As well as a tool for protein synthesis  investigations the
team suggest it could also be used to insert  artificial amino acids into proteins in a controlled
manner for further  studies.

  

Background
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What are proteins?

  

Proteins are biomolecules  comprising specific sequences of amino acids. They are responsible
for a  number of functions including metabolic reaction catalysis, DNA  replication, responses to
stimuli and molecular transport. Constant  protein generation is required to balance the loss of
proteins through  degradation and secretion from cells.

  

The synthesis of proteins  in specific locations is important in for instance the development of 
the fly drosophila, where localisation of oskar mRNA in the egg  determines the
anterior-posterior axis. Neuron function also relies on  the synthesis of proteins in specific
locations.

  

How are proteins synthesised?

  

The usual mode for protein  synthesis uses transfer RNA (tRNA), messenger RNA (mRNA) and
ribosomes  to assemble the amino acid chains in the right order. The role of the  tRNA is to link
the amino acids to the mRNA to help decode it. The  ribosome matches the aminoacyl-tRNA
(tRNA carrying an amino acid) with  the mRNA so that the protein encoded on the mRNA is
synthesized.

  

How does the light-activated DEACM cage work?

  

The DEACM group protects the aa-tRNA so that it cannot interact with  the molecules
necessary for protein synthesis. On exposure to light, the  DEACM-aa-tRNA degrades into
separate components releasing the aa-tRNA.

  

The researchers demonstrated the light-responsive aa-tRNA release by  irradiating a gel
containing green fluorescent protein mRNA and the  complex through a mask in the shape of a
smiley face. No fluorescence  was observed until the gel was irradiated with 405nm (blue) light,
soon  after which fluorescence was observed simulating the shape of the mask.
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As well as showing light responsive protein synthesis in vitro,  gels and liposomes, the
researchers also inserted the caged aa-tRNAin  Chinese hamster ovary cells. Following 5 hours
of incubation, the  researchers observed fluorescence of photo-dependently synthesized DsRed
 protein ÂÂ in the irradiated cells (see following Figure).

    

Caption

  

Photoinduced DsRed synthesis in a mammalian cell. DsRed was synthesized only within the
irradiated cell.
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Department of Medical Bioengineering,

  

Okayama University, 3-1-1 Tsushimanaka, Kita-ku,

  

Okayama 700-8530, Japan

  

e-mail : ohtsuk@okayama-u.ac.jp

    

Further information

  

Okayama University

  

1-1-1 Tsushima-naka , Kita-ku , Okayama 700-8530, Japan

  

Public Relations and Information Strategy

  

E-mail: www-adm@adm.okayama-u.ac.jp

  

Website: http://www.okayama-u.ac.jp/index_e.html

  

Okayama Univ. e-Bulletin: http://www.okayama-u.ac.jp/user/kouhou/ebulletin/
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Okayama Univ. e-Bulletin (PDF Issues): http://www.okayama-u.ac.jp/en/tp/cooperation/ebulleti
n.html

  

About Okayama University (You Tube):

  

https://www.youtube.com/watch?v=iDL1coqPRYI

  

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
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Vol.3： Organ regeneration research leaps forward

  

Vol.4： Cardiac mechanosensitive integrator

  

Vol.5： Cell injections get to the heart of congenital defects

  

Vol.6： Fourth key molecule identified in bone development

  

Vol.7： Anticancer virus solution provides an alternative to surgery

  

Vol.8： Light-responsive dye stimulates sight in genetically blind patients

  

Vol.9： Diabetes drug helps towards immunity against cancer

  

Vol.10： Enzyme-inhibitors treat drug-resistant epilepsy

  

Vol.11： Compound-protein combination shows promise for arthritis treatment
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Vol.12： Molecular features of the circadian clock system in fruit flies

  

Vol.13： Peptide directs artificial tissue growth

  

Vol.14： Simplified boron compound may treat brain tumours

  

Vol.15： Metamaterial absorbers for infrared inspection technologies

  

Vol.16： Epigenetics research traces how crickets restore lost limbs

  

Vol.17： Cell research shows pathway for suppressing hepatitis B virus

  

Vol.18： Therapeutic protein targets liver disease

  

Vol.19： Study links signalling protein to osteoarthritis

  

Vol.20： Lack of enzyme promotes fatty liver disease in thin patients

  

Vol.21： Combined gene transduction and light therapy targets gastric cancer
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Vol.22： Medical supportive device for hemodialysis catheter puncture

  

Vol.23： Development of low cost oral inactivated vaccines for dysentery

  

Vol.24： Sticky molecules to tackle obesity and diabetes

  

Vol.25： Self-administered aroma foot massage may reduce symptoms of anxiety

  

Vol.26： Protein for preventing heart failure

  

Vol.27： Keeping cells in shape to fight sepsis

  

Vol.28： Viral-based therapy for bone cance r

  

        

About Okayama University

Okayama University is one of the largest
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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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