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Okayama University research: Making memories—the workings of a neuron revealed

(Okayama, 27 October) In a study published in Scientific Reports researchers at Okayama
University use simulations to depict changes that occur within neurons during the
processes of learning and memory formation.

Two antagonist phenomena in the brain are known to drive learning and memory. Long-
term potentiation (LTP) strengthens communication between adjacent neurons to facilitate
the integration of new memories. Long-term depression (LTD) weakens such interactions to
relieve the brain of redundant information. However, the molecular changes driving these
processes are still unclear to neuroscientists. Now, in a collaboration between Associate
Professor SUMI Tomonari from Okayama University and Assistant Professor HARADA Kouji
from Toyohashi University of Technology, a pair of scientists has revealed how the
competitive shuttling of one molecule between in and out of synapses play an important
role in this regard.

LTP and LTD are initiated by flux of calcium ions into neighbouring (post-synaptic) neurons
when those receive signals from the pre-synaptic ones. The post-synaptic neurons then do
so by presenting a signal reader known as the a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptor (AMPAR) on their surface during LTP, which fades away
during LTD. To understand the dynamics of AMPAR increase and decrease on post-synaptic
membranes better, the duo created a mathematical model of post-synaptic neuron that
closely mimicked physiological LTP and LTD. Neurons of the hippocampus—the seat of
learning and memory within the brain—were used as a model system.

Influxes of calcium ions were applied as the input of the simulations, and successfully trigger
LTP and LTD. As expected, calcium-induced LTP stimulus resulted in AMPAR being shuttled
out of the post-synaptic neurons, whereas LTD resulted in AMPAR being shunted back in. A
deeper dive revealed that two opposing calcium sensors, namely synaptotagmin 1/7 (Syt1/7)
and protein interacting with C-kinase 1 (PICK1), were driving these movements. Both
sensors were active during LTP and LTD albeit in varying amounts. The Syt1/7 activity
overtook the PICK1 during LTP resulting in a release of AMPAR from vesicles, whereas the
former was overtook by the latter during LTD resulting in a recapture of the released
AMPAR. A competition between Sytl/7 and PICK1 was thus behind the increase and
decrease of AMPAR on the post-synaptic membranes.

The research duo then closely examined the fate of AMPAR once it was shunted back into
post synaptic neurons. Instead of degrading, AMPAR was stored in little vesicles near the
neuron surface and kept ready for the next LTP signal. This resulted in an almost
instantaneous incorporation of AMPAR into the postsynaptic membranes upon LTP
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stimulus. Myosin Vp, a molecular motor protein, was responsible for this dynamic recycling
of AMPAR within the neuron.

This study showed two competing mechanisms underlying LTP and LTD instead of two
mutually exclusive processes. Additionally, the role of key molecules driving this dynamic
competition was revealed. Deciphering the complexities of LTP and LTD is instrumental in
understanding memory related disorders such as Alzheimer’s disease and amnesia.

Background

LTP, LTD, and AMPAR: Long-term potentiation (LTP) is the strengthening, and long-term
depression (LTD) is the weakening of inter-neuron connections in response to chemicals
known as neurotransmitters. The chemically induced inflow of calcium ions into adjacent
(post-synaptic) neurons warns to prepare for either LTP or LTD. Subsequently, the initiating
(pre-synaptic) neuron fires neurotransmitters such as glutamate to communicate with the
post-synaptic neurons.

a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) is a molecule that closely
resembles glutamate. Thus, the post-synaptic neuron presents the AMPA receptor (AMPAR)
on its surface to read glutamate signals. LTP leads to more AMPAR incorporation into
postsynaptic membranes and better glutamate binding, whereas LTD leads to the opposite.
The increase and decrease of AMPAR on post-synaptic membranes is a key factor in
facilitating neuronal connections. Understanding the dynamics of AMPAR shuttling is vital
for research on the normal development of learning and memory and disorders that
implicate them.
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Okayama University Medical Research Updates (OU-MRU)

The whole volume : OU-MRU (1-)

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
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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
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
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 cancer

Vol.29 : Photoreactive compound allows protein synthesis control with light
Vol.30 : Cancer stem cells’ role in tumor growth revealed

Vol.31 : Prevention of RNA virus replication

Vol.32 : Enzyme target for slowing bladder cancer invasion

Vol.33 : Attacking tumors from the inside

Vol.34 : Novel mouse model for studying pancreatic cancer

Vol.35 : Potential cause of Lafora disease revealed

Vol.36 : Overloading of protein localization triggers cellular defects

Vol.37 : Protein dosage compensation mechanism unravelled

Vol.38 : Bioengineered tooth restoration in a large mammal

Vol.39 : Successful test of retinal prosthesis implanted in rats

Vol.40 : Antibodies prolong seizure latency in epileptic mice

Vol.41 : Inorganic biomaterials for soft-tissue adhesion

Vol.42 : Potential drug for treating chronic pain with few side effects

Vol.43 : Potential origin of cancer-associated cells revealed

Vol.44 : Protection from plant extracts

Vol.45 : Link between biological-clock disturbance and brain dysfunction uncovered
Vol.46 : New method for suppressing lung cancer oncogene

Vol.47 : Candidate genes for eye misalignment identified

Vol.48 : Nanotechnology-based approach to cancer virotherapy
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Vol.57 :
Vol.58 :

Vol.59 :
Vol.60 :

Vol.61

Vol.74 :

Vol.75

Vol.81

Cell membrane as material for bone formation

Iron removal as a potential cancer therapy

Potential of 3D nanoenvironments for experimental cancer

A protein found on the surface of cells plays an integral role in tumor growth and
sustenance

Successful implantation and testing of retinal prosthesis in monkey eyes with
retinal degeneration

: Measuring ion concentration in solutions for clinical and environmental research
Vol.55 :

Diabetic kidney disease: nhew biomarkers improve the prediction of the renal
prognosis

New device for assisting accurate hemodialysis catheter placement

Possible link between excess chewing muscle activity and dental disease

Insights into mechanisms governing the resistance to the anti-cancer medication
cetuximab

Role of commensal flora in periodontal immune response investigated

Role of commensal microbiota in bone remodeling

: Mechanical stress affects normal bone development
Vol.62 :
Vol.63 :
Vol.64 :
Vol.65 :
Vol.66 :
Vol.67 :
Vol.68 :
Vol.69 :
Vol.70 :
Vol.71 :
Vol.72 :
Vol.73 :

3D tissue model offers insights into treating pancreatic cancer

Promising biomarker for vascular disease relapse revealed

Inflammation in the brain enhances the side-effects of hypnotic medication
Game changer: How do bacteria play Tag?

Is too much protein a bad thing?

Technology to rapidly detect cancer markers for cancer diagnosis
Improving the diagnosis of pancreatic cancer

Early gastric cancer endoscopic diagnosis system using artificial intelligence
Prosthetics for Retinal Stimulation

The nervous system can contribute to breast cancer progression

Synthetic compound provides fast screening for potential drugs

Primary intraocular lymphoma does not always spread to the central nervous

system
Rising from the ashes—dead brain cells can be regenerated after traumatic injury

: More than just daily supplements — herbal medicines can treat stomach disorders
Vol.76 :
Vol.77 :
Vol.78 :
Vol.79 :
Vol.80 :

The molecular pathogenesis of muscular dystrophy-associated cardiomyopathy
Green leafy vegetables contain a compound which can fight cancer cells
Disrupting blood supply to tumors as a new strategy to treat oral cancer

Novel blood-based markers to detect Alzheimer’s disease

A novel 3D cell culture model sheds light on the mechanisms driving fibrosis in
pancreatic cancer

. Innovative method for determining carcinogenicity of chemicals using iPS cells
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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 13,000 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.

Website: http://www.okayama-u.ac.jp/index_e.html
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. . . “Okayama University supports the Sustainable Development Goals”
Hirofumi Makino, M.D., Ph.D.
President , Okayama University
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