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Neuron Network

Hippocampal Neurons in Culture Cosmic Web







A challenge for neurons: how to effectively
distribute function proteins in time and
space?

By distributing messenger RNAs



To see, analyze, mimic RNA regulation
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We have learnt 4 cellular strategies :

1. RNA signals for transport;

2. Spatially restricted translation; / | }

3. High mobility:

4. Chemical modification




Strategy 1: To use local structural elements to
target RNA into dendrites and synapse

RNA-binding proteins
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Blythe et al., 2016
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Local secondary structures are important for RNA
localization
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We have learnt 4 cellular strategies
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3. High mobillity;

4. Chemical modification



oV Strategy 2: Spatially restrict protein
synthesis at synapses in response to
specific stimuli

Pre UV




Learning-induced protein synthesis is restricted

to stimulated synapses Memory
- induction
(serotonin)

Stimulated

Unstimulated

Wang et al., Science, 2009




We have learnt 4 cellular strategies

1. RNA signals for transport; ~fg*"

2. Spatially restricted f’"
3. High mobility; 'ﬂ

4. Chemical modification



Sato et al., 2014




Visualizing endogenous RNA in acute brain slices

28S rRNA

Oomoto et al., Nucl. Acids Res, 2015




We have learnt 4 cellular strategies

1. RNA signals for transport; ~fg*"

2. Spatially restricted f’"
3. High mobility: “ﬂ

4. Chemical modification



A, U, C, G, >150 natural RNA modifications
| | | |

\ NH, \ NH, Ribgse o 8
& Ve N A & A Ve 0-F-0 i
Al ¢ ™ B e > k ) }
N™ N N™ >N" "NH N° "0 N° 7O O OH
/ -~ / "= S N / ~
Ribose T Ribose f Ribose Ribose Phosphate
A G C u RNA backbone

(R)

Eukaryota

More flexibility to our
genetic program
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(Motorin and Helm, 2011; Fu et al., 2014)



Chemically decorated synaptic transcritome?

Transcriptome “Epi“transcriptome
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mOSA: the most abundant internal
modification of MRNA in mammals
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Dominissini et al., 2012; Meyer et al., 2012; Falkenberg and Johnstone,
2014; Wang et al., 2017; Zhao et al., 2017



m°A impacts RNA metabolism and function
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Eight libraries from HOM and SYN

HOM
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Wan-Ting Hong, Kei lida Meyer et al., 2012; Dominissini et al., 2012



Defining synaptic m°A epitranscriptome

Reads density in IP

SYN |

HOM

Merged peak — ——o i

Systematic comparison



(RPKM)

SYN_PEAK

A synaptic m®A epitranscriptome (SME)
4,469 methylation sites on 2,921 genes
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m°A methylation functionally partition
transcripts at the synapse

Hypomethylated (n=1412) Hypermethylated (n=1266)
Synapse
Postsynaptic Membrane
Posi Regulation of Excitatory PP
Long-term Synaptic Potentiation
Synapse Maturation
Synapse Assembly

Synapse Organization
Modulation of Syn Transmission

Microtubule
Lipid Metabolism
Pvalue
Fatty Acid-Beta-Oxidation 1e-05
Endoplasmic Reticulum
Lysosome 1e-25

Merkurjev et al., Nat Neurosci, 2018
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