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A Golgi-stained pyramidal cell in the parietal cortex of a rat. The high power images at the right show dendritic
spines on apical and basilar dendritic branches. Photo by Grazyna Gorny



Brain Research Through Advancing Innovative
Neurotechnologies (BRAIN) initiative.

The Blue Brain Project


http://www.nih.gov/science/brain/

Synapsy sg zlokalizowane na kolcach dendrytycznych. Kolce dendrytyczne to
dynamiczne struktury, ktore mogg zmieniac¢ ksztatt w odpowiedzi na pobudzenie.

Fig. 1: A segment of pyramidal cell dendrite from stratum radiatum (CA1) with thin, stubby, and mushroom-shaped spines. Spine
synapses colored in red, stem (or shaft) synapses colored in blue. The dendrite was made transparent in the lower image to enable
visualization of all synapses. Photo by Josef Spacek.



http://synapses.clm.utexas.edu/lab/spacek/Josef.html

Local mRNA translation in dendritic spines
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A model of Arc-dependent LTP consolidation in the dentate gyrus
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Metody wizualizacji mMRNA w neuronach




Different types of mRNA movements depend on subcellular location and on cell type
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in situ hybrydyzacja z sondag RNA wyznakowang radioaktywng siarka
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3 Vizi S. i wsp.,
J K A~ & L : Brain Research Protocols 2001



http://www.sciencedirect.com/science/journal/1385299X

Super resolution microscopy
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In situ hybrydyzacja z sondag RNA wyznakowang digoksygening
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High-resolution fluorescent in situ hybridization procedure to comprehensively
evaluate mRNA localization dynamics during early Drosophila embryogenesis.

Lecuyer et al. 2007




»Single molecule FISH” to metoda in situ hybrydyzacji pozwalajgca na obrazowanie
pojedynczej czasteczki mMRNA w komoérce dzieki wykorzystaniu wielu fluorescencyjnie
wyznakowanych sond zaprojektowanych do rozpoznawania sekwencji

w obrebie tej samej czasteczki mRNA
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Przy uzyciu tej metody mozna np. jednoczesnie wykrywa¢ dwa r6zne mRNA w komérce
lub mMRNA postate w wyniku fuzji 2 transkryptéw (translokacji genomowych)
jak np. BCR-ABL



Obrazowanie mRNA w dendrytach komorek nerwowych z wykorzystaniem smFISH
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Activity-dependent local translation of MMP-9
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Medial perforant path LTP - a well established model of synaptic plasticity
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In situ hybridization shows increse in MMP-9 expression in granular layer and
molecular layer of dentate gyrus 2h after medial perforant path LTP

control 2h LTP sense probe GL/ML zoom

MMP-9 mRNA
<
I

Arc mRNA
@
oL

(-

| MMP-9

Arc
> 87 o k%
= = dek ke
2 _ 4 2 =
gge. 9@\30
£c k=
o 3 51 6 3525
13)
GC)gzi- 8920
Q@ 3] SR
3o 2T
5 < 27 L O Zq
o oS
= 1 = 5
= 0 — L o | I—) |
ML GL ML GL ML GL ML GL

Control 2h LTP Control 2h LTP






Sushi belt model
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Figure 2 from Michael Doyle and Michael A Kiebler
The EMBO Journal online publication

doi:10.1038/emb0j.2011.278

© 2011 European Molecular Biology Organization.



MS2 system to stain targeted mRNA in the living cell
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MS2 system to stain targeted mRNA in the living cell
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Traditional and novel uses of MS2-like systems to investigate mRNA biology

a Single-mRNA-molecule imaging by b Dual-colour labelling
tagging with fluorescent proteins
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In the right place at the right time: visualizing and understanding mRNA localization.
Buxbaum AR, Haimovich G, Singer RH.
Nat Rev Mol Cell Biol. 2015



https://www.ncbi.nlm.nih.gov/pubmed/25549890

MMP-9 protein is enriched in the synaptoneurosomal fraction
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1. Polyadenylation of MMP-9 in response to synaptic stimulation
2. lIsolation of polyribosomes
3. Direct study of MMP-9 protein synthesis by Click-iT chemistry



Cytoplasmic polyadenylation promotes translation
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Mendez, R. & Richter, J. D. Translational control by CPEB: a
means to the end. Nature Reviews Molecular Cell Biology 2,
521-529 (2001)



PAT assay
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MMP-9 polyadenylation measured by PAT ssay
In synaptoneurosomes after glutamate stimulation
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Polyribosome association of MMP-9 mRNA
IN synaptoneurosomes
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Badanie oddziatywania biatko-RNA (na przyktadzie FMRP-mRNA MMP-9)

Brak FMRP prowadzi do zespotu tamliwego chromosomu X (Fragile X syndrome, FXS)

to choroba genetyczna skutkujgca miedzy innymi op6éznieniem rozwoju umystowego i
zaburzeniami ze spektrum autyzmu.

Wystepuje u 1:4000 mezczyzn oraz 1:8000 kobiet i odpowiada za 5%
zdiagnozowanych przypadkow autyzmu.

Zespot tamliwego chromosomu X jest spowodowany wyciszeniem genu Fmr1 i
wskutek tego, brakiem biatka famliwego chromosomu X (FMRP).
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Coimmunoprecipitation of FMRP protein with MMP-9 mRNA
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1. Western blot
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MMP-9 mRNA is precipitated with anti-FMRP antibodies
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Local translation of MMP-9 is regulated by FMRP

l Neurexin
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Cognitive and behavioral impairment in FXS

Nature Medicine Volume:17,Pages:1353-1355 (2011)



Healthy

\
\
‘ \
dendritic spines \
' stimulation )
i ‘|
|
)
1
/
/
/
/
/
FXS PR - @
, e ¢« 4 €
| VMMP-9 ‘ / . MMP-9 »~_ > minocycline
/ (4 rescued spine 2
| o o e o e morphology ¢ @
v € MMP9
NH,
17150 Son
stimulation HON i Newy,
— —

+ minocycline

Dziembowska i wsp., Am J Med Genet A. 2013



