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Sec 31 PC-1

Overlay

Sec31/PC-1 co-localization in IMR90
fibroblasts



Generation of doxycycline inducible Human Fibrosarcoma (HTPC KI) cell line 
stably transfected with PC-1 for structure/function analysis of COPII megacarriers
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Double Immunofluorescence labeling showing co-localization of klhl12/PC-1



Triple Immunofluorescence labeling showing 
co-localization of klhl12/PC-1/Sec31

Rabbit Sec 31

Mouse PC-1

Goat FLAG (klhl12)
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SUPER-RESOLUTION 3D STORM IMAGING OF ENLARGED COPII VESICLES

Green=Sec31 647
Magenta=FLAG 488
Scale bar: 5 μm
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SUPER-RESOLUTION 3D STORM IMAGING REVEALS A HOLLOW CAGE 
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2 COLOR 3D STORM IMAGING REVEALS A CAGE ENCAPSULATING PROCOLLAGEN
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PC1 (Cy3b)

xz view of a selected xy area
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Extracellular vesicles as carriers of 
unconventional signals
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Origin and secretion of exosomes



Purification of CD63 exosomes



CD63-luciferase and RNA in purified exosomes



Luciferase latent in CD63 exosomes



Distribution of miRNAs in exosomes and cells



Co-purification of CD63 and miRNAs



miRNAs in detergent-sensitive vesicles



Cell-free exosome biogenesis



Exosome biogenesis requires cytosol and 
incubation at 30C



Cell-free miRNA packaging into exosomes



miRNA packaging stimulated by cytosol, 
incubation at 30C and ATP



miRNA packaging selective



Isolation of miRNA-protein complexes



-Secreted YBX1 is protease protected
-Protease protection is detergent sensitive

Suggests it is secreted in a vesicle



YBX1 packaging stimulated by miR223, 
cytosol, membranes and incubation at 30C



Knockout of YBX1



YBX1 required for packaging of miR-223 
but not of CD63-luciferase



Upregulation of YBX2 mRNA in DYBX1 
cells



Y-box proteins control miRNA secretion 
in vivo



T7 leader NX25 RT

Cytosol Membranes
ATP

In vitro packaging

Remove unpackaged RNA
-RNAse treatment

T7 Promoter NX25 RT

Extract RNA

Regenerate DNA 
template library

-cDNA synthesis

-PCR

Resynthesize RNA pool

DNA template RNA pool
T7 RNA pol.

Exo-SELEX
4 cycles of RNA         
selection in vitro



8mers become enriched during Exo-SELEX
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Consensus motif – found in mi223, not 
in mi190

Evalue=1e-55 Evalue=1e-37

Replicate 1 Replicate 2

Exosomal miR-223 UGUCAGUUUGUCAAAUACCCCA

Cellular miR-190a UGAUAUGUUUGAUAUAUUGGU



Test of consensus signal

UGUCAGUUUGUCAAAUACCCCA

UGAUAUGUUUGAUAUAUUAGGU

miR-223

miR-190a

miR-223mut

miR-190amut

UGUCAGUUUGUCAAAUGUUGGA

UGAUAUGUUUGAUAUAUACCCA



Cytosine enriched motifs are required for 
miRNA sorting to exosomes
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MicroRNA Packaging into Exosomes

What is the primary 
membrane source?

How is YBX1:RNA
captured?

How is miRNA
cargo recognized?




