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How does a COPII vesicle accommaodate large
cargo?

ER Lumen

Procollagen (soluble cargo)
300 nm

Lee et al., Annu. Rev. Cell Dev Biol. 2004.20:87-123 »



Collagen accumulates in the ER in CLSD mutant fibroblasts

SEC23A++ PDI| b SEC23A+4+ COL1AT[C = L &5

©

SEC23AJ- PDI|'@.  SEC23A+- COL1A1[T#%

©




!
'
i

!
o o3 ru o N

- ) <y
PR 2
L ) R

o "y B b
o i g "
ot O N MR
: 2 - N
—~

- ./';'—\‘;?*Q{x SRT S
Sa LR "3
-

o




Cul3kihit2 increases the size of COPII vesicles

Sec31 Sec13 Sec24C

COPII Klhl12

merge




Overexpression of wt but not mutant Kihl12
promotes collagen secretion

Klhl12 Empty FG289 (mutant Klhl12)
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Sec31/PC-1 co-localization in IMR90
fibroblasts

Overlay



Generation of doxycycline inducible Human Fibrosarcoma (HTPC Kl) cell line
stably transfected with PC-1 for structure/function analysis of COPIl megacarriers

Size distribution




Double Immunofluorescence labeling showing co-localization of kihl12/PC-1
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Triple Immunofluorescence labeling showing
co-localization of klhl12/PC-1/Sec31

Goat FLAG (klIhl12) Rabbit Sec 31

Mouse PC-1 over|ay




SUPER-RESOLUTION 3D STORM IMAGING OF ENLARGED COPII VESICLES
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SUPER-RESOLUTION 3D STORM IMAGING REVEALS A HOLLOW CAGE




2 COLOR 3D STORM IMAGING REVEALS A CAGE ENCAPSULATING PROCOLLAGEN

xz view of a selected xy area

Grid: 200 nm x 200 nm




Extracellular vesicles as carriers of
unconventional signals

Anchored
membrane
proteins
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Origin and secretion of exosomes

Extracellular
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Purification of CD63 exosomes

Conditioned media

centratic l1oo,ooox9
Pellet
ResuspendtO% sucrose
Flotation
20:’/0 >
gg 02 o 150,000Xg —
Purified anti-CD63

exosomest  beads
Immunoisolation
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Luciferase latent in CD63 exosomes

G OO
o O
o O

Relative
Luciferase Units
0
o
=

N
-
o

CD63-luciferase
topology in exosomes
I I
o
4

TX-100 | -
Trypsin | - - | +




Distribution of miRNAs in exosomes and cells

Unique to Exosome Library
Cells: 549 Unigue to Exosome Libra

Exosomes: 444

miRNA RPM_
MIR223 26.32
MIR4466 284
MIR382 1.78
MIR363 1.42
MIR493 1.42
MIR208 1.42

MIR3125 1.07




Co-purification of CD63 and miRNAs
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miRNAs in detergent-sensitive vesicles

100-
[ miR-223

B miR-144

N
L

% Protected
MiRNA
@)
)

N
&)

0. Ny
TX-100 = - +

;




Cell-free exosome biogenesis

Membranes 1) Wash
2) Trypsin|
ATP
D-luciferin
Measure
Legend Luminescence
1)’ CD63-luciferase
4 D-luciferin .
RLU 4100 =Relatlve Protected

RLU_ v CD63-luciferase




Exosome biogenesis requires cytosol and

incubation at 30C
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Cell-free miRNA packaging into exosomes

Membranes
30°C RNAse |
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miRNA packaging stimulated by cytosol,
incubation at 30C and ATP
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Isolation of miRNA-protein complexes
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EMBO EMBO .

reports open

scientific report

Y-box protein-1 is actively secreted through a non-
classical pathway and acts as an extracellular mitogen

Bjorn C. Frye2*, Sarah Halfter'™, Sonja Djudjaj’, Philipp Muehlenberg?, Susanne Weber!, Ute Raffetseder’,
Abdelaziz En-Nia', Hanna Knott', Jens M. Baron>, Steven Dooley?, Jiirgen Bernhagen? ¢» Peter R. Mertens’>*

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

l

Suggests it is secreted in a vesicle



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

miR223-biotin *+ * A o -
Temp (°C) 30 30 30 4 30
Membranes + + - + +
Cytosol + - + + +#
RNAse + + + + +
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Knockout of YBX1
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YBX1 required for packaging of miR-223
but not of CD63-luciferase
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Upregulation of YBX2 mRNA in AYBX1

cells
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Y-box proteins control miRNA secretion
In vVivo
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Cytosol Membranes

Y ATP

Resynthesize RNA pool In vitro packaging

\

= = Exo-SELEX
Regenerate DNA 4 CyC/es Of RNA v
template library selection in vitro

-cDNA synthesis
-PCR —
E= Remove unpackaged RNA
-RNAse treatment
Extract RNA v
DNA template RNA pool

RT T7 RNA pol.

T7 Promoter NX25 T7 leader NX25 RT




Fold Enrichment

8mers become enriched during Exo-SELEX

Replicate 1
® Enriched 8mers ®Depleted 8mers
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Consensus motif — found in mi223, not
In mi190

Replicate 1 Replicate 2

Exosomal miR-223  UGUCAGUUUGUCAAAUACCCCA

Cellular miR-190a UGAUAUGUUUGAUAUAUUGGU



Test of consensus signal

miR-223 UGUCAGUUUGUCAAAUACCCCA

miR-223mut UGUCAGUUUGUCAAAUGUUGGA

miR-190a UGAUAUGUUUGAUAUAUUAGGU

miR-190amut UGAUAUGUUUGAUAUAUACCCA



Cytosine enriched motifs are required for
mIRNA sorting to exosomes
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Rotation student ~—

Early experiments in transport



MicroRNA Packaging into Exosomes

O Extracellular
OO O
O Exosome-like vesicles

/ What is the primary

membrane source?

How is YBX1:RNA @
captured?

RNA
How is miRNA ( SOI’tiI’lg

cargo recognized?

Exosomes

®
YBXI’ exo-miR

Degradation €—— ‘







