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CaveolaeEndothelialmodel, «budding» assay
and proposed physiological function
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P24¢ TMED proteins: Are these lectifis



Endothelial Caveolae: Model
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The Cell Surface of Endothelia

This cellssurface.wasranalyzed by
select purification

Coat
Galectins in protein surface
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The silica procedure was used for this endothelial membrane
Isolation from an animal source



Immunoisolations from Rat Lung: Quantitative Results

Ponceau S, Coomas$ftue and Silver Stain

&a 7y EM: PV
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" Procedures

The subunit composition ‘
of ATPsynthase has not WS e e oo o oo

been exactly determined
Cholesterol likely binds

' to caveolinl super
“ . , N stoichiometrically
Halfmaximalraft binding

Immunoisolations were carried through with p of Anx5 at1nM C&",

Or #S2t+S NBtSHaSR o6& a2yAol [’J)\Q? 2N a®SaA o halfmaximal binding at

dzy G SGKSNRA Yy 3¢ @ ~150nM Cé&*to PS
containing vesicles

@ b, Acgn Caveolin-1 I Reggie-1 ' ATP-Synthase @@ NAD(P)H cytochrome mm Cytochrome b5 @ Annexin A5
Includes some caveolin-2 b b5 reductase



Thelmmunoisolation of Caveolae waachieved with Cytosolncuba
tion Mimicking a Budding Reaction and Immunobeads

Caveolae/caveolin would
possibly reconstitute from
cytosolic lipids and soluble

roteins
Western blot P

+ + - caveolae

cavi-N14

‘5 caveolin-1

Membranes on isolated silica beads/cytosol and cytosol alone
were incubated in a buddingaction
(see next slide)

M, x 10°

- Caveolae
- + + Cav1 N1-14

og 19GLC
' —— caveolin-1

Thecytosolicand membrane
proteinswere not identified

urels JoA|IS

Likely enriched proteir

120 kDa
80 kDa
60kDa
45 kDa
35 kDa
32 kDa

Caveolinl

21 kDa
18 kDa
12 kDa

Proteins in the 50 kDa and 30
kDa range could not be
delineated due to co
migration of IgG subunits



Thelmmunoisolation of Released Caveolar Membranes Demonstra
the Abundance
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Thelmmunoisolation of Released Caveolar Membranes Demonstra

the Abundance of ESA/Reggle

A quantity of the previous experiment (same gel) was resolved oFPBIBE& and silvestained
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Interactome That we Found in Caveolae from an Animal Source

Anxab
Actb
Atp5flb
Cavl
Cav2
Cyb5r3

Flotl
Flot2

Annexin A5

b Actin
b ATRsynthase
Caveolinl

Caveolinr2
Cytochrome b5

reductase Immunoisolation

Flotillin1

Flotillin2 ) L.
Coimmunoprecipitation +
Immunoisolation

i Cytochrome b5 we have

Coimmunoprecipitation

000

recently found by comparative
2D-gel analysis



A Molecular Hypothesis with Respect to Vasoregulation was Propo:
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Moreover, during pathological conditions such as in subarachnoid hemorrhageltetelease ATP and constrict arterioles directly via muscle P2X apdeegjtors; sed-iedler
(2002), Chatenafrivauday et al. (2004), Burnstd@008, some data were taken from von der Weid et al. (1993), Evans and Kennedy (169 et al. (1997), Hanset al. (1999)



Example of Current Insight on P2&hd P2Y¥YReceptorinvolvement In
Blood Vessels: See Hypothesis

The role of P2X and P2Y1
receptors in the nervous
system is particularly well
understood

Adventitia ——

Smooth Muscle

Endothelium

P2X4[8 ATP

= ADP

Damaged/dysfunctional
endotheliumplatelet
aggregation

= ATP UTP

= UTP UDP

——— Sympathetic nerves
Varicosities

Vasorelaxation

EDDFs are
derived from
the endo
thelium

A2A/B EDDFs have so far not

been frequently listed

A2A/B

Adapted from
Ralevic and Dunn, 2015

Vasoconstriction



The Molecular Hypothesis May ba& Importance in Lung Physiology:
Hormones and Factors That Regulate Bldeldw

w Pulmonary Constrictors
low Pyo,
endothelin
serotonin
prostaglandins
thromboxane A
a-adrenergic catecholamines

angiotensin

leukotrienes

neuropeptides

E:Zﬁ‘g‘ge ATFis added to treat pulmonary hypertension after

cardiac surgery (see Burnstock 2008) and in cardiac

A Pulmonary Dilators resynchronization in sinus arrhythmia or reentrant

high R tachycardia (see Otomo et al. 2008

prostacyclin

ﬁﬁﬁ?rg)':;e The rol_e of:aveola_ein hypqxia may be seen in the

acetylcholine regulation or function of dihnydroceramide desaturases

bradykinin in oxygen sensing (DEGS1/2 or DES1/2; see Devlin et al.

b-adrenergic catecholamines 2011)

ATP



Of Prime Interest: Risk of Atrial FibrillationPhysiological Function
of Caveolin and Indications from Genetics

R Long or shortQT syndromes are
ECG often associated with rare
P T mutations in ion channgenes
Q)
S
4 —>
PR————>
QT

It was found that caveolins are frequently associated with altered PRQdmidches and affect atrial fibrillation (cav3,
cavl?2). lon channels are also bound by caveolins or are localized to caveolae (TRPV4, TREKLAT Rse -f
channelsCgl.2, K1.5, kir6.2, Ngl.5 andNCX), and recently it was found that cavl/2 are associated with heart rate
increase and recovery in exercise in the autonomous regulation of the nervous system (this may also relate to the
early finding of cavl in neurons/DRGS).

Vatta et al. 2006
Holm et al. 2010
Ellinor et al. 2012
Verweij et al. 2018



A Study in the Model Organism Zebrafish Confirms the Widespread

but Selective Expression of Caveolin Genes

Enveloping Layer Epidermis

cavl
cav2 W
cavd I Epidermal
Optic Cup
2.
. - %
Differentiating [N
neurons @47,@/ >
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%

Data provided from
Klein et al.http:/imvww.tinyurl.com/sczfish2018

Neural
crest

Blood
Endothelial
F Fln BUd Macrophage
Heart
Musclé“

Late developmental stages
at 24 hours postfertilization
are found in the periphery
of the underlaid gray area

A widespread expression of flotillins/reggies

has prgvipusly been expected and results in 'Ehe
sngleOSt f 3INF LK 6AGK LISNARI

flotla flotll flot2_. flotZH

Nkx2.& F G0N} YAONRLIG-A2y T O
NELINS&Zaz2NES gl & NBOSyGfe
flotl (Dingal et al. 2015) and in these ways

caveolins and reggies could be involved in
mesa/ectoderm to heart development



Caveolinl: Possible Rolen Cycling, Adhesion and Cell Growth

ECM
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Tubulin, integrins, Sun2 and nesprins were inferred from other data




SignatureAntibOdieS Cells were plated on collagen |

SVECA40 cells The perinuclear extension of cells in thdirection was
Transformed only 150 nm as seen in transmission EM
Mip
Cell nuclei
Z-projection

Approximate size of a single cell

The signal was confined to optical sections ofir2thickness

Focal contactype labeling was not found in all but
many cells

Would instability of the nuclear envelope allow for an exchangenobterial with
the cytoplasm by norpore import? Yet, a norclassical nuclear localization

= caveolinl . . .
sequence has recently been described in cavedin



Nuclear Caveolifl Likely Shows a Particular Conformer

Polyclonal antibodies (C13630) PolyclonalSignaturedomain antt
bodies

Results confirming a nuclear
localization of caveolin:

cavl- Feng et al. 1999

cavl- ChatenayRivauday et al. 2004
cavl- Sanna et al. 2007

cav2- Kwon et al. 2011

Cells SvEG40 Cells SVEC40 |
this result was not expected

.., FEDVIAEP
/%) “ Epitope

Nuclear localization
with caw1 antibodies

Cter



CurrentStructural Insight: the CavSignature Antibody Recognizes a
Epitope that is Likely Shielded in the Caveelirill-mer

"‘f'@‘— ) Cytoplasmic Aspect

w .
L ASPRe

CaveolinSignature Antibodies

Coulombic surface

Porta et al. 2022

. . AT
Interlocking Signaturem Hydrophobicity surface

B Signature Epitope Epitopes with o
aid of region 4960
(pin motif) CPAE focalcontact
labeling
The (current Ner.) 3, helixis part of the .
KHLNDDVVRFEDIAEPE peptide Rare Labellng SVEC40 Control ~ MIP

nuclei

that was used in antibody production

in Primary Cultures

ChatenayRivauday et al. 2004 MK MA Woelisn 2 VF

could be labeled
and was not found
iy GKS GFANBRGO LX I OS¢

other cells were not
labeled except few
additional cells that
showed lysosomdike
staining




Adhesions are Reorganized in Maturation
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Electron Microscopy of Membranes of the Immunoisolation

This experiment involved the release of membranes as described in oulN28l(&iol.Reppublication and should have
appeared in the Supplementary Section (see Fig. 1 g, h)
ChatenayRivauday et al. 2004

Residual Pellicle «Dense Membranes» Starting Material (SM)

Magnification — ppW¥Ynnn dnW¥Wnnn
100 nm 100 nm 100 nm
~ 100 nm vesicles .
approx. size of silica particles few veS|cIe§> _200 nm
50 nm were also visible

Silica purification of apical membranes: gentle sonication was used

membrane fragments and presumably cytoskeletal elements
were visible

Thestarting material for this EM analysis was
collected froma controlreaction incubateavernight
MThe immunoisolation efficiency from SM was ~100 % in the absence o&ntibodies



Caveolae were Isolated from Lung by an Established and Improved
Procedure: C1Z Beads

Immunoisolations were carried through with a mix S »\’Q\ S @Q @Q @Q
of protease inhibitors that were reacting with free QQ\\/ Qe“’\' NIRRT
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major proteins were found
: : : 1 2 o« 3 4 5 6 7 8
including caveolii
Reggiel/Flotillin-2/ESAenriched
Unrelated reaction shows large amounts of 0.6 xinlane7 rel. to 5

proteins
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Not all Reggi€l/Flotillin-2/ESAcontaining
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~ 121
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Western

in the supernatant that remained after the
reaction andwas recentrifuged tpellet
membranes

S

The irmmuhosisolation cota shioau d
large quamtitiesobtass i in the

SUIDEX M Brent

These Early Immunoisolations Suggested the Presence of Two
Types of Membrane Domains: Reggieand CaveolirReggieDomains

No clathrin could be detected on these blots (ICN
pAb clathrin HC)



A Molecular Hypothesis with Respect to Vasoregulation viixeposed
and Would Entail the Most Abundant Proteins

The Lane Labeled with the Asterisk was Quantified

Stoichiometry of

the Protomer
'\ ESA/Reggi¢ N

b /-Agtin < , . .
| caveolirl a/b I In this lane proteins
!\ .\ / | were well resolved
. L” | '
1:1:8

Similar transfer efficiency and staiith Ponceau was assumed

b ,-Agtin : ReggiesCaveolinl

This Quantification was similar to the following determination from sistamed gradients,
some reggies or actin may have dissociated (stoichiometry of the vesicle mixture 1: 1.2 : 8.5)



A Gaussian Model Quantification Would Suggest the Reduction of A

In the Eupergit Immunoisolated Vesicles Stoichiometry of the
The stoichiometry in octylglucoside detergesixtracts

(sucrosegradients/high Svalue) was? : 2 : 8 Caveolae Molecular
ESA/Reggi-& \ Coat ESA/Flotillir2

b-Actin >
Caveolirl a/b | ! *
. inferred subunits ’ ‘

: " ; ‘.l; ja \
4 AZNNS WY/ lv
\a Lane 7 was quantified

1:9:135
b ,-Agtin : ReggiesCaveolinl b ,-Agtin : ReggiesCaveolinl

gactin could not be determined by immunoblot, but all actin and reggie proteins were quantified by «optical density»

TN TARIEIM UONRIOSIoUNWWI 3)USD)

1:1:8 Immunoisolate

Theaccessibilityof caveolinl in isolated vesicles (cavl M4 antibody) is10t known if the protein is complexedvith reggies and actin
(stoichiometryin the immunoisolate ~19:135 or 1 : 10 : 156)



Caveolae and the Actin Distribution in Endothelial Cells

See ChatenaRRivauday et al. 2004 e :
GdnHCIGuanidiniumHydrochloride

-Gdn

+GdnHCI, Himensional Reconstruction

F-actin visibility
was increased in
this way

In our view, caveolae usually follow the actimetwork

cawvl in quantity
b-actin



In CPAE Cells CaveolinActin and ESA/Regglewere CoLocalized

Subconfluent cells without collagen |

Note the above
threshold labeled
ESApositive
structures that
represent no
caveolae

Settings were

_ adjusted to single

caveolinl = ESA t SFNR2yQa w [ n o ¢ pPeled coyershps
and secondary

antibodies

Cells were treated with GdnHCI

SVl

= caveolinl

t SIENE2YQad w I' ndHT o0l 0620385



New Results Suggest that Mechanotransduction Involves Annexins
Regulation of Bilayer Fluidity Gradients

Luckcuck et al. 1997

L Bil |
Annexin 5 in the TR Flluailziﬁ; et
nucleus of Megli et al. 1998

developing

. Annexin 5
cardiomyocytes

Raouf et al. 2018
Annexin 6

mechanosignaling . .
Cytosolic caveolin

may bind cholesterol
and anionic lipids



