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Abstract

The endophalisum vital role in haemostasi s
dysf unlchiisonvascul armbed| apat aohscall s cap
modul ati ngon nEha@aotmaelii al cells (ECs) cont
stored within specific st-RPalagece obagdadained | e\
These cont-ahnombet picrofalnammatoory medi-at or s
2 (Apgdselectin which are differentially
vasoactive stimuli. Thrombin (released af
(i mmunogenic assault) promotcdcy sSMPeBg wlaatgioo n
can contribute to an adverse environment

di sease.

Rab46 has been s homgotsoWRBsadndei $o0i mpl i ¢

the regulation of differential <cargo rel:¢
i mmunogenic histamine, but not thrombin,
Mi crotubul e Organising Centre (MTOC). Thi
dependedythedm motor interactions 2 Bhe occul

det achment of Rab#48CédWepenfe oMEGGCa&her e
binds -hApdE&omain dfhsBab 4@ toadlsk enhe
Ssubjoefctongoi ng .i nHiessttaingiantei osnt i mul ati on el |
upregulation of nicotinic acid adenine di
ECs, which is G&Z'‘metsseahgeecbhdt targets s
i ntractl*dtudrags onl ytshees emadlo sy st em.

Nicotimdenadiaec| eoti dBAADBaphbheen(shown
indirectly bind via access6&ic hmpmonTeddsns t
pore chawOdliwgione c¢hamwrma@lnd2 a(n spioetnetnt i al
ceptor muRPMlamidnadredi dares$s he moCEUl at i o1
signals generated via NAADPC Ct@dpooelf.i ' 1 or
tivation of these C&ansels i ona nCeatl iscit thr
du€eadr el ease (CICR) @&pboltasgat mecBRnNI
poten@Gadatel ux from | ysosomeéad* chbndelstandi
i nvol Rabdd4ibsrgplefrrsam t he MTOO®Tri 2slarcuB@dali ng |
modultahtee r secr et opgr triecpleamsley i Amg 2
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si RNA Short interfering RNA

SNP Single nucleotide polymor
SNARE Solubl e NSF Receptor

SOCE St oo mer at?éedn tGay

STI M1 Str omal i nteraction mol ec
TGN Tr a-6sl gi net wor k

t PA Ti ssue plasminogen activa-
VEGF Vascul ar endothelial gr owi
V WD von Will ebrand disease

v WF von Willebrand factor

WP B s We i bPeall ade bodi es

WT Wild type
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Chaptek

| ntroducti on

1. IEndothelial cells (ECs)

1.1.1 EC function

The endothelium comprises a cellular mon:
l ining of the vascul atmaient &ilmignghgr gaar b
and homeostasdygnamitcoa pckoynattreassl vascul ar to
angiogenesis, and haemostasis (Braun et
these processes, it hcoambothhmrcdt abwt it bei ane.l
Endot heli alplagl las p(ibv@s)alr esplbeasiens swasbtula
as the primary inter fiancneunfeorc etlhles iennvtaegriinn
i nfection as wel lprascaalglprteyspeatnaged hary f
of new blood vessel formati onm t(hii.ne.t haengi
vasculature (Young, 2012) .r eBgeuyloantdo rtsh eoifr wvi
tone and haemostasis, ECs demonstrate r el
that has a direct impact on their functi
bl ood flow and align in the direction of
at bifurcations (regions of disturbed f1
(hi stamine or thrombin) they can alter t|
endothelial cell dysfunction (Hennigs et
et al. 2020) .

Due to the nature of the harsh environmei
no surprise that they are highly suscept.|
in cell surface molecule expression or mi
centrailn rtohespathogenesi s and progression
be that cardiovascular in the case of he;:
metabolic in that of diabetes, peripheral

( Ni shigaki ead radsul2t0 1@ fti AMeamatpory condi t i

endothelium can degrade and become more |
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of inflammatory cells into tthheenvesael ohul
signalling cascades that can promote pl ai
attacks and strokes (Buckley & Ramji, 20:
EC function, environment and morphol ogy |

modul atilngr viasalut h and preventing di seasete
aims to highlight the crucislignaléi ofg BG:
trafficking of a novel IRakigs t Iny,r alcewil lull
physiology of the endothelium when its f
hi ghlighting conditions such as atheroscl
thrombosi s.

; : Cell Inflammatory/
Angiogenesis Proliferation Immune

/ Response
) )

Ve \ P2
> %Q‘@?

il

— L J Thrombolysis

Vascular R
Permeability

T

Be® We® %, ®
...'...'...‘.
*® 20 @

°
- [acetytcon |
Acetyl-CoA
Platelet Adhesion/
Aggregation Lipid Oxidation Leukocyte

Adhesion

Figure 1.1 Physiol ogiECa&| pfeurd otrimoras pdfet BO:
functions in the body, whrmedi nthenarmwcd o fmp
vascular tone, modulating the permeabil il

processes such -aansg ivoagsechue sairs ,netoo f orm new
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112ECdysfunction

One of the most prominent downstream con.

at hecloerosis. This conditionpisfahayapt art
deposits on the | uminal surface of | arge
condition can be accelerated in the pres:

know that this condition shares promineni
compl isc aitdeomt i fi ed i n diabetic individual
similarities include an increaseedomglruacdtsc:
(AGEs) and oxidative stress which are kni
mani festation of scear(dHeogvaabs ceutl aarl .d i2sOela2 ) .

endot helial dysfunctiwoan Winlclre@mwa\vwWd skac tecd

observed in atherosclerosis can |l ead to |
damage, further contributing to plaque f
can initiate vascular remodelling, wherel

wor send nguttdome of the disease and this c
with an increased risk of cardiovaslkal ar
(Gragnano et al. 2017; Wu et al. 2017).

n healthy vessels, the endothelium modul
asoactive factors that maintain vascul al
aemostatic, induces an upregulation in
ndot-he(-E)hdampromotes thickening of the v
romoting a hypertensive enVheoemestevyiSd:d
EC damage within the vascular network i
owevteri,s inot known f oirs cwh@&ttdiybMdiet hes t
ysfunction (Rajendran et al. 2013). Thr
ondition whereby processes such as angi
rise in the rel ease noffl aAmmnga2t.o rUyn dceorn dtihtei:
ndot helium wi ||l release Ang2 to restore
e.angiogenesis (formation of new bl ood v
f strain on the endothelium, thus is a |
ngi ogeni cortispomsiesepantrol | ed -4 dlli evestbien ¢

potent <cel/l adhesion mol ecul e, i's also

S 9 9 0O >3 O Y O O T O T o T <

here it assists in the recruitment of |
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ni

ra
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f a thrombus. These potent bi oat
n of endothelial cell dysfuncti.

VandendrCseaerse erhu latli. f &2d0t0ari.alE and
in the regulation of haemostasi:
ng vessel permeability, regul ati
tion of wvascular smootnlhblmwes sl & n

model s, via ti s s useecprleatsinoina o gbheen Paal

et
t
i o
E

al . 202 2; Mussbacher et al . 20
he endot helium as a model t o ch:
met abolic health with di sease al

C dysfunction we are ever ¢l osel

therapeutics. -i hHd avmaraitousy preai at ors di sc
collectivel-gpesetofed shoE&ge or-Bahadées t
bodies (WPBs) pamdildewicloihntrexw on how t hes
their cargo in response to stimuld.

1.2 Weiabalde bodies (WPBs)

ECscont ai n

( WPBs)

Cl ose t

t h

0]

uni que secretory celallwalder bomrdg &
at contaanghagewstaand,i pflbammat

60 years ago, Edward Wei bel and

unexpected discoveryiwghitl aig radt poéimpniam:

under el ectron microscopsyhapcdidry ocaitgeame i f ¢ ¢
measur i-ngOmM.I50cal i sed tem dtohter edytadp tcaed m saf

contain

ed

fine tub#fiilési eagr mkbentdtrianea (Wegh

Pal ade, 1964) . Thidantri adilsyc onvoetrey bwas gai ned

i hhe 1990s when the Wagner group identif]

organel

promot e

| e

S

vWF cDNA

was due

f or mat

t

on

for the haemostatic protein, Vv
pl atelet plug formation at-site:
expriedesmtoinf, i & dseltyshppea d t hlkee mootdy pe o
o the mul ti meri ev Wt drsa gd voft au WH

of vVWF storage granules within

di veearnsdi t al cao mot it thuwattteh rboonibho tpivacon ainag ermrioc

responses,ssluettias Pl eukocyte-2adhesi on),

(angiogenesi s)8 a(nmeutntepHielukriencr ui t ment )



G

The biogenesis and regulation of these en
essentumderfotrandi ng vascul ar funclt iwinl i n
briefly discuss the biogenesis of WPBs ali
pat hway.

Inflammatory
\ .

©
- > I
.

AN

Platelets -

o v’ Leukocyte
Rolling

Q ~+ P-selectin

Figure 1.2

t he

EC

endot hel

signals to

at the cel l

rol |

WP Bs .

preveatutaa

1. 2.

WP B s

1

ng al ong

These

WP B

hrombus

Site of Vascular Injury

response tofbhammatoaygcel gn.

um are detected by individu;:

recruit circulatilmignd-sBkecypyt B:

surface, exocytosed from WPB:

with platelets that stick |

then initiate platelet plug |

thrombotic episode.

cargo

are vasicdllirt Figernt ai nimigl ammpaeodhyr a

prtohr ombottiltatcaarge s&Bewmedhifgmdm regul at e

procé@&fss

coul

d

have

a

ti ghparcomagmilnappr opri ate or exc

detrimentaA bimmaty oof tthlee e\
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recrui t me

signallin
1.2.1.1 v

WPBs mace
| argest ¢
synt hesi s
the Gol gi

packaging.

(Ferraro
(preferen
confor mat
strings,
as well a

recruitme

y Iy

aWpPBedi wihihgmbightted.i The proces
nt to WPBs is cacmompeéxxamdhties pt¢ @l
g pat hways.

WEF

in response to the expression c
onstituent protein | ocated withi
ed in the endoplasmic reticulum

apparandergbesemul ti merizati on.

How it is packaged deter mines
et al. 2014,; Vbhhegei vWWFemudbal i ma2:;
tially) seerlee cstteodpedotri, WfPaBlsdem coi |
i on. lts functions upon exocyt o:
which unfudl ciocuédhangekiVFodl et
s the establishment of the pl at

nt of vVWF to WPBs i s raelsatcd datted

ARl adaptor protein, which is cradbdical i n

Gol gi ( Ni

ghtingale et al. 2013).

1. 2. sed eRtin

vVWF is =co

l eukocyt e
of vascul
sel ectin
surface o
2024). Th
D6D3 domai

nsidered a major dr-sel egndorce |

Ang2 to wEBesectPn is involved in the recr:
s by mediating the o6rollingé of
ar inflammati on. 't i s mutually
dliygeanIrPA&Et@d,.i nwhircdl eipoer resi des o
f leukocytes to facilitate adhe:
e |l umisredlecdomaihmsofboen shwwrh to
ns of VvWF to allow for sufficie
06). whilst multimerization of

et al . 20

tubul es ¢

reates a favourable envi-ronment

packagi ngmuotfu aoltlhye ceaxrcglou stioy & themoVviP8t r at i ng

heterogen

eity, of which | wild|l di scuss | @
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1.2.1.3 Ang?2

Ang2 is a member of the Ang family, playi
an ant agamgisapdmedi n whereby i An@dcitrse cttoe di |

Ti-2 signalling, which is a crucial pat hwas
(Hu and Cheng, 2009) . Il n the context of |
operate in a complement to maintain vasc.!

Ear |I-wi tirno sutnudd itehsatf AAng@a nwagomotsh and ago
2 receptor signal bfngodotdawasgc&gfgammli gr at |
the formation of new vascular networ ks (.
Ang2 is stored in an immobilised state b

a gener atliiofnealofhadrfound 18erhartse,| ymasktianbgl ei t

this conformation (Texier et al. 2023). °
permits I mmedi ate deployment in response
emphasises its role in maintaining endot|
bal anbet weandpiaomtliammat ory signalling (Br
Tirapel | i et al. 2006). Ang2 is also thol
VWF upon recruitment. Ang2 is said to bec
growing vWF muwl ttihree rmsa tduurrait i on of WPBs (T
These cargo are potently bioactive and h:
where for example, Ang2 has a functional
angiogenic switch, causing @& skedtsabilleiasda:
an upregul atnigomgefneses, and this is part
response to release of vasoactive factor:

1.2.1.4 Other <cargo

ad
soc

o
—t

ion to the maisemleantgwn) (v WVh,e Amog2e
strictlor(,Tabbnedotlhdl)ins also stored

o
-}

ckaged into WPBs during i mmature WPB f
act met hod of rtectrouiftumetnhte ri si nswuebsjteicgat i
11). The prim&&mywandumesti ovielols Endotabhe

O N ®© T <

O O O O X 99 9 >

nstrict vessels, thereby maintaining bl

—+

various tissues. obgensesabsowhepéebygat &

ntribute to the recruitment of i nfl amm:
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ot her vasoactive mediators -i(Bfaln®zmkat ety al
medi ators have consequences clinically uj

of which | wil/ now provide evidence.

Table. 1.1 WPB constituent <cargo

Protein Functional Rol e

v WF Haemos% asi s

P-Sel ectin Il nfl ammation, | ®ul
Il nterleu&)in 8 (I L Inflammation, grfr
Angi ope2ei(tAnng 2) I nfl ammati on, mair

haemos® &% i s

Endot Rlel i n Vasoconstttction
CD6 3/ L-AMP Cell adhesi'dn/ mi gr
Ti sstuyepe pl asminogFibrih%l%sis

(t PA)

Eot a-8i n Eosinophill®r®cruit
Osteoprotegerin Vascul ar h'meost ascs

1.2.2 Clinical significance of WPBs

Due to the extensive |ist of cargo cont al
vesicles, it is no surprise that they ar
pat hol ogi es. I't is Iimportant to note her:

i's crucialenfesn st memdbimagnt enarper o fne WPBE,
depletion of vWF from ECs( dojexiesnncls S&PHBr éf#
202¥Ypn Willebrand di sease (VWD), is the
di sorder, with around everyth@e icond0®; O
i s characterised by the inability of v WF
demand, preventing thhaee monsittaisaitsi o(nB hoafr aptrii |
201The disease can present with multiple
mut ations can directly affect VWF synthe:
aetiology of the disease presents in one
these being Typeered whuaimt iitsatciomesia@nd mi l
reduced serum | evel of VvVWF in the patieni
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esi s of Hyper toenres iodn .t hEen dmotsiht «
tors, and excessive release
assirehefvascmg the heart to

the body (Schiffrin, 24A001) .
tor (ETA) |l eads to sustained

| ead t o npsrioognr etsos iloenf tf rvoemm thryi

whereby the heart i s pumpi ng(
rkl oad. Over time,-lthesdshtro]
ng of the heart wahdar tt eframilnu
al . 2-GaBeshanus22Blarappa

tivatedsebemal hyt mobhkisel P
is to attach platelets and |
alised and broken down. Howe
release as characterised by
o the vessel wall contributi.
as well as the progression |

bdeombsbcraepd with atheroscl

) Studies have shown that this 1 ncr e
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factor
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when secreted from activated WPBs,
| ar effects, -sftraobm |mosdautliaotni nogf tAhneg 1d ef
Il ling pathway to working in concert
tion, charosctlerriosed i(r odbtolveret al . 2
ordination with response to vasoact
esouatn vaalslcul ar response in EC. Throm
t et har oprmmboo-at ber pgeni ¢ r eslpeo,nsien tflbe e

rombosi swowher ebdgdovenbsicaundaerr r emodel |

resence of thrombin, cells wil!/l rel
ssel rupture or assist in the migral
essels (Lane et al. 2005; Huang et
in disease, especially cancers, due
rs. A tnhaujso rf aerf fionrvaensgti ioggaetniincg tahretria p e L
d-VeEkFamnbpy, however, cancers are re

e
exiti®€¢ Aing 2t ke ghiae | i ng axis. Thus,
nses in an i mmune context may shed |

peutics for wvascul ar ecrognedrist ieotnsal(.P a2

1. 23"PBbi ogenesi s

WP B s

t hem,
t hat

mor ph
i ncr e
al ter
| o
roth

=]

oge
t h

S
econ

T O @9 T T

rote
and t
(Cut |
TGN a

are a heterogeneous population whi c|
i mmontha&anttcont ext of differential <ca
at sites of vessel bi furcation (di si
ol ogy of WPBs and their cargo withi:
ased WPBs caviotnaeiyniengTddinsgg22)@23 ur n, co
ations to the YWFncsttirdmignd emnfgtWPB/sa,r i
w oscill atobuybesttefhirow)Yreegi é6dss t hu:t
rombotic and supports foTmani binalof
pésWPRBsa tightly regul ated process
e recruitment torfaGiocdhmatvwoak CEGNHDP anh
dary recruitment of critical i ntegr
ins (Rab27a, Rab3D) to WPBs, driven
he f orsmdtpihomdeofbodids awwWF cppeopvt age of
SNVWF208 synthesi sed #pnolE/Cse patsi dae siinn

nd as mentioned above contains a hi
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residues that contribute to disulphide b
VWF subunits, resulting i nvWFI ysadsuynliat ircem
storage (Nightingale et alvVvwWF20-53)X hekhol |l o
packaged up and transported to storage ol
packagvwWkrFg roefqui res t WeF fnourlmatmeorns offhat car
assembled into a t ufballde,c oreratE ttitainogo fah el O |
premature WPB. At t hvWF ptouibnutl,etsh bi enfdouoched t ime
of membrane protrusions from the TGN, | e:
all owing the formati oewidfentclee hpsemaght € g
there could be a degree of homotypic fusi
whicdhul d contribute to their heterogenei:t
maturation and t hW&Fiwmmolbihj sWPBe®ncam t her

recruit further cargo, of which I  will n
1.2.4 WPB docking and fusion events

I n the cell, there are a variety of prot.
WPBs to the plasma membrane. Il will only
scope as to how tightly regulated this p
to e odiered was Ral A back in 2001, by th
that mutant expression of this protein si
sti muhdawwd (Leeuw et al. 2001). I't was |
coul dafbobemheri ngt coompl @& xiStoth euNb8 B&tt t micthhme n t
ProtReicepti{ &NAREKB)ch permits the fuasnidng of
bi svdi Rmssoci ateBabs pdionap iqosor di nate fusi
Munc43and MumemiBer,s of the $Mvpil oteei mngr o
epcytosis wherebiysetntseoyp saante aesCal es for
the cell )Ymawmdraihne®o shown promising inter e
regarding theirvwgbekotcytbeisegbraugh bin:
(a. k<SNAR@s) by inducing functional chang
been shown that HUVECs can express these
i mmunofl uolrfsmagnmeg (demonstrated strong c
WPBs (Zografou et al. 2012). Recent devel
proteins knownS1.al0 Alnh exs nb AI2NWYWFn sec&es £dn Yo I
however, due to i(tCa-dndpnd aemadacat gtamt i :
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have a role in | ate fusion/exocytosis at
role remains to be elucidated further (K

t hat although there have been significani
tethering fanwWiPBsusatont me pl asma membrane a
compl exes required to drive these, we ar
docking at the sites of exocytosis in thi
devel oping our under st anddTnPga soefs simma ltlh e( aol
control of these processes. As such, the:
regul ators of <cell membr ane physiology, ¢
system from the formation of organell es |
contWeolknow from the data to date that th
functional studies | owkisbgoat dWBB seteepi
caution, as | have discussed above, ther

compl exes that si nstteargaecst watt hv aWwPiBesu t 0 mo du
The introduction of | arge GTPast¢®rméenagl |
EFhand domains are offering promising ins
spattieanlpor al distributibntepftWwP8sf aedenhei
cargo of which | will nodwspgr diunndedsewi den

1.2.5 WPB cargo exocytosis

WPBs haveabekhed O6emergency vascular t ool
still stands as it accurately describes
di sturbance within the vasculature and b
i njury. An iprmhpeorotfanthiesxamul d be the abil
pl asma membrane and all ow exocyWkstics of |

all ow for platelet adhesion during a thr

The precise mechanism by which WPBs expel
understood, however, over the |l ast 15 ye:
progression in developing a reasonabl e di
i nteraction of the WPBarc heannvgierso nimme ntth ea |elxol
exocytotic machinery to be WEplloeiedg itnh ea
| argest multimerised protein residing wi!i

three ways; consegultbited, (Has &i ) var & Cut
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Basal rel ease referfsxevted a ed@emtsien wdu sc,arlgo
will occur even in the absence of stimul.i
the endothelium and is thought to be tri
WPBs topthsma membrane, occurring in res|
i non fl ux ori wm@Nsiigchitei ntgraalfef iectk al . 2013) .
most I mportant cargo secr e-ineleewdiagietse b
VWF, where a conseélanci basledti m®e @ maint ai
modul ate haemostasis in the | ocal cell ul
Constitutideeserotttooauri svi tdnWP8d andunc
secretion of | owVFnoal nedc uilsars uwbesiegghutent | vy e x
basol ateral face of the endotaelonmgoi hg |
release that is not wunder tight, regul at
basal and constitutive release under the
purpose of this st eraedsyp orresbiebalseei of acar gg i
|l evel of wvasoacti ve afbadtiocres tihre ti hmameldli ;ad e,
surrounding the endothelium (da Silva et

12 . Regul ated WPB cargo secretion

Regul ated cargo secretion is evoked by v
hi st atmh me nabnidn ,VEGF. Rai si n g *ctohnec einnttrraatcieoln
response to stimul.i drives downstream ef |

Cd&*sensitive proteins that regulate vario

of WPBs (cortical actin), tethering (Anx:
compl eBegyY)HaA&nocz Ky ,2€a0ils/i ng stimuli such
stress and hypoxia can al sdheepdlks M&PB t r
membr ane, where they are exocytosed and
downstream inflammation (Rusu et al. 201
The release of cargo from WPBs must be t|
downstreamgeftf effects are minimised. Upo
for the hmiegreamel od HIMMWNWWeugbdh Yascul ar in
| ossWFE fmul ti mers can result in a bleeding
in the manifestation of Type 2A and 2B v
2019). Packi ngvwH amud tfiumetrhiezie dWRBsr aak es
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pl ace at the TGN; however, their maturat:i
from this region of the cell anduswsalalsyi
associated with |ysosomal secretagogues
organelles in the vicinity to cortical a:

key finding by the Nightingale | ab (Nighti
defi cRab27anhad WPBs that contaivwked | ess
than control, which uponvwWst ismuli amtgison Thels

suggested that Rab27a serves as a modul a

maturation, which this praddeds distde pairtd:
within the cell. Rab27a serves as a braki
of i mmaFubg anchoring WPBs to fil amentou:
mat urati on. Further activation of WPBs b

release of WPBs from this anchoring and
membr ane to pr omotvwF tihret ¢ etchheeteinr @adel | ul

sites of wvascular injury.

Ot her secretagogues causwase®lplrwhizdamri ses
causreesl ease WPBmattud @alketdheatpl asma membr ar
i mmat ure WPBs ar anitcrraftfuibaukd eed otr@d B es i ng ¢
This is a weaker form of se%xireaitsiomgnas i co.
and cl,dmiugal Isdugecshmoapsr e s si nv.am eWiulsleelbri aand D
(VWDt o increase circuMWitBiend rkmlinoed ladvel29 2
Kauf mann et al. 2000

1.2.7 Differential WPB cargo secreti ol

Regul ation of differential cargo secreti:
endothelium and results in thewWprodpoimsi o
WPBs (Rusu & MiTrhehalels,ul 20 8) .W\iF gbee imug t i m
released initiawWF stthrei nagsss eomb Ityheofapi c al
endothelium that can vbeisnsde Ipliantjeul reyt s( Bainedr i:
2019he propuWkifornono ft he pl asma membrane i
formation of an actin ring evoked by seci
injury, suchNgqusyémr otRibinld.ai g 0 2GThalough004)

modul ation by Rho, actin is recruited to
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rings or coats that squeeze and cover WP
(Mi et kowska et al. 2019).

Amt her form of WPB cargo exocytosis is t
occurs when the WPB fusion pore opens an:
seconds, permitting cargo exocytosis, be:
propul si owWFofouHMWs t hought to permit the
(Il ow mol ecwFaranweiegnhdtot hel i n) and prevent
t hrombot-aemgoogemioc, | arger cargo (Babich
run, wheoeetwPBishe pl asma mewmipaarere of ot i ames
before being internalised, {WHVY@leantpirjerv ea
al . )2011

On interesting characteristic of WPBs i

recruitment and secretion based on their
t h expression of their cargo to be more

n

e
c

i hbheir role as initial responsanvesdal as
e
giogenic in response to the variabl e si
t

a
data published within our | ab we observe
hi stamine, we albsd$gr e dbtpvogpud matiions of WPB
contai n-seiltelcegrn2nP ondAemgoing di fferenti al
(Miteva et al. 2019). This i mmunol ogi cal
Ang2 from being Rx®Iceptdodgsiretd vweh iWPsBts wi | | n
periphery of tshd exdliln, iMhered eRRsed to att
The Am@Ri ti v(eF i WpPWBrse glr.a3t)e in a retrograde
the Microtubule Organising Centre (MTOC) .
potentiab meakanremtt cargo secretion. We
these effects with thrombin stimulation
Oadut 6 vascular response, upon which al/l
di fferential trafficki mg tpuabtuhl veasy ainsd d esp e
a complex formed between a novel Rab GTP:
acts as a dynein adaptor and its GTPase
with dynein upon histamine stimulation, I
t hTOC (Pedicini et al. 2021). Rab46 i s a

i mportance in this pathway is the focus



Hi st ami=pe

RO

HiReceptor

Unknown
signal

mechani sm

Cy t os &trlansducton

MT OC MT OC
Figure 1.3 Acute histamine stimulation r¢
Rab46 and WPBs containi lgsAag2 neo biRme s MT ¢
causing an i ntNAADeP, | wlldrcirtiisnegg itrhe retrog
Rab46 i n-de pkywmndesinmt mecha-pobismwivBgs ht Anigl2e
MTOC where they are held during the sti mi
13Rab GTPases
1.3.1 Rab GTPase function
Rab GTPcaosmepsrti se sl ar-gestpswibthin the Ras s
GTPases. They are widely regarded as the
trafficking and oversee all events regar ¢
SpecificallyreBalbpa®eéBeassseess such as endocy
exocytosis of vesicles. For instance, Ral
endosome and Rab?7 is pivot al in the mat ul
terminates as a | Wessomé a@WaeldiOdgealHyt 2 0!
Within the human species, there are appr
GTPase f amiildyenabinfdeaetdh ey are spatially an:t

di stributedmeimbhiamewarniStefRanaar ®TP2HOD ) hav

been

via their

effector protei

identified Doghaettiarc mesmdbtainlei aTalbl

ns which range |
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phosphatases, and this iIis integral to mot
processresess various cell types and i n mul
(Waschbusch &PKhwpenRO26rtorale.x a2nopll8),. Rab
GTPases are crucial for antigen present al
responsible for insulin signalling in mei
(Prashar et al. 2017). The spatial and t
ensur etsr afhfaitcking of vesicles occurs in t
time. This is crucial as Rabs interact wi

etc) that drive the movement of vesicles
membr anes (through geranyl geranyl modi fi
tempor al muesmborna nwehifch 1is critical to thei
Novick, 2011; Horgan & McCaffery 2011) .

l1.8B83$Rab GTPagel ati on

Rab GTPases follow a cycliinca cptaitvhanai v no f( Fait
which conabiollisty httoroper atfd 6as windlcdhes! am
known as the Ra(pStGAwmark cTylkddy@99ont ain two
i ndependent switldh) néa@itometEelr mmae the sp
nucl eoépededent functioning of Rab proteir

phosphate of GTP. Il n the resbordgretdat e, F
appearance at the switch region, and the:
conf ormational changes when the GTPase i
the binding of effector proteins to init.i

mi gration of thehBab GhPasgtobBoobugPyl ype
Homma et alh.i s2@dmmpti onal change that per
GDP for GTP is medualtedt bye geaaharge f act
these are normally |l ocalised to specific
spatial and tempor al contr &los dbeerng, ROAW 8G

Homma et al . 2020). The Rab GTPase cycl e
factors and as one is awar e, Rab protein:
and target membranes. The concentration
mM) witthtei cel |, which @addonmnt yGCHEPmao neg oif

GDP is rEheasetdi.vated Rab protein can t he

effector prottehtemaftdfocki omotoé i ntracell ul



RO

accelerating proteins (GAP) ini@GbRte hyd,]
bound form. The inactive Rab dhessobbeadme:
i nhi bitor (GDI) which sequegth@&bd Rab to
di spl acement factor (GDFRdi sipsl aceegmue rnrte do ft oC

all ow Rab to reinsceydBmritgsheolufs eb aectk ailnt o2 Otll
GTP G
n GTP
INACTIVE “;GADP GEF 3 ACTIVE (ON)
(OFF) GTPase 3 Rab y GTPase
Rab Effector

GAP
S m
Pi

@ Rab is now ready for
reinsertion by displacement
from GDI mediated by GDF
GDP

B
Rab \}

Figure 1.4 Rab GTPase prenyl at.i Al | a mRd bt h
GTPasesi mxeisthddouadGDBfbfoumrd GTMP conf or mat
cycling between on and off is controll ed
GThound form, GAPs initiate hydrol-ysis o
bound off state. nHeirse,t alrhgee tReadb bpyr oGleli and
cycle, where it is held, wuntil such a ti
protein wil/ be recruited back to -the cy:
geranyl modi fication by G&Irs-ehedr gr ewheeet
GDF medi ates the displacement of GDI and
enter the cycle again. This is where GEF:
GTP, thus activating the Rab protein, all|l

downsmrssiagnal l ing to take place.
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1.83.Large Rab GTPases

The GTPase superfamily of proteins all/l s |
structural domai ns t hautn citn eowni t(aBooluyr ndee neat
GTPases are ancient and have been througl
conserved group of prwitdeei ndsi satcrriobsust i a0 ns p(eA
201y thin this superfamily, exist a subf
that do not conform to the wusual Rab GTP:
of regul ar Rabs due t o nsh.e Tphree sReanbc ed oconfia ien

critical in the function of Rabs to act
however, these extra domaprnoest eciom fiemrt eardadd tt
to |l arge Rabs, allowing them to inéemnsct
(Agol a et al. 2011). Whilst smal/l Rab GTI

movement of cargo between specific | ocal

wi t membr anes, | arge Rab GTPases tend t

0
e
h

dynamics, suahl astreddClatseidgnevent s) or cyt
a
g

organi sation in response to trafficking |
| arge Rab GTPases, are modulated not onl:
but also by proteins in shanrexmmptdieabé
where it is highly expressed in mast cell
degranul ation, however, in addi-tteromi nws t |
allow it to regul ate r ectornotggriandreg atnreal nl sepso rif
mel anocytes (Kadowaki et al. 2021, Mar ut ;
the discovery of the novel, | arge Rab GTI

the differential trafficking of WPBs in |
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Table 1.2 LargfenBahaon@deP s aatrr i buti on

Prote Cel l ul Functi Bi ndin Phenoty
Di stril Protei Aeti ol

Rab44 Mast cDegranu VAMPS8 Z Anaph
( Tsukub:é
2021)
Ni ckealdu:
hyperser
( Nogur o
al . 20
Rab45 Epithe Unknow Dynein Unknow
cel |l ¢ Tumour dynact
Cancer suppr e.
Rab45 Germ ¢ UnknowRab45/ R Unknow
(oligo
CRACR2 Tcell Transpc Vavl |l mpaire
Vavl+ di ffere
vesi cl

Rab46 Endoth Transpc Dynein Periodc

cell sWPBs to dynact di seas
(Tube the MT N a/ K Cancer
for mat ATPase met ast ¢
subunit NAFL, Ny

1 Cardi ov

system

1.4 Rab46

Most Rab protei-BS5 ke sarzceumdh d20ar e defi ne
GTPase domain (Srikanth etlm@mal20R2da; bWi I
Wi | sondiedc @aver esdp etchief iEcC | ar ge Rab GTPase,
Rab46. plrtoveads t hat a | onger variant of th
CRACR2A (CRACRX25A Da) was expressed in bot



5 ML

human model s. Th(i BaHldéngteai nearsiaamet domai ns
CRACR2A atetmenNshadt!| adtgeor, mnc mmser ved Rab
domain (HiTdhurse di pactoevretriyat ed further expl
di scovered CRACR2A | ong variant, and it \
Rab44 and Rab45 and c Crettsae meidrhdawlIBf ¢ Nct i
termi nus)coia ecdoidoendai n and at Rkrarhi @Mwsna, nt ta

|l eading to it being named Rab46.
1.4.1 Rab46 and WPBs

The role of Rab46 i-demgemnude mtl timaftfhiec kciomg
Rab46 is responsible f-evokedutaaffgckhagl
positive WPBs to the MTOCZ " bwehceornee st haevya ialra
Our | ab has shown that the retrograde tr;
Ca&-i ndependent process, however, it is as
protein dynein. Rab46 i s a bdiinrdesc twidtyhn eti me
dynein/ dynact i rPticnodneppleenxd einnt amaCaner t o ass
afficking of WPBs to the MTOC. Rab46 i :

~—+
-

cont ai ns ahapnadisr, ocafodEbFn&ddE&md a Rab GTPase d
and within the conetveoxkte do ft rtahfifsi chkiisntga miinte
|l ong <€oiledomain that serves as an i mpor
dynein (Pedicini et al. 2021). AddeWRBRBDS e
containing Ang2 awdyy wfi mgm stt h en #NMieedCeafnbdinst
process.-t At mthasNof Rab46, r &4Di cdaes ntgwaoft
(EFands) ?2dmidndCiang t-banhdesel EEits WPB rele
secretion of Ang2. As mentioned earlier t
Rab GTPases allow for more complex regul

Rabs |like Rab46, integwatys meéfstgigml@eé |dingn
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Protein GTPFGDP
C&*bi nding interaction bi ndhnwdrol ysi s

) {_A_\ I_A_\ [ : LI
- 00 & (I,
N C
1 213
cren B G
N

1 740
s I-E— GRS
N C

Figub8tfductural differencesLairngel aRagpe Rab
GTPasaeeseharacteri ssedrmynaheRabCdomain whi
evolutionary conserved. I't i s-of hbss®Rabcl:q

phenotype to this family oft hpr treitres .n

T e

crucial to thtier mhalinsdERK® mah @ . NIRawe @TPas
these as t hey*barnedicnrgu cdicamaithas| evhee @ fCrao m

is capable of binding to and eliciting di

1. 4. 2 Ralbhat®d d&Edmai n

The -tEaFn d?*ifiandi ng domain is one of the

mo S

seqguences within ani mal cell s, with aroul

facilitate the?*ibomsdiaingd ocfo nfwreeret daoni c

si g

action. Despite this elevatedhdred edr mtfeisn

conduct multi pl &*sfenmsotrisgn s rfarncsnd u&a ng

mo
ar complex intracellul afbindfhigchkiag
k e
estigated the role of Rab44 in the

n
d

medi at ofhomeo€aasis (NEA)sonThead ladr.ge Rab
e
y
Y

si g

ulators, which can desegmahs othesduval

epr

role in their spatial and tempor al (I

s ul
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organelles found in WT cells and those e:
EFhand domain (hT847N) |l ocalised Rab44 to
hand orccocioli ldkeadmai n of Rab44 induced a | os
membr ane (OQaOWdD)et Tadli.s conshiammed ommaan tls
required for the partial transl ocation of
C&* and tdkeitoidoemain is necessary for 1o

formati on.

TheEFhamsdf Rab46 is Hceaoani eddisgt pirtevy i dMus wo'
members of the | aB'bhasi sgowm ntdhate mE&dn i s

essential for the dispersal of Rab46 fr ol
hi stamine (Miteva et al . 2019; Pedi cini «
i dentified t hhaatn do fd otnhaei ntswop ree g nt"h@n 2Rab 4
domain was functi?miandiamg, tihmdu degs Ca conf
change in the structure of Rab46 eliciti
2024). The interaction between dynein an:i
our group&ide peevdent process. Work by Ped
the Rab46 interactome and identified the
interaction site (Pedicini et al. 2021).

Rabll, FIP3, was i denturfaileldytien nitGGO od n R ai
wi t h thwaon desF, f ol lcoowd d dboymac onisl ( Hor gan and
Pedicini et al revealed a 22.9% sequence
and RabllFI P3 and omics anal ysiessirkcwesal e
(A227 and A555) of whi ch -tAe2r2mii mnwaals o fd eRat bi 4f
coiled domain and A555 with the Rab domai
suggested that the conservation of these
of Rabddybnetion. StetdieshbumeTreépbobnttedgt-hatt

hands was responsible for the interacti ol
al . 2019). They demonstr at e?qgrtedaite-rntthrioru gT
cell s, the interiactainadn dbyentawada m dayrmde subse
was | ost . Our | ab has also showri nthat t hi

HUVECs wusi rAgM,BAdPOTeAs not i-dbpbnttenherdynedq
trafficking of Rab46 to the MTOC in ECs.
is unabl e?tRalbdWdw@as recruited to WPBs ¢
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rapidly trafficked to the MTOC, even in
hi stamine. Our | ab was able to evaluate |
t his Ralhadrd Elfut ant and-N&rb 8il n Ratbidvbe mGFE R nt
does not bind toRaAm4dE DEICh, i hhaetatheon wa:
dependenit olmiGa was due to the presence o
i mmunobl otting for Et™fer abcHG oinn (t4h6e0 Rkalbad)6 t
observed in the N6851I mutant or &G&Pacont |
confirmed that the interactidthndepwadpnR:
in ECs. Dispersal of Rab46 i s "deRhamdent
bindiftg Whaer e?*tbimes CArom is subject to in

wi || now di scU¥%sd oadaersdibkdtievea to play a
pat hway.
1.5 ECsiCmnalling

15.1 Sbpeeadaantry (SOCE)

The maj orCawiotrrei mft he cell is the endopl a
the majad'sitgnalfling is controldpdadr atiead t he
C&%entry, a mechanism that relies on the
membr ane to another that CtXrridgiglelrisngt (O et a
& Fedirko, 2001). The main trigger for S
|l eads to the sproduthydnBLYdE wHi ch tsRen bin
on the ER membrane CKEtdadirreg dtep |l & t majnorwi t h
of the ER. This depletion is detected by
an BBund transmembranous pr@d&*indthgt <co
domain, which upon depletionhhaedddotmai a
STI M1 C&ridhducing a conformational <change
exposing oligomerisation domains that cal
mol ecules to form complexes. This forces
PM j un(cRiigounrweh elr.e6)i t bi-bds €& htameneRM Or ai
which forms a putative por e rtegriminnwsp,0n !
allowing a freeCdnaodonsapintiei ERI Uxmeh. Thi
continues until suGad'padl thms bbeaanh tapl ERI



5 ML

this, STIM1l oligomers wil | Cditsisrocii mg et Her
hand domain to inactivate the protein. TI
putative pore region@tiodn Ou @t dk e tCd*'mi s aft o n
signalling plays a key role within endot|
stimulation. The proCEenssl @edsesmadn diyispgen
amplificatCdmedfeagleobalom the ER, via CIC
there Ii4$adkcbessweenmltthegt patdhiwgrys and t h
operianckcependdmutnlcy ifomtal |y are very much |

(- | | | | 4. STIM1/Orai1 Dissociation
e @ L e
PM | (closed) | ‘:’ l l C% : i : :
A 7 - (open) J
I:DCRAcnzA d] d] l:i[lb [ C,U(ﬂ l l
TIM1 J.q.

[rep—, Histamine/
| i IE]
ER [D C[l I'd e
.‘. @ . Refill ER
RN 1Ps sercA 3| " SERCA §
@ N }\f
R\ [ ) [ ) [ )

\ Di-.-— 4-L] ‘ 3. Cluster formation
2. Store depletion & m /

STIM1 translocation Ca store

Figure lopeSavv®Ee&ntCay ( SOCE) mechbani shmeof
resting state, STI M1 remains bound to thi
porcd osed conform@&€isomr eUpdemp!| ERi on, there
translocation of STIM1 to the PM where i/
formation of multiple Orail channels t hat
C&'into the oRtliosotthenmhdsti vely transport
to refill the ER stores. Upon compl eti on
Oramatbhd the clusters disperse. The | ast p:
closure of the Orail cation pore, signall
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15. 23rthéPdi ated gl oball'disqatdlosn of Ca

The process of SOCE isCdsghbnhysregubet exd
they must be tightslpyatdhavarydiimsatcedi.ci BHhe ilInP
downstream signals of multiple cell surf.
to G proteins. This occurs in conjusfncti ol
into the cytosol and produce DAbG wnhdi cahn dr «
activates PKC (Bagur et alszzm2g@il@at’tdoCh &
release is often initially observed | ocal
whet receplti®9gare standal one 2&rnbd itphsed i(rFiitgit
1.7) are sufficientsRtso oinndthee ERlI unetmdrriamg
(Thill aiappan et al. 2mkd) atFaiedCpalodbal s
by diffusion?afoecgtasol hicsCias too sl ow t ¢
gl obalisation. Thus, the ryanodine recepi
cal ciimudu-caldci um CGleQpatshewaa! beit t hey are e
cytoscdliitse€d .

This signalling operates in the form of
amplifCé&sitgmal by &ifonpduufcfisnbg t hat activate
RyRs which tCe#e€dhwaeved&iadacsrmass the ER networ
the response (Farrel!/l et al. 2003; Fill
benefits to sanedr diit reat isngnlaP s and their g

processes such as muscle contraction to |

hor mones, CICR can elicit the mobilisati
the plasma membrane (TKeom@&isfEdaimdt ichin @01GI
its ability to operate as a thresholding

weakssli®Bnals from causing widespread cell
only Il arge and relevant stimuGd*(leadova
et al. 2024).

SOCE is a cruci al part of EC machinery, l
hi stamine and thrombin evoke SOCE, histal
that all adeperRakeshd di spersal of WPBs from
NAADMRedi at%gi Cmal s from | ysosomal stores

medi ate | ocalised responses and previous
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et al. 2011) haveviorheki c€laead eNAADRIi st ami
signalling. Her e, -slendseisttipvach ekGvah e NAADP
Blip

Cluster

) |

Puff
00O 0 Ogp00 g0 g

Ca?*

ca ]| I C -

Wave

Figur eszmedi dtPé*di gaal ling and the various
potentilatiitd®mi gf€al s elzacetedual by ICRRT t he
bl ips from BRsmoobn ItihseedPM.P These initial s

through a positive feedback | oop in whicl
| ocalised signals thr@da'ghf C$ CRFaonh pet en:
Ssubsequent recr sBRde memtt lod HERrmermiPr ane, ir

rate of activacia®d@&'waekeschtiogsfuhk entir.

membr ane, fully globalising the signal

1.5Ly3so0osomast €aes
1.5.3.1 Lysosomes
The term 6lysosomed (from the Greek: o6di ¢
by Christian de Duve during an investigal
6phosphate in the rat I|iver (de Duve, 20/
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wly discovered organell e containing a |
ol ases, which housed the capability
|l eic acids, |ipids, carbohydrates et
than cel |l ul arapraddyc loifngigersttri ey, unw

ing as a storage site for said debri

ears, that these small organell es ma:
acteri sed brioll@EBgoywamhe tn aanel 1e2t0 1a91;. Y20 1
know that | ysosomes serve as small si
aC#&4i nig Na)k and help to modul ate cell

i ous enzymatic processes with the | ys:
as cell dmeedihat ecch agpwetroommheagy, macr omo
adation (Appelqgvist et al. 2013).
mor phol ogy of | ysosomes is ubiquitou:

mprising of an acidic | umen, containin:

oteins to which the structure is bound

n diameter and they-18r eml ipmiots@d obby pa

ansherch i s home to around 25 membrane p
ftig et al. 2010). Lysosomes are the |
cesses (Figure 1.8) in which small de]

ophagic pathwdyssapnehésiaaansgoraed envel

duct, the Il ysosome. Initially, lysosol

osomes/ recyclingtea@amslispimerse tfwornmk t(hTeGN)

-

teins undergo modi ficationsl|l &uet her di

0S o0ome, also known as a multivesicul ar

O O O o O

ergoes a fusion event with-ltyhseo sloariee e |

> € ® T ® T o
-+ S5 >
_

er subsequent maturationpaodudeviey @ ma

n

t hen -fadbrim dmdwhkyeak
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Early
Endosome
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Early
Lysosome ‘
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O OO Late
O O Lysosome
Late
Endosome
MATURATION
Tubulation/ N
c 5 Scission / /

Figure 1.8 Lysosomal biogenesis is a well  -coordinated process. Endocytic
lysosomal reformation (ELR) is regulated by TRPML1, PIKfyve, and Ca?*.
PIKfyve converts PtdIins3P to PtdIns(3,5)p2, which activates TRPML1 to
regulate lysosomal Ca?* efflux which is required for lysosomal tubulation to
allow for lysosome maturation from the late-endosome to endo-lysosome to the

end stage, the fully matured lysosome.

The process of | ysosomal mat uration has |
proteins and complexes have been identif]i
fusion of early |ysosomes with the | ate

REcep®SMARBroteins. These are expressed or
the Iysosome and allow for stability dur.i
proteins (hVps41l & hVps39) are critical 1
endloysosomes andX*eho owtgds iast heevedmutsi on of t
bodies takestpbgackysa&d&admes are then for me
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protein retrieval and condensat-ion steps

associated membrane proteins (Pols et al

1.5.3.2 Discovery of NAADP

Until the early 2000s, the | ysosome was |
cellular recycling machinery, capable of
degradation and autophagy. 't was not unt
i €&*signalling from small intracellular o
NAADMRedi aCtgelsdi gnal ling wasuil deint idged in s
homogenates, where fractionation of thes:
which subsequently becam€aimmdwn isert h&AA
(Lee et al. 2001). Fol |l diwivreg stoluigshtd it ©Cc arwn
how NAA®®I at%di «Cmal s are altered in the p
i nfl ammatory stimuli, such as histamine

1.6 NAADPsi ti ve channel s

The channel (s)Ca&ths ouglhe avhe ¢ hf(rFa nglulyBes o s 0o me

response to the second messenger NAADP, I
until the | ast two decades. Recent evidei
|l ysosonmadr & wohannels (TPCs), specifically
endloysosomal catéespoobbhbhhel §&@&*itnh er ersepl oenass
to NAM®O®I ated signalling (Ruas et al. 20:
2009). Another | ylsmsmdnad h aRdhiodilr, .a R ongi ng
transient receptor potential mucolipin (°

role in theCeétsduwlnatlisom edfated to NAADP an
cardiovascular disease (Cheng et al. 2011
attempt to highlight these three channel :
the channels, the relasiomshapi oet-weenhaéai
evokedr €&saponse and the effect of si RNA kn
tempor al di stributiocaofel Rals46 dhiweldlat a:
push the frontier-spoé6QaEmelreaaxsd | aiddrwialcli da i
l ight on whether these?tcehmermdced rst pd eatya cah me
Rab46 and Ang2 positive WPBs foll owing hi
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Figure 1.9 Lysosomal cation channels and
NAADBchematic demonstrating the various |
channels and their associ at eedneidd reCtdeldu x e s
signalling evoked by acuté€ sTa*'Muamdrid@n wi
among the most routinely transported i on:
P2X4/ 7 participate in theATPasspohydodl Vi
ATP to ADP + Pi. These channel s araé Ipdme c

gradient for normal | ysosomal functions.

1.6. lpdwe channels (TPCs)

The pwoe channels (TE@$)ndarezmameddlses odt i
channels expressed ubi-lgpws deoaumaly sy dsthem. t
ancient member g adfedt lfaupwalftaangd y of prote
controlled through both voltage and | igal
activat eac drydCagtineobsi | i ser, NAADP (Jha et a
of these channedd&and "iN@nsnitto bprn-dimbeet avaec
phenotype as wel |l as *bleuxgviadl gatcongolmy r|
(Pat el et al . 202 2)n tToP Ccso nhtarvoel baepeonp tsohtoi we
fusion/ fission eMermtos owatl hisry sttleen eemdio t h e
on the correct @2yabbHi shmewtthfnathese a
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a et al. 2014). Research has highligh
dinate varying ion fluxes in respons.

ni st selectivity on these channel s (Yl

© o o =T
]

| utheonstofuature of these channels i s i
ieved to be deslciekna amrCekd Witcshaarnated k @ rh a 't
ntually gatdemaiseptotai hwewith each dol

smembrane r egiegn .n-SMh) e Ufeiprisctt - ftohuer vro |
sing domain for ¢ RSb6n ncerle aatcitnigv atthieo nc haann
flux (Rahman et al. 2015; PatCel* et al
eased from TPCsCa&mnhd Babhd6éngeméi ndhisl us
wever, it is prob&lkXrfse gtnhaalts tehl e scei tleodc ablyi

—
—

5 S 9 o
=]

use a complex formation at the | ysosom;
Rab46 -podiWhBRs from the MTOC.

ﬂ
- © O ®d® O O

1.6. 2padawe channel protein 1 (TPC1)

Tw@ore channel 1 (-aR@l)ggbed vattagechan
encoded TP Nfldhree and is |l ocalised to early
howeveopsietwidddhhe cytosol of | ysosomes. M
i nvestigated the distribution of this <c¢hi
| ooking at the proteome of purified | yso:
fractionati-bgpsobomee ( Agdgama et al. 2021
2017). TPC1 is cdpatP@eaoofs , f ldbiXiws gtciNe

preferenti al i-opswsomah shetemdohowever,
permeabl e to monovaaeredikKi whscéuphoasns w
most permeable i on (Pitt et al. 2014). R
vol tgaagteed channel capable of activation t
membr ane resul piom@ kcondormaeéenon (Wang et
al . 2019)yatlidgarcdi vati on of TPC1l i2s cruci
where the expressiondobdtntlayndod omgasndand e
|l ysosomes, whelrierbdys Pdi(r3g &t)IPy t o t he chann
promotpeNmeabil ity (Boccaccio et al. 201:¢
| ysosoftatlu@aes have highlighted, albeit |
NAADP activates TPC1, either 2¢ihgmallglhi nug ra

i ndependent | y. Studies have concluded t h:
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firstly by membrane potential, such hype
a significant increase in affinity or TP
This evidence highlights a unique proper:
regul at ei dNuAcAAHPosci | |l ations, a sort of | ys
mechani sm, which is in |Iine with my hypoi
| ysos@atahat helps to coordinate the acti
channel s, such-megsi ERdrlels@RCr omMmysmwndo mes i
i mplicated in a variety of intracellul ar

endosomes to assistingysbsomaesutarooaghof
events with the autophagosome to promot e
activation of Qa&'sdnéiydroepsebal break dow
(Afghah et al. 2019).

1.6.3pdwe® channel protein 2 (TPC2)

Twe@ore channel 2 (TPC2) belongs to the T
alongside TPCl1l (discussed above) and TPC:
similar to TPClgatTeedC2 bt vodn aggfleso be gat
as NAADP, with prti@ad3amandp®Namseabhbiveyer, it
all ow per meati on, oal bperiott oants laensds eKr r at es
mai ntains thefoaméngwdomai @ phenotype as
and it is this unique pore nsgt rauncdt ure t hat
phar macol ogi cal proper Biamgditho etthalcha2mMni&|
Surprisingly, the | ocation of TPC2 withi:r
membr#®doend state on |lysosomes, whereas T
t he plasma membmrdmnso mensd, |vaarei ceus col ocal i
LAMP1 (a | ysoscebrmaundmeprbataenien) have discov
|l ocalisation of TPC2 and LAMP1l (Marchant
through depol arisation i sueasuthg etclie tai fdfeiba
gaining access to the |ysosomal-cmambr ane
studies have shown that depolarising the
to CBWwwt of the |ysosome (Ruas et al. 20
research in the field has been centred al
i nvol ved i ametdhieaCt&kaddDRase from | ysosomes,
NAADP is a key mediatorCa&8*% et iaseri Shei bi,
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site of NAADP to TPC2 was unknown until 1
that NAADP uses two accessory binding pr¢
associated homol egm 2p r(oJtPeTi2n) laZznd( USM12) (N

2022). These smal Is eacvcee sasso ray bprri adtge inngs me ¢
which NAADP binds to TPC2 at i1its cytosol |
C&* One of the most interesting discover

NAADP acts as a potentiat ors eonfs itthies ecsh atnhne
channel to other stimuli. These other st
agonists oOof-AEINC&2nd TAPERR2 As t he namASN infer
mi mics the effects of NAADP binding and

of 2Gaons from the | ysosomal l umen in the
TPCRIP, whereby it 2mimdicsg PA{d, S53'®sé&d ux r
via TPC2e¢(Gatdn2020; Yuan et al. 2023).

hi ghlighted these compounds as power ful 1
function of TPC2. I have proposed that TI

whi ch NweADiPaCtgerde| ease fl uxes, alCB&wi ndebi
EFhand domain of Rab46, eliciting dispers

following histamine stimulation.
1.6.4 Transient receptor potenti al mu o

TRPML1 belongs to the TRP superfamily of
i soforms of the channel i n mammal s, howe"
characterised and to date, has been regal
channel (Puertol0l0®no &tKiselpyowar2Ily | oc
|l ate endosoméysoaomdmesndwi th documented e
expression at the ER, but this is not a
i s regar desdelaescta vneoncati on ChEgNdamhd*, Ker me
wi CE*serving as the main catiomlifkdea xTRGGGlam
and TPC2, TRPML1 appears to be gated via

where channel activity i-5. mostomganecd the
The role of NAADP in modulating |Iigand a
reportetdydiasmsl lsave | oolC&dasata ipnottreanltui nailn agl

mechanism through the vesicular fusion of
rol €&tgfat i ng i scuteasSREtd ealr. 2015, Bhattac
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2024) . From the clinical perspective, thi
where mutM@GOlMIs ni head to Mucolipidosis t
|l ysosomal storage disease, whereby proce:

dysregul ated I|l-epdohgl tpidsbwithkhin | ysosorl

neur ol ogical and ophthal mol ogi calt si $shwees
critical role of TRPML1 in the rCdgius ati ol
believed to have a very direct role in t|
mechani sms discussed earl i erCa&sruerlrecausned,i ng

TPRMICE'r el ease tied rhegdiNAADP and is distinc
| # RynRedi aCtaerde|l ease. This s @a&tsiiglnadiss toinnatr
|l ysosome, vs the EREsil gmaalsstiohadbobcaansked i
through CICR, to induce SOCEst &@'meti mes |

signalling (Faris et al. 2018; Brunett.i (
Al together, it is cdgaosomal thesent chaa
common denominator, in thatCa&*'hrey rél easier
this ion from |ysosomal stores, C&fdd they
mobilising agent NAADP. This thesis wild/l
greater detail to understand their signal

channels can be activated Cesdingn gloltiemg. aV
Rab46 function in endaoathaekiebl uCadsil goxlasd y i
from NAADPated channel s ?‘itomes tarcamsporntthes
channeles piogfsoirb Itdhdee pGtandent di sper sal of R

from the MTOC foll owing acute I mmunogeni

1.7 NAADP; oOtrigger hypothesisbéo

The mechani sms CGatreumgdhn svehd cdhir e medi at ed i
complex and require coordination of mul t|
within 4 kgeoendal net work. At rest,-|lysos:
| i ke fashion r ed@&¢wcdoinncge nmarianttiacinnionng ei t her
| ysosomal l umen. From a signalling persp:
through the actions of TPRML1 and ATPase:s
pump out andC&ti wnst hmoumgh nbpé&i hhehéyaosdm
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around pH 4.5 (Xiong & Xhu, 2016; Bhatt a

|l ysosomes by NAADP is not a new school 0 1
has been shown that NAADP does not bind ¢
channel s, ibti nWsenwsy pmaltlei ns, JPT2 and LSM

C&*channels such as TPC2 (Gunaratne et al
bi nding of NAADP, there is a sudden acti\
efflOQxtbdf ough one of ytsinessoemaud n dreefnmibreach el c¢c h
into the cytosol of the cellC&&Emadmthere,
concurrent increase in NAADP €&tinrailglgienrgd i

(Figuerhis trigger response | eads-to the

evokCGalsi gnal via CICR, leading to ER stor
SOCE through translocation of STIQH®* to O
i nto the cell via the SERCA pump to refil
Resting Trigger CICR - C&*
Response Propagation
Lysosome

@

w E:';?;?s@ T
®@ 0 %0

v by S

&R @ SERCA

/

Figure 42'mdai ICasati on -nierdoima tNeADADsPt or es; o6tr
hypothéeéyeoss@Emalel ease i s mediated by NAAD
|l ocalisedC&é¢reamsatogfmsmdomal channel elic

t h@d*signal through t haendi nivtosl vr#enceerptt ioaf, [P
propagation is referred to as ClICRERNnd i :
Ca&*cr otsasl k.



y FeLEY!

't is very appar envo KO#brte stphoenssee sNAADEP hi gh
|l ocalised and arel spescomalc spsttdm. ehld® r ¢

bet ween hdwdkadsnegnal s within the system

and previous | ab memberesl bave ShowmnNAARP
dependent stores resul tCs&Tiens psonmaslels,, haingdh la
|l ow concentrations of histaminepotshern @ei
WPBs through the cytosol of the cell, | e:

protein due to pheduaotiremasef i NAADER. NAADF
I nhi bitory protein at high concentration:

binding sites on the NAADP receptor, one
binding affinity. WhewmafNAsARDRybiinds rtia gtehre
surgéairel ease however, as this saturates
| oavf finity site which induces a confor mat

inhibiting f€ethdherekaasemethani sms tha
patvvAy are poorly wunder st @aod, in@Auptr et@aihst i nmey
overl oad within cells, which could | ead
processdodemseiltfi sati on is what is observe
with high concentrations of histamine (31
t hat i tnoi nfduurctehse rC &rferl oena sley soofs o mé s1 hd bbe tti @ n:
hence, -htahned EOFn Rab 46 is un@#®1 ecawsibngd cy
clustering of the pro2econtai hheg MWPEBs wi A
this evidence suggests @&sigeaal andghpaghh

speci fic teo otk@xadr amipo@asesCeEveskhpiomges from

endloysosomal stores that can have gl obal
potentiation from ER involvement.

Wi tCie*bei ng a pivot al intracell ul ar messen
cellular functionsgC&tihre m dfylswxs oamad esftfolr e
crotssl k with other organelles to regul at e
I n the early 1990s, NAADP was found to b
could mobilis€a&tfhenr sltwmases dfndependent |y
| Pand cADPR (Lee et al. 10®pool Lawaerf ot he
reside at around 0.5 mM in concentration,

concentration (10606f onlMl) hiisg haerro u(n@lh r5i0s0tOe n s e
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Churchill et al. 2002). Studies have att
of the IQ&'psadiaént and the mechanism t hrc
modul at ed. Early evidenc@&/lshHpgrgoetsotned an ul
exchamgpereyver, more recent evidence has p
me mbr ane proteins playing a significant |
homeostasis through activation of the mT¢
al. 2011; Xiong & Zhu, 2016) .

sosomes serve as highl@a'sbooncestr awt et b
estioning the mechanism(s) thr®a&‘gh whi

ol . Advances in molecul ar-l psosomal hawe:

at tCl#eéstEdRr ed vi a SOCEZmainrcteaitmatti e wi t

y
u
0
talk mechanism as the route for this refi
h
ysosomes and this is independent of | ys:

triggered a Cr&gpihd wienvfelry x It éhfi gse dvaasf tcehralt h e

t hat i nhi-Ci&trieofni lolfi "EgR pr eve €C&& dnttoh e hreeupt
|l ysosome (Garrity et al. 2016) .-t aSlikmi |l ar |
bet ween the ER and ECg%txsdmel gean cTéhreryi rdeg C i
i nvestigate the inflammasome, where | yso:

activators. They found that SOTan dvawsh ecno u
this was inhibited using pharmacol ogy, tI
Ca@&*and a failur@G?pécbyenpyg omKanAg20elt4 apla.pe20
hi ghlighted a rel&tdadtoinsdti @d bpdatwaeni um c he
form texcndmble cells (e.g. ECs, canfcer ¢
efflux potentiating SOCE through & mechal
accel et efdl ux (Gueguinou et al. 2014). /
| earned s C@&rroeufnidilnigng i n t he | 'isnodsuocneed, t h
Ca&'influx via SOCE (from the ER stores) p
| ysosomalalckr oasnsd wi th this being involved
i's a high probability mmuaogeminechi ®nhaimier
stimulus and the compl exesl ytshoastoeffaold thi nqg

mechani sm.
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1.8 NAADP antagoni sts

To effectively stiudynamiecassacp att enddt Cand

i nhi bitor of NAADP was discovered througl
al. 2009). The study used mouse p-dafBcreat.
specifically -ewnwbk bdfsi€@n M@ Phas been show
confer equal sel ecti viptoy ef ccrp alowlhcoed kna dle (oTlfP
and -peowmoe channel protein 2 (TPCR2ysobomhalc
Ca@*channels believed t omebdei atrierdellCeeadcs ei f r A
small, acidic stores (Ruas et al. 2015).

seid mhi bitory nature of NAADP, demonstrat.
NAADP rises within cienhishi tdaryelaehels @@Ga
2011). As the NAADP concentration ri3d*ses i
concentratihas. h@pothaki sed that %% is th
detected -tbyynd heeoerdEi n of Rab46 which-elici
positive WPBs from the MTOC foll owing ac:
thesis | will ex#gl9ori enhtitbhda ta fofne cotf offP CNd

evokedr €aponse in hAECs and whether inhit
di stribution in this cell type.

Tetrandri nekernisved pdlalnal oi d that was initi
1928 and | ater confi rderdi ved 1B8di €eiondk( a
2036 1t was not wuntil 1995 that #t*etrandr
channel bl ocker (Wang & Lemos, 1995). It
for TPC2 over TPC1(Al harbi & Parrington,
studies have highlighted that it can be |
1998). Ther anedarsiome theapso pbuelcaormet aar get f or N,
medi at%hll Cakade is the | ow concentration
inhibitiomrdifatEFRELamase. This is i-h9compart
and other pharmacol ogi cal TPC2 bl ockers
bl ock at high concentrations and thus mal
viral therapy and th¥edpgnamdiycoffiomrBRE2 |
(Genazzani et al 1997, Rahman et al . 201 .
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Recent computational model |l ing of TPC2 h;
I nteracts with distinct hydrophobic resi
(speci ficRl Ilyi nker )S5whi ch contributes to
channel . Wi tdhinhbi Bastbeeanattributed to |
over TPC1. This is due to-S&mand pord tbaj
TPC2 creating a favourable binding pocke:
2020; Patel et al. 20h2yve St gdhieghwiedhi i
therapeutic uses for tetrandrine through
stripped tetrandrin of its bis benzylis

e
heightened potency and selectivitdy tfhoirs TI

outcome to be beneficial in preventing c.
proangiogenic responses in endothelial ci
(Mull er et al. 2021).

19NAADP agoni st s

One of the most interesting discoveries |
NAADP acts as a potentiator of the TPC2 ¢
to other stimuli. These stiamudni sctosmeo fi nT R

TPGRAIN and -ABPC2 As the namASN icmmfneirc,s TtPhCe2 e
of NAADP binding and switches %henshfamoml

the | ysosomal l umen in the cyA¥FsolwheTlkdy
it mi mi csbiPnld(i3n,gs)aPMhd caweddéeésd ux wvam@pi dPK2 ( C
al . 2020; Yuan et al . 2023). This Dbiasi ng
compounds as powerful tools for studying
TPC2. I have propgdsed atnldatd aTtRCZ hiasmnel th
NAADMRe di aCtae'rde | ease fluxes, alCB&wi nd ebiEnFdi
hand domain of Rab46, eliciting dispersal

following histamine stimulation.
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1. SWmmary

This chapter provides a comprehensive o0V
contribution of endothelial cells to the
the key relationship -bhatGlaeteinn Riabbgt 6d amali n |
context ofsthimutami cowoupl ed trafficking of

AngRositive WPBs. Rab46 Csterrelesa saesd af rsem sa

speci fidlysoesdomal | ocale and this is pivot
i n wiswo,cially in the context of cardiova
novel NreAdD PCt&e'sdi gnal |l ing territory will o
potential therapeutics for | ysosomal st ol
mechanistic insight into how | arge Rab G’
C&*'signals from acidic organelles C&*pote
responses i@Q&olRessgaERh i s required to es

|l ysosomal <channel (C&)'s icpmaldd nradreptdhiesistel e f
det achment of Rab from the MTOC, an area

t hesi s.
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11JAi ms and Objectives

Hypot hesi s

NAADMRe di aCtae'rde | ease flryosm s@atachannel s i s
responsible for theodiettiaxcer mMAPMBs offr dmgt2h e

foll owing acute I mmunogenic stimulation.
Ai m
The aim of this project is to identify t|

endloysosomes as theCghriemproynss durecd oaf t he
of Rab46 -posli Ahge2 WPBs from the MTOC foll

I mmunogenic stimulation with histamine.

Understanding thz*higmalys) omadi seed via I
these channels using a pharmacol ogical aj
the |l evel ofCa&*hasributhenreful ation of R;

trafficking of Ang2 and WPBs in the cont ¢
l nsights into the mechanisms that under/| |
the devel opment of therapeutridc ovasgetl arf
di seases.

Obj ectives

1.0O0bserve the inhibligt corny NepAIDEPEQdsdof Ned
signalling and distribution of Rab46.
2.Characterise the novARIN TRMCZCasgdmi gth,e
of histamine stimulation.
plore the ¢fyfsomcO@drtadfanearedo knockdown
st aemi ;nkee d a PAdIN-ME €2 at?rde Cmons e.
4. Il nvestigate the relationship between |
gnificantly associated with Rab46.
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Chapter. 2

Met hodol ogy

2.1 Resagent

Table 2.1 List of common reagents

or n
con n
BAPTTAM DMSO 25 mM 10 + 20 Bi-toechne
DMS O N/ A N/ A 1:1000 HoneyBve l
Research
Chemi cal
Fur22AM DMSO 1 mM 2 OV l nvitrog
( Ther m
ScieB)i f
Hi st ami DRO 100 mM 0.1 1iGM@O0 Si gma Al
OM E( Mer c k)
Hoechst DDEO 10 mg/ m 1 1000 Cel | Si g
33342 Technol o
PA127 DMSO 10% 1: 1000 Sigma Kl
( Mer c k)
PFA PBS 4 % 4 % Al fa Aes
Ther mo
Sci eftif
PMA DMSO 5 mM 1 OM Si gma
Al d E( Mérr
RO2959 DMSO 10 mM 10 OM Med Chem
ExXpress
Tetrand DMSO 5 mM 5 OM San€auz
Bi ot echn
Thapsi g DMSO 5 mM 1 OM Si gma
Al d E( Mérr

Thr ombi DHBRO 20250 U.0. 1U/ ml Therrpo
ScieBtif

TPGRIN/ IDMSO 100 mM 5 AGMOO MedChem

oM Express
Ned 9 DMSO 100 mM 100 OM Bi-toechne
Yo dh DMSO 10 mM 2 OM Bi-toec hne
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2.2 acdltlur e

2.2.1 HUVEC

Pooled human umbilical vein endoEwedeéal
harvested and subsequently culturef#)in el
supplemented with endd2téeppbhémgnobwpaciked,:
(Promi&)etld produce wor ki ng2)c.ompdleltse weerdd &
i ncubated in a humidified iG6eubatweratt B¢
pass atgwidceee k|l y and passages 1 through 5 w

purposes.
2.2hAEC

Primary human aor thAECg¢né obmePwarhso el | s (
harvestsswbsengduently cultured in ené&€9gt hel.
supplemented with endothelial me dE)um os up |
produce working co2np.l eCel Imedwear € EIMVcubat e
i ncubator at 3.7ACelalnsd we%s eCQO hen passaged

passages 1 through 5 were used for exper.
2.3 I mmunocyt(@c€hemi stry

Cells were incfu®sSdtiede!idgs'lanel indiday one (

max vol./50,000 cells per well). On day |
EGM/ EMMvasdded and incubatdacdcd at hAmmAd, 5%
i ncubator. On day three, media was aspir:

OL of [1X] M199+HEPES media added per wel

for blefhert € mul ati on ttdheskkrsm bkt arwmkei bitors

used in the assay, 30 minsbiitharos t\herse 1 h
reconstituted in { hdds iM1lO® +AHERPEEN ttroat i on
onto cell shdfogt 8fulmamnison. Cell s were ther
I f stimulating, compounds diluted to wor |

M199+HE®PESBS added to cells for 10 mins. 49

then added to each wel mi hodtsxoamltlesmmerds



y 2Ll

Well s were then wasperdm8axbwwlitithheORP B3 dmd t o
mi nWel wesr e washed 3x with PBS and subsequ
primary anti bodi etshreefyd) redatllie u2.idn dtor

emperature. Washing with PBS was then r
nbound 1A antibbalpeAlFexdarklswemtdegcondary
(2A) were then prebphaasidr drabd rec €n t3r) atait on
or 30 mins in dar k emo ndhisthiean s3.x Qvd It lhs PvBeS
nbound 2A antibody. The nucleus was thert
[1:1000 PBS] and Il eft for 7 mins to incul
further 2x washes with PBS were conduct e
|l ni t rEPge®n ong Gol d Mouoobowat efaiwlasmtlodreadd a't

4AC until ready for microscopy.
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Table 2.2 Primary antibodies for i mmunof |
Primary anSpeciDilutManufact Lot .

number
A n tvWF Humatl: 20(Abcam AB7 78

AntAingpoi-22tGoat 1: 20(Bi-toechne AF623
AntCiRACR2A Rabbil: 30(Anti bodi A89955
AntCIRACR2A Rabbil: 30(ProteEnt 15240-8P

AntPieri centRabbil: 30(Abcam AB2814

Tabl3®Secondartyy bodi es for i mmunofl uorescerl

Secondary SpeciDilutManufactuiLot.

anti body number

FIl uorescei Goat 1: 30(Jackson 7 0-6 9-5

488) -Gonat ti Il mmunoRecs147
Eur olp B

Al exa FlucRabbil: 30(Jackson 7 1-% 4-7

AntRiabbi t I | mmunoRes<s003

Frag E ur olLpleD

Al exa FlucMouse¢l: 30(Jackson 7 1-58-5

AntMiouse | ¢ Il mmunoRes150
Eur olp B

Al exa FlucRabbil: 30(Jackson 7 1-% 4-5

AntRiabbi t I | mmunoRes152
Eur olp B

Al exa FlucRabbil: 30(Jackson 7 1-58-5

AntRiabbit I Il mMmmunoRes152
Eur olp B

2.4 Microscopy

2.4.1 Widefield deconvolution microsc:

The Cell Sens deconvol uti ont hsryosutgehmo utOltyompil
cells pl aB@Sd iodne Ipbliadties o&3 ainn \Oé rytmgd smil cXr
ForstZack i mdgicad,wdm@eesi oned atstlack Ope mp e
i mage and wer e t akeBSIo nc aamePrhao-dbesvei tctel.v &R e
deconvolution (5x) was performed using al

algorithm wowoadf eblaisgmtce( deconvol ution) frc
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t hestZack to another. The filters wused on
foll ows, DAPI; GFP, andaf®B®x/Thd wobij ectAi
were taken at ambient r aacm uti eimagbeuroatthuerre a |
processing was conducted using the Cell Si

transfer to storage.
2.4.2 I mage processing and anal ysis

Al | maxi mum projection (intensity) i mage:
(Ol ympus) software before being transfer.|
macros (see appendix) were used for the
and WPB count s.

2.4.3 WPB count s

|l mage channel s wer e s pmlaistubtarad ttelde flraark g |
DAPI/ RFP channels. A local threshold was
particle analysis (WPB Count macro, see
WPBs per i mage. Fi vepemag,epeggeal ycsoenddi t i o

2. 4.4 @Rash4a6 buti on

The intracellul ar di srterliaptaitvieo ol eMeirkec b 61 |

determined using a customised macro (Rab-:
appenRriixef |-byi,t ainmaBge was | oaded into | mag
were then split, wasdbthachadkdromnd he DA
channels. A binary mask of the DAPI <chanr
t hreshol d. Background noise was subtract

di stance map was genenrRdt ¢od ugsinng t he St al
(ht

was duplicated -moodisfaimpd epitxheel uinnt ensi ty o

~+

ps:neti/npalguegi.ne/ esartasée)t he cell edge

channel was then segmented using the Max
and intensity of each particlpeg ofgrammelde |
the macro to automatically export the re:

intensity values per particle (I ntiDen) t
i magesmg@dmixf ) canalonsed per exfgdédri Wemt aindc
Il nt Den values were then imported to Grapl
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ranged from -Bl pg K (on 2&I5e pshilpeTMihplsesypyectr

values was then binned into 3 distinct r
Il ntermediate (2 Om < > 5 Om); and Periphi
the distance from the nucl(eriisg urcehteh.el )c.el |
i ntegrated intensity was then normalised
(TI'F). The mean values were calcul ated f ¢
all the images per condition. The mean Vv

were preseamthddh di marsbrsprh 09t s depi cti ng mean
wher ebyaxihse dtrenotes the oO6nor malairsa¢doi of eg
TI F) anaxderotXkes di st ahrewc Ifawsn ditshpe ay e d

bi nned signal into the three subcellul ar
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Input Image

DAPI Chan/ . GFP/RFP Channel

. . Distance from
Stardist-2D Binary Mask Distance Map Nucleus Binary Mask Particle Intensity

’ e o ’
L d
“ . -
2 0 “ (
[}
) . .‘ ° .
v
.: L
LA =~
e -

0—»255

Black White

Outputs

m— Histamine
RO2959
R0O2959 + Histamine

1= -
o o

e
©

Normalised Rab46 Intensity
o
~
m—

o & g
Q"\o\) &‘6& Qé\Q
Figure 2.1 I magell mage® wer &fl oavAkeld into

chanmelre sopbliintarayndnasks of those were ger
was produced on thenrndAPpi gkbhanwerw repl a
greyscal e wWal5u g -bfhragene)sOpect i vel y. Distance
nucl eus of each particle was measured ac.i
respective particle intensity was noted
| ocation. The outputs (distance (Min) an:i
GraphPad to obtain nopmalki eddasnbatalsec hpar |
x-aXxi $ heees!|l | ul ar I beaaxtiiw,ar mabdi sed i ntensity
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2. 5 -RACR

2. 5. 1exRNAaction

HUVEC and hAEC cel |l swewelr eplpaltaet eedo oan cao néc e
250,000 cells per welltHadl|l growdi Bocbang|

ml / well ). Total RNA was then extracted us:s
( Ro&heast permanufparcottudrceorls ismmahye cel | cul t
medi um was aspirated, and tclod dc &IBISs bwd roe
shearingQwiltyhsi200buffer per well, adding
sampl €, DMWase incubatiCbnobubDNaswdreanyméo
added to the spin column before incubati
Following three intermediary washf0steps,

el ution buffer, aandDetNoevni xq,uNadnred dirm aepdb @inn g
atd80UC or used i mmMmeRL.iately in RT

2.5.2 RlervenrsserR@R i on

Compli mentary DNA (sogDbNA)eussvisegdi-@a fHa qihtl y
RNA e DNA RT KiE}. (RNAhwas measured on nano
nucl dasee waterd tmeflde niged i g 2 xR ™ Odvu ft the r
20x RT enzaynme nmiddreaesevat er to create a fi
of QIRoAr everse transcribed contrevalsaatpé @
The samples were mixed thoroughadryd ftlkambr i
pl ace®i ioMEaa OtOh er ma la cccyocrldeirng t o par amet er
(Table Reddlting in cDNA tChauc Iwdhasee hewat @i
to give a fi O&LIDNVolIr ema yoff 040 uster mn gPCR
storage at 4UC.

Table 2.4 TheBimafEaTdyYdl sret up

Temperature ( Ti meh( mmss)
( 12)5 00: 00: 30
( 23)7 01:00:00
( 395 00: 05:00

( 44) b
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2.5.3 qPCR

RFTgPCR was conducted using the LightCycl e
Mi kRoEheon a LightCyHl eERCcH6 r (cheaohdav waas
final volODuimEhios @O00Ob&iIi Ae@dt h#OLightCycl er |
Green 1 Master (containing FastStart Tagq
dNTP mix (with dUTP instead of dTTH)l, SYI
forward prOMmerOlr(ev.etrs e p rOINMeORDNA,758hd 5

nucl dasee wattdrme RePaCR pr2 mewer eTalelse gned
the PrBLmeST3 t ool (http:/ /1 wwwbingdiNAn.i h. gov
amplification commenced ubsdalngw t(hTea baleetp2 .ab
t he rel ati vet aarbguentd agnecnee so -g mgRataédubpt BT

relative to the housekegpting. gEmese GAPO]
sel ect edpaarst itchgepypt el yai s and cytoskel et al
Based on these ubtihgaixmroauss iacn iwad irest, r ea

the i mmunological histamine stimulus ( Shi

Tabl eil RZFPCR pri mer s

Target Pri mer Sequ3Xd)ce
h-GAPDH ~ Unknown
h-CActin Unknown
h-Rab 46 F56 GGTCATCCTTGCC
R5GCTCGCATGAGATCA
h-TPC1 F506
TGGCTTTGAAAGGGAGCT
R:50

CCGCCATTTTTGCTAGGT
h-TPC1 (AS/S) F56 GCATTTTCCTGGA
R56 AGACTCAGGCAGGT
F56 GGTTGCTTGGGTTC
R56 CTCACTGCAGGTAG
h-TRP ML 1 F56 AGTGCCTGTTCTCC
R56 CCGGGATGCTTGAT

h-TPC2
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Table 2.6 qPCRi gkem@y alt er E) 96 ( Roche

Temperature ( Ti meh( mmss)
( 195 00:10:00
( 29)5 00:00:15
( 36)0 00:01:00
(x40 Cycl es)
( 4)05 00: 00:15
( 53)7 00:00:10
( 64) 15

2. 6 WebBltoetrtni ng

2. 6.1 hpryespaagtreat i onprandu &EAI cati on

Cells were senedeld tonstsouea céulE)ume @l ate (C
concentration of 250,000 cell s/ well i n C
medi a was aspirated oftobhddPB8pwaskd( wb 0|
to terminate any cellular reactions and |
removed yc arnedf wBl0I Ol |l ysis buffer (0.5 ml

Sciek)|jfil Odotamase coKtdaEi Ich@ Jih@mnal 0 Ol

bromangeplmsphat asfel diESicghBad 629) added per
well was then scrapedsv.i ghnrcoeu sslcyr afpoerd , 1 5 ht
inverted vertically, and the | ytsabes wasd
guickly pl dacedlainfdic kt oni ncubate for 30 mirt
themrntriatude€d 000 g for 10 minswas 4 AC a
collected ahd AG omGrdt 8H) ACr (>3 mont hs) .

Determination of the protein concentrat.i.
t hRpid Gold BCA KitS¢iA&BR2BEAD ThRxecenlo t emp |l
appendix) was filled in to provide the a
gel type and generate @$ieBiagvtianned ASetruupmit ot e |
(BS)as the standard
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2. 6. doaGkilngtr andf er

A -20%cryl amiideRaeBvagB| oadeRdaBicrhtaanba rBit @ n k
and 1X TGS running buffer,Bl®RialdkEt edgbl em2:
was added to the requird8®wel umef wkndwm |
mol ecwdiaght protei2mM 0l kdDhe ABPB8EMI2) was ad
to desired welnlsl 6oatlt edvedolbyme of sampl ec
results of the Excel template (see appeni
was then connected todt kbéePowe rpacskt sendi &
vol tage of 160V fobrefmOpiménel bandnhiald t lu
the gel

A semiy transfer was -Radfi uEbtleeotts uTsuirrbg Rl o n
t he Torlaonts Tur bo @T A2 VMDIFn iTr0.nSRaedrE , k i#t1 7(0B4i 207
Two stacks were prepared per membrahandni
transfer bouffixtSemngileBirdaud)E, e 110Q 0@t h g @ o d

30 IdnHHO, Tab) .e A .yptr ePVDF membr ane was then
secs irth@@0hlef ore being soakreavdamt itmrgndrf
The gel was then stopped and opemed bef ol
paper and transferred onto the stack foll
The transfer was permolremeud arsiwegi ¢ghhte (HH Ig®

progr am.

Tabl e 2. 7blWwasteengge nt s

Sample (loading) 200 mM Tris (pH 6.
glycerol-meB#apebat
and 0.1% bromopher

Running buffer 25 mM Tris, 192 mN
0.1% SDS, pH 8.3

Transfer buffer 48 mM Tri s, 39 mM
SDS, and 20% met he

TBS 145 mM NacCl ,-ba#®&emNn
Twe €10, pH 7.5
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2.3Bl ockanng,bprdoybi ngi, mg@indg

Bl ocking was performed using 5% sk) mmed
diluted -Tn(5XgTBB8O0 ml ar ackepl|l cedlohr at
Primary (Table 2.8) and secondary anti boc
t hperi mary anti body applied for 24 hr at 4
applied faoomckehrtaempeorodat LrE.di |l ution of L
solution (ThEy msasScapmlitiidd cbef dbimagmemboar
the IBBFELDH®Q@0 | maging SysTlker fio E$cit e migieni c

Tabl e 2. 8nPi bmaiWwes tfdrmt t i ng

Primary a SpeciDilutManufact Lot .
number

Anti bodi A89955

ProteEnt 2378-8P

AntCiRACR2ARabhb

il1:10
AniTiPCN1 Rabbil: 10
il1:10
i1:10

e W e W W}

AnitTiPCN2 Rabb Abcam AB1199.
AntTIRPML N1 Rabb ABCEPTA. AP13-5B
EV

Tabl e 2.9 &netciobnoddaivvayss tfddr mt t i n g

anti body number
Peroxidas Rabbil: 10,Jackson 7 1-0 3-6
Af finiMPur | mmunoRes152
F( adiFG )ag me Europe LT
Donkey- An

Rabbit |Ig

Peroxidas Mouse¢l: 10,Jackson 718 3-5
Af finiMPur | mmunoRes150
Donkey- An Europe LT

Mouse | gG

betAact in [ Mouse¢l: 10,1 nsight SCGA4T777E
Mo use Bi ot echnc

Monocl ona LTD

Anti body
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2.7 I ntracdétnelasluae n@atexstati on

Cel | s we roen tsbeleadcekdebaort t om Gr-@ni'@dedve IBli opl at e
a seeding density of 200 Ol max vol ./ 15,
humi di fied incubadfed &@¥4 B7ACqnSBrdPewe a
assays conduct?¢doinhyO0Otimd Campound pl ate
recording buffer sta®8s c0omMt arih éBdG T omM eQ
steps were conduct?€Bus(iTagplle. 2. MM )Ca The
FureAM sol uti2emM (Rudd® % pl ur oihd)x, ak.is mRA
C&'SBS) was .fhepagre®dvth media was aspirate
Fur2eAM mi x was added per well. The pl ate
|l eft to incubate f-loumildihfriC&@d n8rddrE€t bn. aTh
FurReAM mi x was aspiwamnmdhean®xwavliltdr 100 C
2"dwash was |l eft on (if incubathejgeawid h i n
i ncubated for 30 mins in dark cohditions
esterase teAM| eAduert hencubation, wwe&Il0l s we
OLecording buffer (SBS, assay depfelneent)
runs where there wasl®h|l®l aSBS$ nwds added
and protocols setup as described (Tabl e ¢
flexes, 80 Ol SBSawds padie capserd evseclrli b ed
(Table 2.12).

The chaohgei (Ot rCacedn uemmatrr ati on above basel
by the r a2 ifol wdr &édsuceance by emission at 34

nm. This is plotted on a trace as the ral
( B[EZlp( 340/ RIBWN0eN .completi onpromawsdatda awas
baseline subtracted for analysis and pre:

Tabl e 2. 10baSgmindtaif@BESdPr Fl exstation

0 mM?'G8S 130 mM NacCl, 5 mM
glucose, 10 mM HEI
MgG(sol .), and 0. ¢
7. 4

1.5 mimsBs 130 mM NacCl, 5 mM
glucose, 10 mM HEI
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MgG(sol .), and(5k.0¢

pH 7. 4
[ 3x] 1.5SBS® CAddbe¢130 mM NacCl, 5 mM
Responses) glucose, 10 mM HEI
MgG(sol .), and(4%.0¢
pH 7. 4

Tabl e 2. 11 dlgax steatttioiosm gnsgdaenp o und)

Opti on Command |
FIl ex Fl uorescence
Wavel engt hs Unbound: 380 nm
Bound: 340 nm
Excitation wavelerLml = 340 nm
Lm2 = 380 nm
Emi ssion wavelengt510 nm
Sensitivity Medi um
Runti me 300 secs
Pl ate type (cells)96éwell Ther mo Fi sh
bottom

Pl ate type (compotCostar 96ocheéabott
Compound transfer

Ti me point
Titrati on

secs (to add ¢t
et ermined 21ul / ¢

Transfers 1 per col umn
|l nivolal cell p100 OL
Pipette heiglgo OL

Compound transf100 OL
30
Pr

Tabl F2eXstamagiuo s settitoindgad mpound)

Opti on Command |
FI ex FIl uorescence
Wavel engt hs Unbound: 380 nm
Bound: 340 nm
Excitation wavelerLml = 340 nm
Lm2 = 380 nm
Emi ssion wavelengt510 nm
Sensitivity Medi um
Runti me 600 secs
Pl ate type (cells)96éewel |l Ther mo Fi sh
bott om

Pl ate(tgmpounds) Costar 96owocheéabot't
Compound transfer
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Transfers 2 per col umn
l nitial vol. ¢80 OL
Pipette heigl70 OL
Compound transfg8o OL
Ti me point 30 secs (to add 1c¢
330 secs "{ttre addnek n:
Titrati on Pr-eetermined 1ul / ¢

2.8 ELI SA

2.8.1 Ang-Ropgbl 8Ai n

hAEC wer eosme d ¢bdoadrt o m, Nu n cvte Iclo af leadt €@ 6( Th

ScieBk)i Atca concentratioat otfall5y ®l0Wme ed fl .

EMV2.h®wurs | ater, cells were serfNm starve
inhibitor) before stimul?2a3BS.g Affotre rl Os tniinmu:
the SBS was collected into Eppendorf s al

and then used hiemnseadmpa teesl yr.eendlah me W grhheewdti | ut
ELI SA kit used was -2 Hum&8A Knhgi bpomeAnnhi t
(A77682) and all bufferbsyt hansupphigent sn v
standard curve was generdaetteedr niignodad tAme s u |
proteamdarTehned pwiast det e rtnmhiadeld thy o fofs ts5ddp O
solution and the plate was-Teka-gawnt hphat!
reader at 450 nm to determine the optical
exported to Micrtohdeohhtal Exneal yBésomwas comp
GraphPad .PiMosma®9cul ate the unknown2conce
bl amkbtracted OD450 values were interpol s

l ine for the standard curve.

29Endot hoelltiahsf ecti on

29. 1 s itrRNmMsf ect i2dme afsourr eQrae nt s

Pri mauman aortic endotheli &) wel éss¢elAER)
a well sterile cellE)cattareopkbtaener @Coonic
cell s/ well )t dregpteen deefntgromwt h. Cel |l s wer e p
complete endot held a(l EMVD)wt (B rmemnd Gavielr e

i ncubated in a 2immiudiaftioed a5 %3COAC for 24
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reached ~95% confluency before bEing tral
2000. 3Oefmiheppl i cation of transfection r
EMV2

(1 O1l) and ERpobDecBafl hewas used. The EM
and replaced with the transf-MEM, 0oGIi medi &
Li pofectamine and si RNA) and 100 Ol EMV 2

transfection medium was rmel mocvoendp | aentde rEeMM 2

(no antibiotics) was applied to the

media per well

D

Th next morning, cells were washed with
trypsin + EDTA (0.edacniM)wen avge dald diehda tt@ b e f o
Il ncubating for 5 ming&adh weéeWowhneigtlhl sl .t50 m
of complete EMV2 medi,& olna ftaonmdg prleastui snpge nadti |
concentration of 15ved0dO0 fcl(ebxl epilibdetrieh Bidd a
placed in a humidifiedzfiomrc 2bdathorse at 37 A

experimentation the foll owing day.
29. 2 s itrRaNMs f e c timnounn offolruor ¢ $§ E&nce

Primary human aortic endotBelwerle ceddded |
an-w&l-$10Ode (I bidi) at a concentration of
using complete endot2hdIEIMVI2) g r(Bw tam aterdeilruem
i ncubated in a 2iwmmiudiaftioed a5 %3COAC for 24
reached ~95% confluency before bEing tral
2000 mbhefso happlication of transfection r
EMV2 (no antibiotics) was applied to the
(Table 2.13) aB@OoDOp@fleda Omi ned. 20 Ol of
transfecti onMBEW,x Gi[klxd +Oplainpdo fsei cRENGAMiI mea s

added to the 130 Ol media already in the
medi um wasl memovepl aced with 300 OI fres
per well, with experamntmufpmBehngatbaeduct

transfection to ensure sufficient knockd:¢
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Tabl e 2. 18Br e tBeNpPge nc e s

Name/ TargeSequence Supplier

si RMAegati '( UGGUUUACAUGUCG/Ambi on | n«
SilencerE
EFCAB4B (F( GUGUGAAGGUCAAA/AmMbi on 1 n
SilencerE

si RNA

MCOL N1 N/ A Ambi on | n«
( TRPML1)

SilencerE

si RNA

TPCN1 (TPOCN/ A l nvitroger
si RNA

TPCN2 (TPCN/ A Il nvitroger
si RNA

2105t ati antailcyasli s

All averaged data i s+SgErMes AAmtye d uad itelres mvee;
and then subsequently removed usiwag a Gr |
established. To determine i f the data wa:
popul ati onWi lak Sth@ampmaloi ty test was perforr
from two groups (normally distributed) si
sampitest owagopoamawdANOVA coupl ed kwipgtshh t he
hoctest when considering three or more gr
from a normally disewabufacrd dgpiogruil faitd aomc ew
of the foll owi-Wigi:t reey h& rKms tMaanln Wal | i s t e
chosen was dependent on the number of gr
presence of statistical signific@race was
0.05 (## *¢*r0< 0.0001, *** < 0.001, =**

comparasensepremse,ntread diygni ficant differe
were observed. GraphPad PRSI M9 and Origi.
data anal yst lsperaess ewetlalh adosgisaert=. t he number
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i ndependent bi alnotlgtEhbmumbrerp ecaft st,echni cal r
1 biological repeat. For i mmunofl uoresce:]

pecdondition-l0n¢hwdeddial i mages.
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Chap.t3er

Phar macoli omdhiidalt i oRsefhs NAKDe C
channels i n hAECs tenvpoakecetds hii
trafficking of Rab46 to the MT

3.1 I ntroducti on

When endothelial cells (HUVEC and/ or hAE
i mMmmunogenic amine histamine, we A&mhger ve .
posiWRBsowatrde MTOC. Thiis mMewemdretihta nodn ar
containing Rab GDORasea,s Radéefm,éadeEtn hhg of
been verified ipmewadlMispegvhoemedl . 2019) .
di spersalt aggMRBbway from ftdlel MWIOCg hi st ar
stimulation i s?‘wierpdkinmg ntta nntnh doaE&i n of Rab
What he sour céti @afast miesnaCsand Hieerde | have

functionally establ i sh%rdequiantehdehfecesoar acfe
Rab46 from the MTOC is not the gl obal ER
hi ghtgaliysedofmato€a, which is mediated b

C&™'mobilising second messenger, NAADP.
Tk aim of t hidsetcelraniitngeh airsnacol ogi cal i nhi
sensitive chafmMelad flecitrsg t Meed di spersal of

andf this has an emp&aed AngRl swialmebhee .

FIl exst @tmecans uGaemenk sok at | oc@Gd*f bedeshang
within the cells i n mMHe gpeosncleu ttioon airmagqiisn g
used to | ook talhesthiemuelfif eocnt st hoef cl ustering

WPBs. This <chapuseirng etvheea |l pso ttehnatt NN AAAD P tant
is possible tomedidiyzsdnhegn NAADPhat aatf eat :
C@&release and the subsequentwigpmatni &alAECLiss
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32Rab46 i s present at the protein |

To al Itohet udy of the spatial and tempor al
endot hel ival i daltlesdd, tliwo commerci al |l yandavail
CRACR2A Rabbit Polyclonal (aFni dg uPrreo B3e.ilnAt)e, ¢
anCRACR2A Rabbi {FPguyelaBs&B) agai nst Rab4
Westernd nbl2®t1 5, the work of Wi lson et al

antibody specificity for Rab46, detecti n
HUVEC | ysate. To validate tlhiipo fi en®tmdymihnAeE (

control and scrambled si RNA coatrbicfbor |
Rab46&i gur ¢ o3ch€@ck that | could achieve s
iwitro for experimental wor k Wensd ecronn fbil rom
also included two | anes whereby (1) | ov

(Figure (bflAhiB)h i snét present in ECO6s),
detected around 45 kDa which shows speci:
both CRACR2Armsipoitmar-ceV | 6punddi Ra®b46 (E
and (2) Rab46 was oveE&FPxpndsagdi hadgedct
9% Da (endogenlolus )k aatPdh gagte d .Raidnbc)e b ot h b
i ndicated a reduced protein expPFiegwsrinie®n o]
3.1&€Lnd that only a single bandoath aHmthk Da
in the WT samples, it encoura@géd htelme ne x|
anti bodies under i mmunofluorescence stai!
subcellular distribution of Rab46 in hAE
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X ANz A19 Ax H b Xx ANsx R ERIt R
- =Z=PM¢ ? NP
v  NPME ?
P — —  NMMd& ? NVM
PP @ -— e TP? Pt 76s - 4
. ey
b —e P MIC? TPE?2w
— “—  OTt?

UqRHYT RIUP BRY A H
bl YOPDOPPPb

blb X Anz Al9 Ax bP b
ws  ZPME ?
ot NP Mt ?

= s NMME ?

OP (e M. T TP 7 42 ki -
== PMt? -~
- e OTHE?
Al YqURU®IAH®IA =0 B-Act i
NP =gz A

Figun8p8cificity of primarlﬁ]eaneSbodaEbvé<
We st er nhibglhdtitsthtet isrppgeci ficity of both Antib
ProteEGBecBRMAGR2A commerci al | y amwaainlsabl e
Rab46 (A) and (B) show Rab46 overexpress:i
depl eted of Rab46 using transfection of
reduced ([RABGenS5tLt Y%, oB-ARt i A9 )dPenrcsmpayr ed t
| i pofectamiinRNcAaDmItySacdrrsd 2s8. 7%, ob-Apbdj n20. 9%

intenspPfag)Yin stain to show equal protein
does not interfere with housekeeper prot
as foLlsawkadder, Li = Lipofectamine Only,

Rab46, Si R = si RNA for Rab46, RGE = Rab46-
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33HIi st amvpbp&ecsonacent-dapeondgenti nucl ear
clustering of Rab46 at the MTOC 1in

Hi stamine evokes clustati hpeoMTRBVEEsand
thus | wantedhi ®t dentdeuscreitdr @ girfade traffick
from the extracell uilnarh g€ rseoi muhlea tMTA C
before beimsdgafiineeld flbmd RBabdAdnwnent r at i on

dependenhtograde trafficking of RaBA)G6. t o 1
An incirtelees st riobuRicatd @ he per i nFucglueraer 3r.e2dBi
was evokednwhkaenrati ons oddbOMstFamimne exce

di stribution analysisthaeinstuanedreifcleausese)

split into 3 regions) in hAEC treated wi:
with | ow concentrations of histamine (O
Rab46 across the cell and similar when ci
Cell s wdrad n,ead with pericentrin to ident.i
that as the histamine concentration incr

pericentrin at theaMTOE@gimnt o peari cedl
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k10 uM His .=
B) * . (C)
I ' > = \/ehicle

1.0 . 0.9 — 0.1 M His
%‘ P 5 0.8 0.5 pM His
S 09 A —& = 10 M His
b= * @® \Vehicle o 0.7
© L B 0.1pMHis 3 0.6
e L3 ©
E 0.8 ® A A 05pMHis &
T - 04
o 4 10 pMHis clm.)
3 07 il = 0.2 ' i
U £
% . - S 0.04
g 06 Z 0.02 “
S 0.00 , , ij,
=z S @

0.5 0\“’0 8‘& ,ozd

Perinuclear & g N
N N &
Q% N
&

Fi gwBrR2eli st ami ne ceovnockeenst-daap e oacdutst er i ng of
Rab46 at t(hAe) MR eismang east i sthhckwish g i but i on
Rab46 (grRemiddneggretrii centriprer(rced:tramti acro
range of histami nledd®an Heoretcrhastti B8B83 420 (bl u

nucl ei . Sc @n.e BTphaer p=e r2il0re yd&lbomaars d e endent

increadel usaitering of R&HYBiGstati bhtei MAT OLn a l
showing the subcellular distribution of |
cell, peri fux, eiant  <memyatna @E2r<pdery (>

Mean (Nw&€®Mported as a ratio of the tot al
0.05 fol l-wawi NngNG@WAe , n/ N = 3/ 15.
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34Movement of Rab46 t?8 ntdlegoeMT@Q ti 9 1
hAEC

34.1 Blockade of Orail pore formation

the?€Casponse to histamine in hAEC.

To mai nimo me&€at asi s, cel lrsawt hke?tod utCrad e
ER via the SQODE&vVpaAakFiuwacghner & Plhelr s, a2622 W\
di stC&tme di gptaechways for refilling stores.
of tihese SOCE pat hway which activates in
C@&which triggers STIM1l1 translocation fro
form a pore complex with Criarntlo ttoh e roenolt.
NAADmRedi at?wafiar st delee i €Wdabibiys t he
mechanism by which | ysosomal ?ssttoorreess .r el e
wanted to bl ock&*itmfel axtti omesu@h Orai 1l to
evoked retrogr adétitnrdefpfeincdkeinntg bwasusGang t h
I nhi bitofFIRBMBS&EIB)i rst, | confirmed the ¢
i nhi biti ng -etvhoek eldir st@agpminee i n my hAEC mode

Todet er mi neRG2h%5 % eirnhi bi t ed otkGe#r kis poamien e
prei ncechh&fwi t h ROR9S@8hichef eb@mubati on wi
OMhi st amifmeund no significant2'de$pensasei
both 1.5 mM @8HBSO0bwmMf €a JTFilgrurtehe presenc
extracetwel aseeCa hati dROW20X5W%Af Hherke spao n s e
evoked by histamine (2.656 N 0.178 v 2.2
was able to significanidtrley piombsiebiitn thhAd& Cs (
3.039l.n G'thae peakspaonse (Figure 3.3E) was
presence ofhiRO2aB%i9neud altlest (2.278 N 0.189
0.199, amd= Insh slemwe these inhibitorry eff
as there was no significant i nhi3bFpt.i on o1
These data suggest that RO2t95®s ¢ ndntbiing |
st oeopeer at?éidn fGad» elsutnot Hinshti daehitonkdeddlee as e of
Ca*from ER, sstlosshesswi ng t hat the RO2958 comj
cell type.
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leval utaheedabi |l ity of histamine to evoke R
foll awiung@ stimulation with histamine in
As hypothesi se@dientubwitR@D29 2h3add no i mpact
t hbei st amine evoked retrograde (Fiadgdieki ng
3.M. When considering the perinuclear di
with this phar&dm@B4doltdeyne(iknaggueaegar t i cl e s
intensity in this region in both histami.|
suggesting that RO2959 does dottGraamplede t |
depen@eégntnfilsuxnot required. Taking into c
of the c8ICH (IFiogwrer ved t here was an incr
the histamine + RO0O2959 treated cells in |
regions, suggesting that although RO0O2959
may have tsamgetofdffecdfsfitdthady |lofmihi gthaemi n
complete clustering at the MTOC.
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H33342 (nucl eus), gWk.en( B) RMebadrs ,d atead of (
di stribution of Rab46 at the perinuclear

t he di

conditi on,
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taken per across 3
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34. 2 BAPTA inhibit%buntdaes!| hat apr €aen
retrograde trafficking of Rab46 to thi

To f uaodanrfeirrRa btdhéatr et r ograde tr afCa2etki ng t

indepeprdengss | employed the?'cabel afot he i
BAPTA (us-AMM foFimMst!| y, dietveamnende h&AEC mode
that | could effectiveldlyedelps eamedtihehi mit

hi st aemi onk&eadr e s pecomASEC vweirceu bwittehd BARMRTALO

and OMandubsequentildwi shi muGMoe e @BMh.i5t ami ne.
| observed in celOMBARPITAt ( & 8Ag e dFe wiidlrhea 130.

then stimulated CGvhi Boami @e5 aher @FWwas st
detected2bygf ttesmod5 smiimul ati on. Thus, the
invest iGQVBIA® T/2AMas a eanfofriecorementlr anasonabl e t
conclude through optimisationséebaetshaar s
C@&response upon stimulation with hist ami
mean data C&mndulFiegBr & 3. 6D)AM ni sh AaE G o tBeAnPtT
chelator, allowi dAglefpemdteme ystsudiydi @fs. Ca

It was then necessary to validate ?that t|
gradient, it was still possible to obser:
MTOQ. gnrceubated Z2EMBAP WAMblef st & mul ati on wi
hi stamine and then performed i mmunofl uor
Rab4hen cells were ©Wiinsutlaamiende ,wilt ho b3sOer v
compl ete clustering of Rab46 (@RFi dhrdeAMT OC,
When cell s eQlhossetdawreippeedeh cubat ed MMt h BAP
clustering of Rab(Bbg®eB§ ,notthuisn hipbriotveidn g t
absence of iPTRadd&l lisl ati Ca capable of wu
trafficking to the MTO@r Aworcad sCoaldlh (etFhergeaie
werneo di fferences observed in the overall
presence -4M, BARTAesponse to stimulation

movement i sdap€adent process
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with 10 and 28 OM BARMBAnati on wiBth 0.5 O]
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showing the 2&uesstpainmseed f@a 0( ®) OMehnstdaman
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34.3 SERCA pump bl ocker, thapsigargin

di spersal of Rab46 following histamin

Previous researPbduatdealt atkeedh dyesti oned t
Rab46h&ikd. They dviascomwmeeesaiy for the his
i nduced associ gRa dinetiwinallh. Sd2fOkanh h et al h
shown t-bhatl sphdmeé &E€&Emain plays a key r ol e
CRACR2A, wh%bietbds Ctabanhkde EB eVvmkétaneous
di ssociation of proteins that arecel st el
(Sri kanth Bherma¢ehy 84 0pr ospionsceed-t tehtamiah a | o f
Rab46 i s thecxerames LRALRKR2 A, thhaen d od cemaoifn t
may be t ot hhtke gpleatsal of WPBs cflalsltewierdg at
acute stimulation with histE&¥Wihnaet. cAa mmudta:r
bi n?tCalacscal i sed to the M%OC muh axtdhi ecraa bi sveer
t hat*'i Gameadess drhte aff diod k iRredgbshée MITOCHUVECS .

EFhand?*iCiandi ng domains wil |l bind to any s
Ca@&ons (Giffao6Gdakarak, 2008). Thus, our

stimulated HOWEICstwamihn@0t o induce a retrc
Rabpdsitive WPBs to the MTOC and t?hen fo
release via the SERCA pump inhibitor, thé
di stributi(oFni gdufrfeRdathagp si gargin atlmeme di d

trafficking of Rabi4db6hki spwvaleof Rabdb6i §gert
MTOC ( F3 .gureas indicated by an increase |
peripherfadl Irewiimag t hapsiAdg a hailhmatpsstiignuwlga tni ¢
i nduedel srter i buti on of Rab46 f ol lionwitnhge scta sm
of t FheankKF mut aqt sptehisalr evas( Fn ogdu€Clebser ved
Al t ogetetseer diag pe st t it ndit ng sh &€md heo B&i n ¢
Rab46 that is necessary for the dispersal
following acute stimhmuérmefiome wimph &i mt \&ans |
the sourcé’sofgntahi.s Ca
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Fi geB7Thapsigargin induces Rab46 dispersal
stimul.d4aA) oRepreismagas i vaken on7@ni ©OVegmpe
mi croscope of HUVE O3Mhti rse atmé ch e wif tofr 3A® mi
subsequently OMMhhpwedabygi h and stained f.

(greenyWFan(dred) , nucl eus (bl ue). ( B) Qu .
di stribution across OnheThbel bar Spabée bhabpw
signal i nt engidattyeerld s paercaga,vewhere the me.
described as a ratio of the total fluore:c

onway ANOVA. Figure Madaytae cetd @B mp 82p0elr9,, D
https://doi.org/ 10.A0B8BYgeaed:. 2NMar8cli0 122 5.
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S5h AELexpress t hee NAIAtDIPve channel s,
and TRPML1

35. 1 Expression at t hePGRNA | evel by R

The -pwoe cphbaoheThRG1/ 2) awnrdecterpatnosri epnott ent i
mucolipins (TPRML1/ MCOLN1) hawe cpmrnav idau sl
il on channels expressed on the membrane of
| ysosdmas atct i veP¥ roenl ¢ gs® sCGanal stores (L
Chen et ;RUas2€6&t2al. 2015) . | n buosstehd HRUVEC
gPCR to quantify the expression Tdhfe tdlad sae
show#C1l1 (Figure 3.8A), TPC2 (Figurar 8. 8B
expressed i oeéemhdwavheerl,i al apparent that t he
expression of these g6APHPH{oi sheolWwouseke:
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(A) TPCNA1 (B) TPCN2
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b Q
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(C) MCOLN1

1.05+

1.00 — HUVEC

== hAEC

0.95+

Gene expression (% GAPDH)

0.90-

Fi gBBBIUVEC and hAEC express |l ysosomal cal
MRNA | é Wel Expression of TPCN1 in HUVEC a
housekeeper, GAPDH (%). (B) Expression of
relative to the housekeeper, GAPDH ( %GAPI
( TRPML1) in HUVEC and hAEC relative to t|
( %GRADH) . Analysis of LightCyclerE 96 outop
of the housekeeper, GAPDH. n/ N = 1/ 3.
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36Hi st amvo&ed’'sCgnalsse nasriet i v-#89t o Ned

| wanted to explozetBAARARDD K edHMCamy |

I nvest itghhasieggnwelfseensi ti vermtyjohe nKAADRPIichani
antagiNeidQEurther to this | wdrmt evdh st a ettt
phar macol ogi cal i nhillyistoes@atafh atnmes | ssma ITIP Cell
TPC2s MNedspecific forPbot heghamnegalll. 20
fipsetformed a seriédneaksuFle@mentBardeono Ca
show t hat t hdeerpee nitlse nat edaotses | e as e€'wbf h Ca
histamine and that afl9alihhcobh'tehthasi €Ab .
| ow concentrati onAascafbahii otna mif n €,8 e addesl | s
a complete aboli'sampohsed BFAtguiCiagher dose
hista®i neM)( ( F@gurtehex.e9 is only a artial
espoMmtse0. 1 OM,thhiisst aanbion e LhErreenstp rfs e hien c e
preincubatdd® wiadsthl dNetdedaek ( FiDjumaead3s@st ai
responses E)iAturx0o 30@elmiks { & mnigrueesep o3n.s%F )wa s
i nhi bited but was not signiThsetannkyd dFf O
3.9G) reapossgnificantly inhibited at 30
i ncubatedl®ith Ned

-
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OM Hi st.e&EMi Ba¥t a%i'rnesdp «Cas ¢ 0o fl OB Hi s(tFaami ne)
Peak amplitudeCmdanOMaHaEE®a mgmet2ai ned Ca
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0.0001, ns = not sitgenstf.i cant , by unpaire:i
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371 nhibitionmedi AAXDPEaal | i rlg9 by Ne

does not affect the functionally ir

Todemonsthat-#8Beds specific for-melle aitreldi bi
Cd&*'channebla) utahhtee ded fredlhas chemi cal activatoc
pl asma membrane mechanosensitive ion chalil
is a large, trimeric cation chkRanhNahdcapal
K*ions across the cell membr ane and i s ac
shear stress deteEitesdt pyl thyodiabtenpgpael aducH
Ca@responhsAeE(shhi g3u.rAae0) B d¥lo produced a robust
acut eeirntnraceldfludrmarh BC, sti mwl ahedefhoing
concentrat iFlonlsOObMYf Fiyg3daBgd. This confirmed
can be activatedmanidamesdndygi tiinv el ,fnaoathii om
i's to be expected as being aoritwiictocea | s |
physi ol ogdiectaelrinyi nperde r ate of shear fl ow.

To demonstNreatdead hma i mpaantf laax €arough t he
chanhdECs were pret-itbetfead awiet stNeul ati on
OMYodlaand uforescence readinJsésemiietesi cater dbk
Ned 9 does note?irdienteistpons-etitmulkcati oln with
(Fi gBurCePThe meeaak ampl t hmuset aintdeds Canse

(Fi qgBu.rDep, Er es peschtomme by gni ficant differenc
condsfThese data i ndi9c ate s pNefsADAdad fad re d

Ca&'ri sasad that a funct i etnaarlgléyc h@adreeple,n dRind z
with its direkjtsatcti vpaotredoldya i nhi-biti or
19. Overall, thi-59highaédipgowesr ftihlatamMNedspeoc
antagoni st and is not c &@feaeslpeo nsfesi,n fsluwen

thrombin signalling pathway, which is at
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38Hi st amvo&ed'sCgnal s alter the dist
Rab46 i n hAECs

Her e, I expl or edl hoen itnpea cdti sotfr iNoeudt i on of
hi stamine stimulation. As previously sho\
MTOC is not observed whew cehndesntamr &t isd m Ini
hi st amhneer e we NBABA®Pumeoduction all ows for

Ca&to bind-nHtaond hkeomgdi n of Rab46 and rel ea:
(Figure 13A). cEdwev-ameubaieteedd 9and t hen

sti muwiatfedl ow doses o0fl9hicotmpmbtinacikvied yNe d
NAABdependenmtel @dhsueRab46 that has traffick

per ohi sper sald3. AJAicionrceent rati ons of hi st ami
M, (where they emay bagltrhe atdnye bley s o s26d mal an
storesh®ab46 has traff iacnkdeednation st cd uMTt @G e
as there’*@awainldahbElacefiobrlei, gh doses of histal
i nhibitory-1afd elCtis ©.fi Nedlwienhh iomiath@rfye e | f
NAADP, and s ulcOh itsh autn abbel oep ettoe ofuotr t he al r e
saturated NAADP and its associated bindi!
clustered at the MTOC, as alsontiFrealguv ed |
3.AlThereawasgnificant increase in the pe
(Fi QBu.rBEl t owlae dMTOC i n the-1@r evhemc es ta fmul ec
with | ow co®necfenhi stOip@onnes i(doe.rli ng t he di st
Rab46 across multiple 3ce)il@uelalrs |sotcianiuloantse
300M hist,amene is a shift in the distribut
periphery toward the perinuclear region
stimul at ©ivhivet amDné al one, unliesculbatldéd I
wit h-19ed
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39Pi ezol operates indepesdgntal yiofq
pat hway isn hAEC

Havihnygppot he hiaged'okrafael s responmedi at édr

C&*'si gnaalrieion g SO€Eat ed and that the signal
generated from this type of pathway oper
to further confirm this using pharmacol o
me mbr#®d#owemdchanosensitive ion-l1¢hannel, Pi
synthetically der imoaeldi | &ad @rsi <th aoefmeiPa necadnigv
t hmechanical sensitivity of the channe

I hypothesised that hAEC eXpweelddtowot riemd
clustering of Ra bads6s eashs e xhped sMeTdO ChaAEH@® se
respornsetbdrmaangi ngOMf f om MG fmMiiksi ng and st a
as per the methods chapter. As expected,
(Fi gQBurAeg a clustering of Rab46 at the MTO
di fference observed in perid3u@dReandRabi46
cellul ar regi on3% ah dcwoendpsaersa bol ffeo Yroedsaurl ttisc | e
intensi t3y. CREiI Furoem t hi s, it ¢ &nhsibgen ad el d uncge
pat hway through Piezo is phfysNAADRIi azmad | tyl
t hi s demonshter ahtiesst atnhhante tr esponse i s speci

ot her plasma membrane ion channel s.
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2 ] S 027 ns
£ %] E —
s ] 2 ] '
0.0-] 0.055 T —
Perinucl 3
erinuciear o\)‘}db 0&&0 Q‘&Cx
O & &
Qe, \&0 Q
Fi gwBrZY¥odh does not induce retrograde ra
does nott hlebocadti sati on .(0A) tRep mpedretiaat i ve
various conc &My aYddins HAMEQ. SOGml e bar =
representative of all i mages in (A). Cell
wi t h -Ivoedfab i «i ng and staining. Rab46 = gre
(B) Mean data of the Rab46 signal intensi
(C) Expanded mean data of (B) showing all
intermedi ate acatpkoi padrgs mehbn N SEM. S
at p <9s0.=0mot sigwayi ABOYAbynosneld3 / N =
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3.10 Peanlviesdd benzyl i ablgaltentorda mder i ne

i nduces clustering of Rab46 at the

In response to histami nme &itdtrdsli affrdadmns, t he
generated can be inhibitedlby HoWeWA&AOADP
confaenr seqméalagoni stic selectivilt yused thloe h
pl adnetr i v&dh &anel bl ocker, tetrandrine, kn
selectivitMefroareTdP&2Posbohureb&mWmdi nvest i
di stinguish betwbhebhthei thwaesel PC2 t hat |
effect on trhedieatNemA@Faal s and whether the
responsi ble for Rab46 spatial Idi anursitb btei
that tetrandrine can ah#fmedina tsesdi aalH | NAA
Receenwti dencd hsahoWsPC2 can c ocnofnedru csteal neccet i bvie
via agonist binding, with NAADPon deuacdti anngc €
and Plx(l2a%)imhg to a rNdeondudctndamae.el | ul ar

Tetrandrine conf blelso sked ke t-g vtigd/c Bavgacel s,
howevibas been ldwwemal t aofhet effectsype TP

C&*channels, thus, it is novscheSakeldyi s
et al . WD1M1B)nNeAdAiDaPt ed signalling T TiPCRuci ng
C&*ion conductance, | wanseaedicteféepgesi mén
compound ome cRiabtéefsli Crmal | i ng in the contex

di sper salpodi tRlawet 6WPBs from t he MTOC.

Firstly, |c opnecrefnotrreeetpicdcas eni st ami nfei, x@agppl yi
concentration @) t(EFBmaByri Mon&Rintofati ons
hi stam3odd) (Preat ment f oM 3t0e tmri e dvid it @e 5

stimul etatdeni nhi bi t?froens poofn stehe ICaobserved t
i nhi bitory effects of tetrandrine at higl
3.13A,wilBich was not expected as at these
NAADP is high and wouild®,i metglag ec ontsertf f @1
preincubated with tetrandrine andOfhen e:
of histamine do not exhibitTrTtebponsmpl et e
observedl9 nt rNeedtleslnbueadmebbwfaster decli
in thee€penas compared to hi3stC8mi i€Ce-1 dlso mp
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treatedMwi ¢thr &ndrine andMshi mubhmit ed wkhht

similar r es p3o.nDsBe st o( Rihgousree obE@®ratedt we ¢ & N
concentofathiosnntsami ne. We can infer fTsom tfF
channel compensation fr ofr ellPeCals es utphpal te nmeany
preventing compl et?r e snphdrbs e¢s oant olfo tthh el oCva
concentofathioemMaamnnpeak amplitude data shc
concentofat sbami ne, tetsagdr finnepaeddoeky not

hi st aeni ;mkeed'r €laease 3 ( EEByglurowever at high

concentrations | observed ?2dr esspgonnsfe ciamt |
tetranhcdeiekel | s. There whéseatsopfgntetcantdri

sustainedsfanse in HhAEEG(Fdemoestrating t
effectdel aygeai tmopde of activation. Tetrandri
phar macol ogi cal s mgh eplaptihangady st tehr ough whi c
modul ated could play a role in this del a?

To further gquestion the effect of tetranct
empl oyed the use of i mmunofskupoesdenhoeai |
treat meOMt t ef r Bonedfreitneemu | ati on witB.APst ami
At howtamine concehtsateiktpmsatdme mt pwiet h t e
showed clustering of Rab46 in the perinu
i n hihet aomingendi ti o3. B¥.i glulries i s in |line w
accredt hiede toof Nedh9ati howhconcentrati ons
tetrandrine camedbladékli CmADB, thus | ockin
MTOC foll owing stimulation with | ow dose:
of histaM)neceéetBDsatpe d@Mwi ¢ hr &n d rainnce retxihd ali
di stribution of Rab46 asOw ohmpsatraendi nteo ocnol ny
this high concentration, the production
effects of tetrandrine having any furthel
distribution of Rab48. &¥rmaschbad megl fi(&i
Ned 9, thus securing tatiG&paeciimreiclhhise ar pot
observation to ntoteat esdtwiatth ctelhé splparemacc
stronger, more clustered distribution ar
utr eated cells. From this, we can conclud
functions in a mabh%eandi&«kanthatuoséd Nes a
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investi gamedNAXEPe Cmonses, specifically i
hi stamine stimulation. Wi th the drug coni|

may possess t heriap eauntdioch apso taelneteiaddyianb e @ n

vari ous cancer s.
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] —m— 0.2&M His ]
0.75_' —4&— 5¢M Tetrandrine =) ] N
] 5gM Tet+02eM His 1.5
S ]
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Br.&etrandrine elicits indhvdkdad*o®a of t
ponse, -119¢coknet iNed€d ) Represehtatctevef Cca. 2
tamiMeeNr &ndr i ne. (DP*'tReamree BbE nh 8300 iV a e (
OM te(tE)anRledlneampl itude mean data of
n data of (D)2résSpodsuastas nmeaCadat a of
tai Af'edsPBanse of mean datwepél o(tD)e.d Aalsl
n N aEM, expweeicaoenndtusct ed i H'SBS5b mMf €r:.
= not significant, * = p -t<esO.,05n/ N *= 3



7

- i o

“00.1 M His + Tet .’

Vehicle
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S Q/b K
& & 5
Q &
FigwBr4&Tetrandrine elicits perinuclear clu

concentrations(AfY Reéepivasmangeeas iof -tihr RBRC emr e
wit @Mtsetrandri ndeffaanc@xC mitnsmul at O n wi t h
hi stamine. GreevwF= aklhab 48 ,uer ed nucVehi ¢IHS8 3
= DMSS@,al e b@r appddes to all i mages in (4
perinuclear distribution of Rab46. (C) E:

Rab46 distribution across all three cel |
and periphery. The daotfa tihsel pulodtatbend eans i tthye
Al | data in (B) and (NSEMar evhpresentted =ap

by evaeg ANOVA.
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3.11 Secretion -2 fi sanign hoipboli®etd nby Ne

particularly at | ow concentrations

Angi opdiies$ 2a paitehway | igand that is store
rapidly exocytosed following stimulation.
promimnaemgdored in an i mmobilisedvWtate wi
and is mutual |l ys elxedtuisn vset drraogre Pwi t hi n t h
The secretory pathway responsible for thi
system is poorly understood. However, it
the Angli mctthevidiyrcul ation, a pathophysio

requires further exploration.

I n the context of Rab46 distribution, it
retrogradely trafficked to the MTOC foll ¢
context of an i mmune stimulus, issuucrhotas hi
warrantaendd t hus, hiypolt dddhds stRa btdltbe may be ac
braking meophanmtehimsi tn@drloa mmat ory protein fr
rel eased and thus is acting Too imaiersttaigmt:
the effect of wvaryi nge comctemd rradli emansse odf |
hAEC and whet her i n heivboikteidoy niClaefa steHldd yN ANADP
i nhi bhreeeldease off cArnngeilly ZEL p8SA wher weyehAEC
acutteleyamiagadh vari ous cmhHarrmagelhegpresence
absence-1®f Theed 6 medi ad6 was then coll ected
the release of Ang?2. For this d&®lsHiys # de
1U/ mliCbmbo) that would all owAmh@r2 tf he mmd
cells. This was selected over PMA, as it
woul d be iowisttolvleadwi ng vascular injury. TEF
as a percentage of the total rel ease by
( Fi gBu.rlebherreeliesase of Ang2 evoked by 0.1 C
significantly increased by 30 OM (as we |
(Miteva etelal si nZoOudb%)t.e dC wi t h t he MNMAADP an
i nhi brietl etahsee of OAngl2earl tt hast atllse i-hhidn t o
Angs2ecr etrieomost promi nent ahi d toawnmncdoetcheinst |

i 8n Winlke previous findings that ,aé¢ hawgd
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already reached a saturation point in tel
NAADP, and thus further 1 nHi9hi dioes wofott mi

the release of Ang2 as potently.



5 NLND

—~ . S
(b} - ns
$ 100 M= — —
S . &8 @® Combo
% 7 I_l B Yoda-l
&) 75_. A Vehicle
o - €  Ned-19
Q 4
E 504 ? a 0.1 His
8 i é @® 0.1His+Ned-19
N i @ 30His
o 297 V  30His + Ned-19
o -
C -
< -
0
Fi gwBr®l nhi bitionmedi lA&A®dPGCaal | i nlg9 by Ned

prevents release2MédamndatopoofetkElnl SA used

r

(

el easmegfsfom hAECs. Data washreeli esasecafci@Ah
pg/ ml) and then converted to a % of the
ncubatedl®®%iotrh 3Weonti mgel | starvation step
hen acutely stimulated f or?*SIBOS nfihn swiwahs

hem!| | eccetnetdr,iaft u p@dn k t hemper naasamlitl ect ed
or analysis. All ®KSEM,i sssheemonodoeds agnimek
< 0.05, ** = p < 0.01, n/ N = 3/9.
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3.12 Discussion

NAADRedi at%rdelCeaase in endothelial cells i
i ntraced’diudmal ICiandt piast hswaiylsl. poorly wunder
NAADP ev Pkreesspanses wntihenmeehasi sms by w
initiat-me NAAD®rde £mo n sceestt yapree dependent .

Understandi ng?‘wdeuiertehdeies €ar sal of Rab46 f
MTOC comes from is crucial to underpinni.
as C&#*tsenspmagt ei n. |l have shown in two end
stimulation with histamine €'andevibke ahr |
rel easecah ieni bstead th@anNAADRI1IDt., ENepdsi t

and coll eagues successfully demonstrated
applicatil®dn ofomypd ket e tRyi nadbuocléifdsunCeade nH s b u't
those induced by thrombin (Esposito et al

endot helial et &bImhshlkeéd ared mechani sm by w
deduce | ocal i sé€&diigmntarlasc eelvliowkleadrs by At ¢ a@a
mobilising messenger NAADP and is not col
of intrat'8APIAMII QGeaavwwemat rempivafabifc

doespnetwternaf fi cking of Rab46 to the MTOC
bl ocker, ROZ95 @ weBf@®@®E byi $ heotERrequired |
trafficking. Hod'wewse i shpinEElFidso mtahien af Rab 46
a cruci al role in the dispersal of the p

physiological stimulation.

Mi t slhaoawed that in the prndsagmomnealsatf, dNded NA
prtereated and then acutely stimulated wit
insignificant i mpZarcel easé natr alcew!l dd ses C@l
at Hioghes. 25/ 2.5U/ ml) ther e?‘iwalse move ed f ®lcd (
t hr orfMiitneva PhD 7.heTshiiss, woOr2kl s-h®wdddt hat |
i mpact the efficacy of the thrombihe@ r esp:¢
peakesponse. Thus, inedvoaeidngnt Fateelchhrstemb
i's not medi atsed sy i MANA BaPdodrietsi.on, t he mech
whi ch-18ednthhréeiltesase of i2matprpecealsl uloarbeCa

concentdregpteinadment i n context with histamin
conrcter ati ons ol otwhies tmeonsit nignrha floatuhieb NMAADP
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medi at%rde pCan sAhese concgtemetnrdaotgieonnosus | evel
NAADP being prosdwchhdharCeeil bwstill rel easece
NAADP chandieligor bi ndi fhma ntdBReaobfh & dEFE I N g

di spersal . 't has beRagorivstousd gpisdclowni n

rel ease of NAADP minn &EdCls stalfe et iomdlyuss bei n
(Esposito ettalmeé iyl )wi tThhitshe observatio
WPBs cluster at the MTOC unidserk etlhye steh acto nti
clustering of Rab46 @G )coheeMTO&t abn&i gh |

becadN&ADP i sl iamistelnfg compound and that at
concentrations is capabPeebkapgeetveonmi bdel
|l ysosomal systembi adiidon g tHesretFuccomai n or Re
culminating in the prevenamnper iofucled ®rase

clustering of Rab46

|l then wantedHdatw®aonmfeirsmon the plasma me
pl ay an active rpdtehwwanydytsheidsPiseiegonla |algionngi st
Yodla to demonstrate t hl sto AlppPApECT ashowedfa
concentdregpteinadment rise ?%*howewedldkild unatr Ca
affect the distribution df tkBek4 6vamhdetdraanry
inhibiti-mgdNAAPR Caal s-19i avontidbhiie Mo d a
response. As hybDtihretsii sieid idtriNeali Mo cha t
response, -19hus, aNesgpeci fic tool that <can
NAADMRedi at%gdi cCrmal | i ngnéhd ey é®tzxh ammte lis on
t hkM operating via SOCE in a functionall

Knowing t hat -etvloek eldir €laz misee | wasi mbfsactvin
from an-neAA DR %9t cCrae, it became clear tha
through what c¢chanHeylssoswintahi ns ytsh?® ne nndaocs t h
responst Ibréeel efaosre of Rab46 fr omEthstydMIiOLs ¢
i nvolving sea urchin egg homadeidan es hel |
channel s | oclay ®ads mmes,ndoOPC1l, TPC2, and TEF
200G6Gal i one et alemohGa % )a ttTdhve y-fhrdanc tai osnu bo f
homogenat eev lRADPEClaease persisted 2d6ven wh
pool was abl ated using the SERCA pump i nt

TPC2 were originally proposed as functi ol
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2009). The Gadu mtner gdaotwm wsbiwa tkhn mok s e mod
(Tpcn)éamrd wuspionngépgadt ch cl amp analysis concl

regul ation must be conferred by an acces:

2015) . I n 2021, Pat el and colalyed dwmds TWeErs
were not the bindamtgheast tNAADR rwtNsAeASDePund t
targets via spes(idJPT2 bamd(i fbaBtMepl2 petteianl . 20

Ned9wasnitialltbethoughtdirect donédibotiorsof
I nhes emntt chtowreev;e r |, It has been shown to co
botTPC1l and( NaPyClazor @t lalh.av2e00s9hown t hat at
c

ncentrations of hist@mane, mbhe pfo6ékot B

u

0
0

the avail abtpiregenf f nebmefargoym oTsPods, as at
ow concentrations of histamilrea, et Haren it
nknown channel (s) tdédrepsppagat &Vad@NhCRa l
h

the poieh@®PC2 as the most probable candi deze
showing i mpl i cat iaonngsi oigne nveassicdeld aafs@ rnre®s u |l t i
Rab46 sper sal (Faviwaeteadal to20ddlk.at a mo

of TPC2, which |l ed to the i mplementation

Tetranidh AB@sasi mi | ar eff3%®,cthsowev dNre,d mean p
amplitude dat ad dgdman stertathead atbmeeti t y -t o 1 nhi
medi at%rdelCamaase was ian,d halelsdared ead/ eads a

sustaineds CanJi@mplitiheed i ni t #'a ks p ecenkud @la b e

via TPC1 or anotfttédhranimged ofbegarearit Caadvances i
virology have -expabrpdopbetaa@asi of tetran:
thatt hnoTuRs®2 t haatn ttihveisreal ef f eCortismmareed oals ¢
2020ni sol engg hyptohtante sTIPSC1 cdubkbdehbhseaclanne

responsi bl e fC&rh omae onsttaaasmicsn g hat it coul d
activity of ot heétchamdaddlisspes odmad b ICea TPC1/ 2
knockout mouse model fromwdrnkhladny G@alsi Kree
pursue in the context of stimulation wit|
did not allow for this collaboration to

Inresponse to thhert amapoep ulwot iscurbs of WPBs t

di fferentially trafficked with mutually
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me mbr ane (cortl &icniimg BPr the MTOC with Ra

Functional studies have confirmed that s
i mplications downstream of procebakbféik:i
(> hr8s )t hatd i ncoraesnttafathiosndsmers emeoCi t a

concentdregpteindent increase i n AngZ2MbBeevat.i
et al. 2019). |l questionenk dwhetclwle (cCmahhi b

by NeXdoul d abeeli sdase ofndAntgh2zat 1i nfhoiub+ t i on
evokedr €laease-1ByvNadELI SA conthureerl eenatsley oifr
Ang2 and yet again, thisowagenmoit i pmemi n:

hi stami ne.

The ability of Rab46 td'sepepatenasndof hal
poses its candidature for the title of el
an i mmunol ogical response, ismulcihbriad ettahiset

ofvast quantiinfilessmn&F oprrg@a gi o geni ¢ ( Ang2)
into the extracellul ar environment . Thus,

as a braking mechanoéstmd troe pperwvea,t laink & atl |

t hr ombnidn,can we physiologically interrupt
phar macol ogi cal i-mend ibd tt’drcoeriCeédfs BNeA ADP not i
cardiovascular context, however-sl9p htaemrt i :
been i dentified in the context of parasi:

Ned9 interferes widehhetbpmbhoodfsthgepar a
inhibition -mdditat’erdéAGdaPR e prevent 3 spont a
oscillations that can promote the devel o]
trophoSwarkezr ( ez etArelnds20lea al . 2021).

Il n summahagve showadrekpbnslkeeevoked by hist

sensitive to inhibition of NAADP channel
agoni s ¥Yedaot. PharmacoPogilealei ihiomi tih
|l ysosomal channels induces clustering of
di spersal and is more prevalent at | ow hi

explore the rel ati on schaomc ebrettoviaetesno al soi wa ea nodn
Ca@&mobilisation and Rab46 trafficking usi
channel-AIN.PC2
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Chaptier

TPGRIN i s a potent abighdighto

cont ext with histamine st

4.1 I ntroducti on

The Patel edtenatli.f igerdouphat the TPC2 channe
cation fluxes, whereby atbhhd idlyanrmneamadpdad sad
Ca*f |l uxesdendreyttrhaattedTr PC2 coul d regul at e i
differentially via its natiTker ouglandlse di
of a novel chan-Aé&N, aaogmenicsan nfdPvC2mi mi ¢ t he
NAADP to selectively biaandukd?ismiggmCamles V ioc
TPCYuan et al. 2022). Il will explore act
agoni st-AINTR©2 study the effect on Rab46 d
t hat ovemr aocft itvhaet icoh an nt lhaephpalsi caal toinogns iodfe a
stimul us. Until this point, I have used
agoni st | woul d expercets utlop soobvsi edri vneg o pupr a shiel
that TPC2 providdsesghhke toirtdcapecCsal of |
MTOC.

From evidence pr evi ohuyspl oyt hpeusbid zi escthRR@2 il s htah
targ®&store necessary for the dispersal o
previously shown that hAEC exposed to hi i
undergo retrograde trafficking of Rab46
ther e. | deaeatwlletedoetr i vat i ng TPRE&ZN, ucsoiun od

forc¥®r €aease whawthBCA, i n t hekinsperngsalatef F
from the MTOC.
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4.2 TFTAPWBI2el icits activation of TPC2
selectivity fdinreUvda€eaontli BAECSs.

To st halyannel activity of TPC2, it was ne
phar macol ogical activator that would bini
NAADWI ndsiintge .-AIN°,C2t Rthi @ TPC2,sa&dteictatved y
mi mics the actions of NAADP, by forcing t
open conformation t%f rad hotwhed olry £ d mex. oTF
was used ragsl asscidretl ect foel yoleir leemd acting
through t heatPHwa8y, 589 Pd do e dr ensoptaneasheE €i buf C
i enlagtawvehi gh nd HU(ECsp ecafffiecctisnas sas ¢ d
the effects of thesel ecampboeswdsgdnobGa Ca
measuremedtBound t hatAIN(@mo tb oA #QtZhPeQ2e was
a robdstes@Panse at concentOVa( F04ylsAr, e xBc, e ed)i.
|l have showHUVYEBEGY afe moud at e dA Wi tarPdT PC2
together there is arepespenseatcomparfedheo!
compound aldhbP) (FThese findings agree wi.t
show t haAAtINTP€2a powerful agonamsd odnthe
useda candi date df'‘ugsponsasgepeCafically

channel 6s activity.

low concentratAithne <Ol oTRM©@©2 el ioitr aaeti sié:
C&*( Fi gumBepAs2 K,ompared t o *HsUeVIEeCc t it-¥héP TNRC 2
compound el?frceistpso nnsoeC (Gl glCAR TR CGRIN ( >30
OM) evokes a -ceomerecdantaitfiiosned AIElC Cd&Ei)gur e 2
These findings support wWoAW tmombetmsedl!
agonist of TPC2 channel activity, and t h:

capabl e of modulating ion fluxes via inf]l
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A B
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) g ] 100 uM TPC2-A1-P
=] —#— 10 uM TPC2-A1-N I
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Fi guWr. @PGRAIN and -APRC2 |l icit °respoins€@as in
HUVEC(SA) Repr es@&nt asthtowe a@a e n trrestpiomrs e o f
TPGCRIN 60 OM). (B) Rédbr asen schobnwveenggtQaat i o
response-AdtP( 5PC2 OMTon¢ €n trreastppoomsrev es f or
and weBrped otted using the Hill Eqturaga d e n. (|
showing pot ent?iratsipoom soef whheeh I®aoa iild BP @2
appliedtimucaf{ChnpefAdPr me®SiBlS b.us freM.Cq D
performed t8B8 muMmf Car + 0.4 mM HEGQTA.1/n3 N
for (D).
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Fi gur. ®PGRIN, but nAiP TeRG2X i t s 2d ersopbounsste dan
hAECEA) Represeihtacte vel@amicreq traeastpiomfrs e
TPCRIN (10 @BY) RepresehtmaceeolalOINOM TPC:
(Cdoncentrreastppoomsrev e s fABN @aBRA2pl otted using
Equat(onRepr esent ma ¢ & escldawveci enngtr resstpiomfrs e
TPCRIP 4®0 OM), showing cromcreenst fBart s 0 nast  a |
Representatriace ©d 33M0INGMITRGD eveir ment s
conducted i HfSBS5bumM &€8. n/ N = 3/
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4. 3 TFTAWIand hi saamhngh coneknbtotaht i o1

|l ysosomal d'sd oER da&pl eti on

Tounderstand i f TPC22*xriviprkels rneéxee d vaxray fCar
detachment from the MTOC, I firstAonsi d
and histamine that would enhance the hi s
store depletion. Themeassrewmentg wdt Fbhe x
sufficient I ocdl€iZsseitgnsanhasl Ir el eased from |
Therefohgpot heahsgtt, cohaeht T-RENtomes si gnal
observed is global, equa,Jlantdo slufdosomalt 41
Cl CResponsavesSoigat e hehiceltilsewrey ,80@t i mul ¢
of T-REON fol bBW&MI hi st ami 48AY Fi Gampared to
vehiccolnega osli,gni ficant inhibitdenaaoatl the m
sust ariensepdomasse observed when cell s -AviNre pr «
(Fi g4B8rBe).C The dat aPS&BHN\gy ehsatss evoked CI CR wh
stores have alreadydetrarntaedithg demltethe gh
of T-REN and hidsetpalteothed | ysosoma'st aneds ERI Ca
wantteeddest whet her a high <conceantsreaptlseotne o f
bot h sstoortehsat ssutbisrauluaetnitMn TRE2Nc BWI d no't

evoké'rel ease. Td sdautl hited IhAECs with 30

1 mbef apel i cati on -AftN 3(0FiOgMB)EIeLP TR obser ved

potenti athiien aeni mk&kedr e s poarsce ,t hi s was i ndi
these high concentrations of histamine h:
rate of refilling | ags behifhdethetafbgue:
such asAINPC2
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4 . 140w concentr at-AB\Nsevoofk eTsPQ2 I2bcal i s

response

As shown iy Ri gwwe cdH nTcRrR&tNatibens onbdbt evok
gl ob&ir eGp dms ¢¢ihlee observe histambndesegmah
whet her 10ANMeVRP&2s aCd*'mesuap owswaech i s unatk
to be detected bmeasumagmdi tdsyptod thiesn sed t
| ocal i?¢felduxCacoul d i nduce CI CR iln ptrheet rperaets
cells with histamineth(edm 5% hOMD &N FPE€2t r e
(Fi gdlre When compared to ve-AitM |l ev ckoend rao |
Ca'peak in cells pretreated with histamin
applied aloneAINADoidM APIC2saf bEEeCRpitt t o
may trigger a | ocal ivied brlespenang tFH &tx sitsa
measur emehilitsst ami ne (when applied at conce
st orpeg)ma tcsompl ex fobwmaTRE€A whaneels are i
pr oxi miotny owihtehr , al | poi & mgytoiff @ trtiAdeleeS @ o n s e
via ClICR.
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Fi gur.8i gh concentr aAtNd ndse plfetTéPL2bot h | ysa
ER Tatores, acti(vhat iRegprCls@®Em.t ateseofCahAEC
werset i mul at € WP-E2N 3 30 s and the® st i mt
hi st ami s.e (aB) 9Mean peak amplitude?*data of
response6DpfRé€A)ese htateveh@wing no poter
hi stamine 2&dvwdkedeCa n hAEC stimulated wit
secs and t hetnhafdodliltowend obfyA BNO a@ M (9P G2

l onomytci mul atitem mi m e atl h @ emgxinmFeu r2ar om t he
| oadedMeah ldata plotted as mean N SEM. n/
<0.01 by drempai.red t
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DMSO DMSO
’ His N-Comp
* His SBS
1.5mM Ca 58S N-Comp
i Vehicle
1-5__ His > N-Comp
g i Buffer > N-Comp
™ ] His > Buffer
B -
Sg: ]
+'r—._ -
% 05-
T ]
0.0

0 100 200 300
Time (Seconds)

FigudeaPGRIN context witholitstwhminn&RiI St or e
initiall yRedeapelseetnet?’®.triawee ©d dual additi on
recording showing pot enwtoiketdr €lmeafet ha hiA:
stimul ate@ Wwishadd30h@n TPE2N ats.Webhi cl e =
DMS O, BuffAall e SB&eicaoenndtusct ed i "SBS5 mM C
buffer. n/ N = 3/9, plotted as mean N SEM.
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45S|i mul t aneous addAIXN amgd ddfi sTR®2 ne

potentiated t h%r sesusdmsened Ca

| have s bogawnpltghDant§ MCGRINaf tseisina x i ma | histam
it is possible to ob¢®rrse omaetoetn tp oastsiiobnl eo |
hi gher conwlkenrBRiIi ®Nheres have dlready bece
hypot heé himbeeidmul t aneoud 0adHCRIEND na nodf

hi st acmiunled patheert eas& |l mf t@Ga@® presence of e
C&*the simultane®.us h@GM d aam d el ®F OAMIN

(Fi AbA)Bad signiifmpantt?’onns€aas compared to
onll Fi g4bA-€). Ho we vtehper esence of €&Xitnr atcheel |SUB Sar
bufmayask ttrlueespolnrset.he absence dift hextrac
simultaneous @Mdhits tommiodfe Oa#dN 1Di Vi fTiPCa&n
i ncreased the sustained response evoked |
response (E)guiMdis. 6 Agli eqe rde i otfhte@ae i s
Ca*influx which is masking t°hetaefeéeaitilhh
release from intracellular stores i s equ:
hi stamine-AatNd HPWeEver, the persistent ope
channel -BgN TcPoO2t i nues?tel easke Ca
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(A) 1.5 mM Ca?*
2.0 _
L —o— Vehicle
] —&— 10 pM N-Comp
1.5 —&—  0.5uMHis
10 i N.Comp
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Fi gubhe Si multaneous addition Hifandow-R®2nc e
AIN induces a partial ?proetseprottdsle.p oes erft d thie
Ca&*trace of sheoewti nmuh®&AEE€d with 0.5 -OM Hi s
AIN.B)( Peak mean amp) iCx (08 es d&itreeesdpfoOds e s f o
(A) NComp = -AMC2 | expeaeiceendusct ed i 1.5 ml
SBS buffer. n/ N = 3/9. ns-teshot signific:
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r‘ -
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S 0.5
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S 1.5 ) S ° 0.5 UM His
= J m O5pMHs o +10 pM N-Comp
% ° n +10 pM N-Comp E |
= ] LB °
= 1.0 8 021
g 1 < J
0.5] ool [
Fi guGe Si mul t aneous additions of | ow conc

TPCRINel iacistust aPmMedp@ase in the presence
extracel?t AiRepr €Eaent?dttriaace Caf showing hAEC
stimulated with 0.5 -OM,Hiwsi tahn ds disdt ad M eTdP CC
response after 8cuRealtmenaun aa mp)niCt ((de dat

Sustai Aeds gansA NCfoanrp (= -AMC2 | expaeirm@ment s
conducted ?8B8 mMf fCar supplemented with
3/9. ns = not significatndst .* iAp Illp tddaeOh 0a5s,

mean N SEM.
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46Si mul t aneous additions -PENelvioktea mi
t hei spersal of Rab46 from the MTOC

Il ntraceld*hadaur €menabl i shed the feasibilit
TPC2 channel agoni st effects I n vitro, ro
TPCGRIN potentiatérlecpahniszeed wCa-t hinshk ami oe
prompdn mgestigation into whether this po
di spersal from theaM®oW AIEICs twa mihn @ .i5n t he
and absene T®@B2M O0and then quantified Rabi4
di stributdi7oAn .( FANBPYWRs i mul at inoon ealvoorkee dirda f
of Rab46 to the MTOC, nor did it reduce |
however, it did signavdlcaeadhtdIlyusdtnériibng dfi ¢
MTOC compared to his47aBnreo sad oanlel (tFh rgaue er
(Fi 4wrCe it i s clmeor ptelratp hterearl e siha ft i n t
Rab46 sighals stimul ated withAEat H nhi stam
agreement with my sFlde xssttaanthiugrs iodwa ti an,d i tchait e
enhanced ri se i%?teviorkterda deyl Itthlearsi@ail t aneou
TPC2 has potentiated the detachment of R



(A)
TPC2-A1:N + His
(B) (C)
*

— -

% : - 0.75 -

§ | i A @ Control o.70 i e

:_;0.75— [ ] J_ - W His 0.65

E 1 o A N-Comp EOJU

RN IR | [T

_20.70— I = 0.20

t_ﬂ b A L 4 0.03

E L 0.02

é L > 0.01

0.65 0.00

Perinuc|ear Perinuclear Intermediate Periphery

Figwr. & multaneous addition of | ow conceni
TPCRIN induces dispersal of Rab46( Ay om th
Representative i mages of hAECs stimul at e
OM TPACIN al one-sdri mud add on. Rab46 iksstain
stained blue with H33342. Scale bar = 20
i ntensity asnhadwsésa sperfi (fLAQl ear di stri buti o
the total image fluorescence. (C) Expand:
three cellular regions, preriipeotyeal, =i nt «

DMSO, KHi.&M=CQompl& OM -APNCRI | wlaglaotted as
mean N SEM, n/ N = 3/ Wwmy *ANOVA.< 0.05 by
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47Costi mul ation with hABt gpmitreentamd e

secretion of Ang?2

The dat a rseulgegaddsttvsb i TPC2 mechani sms i s su
the dispersal of RabA&sf pomvd bawmMytOliZaete h

Rab46 is responsible foAngRaguilWitsi et tthe |
MTOC in response to (hMistteavmi neel nhtl it u2l9altlii) ani
Ang2 secretion from within E€samacsedompar
hi starneisnpeonse (thatuttcaunsleddhas) adhted to

detertmiemef uncti onahGatmbedivaned df spersal c
from the MITO@Esamdarel d ysfosommthdhaBGael s on
hi st aanmmked Ang2 secretion.hpebt gonesbat oardo
TPCQ@epenGe&htel ease by simulwandohs ss$ aimmnle
TPCRIN would potentiate the secfMtdron3mf

OM TPE2N independent!ly (eév gueadf sfer8g)2t(loav el
similar to basal vehicle control), sti mul
AIN significantly increased secretion of
M) alone. As per my initial hypotheses,

AIN as a, pphesalolyogagdnivet of de@Enstlr entae/ce
t hat histamine evokes retrograde trafficl
Ang2) to the MNMTEC ewmlserde fCaoan JFPERI fiinayg st

el i ctinddisp e rAngifros fWRBRs and Rab46 from mici
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8_ ’ I ns I ® Comho
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E sod| |Mm ¢ .
8 ' * ATA * @ 05eMHis

o 0.5¢M His
\08 . * ¢ +10 M N-Comp
~ 25-_
m -
C -
< .

0

Fi guwr. 8 multaneous ad¢dinttcieon roafft iHoOosst a mi ne a
TPCGRIN el icits increasgdopeimehidM@g®Byof

Mean data from Ang2 ELI SA, showing hAECs
thrombin + 100 OM histamine), -W&N)i,cl3e0N DI
(30 OM-ARRXC2 0.5 His (0.5 BOMimius tada miome Y, 5¢
hi stamine +-AllN.D®MaeTpPCr2t ed Na SEmMe)a.m n(/ N = 3
ns = not significaway ANGOGVA. < 0.05, by ol
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4. 8 Discussion

The | ysosparad dhveonnel 2 (TPC2) i s a membe
characterised by its peodosemés| acadlli gsao:
possesses |i ke TPC1l, two homol ogous domali

a functionathroogphpowbhi ch t A'e anaaicéu cetvaendc. e

Thability of TPC2 to éontreisbwmtart ¢ ylsosalmi
often in response to a stimulus) which c;
cytoscdlriicsessadue t o d ttse smpatdylad@farest el et

2011). &Aslhews € hsmall, modchaenhghkosspopmat| Cai

TPRMLdLi;f fusi on within t)het hneeymbarraen ep oitse nltiinmn
for?”Cal ease channels affecting the intrac
t hei?fsiCganal s i nfl uenci ng |hyyspoostohneaslii tspeods it tihis
coordinated movement of | ysosomes, Rab46
stimulati on wdulhd halek c@anli nree I2taangde fofr?*Cani s
to®i nd toehanhde deEoFmai n of Rab46 causing deta
TPC2gatseyd NAADWPhere NAADP binding p erotein

been shown to mediate the binding of NAAI

binding site aumchRC2a cftGamaasmesdt ne et al . 2
NAADRedi at%di Crmal |l ing is crucial in the ¢
|l ysosomal signals potentiating into gl ob:

i mmunogenic stimulus such as histamine.

Wi tTlPCRReing i1 denti fciaemdli alata 3 tombamndod mreel |,
phar macol ogi cal aapnp raogaccrhi,s tt ho-AsINTt FtGiRe, t  TwPaCs2
devel opedanallroegnugeheni ng t ec-ABN g use sa. pToRr@G2n t

agonist of the channel, which possesses |
NAADP actainwativiboantc bdnnel activity. The ro
to | eavealToRiQ@2s wipeag conf or mat i on?% ftfhlrapxu g h

achi etheddevel oapnikana | eocft i v ¢ P &4 BPpiesy mi t s
mi ok i nRl ©032wh)eR e it preferfeenftfiflauxkimy TPTR@c e
di scovery of these compounds showwdtthat
with the capability of these compounds t
(Gerndt eYuah .et2020hazx@24)x hi s phar macol o
the effects of THMAXtaeti nkaeadi elneasne t hy
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NAADRedi ated signals and the distributior

channel activati on.

Firstly, | confirmed t-A&N e vno keendd oat? hred bi uasl t
response i n both IHUWEC tahnedsRIGARCWDOD b AU not
produceérasfanse ddudtiotopriagndedef laudNa howeve
clear i n HWVHE®~Ncheantt raattotkaen s ma | | rise in i
C&*t hat was not observed in hAEC. This <co
expression and abundance of TPC2 in HUVE!
i ncreased expression ofqPTWRGZecil maatUVEC wi |
credited with identifying the pstemulaste:
model , twheeerneo ns ttrhaatted n acute sti mtAltdt i on
andPCRIPsi multanedusédg an Pnesepamsed Ca He
celdueopraeferential bias forvewi tmomieng TP
selecti%evéo(N&an et;Yalhan 206221 . 2024). I
able to show in HUVEC that ?TRC2aise ¢ apahl
dual stimul atAitdnaMRd t hi M CRestraints withi
not beevian guiat emMy hAEC model

At | ow concent-AEt i((@&Md ofb sTeR &2rdi wneot thdam
samei mefasamei st arhiarte oHsSwmw er, at these | o0
concentrations, -sshiemu lagtpildre dwii@vh ctbi st ami n
observed thbapothdl N pdtheen st asmemk&adr s e

Tesa@data highli G\MitTeRdE2Nt hamang A dkeutaocal i sed
el ease of A%y s TRLCAY| whd ch i susniontg detect a
Fl exsthatsieadn aasss ayass p o n skees|l ke t ed tiinant s

-~

HoweversticmuWist e dl ow concent reetddaens of hi
ocal i2¢riesfer®am | y yaorsd metsen wit t hiWil @ P-& @N

showgat ent i at i?drne sopfo ntshee oisglhe ase BHR odm t he
st olHeengle obsafrvretdher résesponfke Opposite

observed at high conce@womt T-B@WBwhoefr ehbiys t a |
ER storesdgepl|l atlednheceael di t i bingl@hcantofati on
TPCRIN (G fails to*Rec¢ entiidastneyaSaPiC 2

sen<xidtfRs t %r €hease evokeN dryd TIPICRt t hr ouc
pat hway-AINPD2y passes NAADP t ot os ycnoeorrgd i snea twel
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C&*'signals and evoke glob'nkspansen(¥tahnhe
2028%pr k conducted by sYoazmnsaddacRdtselngl lea
el ectrophysiology, and although shis all
believe tahadcomprvemegnsi veuappasa€&hexstatia
measureamehows for a more physiol dagiecally
ECs requirinderceonfll uspmeaadmratr awdldkGREN | n
t heontext of his$tham@B@de vetsitrhiglakesef ect s of

activation of the release of Ang?2.

Now under standAXg itshatapa®C2 of bypassing
to evoke int'ralceddae,l ar Caest iaboed whet her
| ysosBRadrosstal k that |was Ipriheygsulloa taignigc atlh e
signals. To test this, | (MdeTdP&INmulnt aneo.l
combination with increasing-16oNmcamdrati o
observed the presen?del.osf rekBQaakcweflfleurl)aratC:
concentrations O hhetemvas &0gmiidhtc,ankut
potentiation of tAW kivekame I Caase TEECRApar ec
control (histamine only). | have shown t|
Ca&release -AWN TMCHhAEC when applied alongs
di sagrees with the work of the-ABNMtmdy gr o
be capable of s{mpengiusiendg bwi tthel Rell i n

hi stamine) t &*sangpnlailfsy gtehnee rGa edl bgelTPER2e

this might not be a univetgpt spepbhbe. al
this slight syner @iMs mOWM ,ocbdsuel rdv @emid tiad e ©t 15y
conclude this was a true respons?& nsitnhcee
extracellul ar space fr omERrheef iblulfifnegr p rna cee
Thus, | turned fwmoudeingna @i mMo@ared an

response of hAEC to sti mul adad rmame mtofit aht il omw
TPGCRIN when added simultaneously. Again,

mean peak histAlNi peokeT@®E€CAoNnse. Nonet hel e
observed a significant difference bet weel
sustaihedsCanse. Jd*0col®@dimMi €as, it i s unus:t
sustaiheedsCanses, due to the complete dej
wi t hr enfoi,ll | e ngected under all conditions f
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This was not the case in those cells subj
concentofath iositsa microen ceemad olfacc W-R&N& ( ® Mébn d

100M respecti vetlhyi)s. pltoe msnmewemp!| i cated, bu
possible that due to TPC2 being forced t ¢
i mbal ané® nisn déa anfdorotukssiodeel | t o enter a ¢
wheres gesgmer ge n¢dpyoothas t oc h Cr@dr iTdaler e have bece
mul tiple studi esartdoiatsushtiigddt oghondni a can
C&%as a | ast redoartc.atWeHtiys ldiel K e tdhessutdid echu e t
effluxtdf oGah the mitochondri al per meabi
causing capomtnatlil i ng cascad@dauMmMgdant ered ett
20009) .

Angs2ecr emaisorshown to be potiemal at ieadn uwpionh
and TRDRZ at | ow QOMasnedsOIO respectively). Foa

to remain open, causes aomhpndtebhl wxtadof
which | have shelwemaoes id ssmainl amount of
potentiated by increasindgtthe probamil e t
the two pharmacol ogi cal agents atkheappl i
rel ease o?ff rroomm eboCah | ysosdosmal sdddcERNEat c

tri ghpreel ease oft RWEB6E6E aondtaining Ang2 frc
all owiimgraemse i n tsiem@oetiba. sdbeeti on of

obserivsehdort (10 mitni)me |alulsew ftdrn sdi rect ¢
FIl exstation and | F imaging data, however
stimiepsendent context have applied compol
this could expl aimi nwhry claongleys balssadr wseecr e
(Ferrarol9%.t Aanlg2 2i0s a | argxpagrdiymeomptrotleawne

t hat ceil icoosngrriod | ing production dwer fn alail
prot anardei and stored, thus its detection
(Huang et al. 2002). For this reason, it
power ful positive control (ebeba)ediohevesl

hi staminma eadtl vascul avhinenspadnoecaur with

noti cleraibé fy wtiivnoe o nor mal i se my ELI SA resp

Al together, the data in theéepecmapbée APEI
agoni st-AINTRG2 a power ful t ool foad*™ the stu
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signalling mediated by NAADP, through pheéa
second messenger i n thaeeamomtetxhaatte fde fTfPl Q2x.
C&*"t hrough this channel can be potentiate

and that prolonged opening of?Tkepohaese!
t i s possible to eluccdmadcentram eme adfatta
elicit a local ?2fgman Il yrsolswaneess @fndCa hat a
exceediOM,gt30 s possi thlee rtecs pplnstealliesaaditng t
ER Tpool depletion. Ang2, asatoocorsRabdBi nel
positive WPBs appears to have icmcreased
stimulation with-AtNst & mi ssetfraenrdcht€PeCr2s t h e

ar gumenthreeha@tase of Ang2 in the context o
rel i an?r elnedsae from small |l ysosomal st or e
members of the |ysosomal <cation channel |

I mportant roles in viral (EIit oet talaims? ®Z4
it i s probable that tarAgidticogl|ltwhic®endRann.

therapeutic potenti al downstream.
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Chaptber

Endlgsosomdist@Ga es are actively
NAADRedi at ¢di €aa.l |l i ng

51 I ntroducti on

Haviusged a phar macol aoginoanls tapapreo achhe trool e s
and TRPML1 in the dispersal of Rab46 fr ol
with hi,stlamiameé edh asomerdsi ifRNA nder st arhde how
reduced expraechhsanomelofaf f-medisa tNevdeDCaa s e .

Within the | iterature, t Hearlek aree weuwelnt iipnlt
organalnldes h¢ yemdomal system i s no except
published on the relwyvdoowmmeddisp xbeowagen BR
of thermbatl e being the i dewheorfe bay,d tar isgnys
|l ocalised fPeheasghof yE@msaomudrlisgaed s ,

amplification of the sitghreell evaisa*f ®IOQFC A hteh |

ER(Lee et al. 2019; Moldgadawiaetg @&in. T2@21 ) he
previous chapter, TIPCAd 2t ahabddRkPwWh@dabée oI
type of commuwmiamattihenm .wiTtPlC1 may have | um

homeostati c f unrcetsipoonifsoiibnimeh hat ad*aummgenthe
and ensuring that(tbhrsesch kEepRC2 nR&dh6élg&cc
a O6thopi cd channel-evoke#drn €lacdhd s¢ apmda tnreway, d
contiemhti ch it operates IwiadonihgttNTaPAiCERC cthsa n

ability to operate as a céa&fTciuomesawWist overwl
curreéesndt et al . 2020T,RPWLaln iest aa lu.n i2g0u2e:
which it has been isolated as having a di

oxi de mbeeleiacsiet i ng a gl obalfiniserebroumfasacd
cells (Brunett:. et ,lalwa r2t0€d )t. o | eax g lha rse cthh

knocki nghedesearintdlopegosomal cation channel s
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hi st amiTnPeGRaIN-dInduC®del ease. Following thi
to briefly consider thehetftt aani mled d TRLIR4 & |
cellul ar diAntgs2ebutetoonnand

5.2 si RNA knockdown of TPC1/ 2 and T

successfully induced in hAECs.

Bef €Cr@émeasurements werid mweasomeekdssary to
commercially available antibodaegpé¢ oirf iTd,
and that knockdown of the wrhdexmmvwedr st was f
|l i pofectamine transfection with si RNA spc¢
cont Rabd6 was used as a pbolsAi)t,i vaes ctohret raolt
and si RNA for this protein had been vali
Miteva etEmdogemd®y expression of wdd thr
observed under control asesnduticessfahdtdyex)
si RNAs conrFdigtuiBen,®) . After imaging, al/l bl
stripped and underwent furthact iwastho ngn ;a
equal protein | oadhegeadanbasssgmpbkbeést hat

int racel?fcuhlaanrneda dynami ¢c shd :ne hAAIEKMAu.si ng t
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Rab46 TPC1 ‘ TPC2 ' TRPM
Ladder Cell Lipo Scr kg  Ladder Cell Scr Lipo g  Ladder Cell Lipo Scr /g Ladder Cell Lipo Scr L1 k/d

97k’%>.-- - 94kDa>--”'0
oo !

Rab46 TPC1 TPC2 TRPML1

opaay
95kDa > i~ gl
(expected)

65 kDa >= el

42 kDa >
42kDa > W ey et S . ~-‘—42kDa=---- 42KD2 “hy e o

B-Actin B-Actin B-Actin B-Actin

Figwrédnti body a-nddescBNMAknockdown validat.
TPC2, and TRPML(1A)i nWehsAEQsn. thhleot i sh pait eg b
at 97f krDaRab46 and subsequent (Cedlc¢ct i20n 40
Rab465&%dbh-Actin impemgkBHd West ern tbhleot s h¢
anticipated bamd T®RIC194ankiDaubsequent redu
intea€etly; 62.920. OBLdt ki di; mp asm RiNtAy )

transfecti ork/)(dkancotciknd orwenmai ned constant ac
(C) Western tbhleemt i €ch @pwit gl band at 95 kDa
subseqaesrtdlugtion in (PColtle;i N4dT NABBI2T P2 ok /
b-Actin iinmetntse tgpohi k/ degemained constant a
conditions. (D) Wehsetnegrnrilpladteds bawidng@t 65
TRPML1 and s$bhedqgqueéemnmon in (PCeoltle;i n54 .nt%,ns
TRPML1 k/ d;b-AZ2.i W% i onft etnlse t pohi k/ demai ned
constant acrosm =all, calnldigadammlses under wen
guanti fbied dtoi@ean ng to ensure equal protein
comparliasddher = protein | addet] Cgllat=, uiBt
scrambl ediioRNAl i pofl/lcd amni ailrammeély, knockd
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5.3 Transfection of hAECs wusing Lip

i mpede hi-stakné thre€heas e

Bef @arcédni ecvhianngned c k down and 2nrecehaasnunreiln gd yGhaa mi
was Vvital to ensure that transfection usi
t hreel ease of i2retvrokeeedl Ibwl eri sGaami ne. Al t ho
has | ong been considered a stable and ef
endot heladamtli miedfd tdi,)oen cond¢ e ptof &tcit ami mfe and
of si RNA to this mewalubmf éviaasp pclriuccaitailo nt oo f
sti massestsheed effects of | ipofectamine alo
hi st amiOue. (I30was able to demonstrwitteht hat
| i pofectamine did neuvokeardridldeta stenh® Biigsutraemi
Transfadicdi mmt negate A'hes memse Pk gada e

interfere wit h?*rtehsep osnusset aiinn etdh i&xCdel | | i ne
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(A)
=)
g 30 pM His
g Vehicle
Q‘ Lipofectamine
q_ (Vehicle)
('-‘\:l_‘ Lipofectamine
S (30 uM His)
(]
<
0 100 200 300
Time (Seconds)
(B) Peak 30 uM His (C)  sustained 30 pM His
ns -
* 2.0 [
J >® i P
s 1 [= {
o —_ ]
8 5] ¢ @ 157 f
S @® 30 uMHis S E @® 30uMHis
Q Lipofectamine g : Lipofectamine
=k (30 M HiS) 3 1.0 (30 UM His)
~ -
S ' % ]
< = 0.5
0 0.0

Figwri pofectamine transfectionedo&sdnot
C@respon(sfe)s Represgntatevehe€waing stimul at
stimulated W@WVMtHi ssidrhewveBiOcle in or out of
transfecti obni pfoofre cdt8anhi nbeyfe 2000 (ratio 1: 3
amplitude data of 2(rAgs.po(nCs)e Smiesatnd €dnaetdd €oaf=
DMSQAI | expeaeiceeemdusct ed i W"'SBS5bmMf €a. Dat
plotted as MsamoN SEM.ni fi ctaestt,. bry/ Ninsp ad/r
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5 4 TPC1 knockdown i-envhoi kbei 8tfrsGamg st a mi

| ow concentrations

The -pwoe cpbaonheThG8s) are ancient, highly
channels that reside uniquely within aci
|l ysosomes. Studies have demohsNAADEBd wiiad
mobil i%ferso@at hese @k-Molskti st oe €Eapkl! 26014/
201.5)TPC1 has two vVvarciodmtc dilesirosfend anrae sa n(de a rs
and | ate) amRdkesleyasacshememesB Rthlatand TPC2 oper

i ndependently of each other (Ruas et al
cells, due to the proximity of these chal
tar geothremer ci al ly avail able capable of ago
has been shown that TPC1 knockout i n mic:¢
does disrupt normal i mmune fudsitgoal lainng,
hentheypot Bedhat this channel ocleyvyesomal a
homeostasi s&(Klabgmmamear, 2020). To study t
knockdown on -ehekb¥ds€laenase, | used intrac
Fl exst &tmecans uGaemenasutely stimulate hAECs
si TRtCalr geted cell s vs control

At high concentrations wafs hnios teafniiencet (0300 tC

Ca@'respdnysenockdownFioguddeR. 01 |l observed,

t hat knockdown of TPC1l, induced a potent.
( Fi goBrAg TPC1 knockdown induced a®%sigeiific
hAECs stimul ated with | ow concent8®9i ons

but not the sustaib5kgd response (Figure
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Fi gwbrr®@PC1 knockdown potenti &tres ptome es gt
hi gh histamine concent r2drteiloenass ea nadt d eopw et
concentr@A) oRespresehtateseslfawing acute s
hAEC withO@a.Hi otr asBiOREBAMNr ol versus acut e
with TPC1 knockdown. (B) Me@Wn hpesadlmamgl| if 1
(A). (C) Slursesap onresdelstao 6t @i ne from (A). (
amplitude Q@Mtistafmih.el from ( AR).es(pd)n sews tod
0.8GMhi st ami neSdmr om Adambl edk/cdnIR@1.s, si
experiwemeonducted i SBS5bmMf €a. Data rep
mean N SEM. n/ N = 3/ 9, ns = not signific:
unpai-redt t
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5. 5 Knockdown of TPC2 signifi-cantly
evokedTr Ehease in hAECs

TPC2 is ubiquitously expr essiendu nascnraonsls mu |
the most widely hsdeheanreadal 0f dhe to i1 ts abi
cationAgwhitshs of thaAlM/Raanebhheé&'Ea?

Nacurrents through a °2bdfafsl ume.c hEwtiidsart cedo rf re
and GaliohaebBiggbupghted TPC2 to be a stror
medi ati on o%'s iNARADIPI iCmg, with the identifi
above, but also through the i1 dentificati
LSM12), which-deptbowadal gsiisnof NAADP act
recent study identipikaet meen osRRC2 pdmdeloh:
ability to coor di?fsaitgen avlbse yilnyeoabimseedn@ap!
these intosiggobtibreeioenas e f nbmCahe ER ( Yuan
2022). Thwus, it is apparent that TPC2 is
of deduci mgdWNAA®R®RI Cmalsetadatihdeg conttheext f or

propagation of these signals into global .

Her enonli tiomterdac ed*dyrdami cCa to study the eff
knockdown orvhiketdaiCigmel i mygpot hesi zed th
(0O and hOMhc¢BOentrations of histamine
i nhi bitiohesfpotntsee, Caand this was observed
( Fi goutrAe . A0 b®M hhi, s ttehre{ HegwumBand sustai ne
(Figure 5.4C) responses were Aitntoi. di tOevd b
hitsami ne, | again observed a s?i‘rgensi pfo ncsaen t

(Figure 5.4D), and the sustained respons:
signi fi catftrldyo dd odiherrsodn.f i ndi ngs hi ghl i ght
medi at%rde|Cepalsaey s a rol e in elviokietdi ICha t he

response and | oss of t hliyss ocshoammahla |ckrcoosusl d |
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Figwbr@nockdown of TPC2 inhibitevokedacell
Ca&relefdyp. Represthtatesesllawing acute st
hAECs with QVhl saaNiiPB8 channel knockdown.
peak amplitude @nNhias toafmi(nAe). f(o®)r 8Bupsoct nasi ense d
forOBOi stamine of (A). (D) Mean ®&ak ampl
hi stamine. ( B)Yr eSsupsotnasi ense do ®®Ma(i As)t aff@m eG. 1

si RMNAntsrioTRC2 = KWIHd ERE&eirceoemndusct ed i n 1.
C&'SBS buffer. Dat ASEMpthéedl as3mBanns = n
= p < 0.05, ** = gestQ. 01, by unpaired t
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5. 6 TRPML1 knockdown indhvdked& €dae h

response at | ow concentrations

TRPML1 is at membresi ent receptor potenti al
and possesses unique characteresdocs thai
|l ysosomal TPCs. Firstly, TRPML1 ias$ excl u:
membr aned had ndedrmrcatteol ypllaiynknegd a pi vot al r
mi t oc hon’dhroinaelo sCaasi s (Peng et al. 2020).
the only knowhA'chgenebmab @adul ai*e mi t oc h
dynamics, via contact sites between mito
this thesis, I have not?*sdogmsailddrnegd mitt a cs
hi ghlight that TRP channedasl lhiavge tpd teatdwagty s
of TPC1/ 2. Knowing that TRPML1 and other

proteins are implicated in | Masc®bmpl dos o
type IV (MLIV), | bebPdgwamihat cpubdi shed]
potential therapeutics. | applied the sal

TPC2 within the dhivapseam{fAe)l and 8Dserve:t
knockdown of TRPML1 on these res@PMnodés.
hi stamine, TRPMLifdo k n & thied chtv retvarkiefde Ca

rel ease .(ADi gainrde tshere were no differences
amplitude. B)Fiagnudr et h5e Suess @mo mea . GRi. g Agai o,
at |l ow concentrat iOdhils s errivsada md nsei o mMi. fli ¢
t he mean pe aekv ohkiesdtr s&&miproen s e .(BFi, glhnaevev er , t
was no significant difference between col

C@&response .BFi.gure 5

Together, so far, this d&thannreltshd nt hrhd e
point to a hypothesis that knockdown of |
affects the&'rledccalsiesed h@a acterised by NAA
potential for a?temhmmpasseattihcmugfh TPC1/ 2 t
i ndependent of TPRML1.
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Figub&nbckdown of TRPML1 in hAEC evokes
hi st amivokedT Ehease at | ow (cAh)n cRenp rreaste notnast
Ca@traces of hAEC transfected with si RNA
contamal acutely stimul atbevdi wt ami pret héB) OM
peak amplituddhidatamifme &0 (AR eSPOnNSEst ¢

forOBOi stamine of (A). (D) Mean peak ampl
OMhi stamine stimul at?iroens.p o(nEs)e sS uoSM a(iAn)e da tCa
histasmecmeRfRNontrol, si  TPRMLIAL |=wWalkd TRPMLI1

collected PR¥®BB. HDumMeCa where datNSHl.s pr e
n/N = 3/9, ns = not signifitcant., *** = p
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5. 7 Knockdown of ?2HdR@lamdlictserisn QA ECS

stimulated with TRQGR agonist, TPC2
With the evidence supplied earlier that
operate independently of eachameé her, wit!

functildom&leldy i n t &fcrosr reefnttsh e iPrr ea ous wor Kk
t hleoss of both isoforms of TPC1 can have
trafficking event sshwghéi not hebt lglesoesesd noafi, t |
TPC2 (Castonguay et al. 2017). Further mol
TPC1 and fTPCQt t@mpas s at®sreygy Gan t he event
reduction of expression of one of the ch:
TPCGRIN agonist of TPC2 to observe whether
alter ?tddiysma@a c STPCfL tcthhannel in response to
with -APN2 hAECs wer ébedloartaends f2edc thi on wi t h
specific for TPC1, before being acutely
OMITPGRIN versus contr ol (scrambled). Here
concentr aOM oBCAINO there is adaiespomnsgl o
exhibited at this5eARO0e Mehent ipetad@Ciagunes
expected, there was a | ar gé*attr &8s iOavnti nr ib:

control ver sus knockdown conditions, and
the effecASN offFiTguG2e 5. 6B). However, arou
stimul ati on, I observetdiseseovhndc hi narsa csd |

exacerbated in the TPC1 kn-A&N d(oRFnndgdCree |5s.
When considering?tédepsuse aanebdoMCRBCR®R and

N, tweme significant differences between
(Fi gobrDe E)p.r olbthleirse, that in the case of T
rate -méf iEIRIl ing isthepacstefd,t desrecha@annel , t
kept i n an open conformation depleting t|
knockdown does not cause complete | oss of
remaining TPCl1l channels are ca’faarbd e of s
propagatsiinggnal to f or ce*fruornmt htehre rER etahsreo uo

amplification ovi &shkePr | ocal signal s
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Fi gwbrr®nockdown of TPC1 i nduwésepsi kae sienc ohnAdEaQ
stimulated with TPRQGR.(&A9o Rieptr,esEPCacteyeol
hAECs acutely sti muUMPER INviitnh d9Mnaenod uFs0
TPC1 knockdown cells. (B) MeanOWpeR®&2 ampl |
AIN, showing amnginnifticantnadnPresponaesei.n (L8
Mean peak ampl it ud@MIPCREN e h oavAdi s toirn c3t0
resur gen¥reelienalsdeich signi ficantly potenti a
TPC1 knockdown. ¢PDepsPosseaei dad OCEBECRY A) o
N. (E) Su%taspeds€adat OMIBEGRINA) Adfl &t a
plotted NKSEMmean th all experimenttBBR onduc
buf Sersi=RNAntrol, si TPRERAN==KBHOTPEE, = not
** = p < 0.042,eslhy unpaired t
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5. 8 Knockdown of TPC2 sigmelfeasat!|y
evoked bRAINPC2

TPCRIN waiss cdoviea202l0 and sincbaabst bewalsmeover
repotboete $pecithiec TPC2 channel target. M
to demonstrate that knockdown of TPC2, wi
the protein | evel of the channel, which
TPGRIN at elicieéspmgnsae Can hAECs. Using FI
i ntracedmhedaur €melnthsave shown that, in res
knockdowasiuRNAgspecific for TPC2, Opon ac
TPGRIN t hvearse a signi fofcamh'e e@é ons eciedd s wi
TPC2 kno¢lkdaogowme celwhere TPC2 was specific
by sitRhhdA e was a significant decrease in
57B) of?tasepe@Wmess sus contr ol?fr ellheiass el owsass aafl
reflected in Zdthes parsd ad{nE)idg Breecuateom t hi s
data that reduced expressiornrTel eBBE2 evVvié&
by TRAGR, but does not completely inhibit
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Fi gwbrr&nockdown of TPC2, i nkirkeiltesasienterla ccdl

by the TPC2 ada&m.(A), REpCesethtatevseofCahAE«(
acutely stimul OtMEBRBGCAINt h nl cDart M3edr sgs hAEC
t hat have undergone transfection to knocl
amplitude data of (A) showi RrAgtNavoOokasdtic |
C@&response in hAECs that are expressing
stimul at iCoMT PWRtM. 3(0C) Sud%taspeds€a of (A)
showing significahtespbnbetfohl ofvi hbesCal
OMIPCRIN. Alwaghonated NBEMneam 12*§B$nM Ca

buffer, n/ N = 3/9. Where * = ptesOD.05, *"~
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5. 9 Knockdown of TRBPMIE&kn ¢ od entt &fan ed

resposnane hAEC

One of the major functions of TRPML1 i s 1

prevent | ysosomes fr ommihndg @oamiimgyy H ome asti &g
(Schmiege et al. 2017) medhatadt fbyyh tt yh eo fCa’
proton gradients within thePrlewioswmal | u

publ i chaatvieo nhsi gthhle grhetleadt i onshi p bet ween TR
communi cati#irygowioamaER clhean d&RP M Btseé s ong

candidate chanmedi dtoaddi MNAODR i dgt eHer aedl i
t hckep!l etTiRoPAMImifot ei n i mp?drcd o ntshee &BECRed b
AIN. hA<EtCismuwiat edei t h@MI PICRINr BBe resul ts
that in both control and GQRMPBENKkNnbl&de wi
was nor €aponse obs&BWeEd WBighserved previ
(Chapter . 4.24ARi GMTRGAIN, there is a transi

t h@&*i sien both knockdown and contr ol cel | s
being observed i rf*atnpd i meuadnd 8BeFa kg Thaer e was
however, an increacé eismpotnlsee s wns ttahiomseed c@d

TRPML1 knockdb&a@) ( Figur e
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Figwbr®8nockdown of TRPML1 results in an i
C@&response following sAitMyAxt Reprewseht aP
CaZ*traces of hAEC with knockdoSxhr afidTRPML
acutely stimul &tMEBRGCGAIN.h (1B) owe a0 peak amp
of (A)OMI®IGR3IN showing no inhiBiresponsk.th
(C) Mean dat a 20rfe spucsnsadned MCRERIN or 30

showing inhibition of the sustai®ed rFesp
si RNeAontrol s, si TRPMAWLI =vdekrpedl o TRPMLNAS me an
SEM, with experiments 2¢SoBnSd tbautfefde ri.n nl .N5 =m
ns = not significant -te&st=. p < 0.05, by ul



