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SUMMARY

Epithelial tissue is the most studied tissue type@tazoans to understand tissue architecture
and organogenesis. Epithelial cells exhibit apicobasal polarity and adhere to adjacent cells and
the extracellular matrix via adhesion molecules to shape organs, form boundaries, and help in
barrier function. Tigtly regulated cellular processes mediate the formation and maintenance
of polarized epithelium. The epithelial architecture is maintained by global and local force
generation and transmission, which are orchestrated by adherens junction proteins and the
associated actomyosin cortex during organogenesis. Organ formation has been well studied,
although organ degradation is equally important. The degenerating processes involved in
altering epithelial topology contribute to organ degradation or, eventuaditesing. All three

layers of the epithelium are involved in degenerating processes during organ deformation. We
studied degenerating epithelia, focusing on junctional components and associated cytoskeletal
proteins, during metamorphosis, using tHerosophila melanogasterrespiratory system

(trachea) as our model.

We identify that thédrosophilatracheal epithelium has a neanonical belt of lateral
punctate Ecadherin molecules in addition to the classical zonula adherens (ZA). Lateral
punctate Ecadherin molecules are present below the septate junction, close to the basal edge
of the broad DIiglomain, throughout the larval and early pupal stages. These lateral adherens
junctions (LAJs) encircle the cells in the lateral membrane basal to the ZA and are functional,
having all ZA c¢ o mp o-naemntand pl20 batenin. The LAJslre active e n i n
receptor complexes. Two distinct actomyosin cortices are associated with the ZA and LAJs.

Both cortices show differential actin organization from the larval to pupal phase. The lateral



adherens juncticassociated actin cortex (LAJC) transforms into a supracellular actomyosin
mesh in late larvae. Starting from the Mid L3(110h) larva, actin bundles start from the LAJs
and the cytoplasm. In wandering L3 (115h), a thick lateral pericefgatin belt forms at the

LAJs, providing a scaffold for incorporating cytoplasmic actin extensions. The actin cables
become longer, denser, and continuous, progressively connecting across cell boundaries and
thus becoming supreellular throughout the Gand 1h pupa. The-&ctin belt disappears in 1h

pupa. LAJs are present throughout the process. Actin organizers Rhol and CDC42 are present
at lateral Ecadherin contacts, which regulate the initiation of the basal actin cortex in the third
instar larval tachea (L3). Knockdown of Rhol, CDC42, ROK, Sgh, ARP, and WASP in the
trachea showed reduced baseadfin, suggesting that the RREIDK-MRLC and CDC42
ARP-WASP pathways independently regulate basal actin cortex formation.

Thi s supracel l ul ar n e tastimnr &nd phbsphanyosim t e b a
accumulate on the cables, confirming the formation of stress fibers along the AP axis of the
dorsal trunk in early pupae. These stress fibers contribute to force generation smdsgiam,
thus facilitating tissue compression by aECM remodeling in the posterior pupal trachea in the
early pupa.

Furthermore, we investigated the relationship between the LAJs and microtubules.
Microtubules also show a similar pattern of supracellular arrangement in the early pupal stages,
which coincides with actin events. The spectraplakin group of proteins okssdhe
microtubules with the actin cortex. We found that shortstop(shot), the only spectraplakin in
Drosophilg mediates actin microtubule crosstalk during supracellular cable formation. In the
early larval stages, shot is enriched in the apical memimearethe taenidial-&ctin rings and

at the LAJs. Shot enrichment at the LAJs showed an active interaction between actin and



microtubules. Overexpression and loss of function of Shot lead to disruption of both taenidial
actin and LAJC in the early larval stages. Shot binds to both actin and microtubule in 1h pupa,
promoting the supracellular actin arrangement. Knockdown ofisads to disruption of actin

and microtubule arrangement in 1h pupa. However, disruption of microtubule arrangement by
knockdown of microtubule plus end binding protein Ebl and mémas binding protein
Patronin showed less altered supracellular actireko8hot tends to bind to stable acetylated
microtubules. Microtubul@ssociated Macetyl transferase 9(Mnat9) facilitatesté&minal
acetylation of both alpha and beta tubulin. Disruption of microtubule stability by Mnat9
knockdown disrupts shot activitgicrotubule arrangement, and actomyosin cortex.

To understand the basal extracellular matrix behavior and its relationship with the
actomyosin cortex, we examined the basal ECM (bECM) component collagen (Viking) and
found that bECM is severely sheared in pupae, indicating a delamination eiz@asaphila
tracheal DT. We also analyzed integrin, given their role in mechanosensing. In Early L3,
integrin distribution is uniform, whereas the onset of pupation shows punctate integrin, which
is localized around LAJs. In 6h pupa, integrin becomes highly ptenatad irregular. The
timeline of bECM remodeling phenotypes coincides with aciundling events, thus
suggesting a supportive role.

This study is the first to identify and characterize the in vivo existence of LAJs in the
Drosophilatrachealepithelium.The LAJs contribute to force generation via LAJC, which
redundantly supports aECGMediated tracheal compression in early pupae. We also showed
the cytoskeletal arrangement and extracellular matrix behavior during the-t@apugal

transition, which prones insight into other functional roles of LAJs and the associated LAJC.



SYNOPSIS

Epithelia is the most studied metazoan tissue type to understand tissue architecture during
development and organogenesis. It is composed of cells attached to each other by adhesion
molecules. These cells are arranged on the extracellular matrix viaaflvasions or dot
junctions. The epithelium protects and shapes organs, acts as a barrier, and sets boundaries. It
has three domains: apical, lateral, and basal. Establishing apicobasal polarity and maintaining
the above three domains are key cellular gees in developmerfC. E. Buckley & St
Johnston, 2022)

The Drosophilarespiratory system(trachea) is a network of ramified tubes with varied
architecture that helps transport oxygen to different target tigBa¢s & Arias, 1993; G. &
A, 1993; Loganathan, Cheng, & Andrew; Wiggleswarth)has been used extensively to
understand tubular epithelial architecture, its development, and disass@miBhen &
Krasnow, 2014; Frairdamora, Tosi, Solon, & Casanova, 202The cells in the tracheal
epithelium are attached to each other via homophilic cadherin molecules at the adherens
junction. Below the adherens junctions, septate junctions are present in the basolateral region
of the lateral membrane. Different polarfiyoteins are distributed in the three domains of the
tracheal cells. CrumbBar3Stardust are present at the apical domaicadherin and Catenins
are present at the adherens junctions below the apical domain, andIgekipl are present
in the lateradomain(C. E. Buckley & St Johnston, 202Adherens junctions are associated
with the actomyosin cortexDrosophila trachea is a specialized epithelium with two
extracellular matrices. One is the apical ECM, which is secreted by tracheal cells and is
composed of polysaccharide chitin and glycoproteins, and the basal extracellular matrix is
composed of collagen, perleganidogen, and laminin.

Y}



Tracheal development is complex and intriguing. During embryogenesis from ten
epithelial placodes, a complete trachea is forifi¢alyashi & Kondo, 2018)The largest of
these is the dorsal trunk (DT), a multicellular tubular structure. The branches that emerge from
DT are unicellular and subcellular. The signalling processes involved irepdsionic and
larval (1st, 2ndand, 3rd instar) branching mormrasis are the sanfelosono, Matsuda,
Adryan, & Samakovlis, 2015)T'hese mechanisms regulate radial and axial length increases
and the patterning of the tubular epithelium. During metamorphosis, half of the posterior DT
(tr-6-tr8) gets degenerates. The larval trachea is replaced by a temporary pupal trachea,
followed bya de novo formed adult trachea in the late pupa. Organ disassembly occurs in late
pupae by larval cell apoptosis. Chen et al. showed that, during metamorphosis, the posterior
trachea is replaced by progenitor cells that are regulated by armie@ieted mmphogen
gradient secreted by decaying célis Chen & Krasnow, 2014Yamora et al. showed that
tracheal tube shortening occurs through an aH@&diated remodelling procegbraire
Zamora et al., 2021Caspas& mediated cell death in the posterior tracheal cells is the final
step in organ degradation.

Degenerating larval DT in pupae provides an excellent model for studying programmed
epithelial degeneration at the cellular level. A detailed information regarding the subcellular
and supracellular changes during epithelial degeneration is missing. Wstigated
degenerative changes in all three layerdDabsophila pupal DT at subcellular level and
obtained some exciting results. We examined the junctional, cytoskeletal, and extracellular

matrix phenotypes in this study.

There are five chapters in the thesis. Chapter one is the introduction, a brief review of the



available literature that introduces the central idea of the thesis, i.e., cellular mechanisms in
epithelial degeneration. The introduction summarises the research on the junctional,
cytoskeletal, and extracellular matrix mechanisms involvediiasophila melanogaster
development and degeneration. The study focuses on the theme of cellular processes in the
metamorphotic trachea dDrosophila melanogaster The second chapter describes the
reagents, materials, and protocols used for the study. It includdsttlod fly lines with
genotypes and source information, antibodies and chemicals used, and detailed protocols. The
results of the study are described in the remainifgcBapters. Each chapter has distinct
objectives. The discoveries provioormationabout cellular and supracellulaechanisms
involving junctional, cytoskeletal, and extracellular matrix alterations that occur in the tracheal

epithelium during metamorphosis.

Chapter 3 describes the in vivo existence of novel later@adherin junctions
(LA)similar to the classical adherens junction and its function. In this part of the work, we have
identified a norcanonical belt of lateral punctatedadherin molecules inddition to the
classical zonula adherens (ZA) in theosophilatracheal epithelium. LA was present in the
tracheal epithelium throughout the larval and pupal stages. Adherens junction component E
cadherin had two pools, clearly showing a very tight liledt ZA and another layer of lateral
punctate Ecadherin present below the septate junction near the Dlg domain. LA had all the ZA
component s, i-catenin,, andapi 26 aatenin. Twa distitkt actomyosin cortices
were present in ZA and LA. Actin ganizers small GTPases, Rhol, and CDC42 present at the
lateral cadherin junctions regulate the initiation of basal actin cortex formation in the third

instar larval trachea (110h AEL). It is known that Catenin and actin organizers are important



players in maintaining the actin cort@Ratheesh & Yap, 2012Assembly of the junctional

actin cortex is a key function of thedadherin cytoplasmic domaiiMason, Tworoger, &
Martin, 2013) This junctionrassociated actomyosin cortex is crucial for force generation
during organ formatioifLevayer & Lecuit, 2013; Roper, 2013; S. K. Wu & Yap, 20M/e

looked at the functional aspect of lateral junctamsociated actomyosin cortex (LAJC). The
LAJC organization started progressively from the LA and perinuclear space in the MidL3 larva.
In WL3 a thick lateral pericellular-kctin belt was formed, wtih act as a scaffold for the
incorporation of cytoplasmic actin extensions. The actin extensions grew longer thicker and
denser in late larval and early pupal stages and transformed in to thick supracellular cables in
1h pupa. Actin organizers Rhol and CI2Gwvere present at LA, which regulated the initiation

of the basal actin cortex. Knockdown of Rhol, CDC42, ROK, Sgh, ARP, and WASP in the
trachea showed reduced basabdtin, suggesting that basal actin cortex formation is
independently regulated by theh&l-ROK-MRLC and CDC42ARP-WASP pathways.

Ac c umu | adadtirinnandophospbBmyosin on the supracellular bundles indicated the
formation of stress fibres. These stress fibres facilitated tracheal tube compression redundantly

by aECM remodelling in thegsterior pupal trachea in the early pupa.

In chapter 4, we investigated the interaction between microtubules and LAJs. In early
pupal stages, microtubules have a supracellular arrangement pattern that is comparable to actin
events. Microtubules and the actin cortex are crosslinked by a proteity feafled
spectraplakin. Loss of spectraplakins has been demonstrated to have notable impacts on cell
adhesion, cell polarity, microtubule organisation, and cell shape in(Ri@per, Gregory, &

Brown, 2002; Suozzi, Wu, & Fuchs, 201Pyosophilapossesses a single spectraplakin that is



encoded by shodtop (shot)(Gregory & Brown, 1998; Roéper et al., 2008hot binds to
microtubule and helps in microtubule actin crbeking contributing to the cytoskeletal
organization(Applewhite et al., 2010; A. J. R. Booth, G. B. Blanchard, R. J. Adams, & K.
Roper, 2014)

We discovered thaDrosophilds sole spectraplakin, shortstop (also known as shot),
promotes actitmicrotubule crosstalk while creating supracellular cables. Shot was more
abundant in the early larval stages at the LAJs and close to the taeraditah Fings in the
apical membraneéActin and microtubules were found to be actively interacting through shot
enrichment at the LAJs. In the early larval stages, disruption of taenidial actin and LAJC was
caused by overexpression and loss of function of Shot. Bbmotes the supracellular actin
arrangement by binding to both actin and microtubules in the 1h pupa. In 1h pupa, shot
knockdown disrupted the organizatiohactin and microtubules. Shot is prone to bind to
acetylated microtubules that are stafikecolo & Araujo, 2020) N-terminal acetylation of
alpha and beta tubulin is made possible by the enzyme microtatsdeiated Mcetyl
transferase 9 (Mnat9) iBrosophila Shot activity, the architecture of the microtubules, and
the actomyosin cortex were all affected when Mnat9 was knocked down in the trachea. To
understand the relation between actin cortex and MT arrangement we disrupted MT
organisation by Eb1 and PatimKD. Disruption of the microtubule arrangement revealed less
altered supracellular actin cortex. Disraptiof actin cortex by ARP and WASP KD in 1h pupa
also showed less affected MT mesh in 1h pupa.

Chapter 5 describes further about the ECM changes during tracheal metamorphosis.
Collagen (Viking), a component of basal extracellular matrix (bECM), was examined to better

understand the behaviour of the basal extracellular matrix and its relationgt@@tiomyosin



cortex. We discovered that bECM is severely sheared in pupae, indicating a delamination event
in Drosophilatracheal DT. Given their importance in mechanosensing, we also studied talin
and integrin. Integrin is distributed uniformly in Early L3, but it becomes punctate when
pupation begins and is concentrated near LAJs. Integrin became very punctate arat irregul

6h pupa. ActiFbundling events and the timeframe of bECM degradation phenotypes coincides,
suggesting a supporting function.

In summary, these studies identified the cellular and supracellular phenomena involved
in epithelial degeneration usimdrosophilatrachea as a model. These data provide the first
evidence of in vivo existence of lateral junction and its functioBriosophilatrachea and
several other cellular events related to the degeneration of tubular epithelium. The processes
can provide light on the deteriorating epithelial alterations that take place in conditions that

affect tubular organs
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| NTRODUCTI ON




1.1 Gener al l ntroducti on

Cells are the fundament al units of | ife tha
' iving organisms. The diversity in their sha

Cell s are broadly categor i(zBerducientAd bpermr.dlkareyto

Prokaryotic cells, |1ike bact er ibao,unlda cokr gaa nceil s
Il n contrast, eukaryotic cells, found in plan
me mbr ane bound organel | es . tBwakna rpyrootkiacr ycoetlilcs

complexity extends further as eukaryotic <ce
functions. Epithelial, connective, muscul al

classifications of t i sismtee rtiygore sc a VEiptiitense | a rad

surface. They play a role in processes |I|ike
and blood vessels all belong to the category
and supports Medemeatl by muscle tissues, w h
smooth muscl e. Finally, nervous tissues, con

transmitting and (BrodAdbeirnFoi aRkd®Ea®t)it e 1 ntr
organ development, the cells constituting t
mul titude of bi ol ogi cal processes, such as
mi grati on, and dobobtktesemtfi atoimpd.exThiys tfhhus be
progresses through the tissue, (tTh.enlL ecruiatnsé&

Goff, . (FOQ@Qu)Yye 1. 1)

Most of the organs in the human body are
the skin, the | argest epithelial organ made
of defence against the external | envihgommentt
intestine, respiratory tract, reproductive o
cell s. It i's responsible for essenti al act
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exchange, and waste elimination. Any disrupt
physiological and biochemicatoaathv-depemn T
under st anddeisniggnofantdhef uncti onal iogy of the aoamng
epithelia, to diagnose and tr egaB. VvAdrbieaouss, di(s

Bruce Al berts et al.,. 2008; Bryant & Mostov,

cell tissue organ organ organism
system

© Encyclopeedia Britannica, Inc.

Figure 1.1: Compl exitybiodl dgiveedls soyfstoamsani z a

Schematic il lushbiraltoagigc d@lowgwotnpred xaMéde bui |l c
l'ife is a single cell. Organs are formed by
After that, maint ioplgant isysaesaonfigsom el &si ed | | ¢ | m:

adapgtreodn t he Encycl opedia Britannica website)



1.1.1 Epitheli a

Epithelial tissue is the most ubiguitous ti s
cell types ar e -ckkeriitvheed ,i arha koirn g pd gihteHealaila t he
tissues in metazoa froMmBrawmc ee vAll udri.toxnlaretyamlk
epithel i um, t he cell s ajrencattitoancsh ealn & oa reraacmg ¢
basement membrane. Focal adhesions or dot ju
extracellular matri x. During organogenesi s,

mi grated to moshdpenstandt éoemsy p @C odoepvnea no p& |
Djiane., ©Tdo6gpithelial cells are orfyakezed
arrangements in the form of sheets to cover
for separating different environmentEpidamepi
al so acts as a barrier to prevent or regul a
(Bryant & Mo sTthoev , e p2i0tOh8e)l i um' s rol e in prote
chemical exposure and external infections i

depends on the proper positioning of the cel

j umantsi in insects and tight junctions in ver
aspect of <cl assical epithel i um. Pol ari sed se
and signalling molecules highdymaiepteaaids tome t
of the epithelia. The schematics of the epi

(figure 1.2).

1.1.2 Hall marks of classical epitheli

To understand thepi¢cbmpli eaxi toy gaihi zhei on, t he
categorized into three distindtC.ddEmaiBrusc;k | aepyi

Johnst on,Th20 2a2)i c all domain faces outside the



|l ater al domain is attached to the neighbour
connects the cell with the extracellul ar m
di stributed throughout these ddmaiEns ,h Budenaryc

Johnstaon, 2022)

a Barrier function b Exocytosis/ ¢ Shaping d EMT
Pathogens secretion
Tight junction
NP i % ‘
\ | pical domain
| Y | e | / \ | | \ | [ Apical junction
Lateral domain
. Basal domain
N e
/ \
|
e Vertebrate epithelium Insect epithelium
Primary
cilium Tight junction:
Microvilli JAM Adherens junction:
Occludin === Cadherin
Claudin Echinoid
, Spectrin Actin o ; o, B, spectrin =
- e Adherens junction: et i B, spectrin L i
- === Cadherin
il Nectin -
s — o
Septate junction:
oo - | Megatrachea
Faslll
-t - . Sinuous
- -l -
Basement

Integrin membrane

Figure 1.2: Schematic of structure and funct

Diagram showing the structure and function o
an i mportant role in shaping the organs, tak
environment and pathogens. THhipe capgi tdloenlaii aa, h a\wp

|l ater al domain and basal domai n. (e) The api



junctions etc. Later al domain has | ater al m
Basal membr ane comprises of basal domai n. | r
t he basal membr ane interacts withfrtdh@. bBR.s e m

Buckley & St Johnston, 2022)

1.1.2.1 Apical Domai n

The apical domain is defined by the distridck
me mbr ane. These proteins are <called apical
proteins are the atypic@l QDO®4L2,i mbrkd ntalee | & Y
prot(e.nse. Buckl ey .& TShe Jcorhunnshtso nc,o n2p0l2e2x) i s a
mar kers thoroughly distributed in the apica
associate guanyl ate kinase) famil y( Aosfs ®ntaatf,f o
Bazelli 4PesacPaflt tlesiLe -Hairwiocc,che& MOODBey Bul gak
20Q09)These apical polarity proteins play an
processes. Api cal pol arit-8 andt éianhen®KCpopha
Let hal giant-1) amanwde YQI gl } p Padomach. t Bemenmt
functi on, aPKC is regarded as tbhBetpgdhanmrger
Mechtler, & Knoblich, 2003; Pl akRat étamad .Li 2D
apical pol arity(@GroEei Beckheye&t8el debnston,

The apical domain is frequedDt by o,mlbbisdeta t Criunmbc

overexpression extends the apical domai n, t
det er nfiCaamptb'e | | , Knust, & Skaer, 2009; Tepass
Engel bert, .& HKomwewer ,19mMdckt) al |l cells require
survival or epithelial polarity of C. el egan
orthollMaes$ er s, Ramal ho, Koor.malnh e Kfrluys ee mb&r



epithelia require Chambés Ppol maimntyai Knobb& dpin
or CRB3) in the mice, the majority of epi
mor phogenes{(€.1 &. 1 Bpaklteg & St Johnston, 202
1.1.2. 2 -IThateeradli cjabncti ons
Ce-t bkl | adhesion is characteristic of <classi
coordinated by different types of <cellular |
vertebrate epithelia is tthleltiighti § uing tti loen,a
(Figurhepalr.t3)from cel | adhesi on, these juncti
bet ween apical and | ater al domains and act a
the <cell The -3lpood leii mast iroengud fat Bar t he posit
junctions in vertebrates in fly epithelia. T
by Bazod3kanfMéekdass S, Mirouse, &. St Johnston, 2
ﬂp rlﬂ Par3-Par6-aPKC.
Pals1-PatJ-Crumbs,
POLARITY Subapical POLARITY & Tight Claudin, Occludin, JAM-A,
=l Complex BARRIER .' ,JLgnCtion Z0-1, Z0-2, Z0-3
. Cingulin, Paracingulin
ADHESION Cio e ADHESION .g' gonula E-Cadherin, Catenins, Vinculin
' - Adhaerens ' .Adhaerens Nectin, Afadin
Eplin, PLEKHA7
Puncta '
Adhaerentia E-Cadherin, Catenins
) (lateral
contacts)
Desmocollin
BARRIER fff;;en ADHESION IDesmosome || Desmoglein
:‘ v Desmoplakin
Insects/Invertebrates Vertebrates Vertebrates




Figure 1. 3: Schematics i1illustrating the arrtr

pol arized insect ard | eret elberfatt eofepaadchel i mpe
canoni cal functions are shoami callhec otnypplee xq f
adhaerens (ZA), septate junction, -¢adyflrer ijrunc

basjeudncti ons ahe fattedalal oogt acts of epithel
l i st of protjainrcd iloinkdad tdd stpHeayed on the ri

vertebrate epitheli dCiThe Cmage era,adbpptdad of

1.1.2.3 Tight Junctions

Tight junctions or Zonula occludens (ZO) ar.
from3Pathe core tight junction proteins are
occl udeontse tlnsan&0 Z-®airs required for the form
(Fanning et al ., 2007; OoshiKmoekdalwn, o200 he:
in mouse mammary gl and ep3 tlhedalai 4 eetaidon oatdit
affecting its fulncan®nZ2@&KWDs-bf bl POZYP a r ol
Pa¥ | ocalizat(iMat gedawma.aenltheyl MAGRBR2fLami |y prc
Claudin assembly and interact with the compo
protein8 gedePaepaphaddnsates has recently ¢
intricate web ohe i R-ODE-BU&N ndeocntaiiondss .aonf @2 Z200

oligomerize to produce (cBoerudeens atMarGasmpci?sai,lh s t
Martemai tre, & HonOgmannti gL 9) unction prot
separated condensates include Thlesediprso,t eons
connect directly (tBe uthel aectt i@h ec,yat@6€sikSe)lientgo,n p ¢

endocytic delivery of J AMs (Juncti ormal Adh



|l nteractions between JAMs with the underl yir
PARB, which also places and-3stbabnidlsi zaelss ot hteo at

and J33AMIn ma@bhbhaést et al ., 2003; Takekuni et

Theoncentration of claudins at tight J ul
permeability of lons passing through the peé¢

creating selective openings that achtararsi egrat ¢

Addi tionall vy, these junctions contribute to
surface domains in polarized epithelial <cell
the intermixing of pol ams .t yTipghtt eji nrsc tbied wse ea
regul ation of signaling pathways involved ir
of di stinct apical domai ns, which is a conc:c
bidirectional ,sirgencaeliivinigngp |lsaitginoarimss from t he

assembly and transmitting signals to the cel
as proliferation, mi{Gr aEi oBuchhdy d&f Ber dohina

Georgiou, 2020)

1.1.2.4 Adherens junctions (AJ)

Adherens Junctions (AJs), a distinguishing
adhesive structures where t-hh@&sshomoapmsime mbria
Cadhe+tCiad) ( Bnol ecul es medi at e and dtorne rbgett hveere ni
neighbouring epithelial cells. -hhsedlevel bpao
net wor k, and in particular -Cdaceé aodetcaid art @o
cytoskeleton, sté&aBablbmz&s Gebegeostraodttaresf€oop

Harri s, 201 2; Harris &. TéEpase, alk0@10ur KentRP p



known: Zonula adherens (ZA), Laterall SAJ K(LAJ
Wu & Yap, Nd2@BdD) Yy, these junction types have
mor phol ogy and organization pattern. However
processes, and functions are exS.enk.i vWul y & i Y
2013)The fundamental &Hahéderom whiutsiCadhrord mi ¢

clusters aoddéeheorghnpghetr-aosnodiepead ont 6t hlkelA

[E-cadherin} 7,

O-linked glycans

b
| |
E-cadherin
E-cadherin
|Plasma membrane
Cytoplasm : \
' -
Fropiasy oE-catenin
p120 catenin
isoform 4A
Figure 1. 4: Schematic representing the crys:c
compl ex <Cadlk@a)nhnA model showing the AJ arr al

structures obtained from PDB. -Camhlger isrh oawvi ch go

cytoplasmic domailrd icmat @Eatad namg. wik)h pA mode
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t wo states of adherens junccatoenni nl hceemmmli eax aecr

i s

1.

possible in presence of( Mui Makleiimh({VCIR2).14))

1.2.4.1-Types of AJs

(a) Zonul a adherens

Th

ep

e Zonula adherens (ZA) is the most common
itheli a as a de€sadhecomntihadcdcus ghuand dtr el cEp ic
Il M$ yaguchi, 2000; .SInKtiwdl!l &, YZA, wag1l3) sc:
nse region between cells by Electr-bnkei cr c
nd at the apical cel | me mb r (afmar dowh armmu nRd |
63; Hirokawa & Heuser, 1981; Meng, Mushi ka
calization of ZA varies in vertebrates and

ight junctions, wherDeraoss,oeipri 1ilared é at, & titselli

starting of the | ateral meEmmmpaae KelDpw aneh a
& Takeichi, 20009)

Junct tacntdln Pundles are cl o€atdhenisso-bebtrd W
bundl es inter-@adhaeviitimcdadbBetZihe Eé&S d teecrtionr. al gthea
are the downstreamadhkectaernr i fihdtuddlAes0of i IE CC
plays an i mportant role in force gemadhati on
Di sruptaican nofl emeds to juncticadalrdaf(diamigtyrr a$
Rauzi, Lenne, & Lecuit, 2008)

(b) Lateral Adherens junction

Ecadherin receptordozrneephshefeahdcaent @acther

t h

e fact thrmne apmeplc ALs in basic epitheli
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i mmunofl uorescence microscopy. ZA is the pr
anot her prominent AJs found in the vertebras

adherens junctions (LAJ). -fecst onaodlAdnE cwactreymp:

ti ssue, witanend adltemipn exes had equally distr
t he (dalrlssaorEx p20dd6ments using in vitro cell ct
and transformed cell l ines included LAJs. Be

di sper sdadheorfi EYc| Kamet sani & M.LARBkef @ehin, af2(
establishment of ZA in -2radeladreyz ik e rBaatuienro, c yMaess
Fuchs, 2@6®2h | ateral contacts gradually forn
bel ow ZA and they prothraschd dowrewdri dni nunarera
associated protepanidentaseo((RIOCHNDg ceotn tiahatcetrid IO
AJ then appear as the | ateral i nterface exp:
with, and may contri pVaezi oe.t Tgmdosvwet -G 2dntheer)cael n | E
junctions are highly dynamic and Stoloey i fnl dHw nf
Troyanovsky, & Troyanovsky, 2013; Yoshi ko Ka
Yap, 2015; Vakaieetal aRhl),ag2d0R)atedi ateractaht
Ecadherin molecules, which most | ikely repre
withmmosol e myadihrerliln. -ap&toimmo tneest wor Kk assembl vy
byrecruiting Arp2/ 3, similar to the situat:i
concomitant reducuclo@eabinbofAhp?h?® ecoamdphheerxi nt h
clusters and t he -actbmpareytiwog k| atpearmbh e refid u c t
expression. Wu SVASBI wasrobeiced toadditsiNri buted
|l ater al junctions at t he boundar yRabB&tlR®e en
express(ifrgi el & sYam, s20 k%) st-cabhérion mownemen

enhanced | ater al junctional tension, whereas
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i s consi s-WRBR' swittl eN in stabilisin@ASalPctin.

expression in transformed cells made it more
l ateral ( Yausnicitk m nkkamet ani & MaKameshni Takeiath
t hat cadherin-ddlolw om mgthac tb es lai €ciend mechani sm
met astasi s because it was pédnwbsbukar |Kempepoati
Masat oshi Tak eAccchoir,di 80 7)o t hem, cadherin 1
untransformed MDCK cultures when col Ibeuctt i ve

not in cont{hMMNoehtkocuKameeani & Masatoshi Take

a Linear AJ (ZA) b Punctate AJ

Cadherin

Plasma membrane

f G S U R LY i A0
Cytoplasm (
p120 catenin " PLEKHA7 € )
B-catenin -
Open a-catenin—§
O
7Actomyosin7
contraction Actomyosin

contraction

c Lateral contacts

Closed o-catenin

S
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Figure 1.5 Model showing diffae)yeActitypkesl am

paral |l el to cel |l borders to form |Iinear adh:i
zonula adherens (ZA). The dashed alkcradve niimdi
and afadin. (b) Punceatel adbermpamst purmantdi oanr
actomyosin filaments viat erianlcuktont antds can e

juncaresperi al i $edndomberdotwst he ZAM. | malgei aldi

2014)

(c) Spot adherens junction

The conspi cwouws aarceuarsu laaft ibn cl ose to the ap
spot adherens junctions-enSrAYJogni cl s dtalge b e bod |
mel anogatshteesre spot junctions were originally
(Tepass & HartenSutbesienqueh394i)mmunof |l uorescenc
Cadherin showed that they wadbendmoaeapat eid twW
api-madt r egdc¢®Iinl oif n(tcCGead vhecyt ieotn sal . ,. 230A0I8s; alreep aisnsi
transient or present for a brief period of

concentrat esceat quincdli oogl lduring and i mmed
eventually merge i fO0Cavdayheetcoati nu®RWDB8ZATep

199MN)everthel esisnt ednissittiyncfto,cihiogih tcraadm@&&§®mi c a l

may still be seen within the ZA even after f
phot obl eaching) dat a, t hese ar et ocatdhheerc¢ amd Heo
popul ation that i1s distributed throughout th
rate of turnover. I n contrast to the remai nc

t hese SAJs continue teof texi sltatatungloitn ndn si

pol ymer(iCaateiyoret al ., 2008)

14



(d) Punctate adherens junction

PAJs are described as emerging p-achts, obrcen
towards the plasma membrane, -aadhérirnkedDuboi n
initial stages of cel |l ¢ ecnatdahcetr ifno rfroartm oanl, o nmgu
interface and promptly engagéiwginttld pmalpleniuc
the plasmg Tmgmbhanel shiuchi, & Takld chont 1
|l engt hen, mor e PAJs ar e for med at t he con
PAJY¥Yamada & NelTshoen ,ZAR2 007)est abl i-shddebynt dens
at junctions. As a result, the actin cytosk
par al | el-c elol tchoen nceecltli ons. Additi-binmdiliyg phet
epithelial protein | ost in neoplasia (EPLI N)
the same time during woun€f€adl ws § Abawki ©idkenc:
2008; Taguc.hiAtett lad . g p iededll ) rceognitoanc tosf icnelal c ol
the ZA, which is situated inside the col ony
Through the cobhdbelimawi bh bheke act(ianAY il am

are orgaadbhedi nEi s obserdvedoathelcat emal (dta&llls

where it overl aps with amorphous actin net.\
intercellular boundaries. Plrctcaetlée Abd omrye W
filaments perpendicul arly ter micraadtheer aih pluas

(Masatoshi Takei AABLl 2@L4Y¥, -stihzee dPAalcsh easrieo Mi s
made up arfd tligqdohsdlyy packed cadherin regions.
junctional cadherin is mainly monomeric. A s
wela@abell ed using two disti nctto ndeetnhoondsst,r aatned tt
structures are continum@lhyt angerindad.r eAgc aorediu

model of AJs prnompacsed aby bbotbgy studies an
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plasticity is based @mivcent i olslt alpjliuknicatygitoiora | {
cadherin adhlesilvredrcd udtheals.wo 20 X¥8)erent sect.i
associ abtuendd laecst ianrsd atl iIBSgRAIndh &8 TH)i,p whAL h i s si
bet ween the stalk anttuocaddhegi protesthecsal pdime
ti p, amd bistt amad ad |-gcthighteur naver oft Wwo featur
t he stal k. -aAdttihno uigm the 3t al k moves centrip
cadherin cluster st abacltiitny,, iwhhreeadEd sssnacroyn tfnoorv
in both the tip and stalk. The "(dydasg¢ryitng!
Troyanovsky, Shapiro, rHefnergr,ed& tTa oaysa ntolves kiyn't
l ink between the stabadctiity, odemandhteratneankldo w
other AJs enable cells to detect and coordi

nei ghbouring cell s.

1.1.2.4.2 Core compl-exes of Adherens |j

(aYCa her i n

The d@aedendert | caldlhesCad ips oa eplaasrsget rsa nnsgnheemb |
glycoprotein that has wund-eandberei avolrutepobnhaey
along with ne@Qad), cmlddhedanted() Nc aadnade r vearsdola® h e |
cadherCand)(,VEi s one of the prominen(itGuwrhismerc,al
2005)t is also known as [KDHslo.fi me lhemonaencsu laaard  fS
of -, EN ¥YE and ot her fcae@heerxitnrsacle Vel ar cadhe
transmembrane, and cytopl asmic
Extr acceldhEeE&m mae mgsape mophi |l i ¢ nt etwatbBEens

camo!| e ouhleesghlmegl | s . The Cadherin intracell ul &

with a variety of effector Cadrm ttument d ystachyd liagd sym
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R per ,( F20glusrjen el .cq)t.opl as miCca dd omod ienc uod fe tihse hB g h
which allows redgulbadee aR@mdinsg amfd carry out
procesBsasusm & Georgiou, . 20bl;paHai cu$G@Gad20s1 ey
association wiytolsitnheoZAeactiins transport an
with the various apicobasal and planar pol a
downst«admbEndnisngalpsrootienit er actto whe chi atcd i aan d er

the activity of -@QGxd.in remodelling and E

(b) Catenins

The two i mportant cyt e Cmldahsemii ic aath ebfCtaehrp(-mpmat ei
120 catenin. Through its-Cantefagsi anmaj bh be
the |l ink to the actin cyt ossereveedooatnadi The @ e@mr
the armad{(Cbopocama&nDj Taeeco2@&b@) mon ectul Es
the actin/ myosin network has been -@Gat ribeatad
Cat, -Gaddh¢BFi gure | h. 4)act , bot hex me rhiutmmeamt sc ed
Drosophtinea as€anhhb kQaftbai Bns can ddarteceLrbdy, H i nk
thereby rescui €gadt-bddbsmajoontgdedbbcEs(Dexnail udi
et al. ,Alg@a8al so plays a vital ¢Caldé eirn nf.o rUne
mec hani caGads/tarlepshsa, cEat e niarc t(bhAGnn dbBs. dB urcekcl.telyy etto
Al pha catenin can bind to many actin bindini
al pha actinin. -1Vianncdu I(BAPe N&f &eikej c B O, 2008; [

Yonemura, 2011)

The cruci al -Gtumcitn otnh eo fc qpnlt2rOol of AJs has
investigations in mammalian syGtmrmsnt érnadbntas
number of microtubule regul ator sct iimcrleugdulnagt

including the small GTPase Rho regul a(tXr p1l9
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Chen, Koj i ma, Bori sy, & Green, 200 3; Nor en,

2013; Wil denbei g oantt sanll.s, t2hCe0 G)ndo-€rd¥.si Ghamd

et al.,l20adpyCtmonrampdi2®dntly interacts with
downstream effectors, includi n@§GTR®OSC&K1  actovi
(Smit h, Dohn, Browmhe e Rfeiymail dgs fR2OCiRhher i n
modul ates t h@adchaearbiidiity epi tEhel i al cedll Is w
adhesi on. Drnotseorgehsetsiamplty .Céeqguiuecpilada, i mpl yi

mi nosummporti yMysumrcti Gavall o, Anddrrmasro,p hkdx,

pl20 cat eniOa-Bfaac3i leintdaotceyst olsB s8] qaanlkdov e c& cBrn omwgn ,

EECad and catencnsal aoé mpbaeehwist hien tRehroa cfta mi

of GTPases, which modul ates other downstrean
of-a€&€t i n dlyhneasnei casr.e i mportant processes in th
production, and AJ remodelling.

(c) Rho GTPases at Adherens junction

Smal | GTPases, notably the RHO GTPases RHO,
significant roles in a number of mechanisms
actin fil@wenTakaitcMds WAVUEI] (al s-aclkmndvant eads
protein 2/3 (ARP2/3) compl ex, a RAC effecto
nucl e(altainogn & Bri eher, 201R; CVE4 Mmaefefteatiaor, KM
Wi s kPoltdtr i ch syndrome protein (NWASP) is cruc
(Kovacs et al ., 2011, Ot aniAs dedadrii bedAomel
another actin regulator c¢class that works af:t
pol ymerizati on. T h eascet i me cfhial nai nsennst so rwghaincihz ea r «

muscle myosin 11A, myG@sam thd8, ZAndd drnntolye® it j
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al .,. 20®&) small GTPases RHO and repressor/ ac

TERF2I1 P) homol ogue, whi ch ar e me mber s of t
respectivel vy, are particularly significant i
adhreg ej uhM.t iToankei chi , 2014)
a
nucleation (slow) elongation (fast) ° F-actin PS
s = & N S =
G-actin S & 2 ) 300000000668
pointed end barbed end
b
N
barbed end d

}‘P’//f barbed end

¥

pointed end

pointed end

Figure 1.6: SméahlacGTiMmasmdnadarAgJin a state of
where the slow nucleation proces$Shea&Gtirml| s
pol ymer i zeasctfibn.f ommort ant actiRho,egRédat o€CbC:¢
take pain bonaling. Tiheiyt r @geflianadmeénotr ehmethnsg ttho,
initiate the branching, afnidl eEEmeantVASPowelgul @l

adapt e(dHafmr o8n Yap, 2012)

RHO inhibition causes the ZA to bE€idisrBGpadd
Schneider, Stut.z,Di& pPhud n aruesn oh,o 2d0lldgue 1 (DI Al

i n m2. anogaasntdarRHOci ated protein kinase (ROCK
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or Rokmeil mn).g aasrteert wo of the effectors that
(Goode & .EclUnde&ro0trhe direction of smal.l RHO
DI A1 stimul ates actin polymerization. The Z/
actin buildup at junctions i(sHoimeor eka sPeed fwehrer
Sahai & Mar.shdd mi n20D 2)i s yet anot her f orn
mai nt € Kabcel ak, Pasol | iIRHO& tRushsapp2@d4) to
pol ymerization via formins at the ZA to sup|]
brought on by the Ser/ Thr kipheep ROCKI] ataem t th
and MLC pHhHddpepmhatoastée Ri ROEK, ca2008phly be detec
|l evel along the ZA in epithelial cell l i nes.
atypical protedaeapd&nacaarste ( BeadmdKICImM & . TdK enieahi ,
connections are messed up when ROCK is cons:
filaments that are perpendicularly linked to
ROCK activity, all owing themctto ops!| last se ejnu
AJs, which is how this phenomenon was expl ai
can act as an inhibitor of ZA f or mapteirarn.e T Mme

bal ance for mainteebahWer mdr Z& Laongemarteé,el 2@®0A9

1.1.2.3 The basol ater al domai n

The key polarity factors that make up the b
|l arge (dlg), anacoldregd igvied ryt klnaorwwna a(sl glh)e Scr
the basol ater al domain in fly anpdarvaelrotgeubersatc
Scribble (Scribble, Er bLignl, (LLahG®LLY GARIRXC1andnDi
|l arge -6bL@G@LE founNd.i rE. maBmo&Kllsey .&Sitg lJeo hpnrsottoe

knockdowns or knockroaust sl tofi nt huerseex ppercd teadi npsh ¢
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negligible influence on polarity specul ati ng
triple knockouts of the genes t®er ipmblae, tFr i

car cicrednhas, but singl e knoc kaopuiticsadfarl e @®le aaitr Ji yt yh

Troyanovsky, I ndra, Mit DOhel lof & gTr sy arbad v 9 Ky,
scrib complex prevents apical f Botheil n © {&r dPmi
2019b; Riga, Castiglioni, & [Braxseoqmp htiZi@s2 G,cr $thé

compl ex controls the transport of Crumbs and
apparatus vi a t(hdee rVetereame reTtipeatlBaoyraiy2blbll4e) pr ot e
a common pathway to govern AJ formation, | im
reguleatle gbows apBmhal | o & Pei fer, 2019 a; To mi
2008)They are muttuladilry Ildegalnidizdétn twmf i ¢d thashé
early role in organDrzashoe imMJisyoi,n utphset rdeeavne loofp i
regul ators i (8bneéi ho RaPHAmbobath,er2 Qrva)p of bas
mar kers [ Yurt, Coracle {ACPmaar)] NeumeéeexeirmcltVy, e
regulators to maintainembsyotagetheeosiophiaip ar sty
et al ., 2009 AmMMetphaers , i ArPdrRt)ant feature of t

juncti on.

(a) Septate junction

Septate jemetgenkba(&d)in devel opment as the
in all epitheli a. The initial di stribution ¢
uni for m; neverthel ess, t h ess eb apnrdo teeviennst uoarl gl ayn i
the adherens jstact oomr@gOdhhionmae ekelSefiber, S20LbD
complex also plays distinct functions that ¢

and vertebrates. Dl g and Screbplatareuasseon
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which act apabaceili éus atrodt héusion i(mBiadmann
Schober, & Perrimon, 20.03Th el abneeanlltiezzbhaptfi o&n Taenpda :
i mmobility of the septate junction proteins
are cruci al for positioning the junbéyoaset

di spehesabjnemactsieanb | y.

1.1.2.4 The basal domai n

The basal domain comprises of the basal pl as
basement membr ane via focal adhesions or d
interacting with the basement membr aned pr ot

Ni dogens Vi ®arVedlreazrqgiureszBa & r eRrzan,s 1 2@ 241 i ns s e

transmembrane intermediaries that mediate ir
t he <cyt(oBsrkuecleetlnbert §het majori 2908JF integrin
of -a€tin bundl es. Tlail n kne da nldi ntahsee i(nltLekg)r,i ni nt

cytoskeleton and the microtubul emediraetsepde cd 4 I\
ECM interactmanyl|l madphoégenetic defects of t

compo g iBtair-deelr8az qu eBa r&r eRrrao,s 2021)

1.1.3 Tubul ar epithelial organs
Epithelial tubes are the structur al and fun
epitbeyans arergpesi primadi ly consisting of

| ayer of epithelial celdrsgasainsdmntcH euyd i man hhuenaf

organs, i ncluding the respiratory system (t
gl ands, intestines), urinary system (renal t
(fallopian tubeshpocepsagsclriulce atlrams gaer t at ipon
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excretion. The efficient transportation of

possible by their tubular form. The intercha
the organ and its surroundi hgntngsueéfich se
selective barrier. Significant scientific ir
wor k., and are maintained. Sever al mol ecul ar
invol ved i n the geofer datuibah amndt pact eres ndg h

devel opment have bedhubaevekhyed& Kmaoomagve padhd

mal f ormati ons and illnesses affecting tubul
these systems. For instance, research on ren
causes of di seases | ike @(EDdwc¥gstRioammek ddeey 1

pathol ogy of respiuvdi ogy COPPorader pul monary f
understoodt hy e walyomigent es p(iSrcahtod rly, sNydsotjeam
202RNDosompédli d molgaass t kee e nmoudseeld carsgaani sm ext ensi v

the fundament al bi ol ogy of epithelial tubul a

tracheae in a fly embryo

Y~ pulmonary
vein A. Prokop
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Figure 1. 7: Schematic showing t hklr osepdémhb laa

respirat oBoyt hs ytshtee ns.y st ems ar e enpaidteh eulpi uoni. tlunba

A .

Th

or

me

Ca

B a

Th

ep

Prokop and adapted from droso4d4school s. wor
Drbsophatlaea: a tubular epithelium

e devel opment of tubular tissue architectu
gans i s an integral part odelallul amet@arzgpami o
Il 1l ul ar processes | i ke t haenspemrdr atfi opnh,y ssieoclr

d gas depend on tubul ar organs. The emer ¢

ignificance i n respiration i s an essenti a

oganat han, ChengHol&o AMeantdaleovl, o 2D 1iGnsects hav

bules that serve as their respiratory org

i ssue. The tracheal system, made up of a n

e boyy &a«lalvaows air to pass through openings

ansports it to the destination cells via

ioxide) diffuses from the termimfalt ie® ttmhacls:

me n . Il n contrast, oXYygenwi dyigfl fersbABsesrotsha)p tihlea
achea, is a widely used devel opment al mo d ¢
chani sms that underl ok thbul{iadamaugamd otbt

Uussinus, 200 8; G. & A, D993z, MKumad80-; MRt hlke

rrera, 2022; Samakovlis, Hacohen, et al .,
The developmentDrosophel heanohetni i hsed to
|l ecul ar, and cellul ar mechanisms driving t
e trachea is comprisodd disifaeenbhtubutennaant

it helwiatlh odiliVastteael ecear chi te€cmemes ondhetibks
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of the entire body is permeated by the tracl
exchange and transport. Cuticle secretion i
respectivel vy, aeer atnesrtyanaed odoertisley,r of ks .
processes and physiDolocsgpbbhat mé anatae osnusblsa faanbt h €
number of physiological roles carried out b
hi gher met azoan(sHdayyad huidi & gK drnudma,ns2018)
1.1.5 Development of tracheal epitheld]
Tracheal formation starts in stage 10 of e mil
l ayi ng. The process starts with the specifi
|l ocated i n thseedarndadrtaH orpaaaitcmi(fira2l)h gt A8 )e | yehdg rhe
embr(yka gur@héseé) pl acodes invaginate into the
integrity and go t harnodu gfpusoiecgnsié @as etdhédt anchah
tubul ar (e@a m@red @ guan JosdH® we.v,erl9®A) |l y studi e
determining the factors that deter-mpprei the
attributes. Those are trachealess, breathles
FGF recepfomaniystoaeheal genes regul ated by
(Tr h), which is expressed in all tracheal
specification(€huongghChdwéztzho&dAndrew,. 2011;
Tracheal pl acode imecd@innatiaen pro®casanul The
epithelium is shifted basally to generate t
surfaces in the middorsal pl acoeeepiTbrs ( R6GH
signalling, which is gowemrdnecdoniy oRh@dGDRade
activator mol ecahd Rhembatdaé¢®&hbyl ar signal
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(Brodu & Casanova, .200€e; i bvamaonga®sf 1H5@9)r a.

the body triggers the final embryonic mitosi

Mo st tracheal cells in the | arval stage
branching commences as the tracheal pri mor di
kinasBtl ,j.which is activated by Bmgamdbkl d s
Drosop®Gi aaer & Shil o, 1991; Kl @2mbt, Gl azer,
Emor i, & Saikgaoc,h 1X%3)ch moves in the direct
instance, the donr stahle bdriarneccht inoing roaft eeshe dor s al
proceeds in the direction of the intiecn i mfe,
the ventral nerve <cord. Bnl , which is expre

branch mi grtdt isoimgrmmaBidtiensy t he devel opment and
cells, tsaamleass tubes t hat ext emd ot hteairrgedy tro
facilitatdarrdegpisn atgie(sb U 5e ta nadl .b,eydhld7; Tomoka
& Saigo, 2002; Sutherl andAf Saemaekevhgesed By KBe¢
forms a complex with the FGFR adaptor protei
RASignal i nighipcaht hpwaayy s a signi ficant role in
(I mam, Sutherland, Huang, & Krasnow, 1999; M

Vincent, W Ison, Coel.ho, Affolter, & Leptin,
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FigurBrdsdphadcmlmeal systAdmtiem emhbrtyhoel i al pl ac
Stage 14 of tracheal devel opment showing do
embryonic trachea of stage 16 embryo, green
(Hayashi & KPbndoyped9d18) tracheal tubes embr

tracheal DT. | hthegganadbhanedt fabm, 2016)

The branches formed during primary branch

composi tion. TheKntirrapnsslcKriieprtpi&nn /fKancrtlo)r sand Sp?@

expressed in a complementary pattern, are re
structur e, cel | composition, and target orge
and Intessun the devel opment of the dorsal tru
in the ventral region and results in the dev
vi scer al branches.i sThei sdtoirnscatli vtemuhnk i t¢hOdTt) u lc .
junctoweaes the | umen surface, resulting in a
broad di ameter. Ot her Dbranches, suchaae the

composed of singélel wledrl sjhwavy et thisomeasidoa@ed uni ce
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