Q)]
2015 2017

Cellular mechanism for converting epithelial sheets into tubes

Takefumi, Kondo
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Organogenesis in animals is driven bﬁ epithelial morphogenesis in a
spatiotemporally controlled manner. To address the cellular mechanisms of epithelial morphogenesis,
we analyzed the invagination of tracheal placodes during Drosophila embryogenesis. We found that trh
gene that is a master regulator of tracheal cell differentiation is required for maintaining
invaginated structures, but is dispensable for driving the invagination movement. Our results
suggest that, for maintaining inavaginated structures, trh control the expression of cv-c to
downregulate Rhol small GTPase and Myosin Il activity. We propose that the generation of driving
forces and stable architecture of epithelial tissues are controlled by genetically separable
mechanisms, and epithelial tissues can assume two alternative stable architectures, sheet or tube
according to their fate. An appropriate combination of these two control systems is important for
robust morphogenesis.



(Mitotic cell rounding)
(Kondo & Hayashi, Nature, 2013)

bHLH-PAS
trachealess(trh) trh
trh
TALEN trh (Kondo et al., DGD, 2014)
( )trh
)
)
trh
trh
trh trh
O~ trh
®)
() trh
trh GAL4-UAS trh
ZP
)
€))
(€Y) small Rho
GTPase small Rho GTPase

small Rho GTPase
small Rho GTPase



)
1
( ) Trh
trh 1
in situ
( ) Dam-ID
trh
() trh
EGF
breathless(btl)
trh
trh
trh
trh
trh
Wg Src
cv-c
GFPase
Crumbs
Dia
)
small Rho GTPase
Cv-c
small Rho GTPase
cv-c
Rhol
Rhol
11
Rhol

Rhol

GFP
Dam-1D
FGF
FGF trh
FGF
btl
FGF
p35
Akt

RhoGTPase Activating Proteins (RhoGAP)

Cv-c Rho GTPase

small Rho GTPase

trh

trh

FGF
FGF

trh
btl

trh

crossveinless-c(cv-c)
small Rho
trh
RhoGEF2

small Rho GTPase

Rhol

cdc42

small Rho GTPase(Rhol, cdc42, Racl, Rapl)

Rhol

Rhol

Rhol

Rhol GFP

Rhol

Cv-c  Rhol

RhoGEF2

Rhol
Rhol



(€Y) Dia Dia Rhol

Dia
Dia  RhoGEF2 Rhol
)
cv-c cv-c
cv-c
cv-c trh trh
cv-c
cv-c
cv-c
cv-c
cv-c
( ) Trh
trh cv-c
cv-c trh
trh cv-c
trh cv-c
trh cv-c trh
(©) cv-c
( ) Dam-ID
cv-c cv-c
Trh DNA
Dam RNA 11
Dam-1D
cv-c 1,532 cv-c RhoGAP,
Trh
2

Shigeo Hayashi and Takefumi Kondo, Development and Function of the Drosophila Tracheal
System, Genetics Vol. 209, 367-380 (2018)
DOI: 10.1534/genetics.117.300167

Takefumi Kondo and Shigeo Hayashi, Mechanism of cell height changes that mediate
epithelial invagination, Development Growth and Differentiation, Vol. 57(4), 313-323
(2015)

DOI: 10.1111/dgd.12224

8

Takefumi Kondo and Shigeo Hayashi, Tissue-geometry-dependent transcriptional



feedback coordinates tubular architecture with cell fate during epithelial invagination,
The 13th Japanese Drosophila Research Conference, 2018

Takefumi Kondo and Shigeo Hayashi, A positive transcriptional feedback coordinates
tissue architecture with cell fate during tubulogenesis, Joint Annual Meeting of 70th
JSCB and 51st JSDB, 2018

Takefumi Kondo, Shaping three-dimensional epithelial architecture harmonized with
cell differentiation, International Mini-Symposium "Frontline in Developmental Biology" ,
2018

Takefumi Kondo, Genetic programs and mechanical feedback to shape three dimensional
epithelial architecture, , 2017

Takefumi Kondo and Shigeo Hayashi, A positive transcriptional feedback coordinates
tissue architecture with cell fate during tubulogenesis, Joint Meeting of the German and
Japanese Societies of Developmental Biologists, 2017

Takefumi Kondo and Shigeo Hayashi, Tissue geometry triggers a positive transcriptional
feedback for the maintenance of tubular epithelial architecture, The 12th Japanese
Drosophila Research Conference, 2016

Takefumi Kondo, Morphogenetic forces and architectural preference in epithelia, The
Second International Meeting for Epithelial Tubulology, 2015

Takefumi Kondo and Shigeo Hayashi, Tube or Sheet? : The Architectural Preference of
Epithelial Tissues, 48th Annual Meeting of the Japanese Society of Developmental
Biologists, 2015

0

¢y

Takefumi Kondo

8 60565084



