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Abstract

Drosophila tricornered (trc) encodes the nuclear Dbf2-related (Ndr)
serine/threonine protein kinase, which belongs to a highly conserved
protein family found in yeast, Drosophila, Caenorhabditis elegans and
mammalians. Previous studies show that mutation of trc lead to malfor-
mation in epidermal hairs and bristles. The genetic studies showed that
Drosophila trc had been also known to act with furry (fry) to regulate
sensory dendrites tiling and branching. In addition, biochemical and
genetic studies showed that Hippo activates Trc phosphorylation and
regulates dendritic tiling and maintenance. Together, these results indicate
that Trc plays a critical role in cellular morphogenesis and polarity
determination. Previous studies show that Trc physically binds to
Drosophila Mob2 (Dmob2). Dmob2 is localized at the subrhabdomere
domain of developing photoreceptor cells. Using RNA interference to
downregulate Dmob2 expression, the rhabdomere formation isimpaired in
photoreceptor cells. These observations indicate the importance of Dmob2
in photoreceptor morphogenesis. In this study, we attempted to study
whether the Dmob2 binding partner, Trc, has any effects in eye
development. To achieve this goal, we generated two transgenic flies
which express full-length Trc and kinase-dead Trc (S288A and T449A,
Trc-KD) as dominant negative alleles. We then expressed the two
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transgenes using eye-specific activator, GMR-Gal4, in developing eyes. We
then used phalloidin staining to compare the eye phenotypes between
GMR-Gal4/UAS-Trc and GMR-Gal4/UAS-Trc-KD flies. No obvious
defects were found in GMR-Gal4/UAS Trc. Our results showed that eye
defects became evident in GMR-Gal4/UAS Trc-KD beginning at 35% of
pupa deve- lopment. This observation suggests that Trc may play an
important role in eye development. In the future, we will generate Trc
antibody to study its subcellular localization in photoreceptor cells. The
follow up of our lab will study the eye phenotypes in trc-RNAi or trc null

mutant fly to confirm the role of Trc in eye development.
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/] P (ommatidia) #7 fe = o gLt > & ] pk (ommatidium)is & P e
» A A o 52 ¥ B o] k]S (brisle) s ¢ & - B
%7 77 8 R & mre (photoreceptor cells/ R cells)> 4 i 4448 'w #2 (cone
cells) » 2 B4~ d % P (primary pigment cells) > 6 = & d % w2
(secondary pigment cells) » 3 # = & ¢ % ‘w2 (tertiary pigment cells) » 12
2 3 BERFWBHELES G B kL e (bristle cells) #1735 = e 1 k|
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4 (cell proliferation) m 2£i& {7 fm 2 & i (cell differentiation) - :& » = # 2
i dp B 4o PRk € d (S sy (posterior) & P pim e A it chdko A b B
PR i B AR R 0 A R g 2 5 SR e ¥ (precursor cell clusters)
(Ready etal., 1976) - it » = & A 8 ol > € i m A5 - Bk
shipid o fL s T AR 2 & (morphogenetic furrow, MF) » i jbris d p%
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I RBT I G F e a0 ey
oo 4 X E hw i R B (anterion B AR R T A B > B R (T
Aibhimte o 1A 0 FAFL RSB BT P o §AR
B =T B e copre-clusters s fwmie % f ¥ A i S (equator) B 4% okt
fo - @ FAe - fu45° 5 H o (74 S g dE (rotation) (Mirkovic
and Mlodzik, 2006) o 4%t5 > ch 3 » B 05 ¥ ¢ £A LA R P
oo Rkime rndBRimie 0 A At RS BEEA N A ehi

fSER L R8ER A AL 2 A s FEEL LI ke Limiz » & E 5
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R2/R5 -~ R3/R417 2 R1I/R6 > =¥k % & it > @ R7A &8l A v = =
BFR Rk AR AR mre ik b it o @ b S R nd F lmre
ERARR A F A T B wmee = | (programmed cell death)#2 5
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PAEBHEA R R TR G o R M E T RS > €38
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67% pupa stage) > B kimifz TR G e pom & e 90° > T F iER e T oAt
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= ~ Tricornered (Trc) #-v % %
tricornered(trc) 2 F1+ 12 %48 4t Tricornered(Trc) v > TF 5 % i 48
i B P 7F o0 Ndr g fs fs (Nuclear Dbf 2-Related) - Tre 3-v 7z 7 459 i

1l f&(tre-PA: long form) > 3-v e+ o] 5 52 kDao Trc #-v >

\\\ﬁr

sering/ threonine Bifi s 3% d-v Fens B2 - » 2 %1 A5 4
N e R 4 L Y AR o Tre v * ¥ s 28 5 AGC
2% 3-v = f (Hergovich et al., 2006) - ~ % #&== AGC (PKA/
PKG/PKC-like) #2%3-v ch& r 4> 1 & £35% & 5 serinel threonine
w i BhepR AR 0 323 & AE i P B (activation segment, AS) L Ak FE
Fa i » 218 d ok end 45 %5 4 B 7| (hydrophobic motif, HM) & & >*
RIEDRG o VU E R 2R AE T 0 N E R R0 T iR
(Manning et al., 2002) - % #§ & Trc 3-v 7 cDNA &7 » & & & 2126
4 X 4t(basepairs)» 5 #¢ UTR (untrandlated region) % & 125 i
A% m 23 e UTR 3 4 621 Bdk %t — £ 5 5 i exons (Geng
etal., 2000) - 7 A A7 3 dp & BoE engk s Treid @ 5 5] Ta‘&
¥ deaf-1 & F1e9T 5 (downstream)jee ° @ Trc & P& cDNA 5 7| & Z& )
AFoop oA A EA o AR A S tre-L(long- form; F el s
AF238490) £ trc-S(short form; % zz %5 = AF239171) > d *t s X q 2’

Rd B LIEREM ) T A Kk Y > B4 R E B



¥ 32 (catalytic region)3 5 ek« %] 0 Jiip| & aternative splicing

x

= B

gAY g R PRy o R R RS LA R TR

At P end Bl o e £ treL & re-S A F r s kb B &

=K

RPN PR LR R B R G 2 T M A28

‘m\t

25 X i 5 RAp b & 0T A e 20 B d AP AR A

41 % (Millward, Cron and Brian, 1995) -

hbusEY Ry SR B Tre kv § & %‘gé & Ser/Thr = i
ERNRERRL T 0 A g AL FE o T B Ser202 &2 Thrd53 cha i i
gEv o 2 0HP 2 - REL AlaEF POF L Dominant negative

¥t AT @ Tre Fed @ 0 A AR A 23 E 1 (Emoto et
al., 2004; Heetal., 2005) - % trc A F1# 2 R > § FREFBFH L
e ariE et g Fip g (epidermal hairs) o 1 & & SRRl G i
(aristalateral) » 3= FLF F = F(clustered) & & 2 c(split) s A © 12
PP AL LR R e s B4 4 B A vEA e ¥ A58 (Geng et al.,
2000)- % trc A T3 4 R B PEF Az #0854 5w e B R (dendrites)
AN EALZ RS L SHRAN AR ZEF DL wRESEERD » P A

B E B 4 5 (wild type) § g4 4] (Emoto et al., 2004) -
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fe ¥ > serine/threonine ik fis 7% = B ehde B 5 (%5 » B4
BT A et fag Y o AT PR R E R A
AV REEHEI S EAGRSEORG T 0 B F B R B R
1B iR M o & serinelthreonine Aififs chd-v N 23 —& N
terminal region ( NTR) » & 5 it jF 403 #17 % & (catalytic domain)
X T UL L9 A R (subdomain) o B P oo Ed BT RE A
subdomain VII £ VIII > & H\Fé“ﬁ i %1 5 B (activation segment,
AS) sering & b BRI AiE L R em AR PR P —
p 3] 7 (auto-inhibitory segment, AIS) > € #r+| serine/ threonine
L ps chp ApEpL Tt o & CH R E 3 Rk £ 4 & 7 (hydrophobic motif,

HM) > @ threonine trgipi i+ =gk HM _+ (Hergovich et al., 2006) -

g ko o 4§ s B (Caenorhabditis elegans) ® = ndr £ ¥](sax-1

FAREF O EFIHFNUCATF L REL LRI FRAEN Lo

<X

g ¢ o MR A EP 8 5 02 (Zdlen et al., 2000) - mfER F Y e

ndr £ %] & w8 a 0 5 2 g8 cpk2 fF(Saccharomyce cerevisae) ® i 45
= Cbk 1 39 A F] > A FIH 2 REPF > § 138 Ace2p #&-7]+ &
e Y i B R U T A A 2 e d R e &

5 (bud) » T E_F dme chy B > 4 2 4 pr(Weiss et al., 2002) o #%
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e

@ » . Schizosaccharamyces pombe # =1 0rb6 & F13 2 R ¥ » ¢ 13
2+ e 4 X ehY a4 2 4 pr(Verde et al., 1998) o t- fEE FuE---
Neurospora § # - cotl &£ F]1 5 trc &L Flenfe Jad~ » 4 cotl 2 2 R B/ >
¢ 13 = hyphal 4 4<% i3 3 4 (Yarden et al., 1992) - & 1 ndr & ¥l

R e RRAE P AR R e A M e

S ArHd BT A KR X RS SR A F e E 4 ndrl
Lndr2 ¥ A ) € A A B 3 R 4P 1T chserine/ threoninemi s fix 0 &
s £ _Ndrl (nuclear Dbf2- related kinase 1, * ** i serine/threonine kinase
38 STK38) £ Ndr2 (= =" iTserine/threonine kinase 38 like-protein,
STK38L) » = % F-v oenp i B B E 86 %o B iﬁf;m: A= A %8 5 AGC
FIEF0 > & Jv FRREkfs B (protein kinase B, PKB) 1w 2 PKC » 5 8
% B 7 4p 12 (Hergovich, Bichsel, and Hemmings, 2005) - 2k @ » d w0 A
ST 3 B % B om0 5 d okadaic acid (OA)2 #r| 30 W2 Bifkps 2A
(protein phosphatase 2A) i 14 » 32 ¢ i3 & A g NDR3-v > 11 2 2
Berte s dr—Dbf-2 0 dU A i & 1 IR % o %% NDRE AL fis £ d
AR kg 7R NDRE 3 7% (01 * (Mah, Jang, and Deshaies,

2001; Millward, Hess, and Hemmings, 1999) -
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#NDRL1%k 3 » 4 Ser28leni= % » B 4 4T 4+ i #f 1+ (Ca*'-
dependent) 1 p A gifs 1 (auto-phosphorylation) 42 14 » @ Thrdd4eni= % R
3R ORCKME AR B 5| Skl B ATERRL 1Y o BERE K3 Ser281¢2 Thr444

3 B > EheEERL v 0 33 5 NDRLE M enh® > %5 1t 91 & en(Tamaskovic
al., 2003) - A @ > NDR2ergpa it im 4 » R E_F & $.Ser282¢ Thr442
3 B BRISAEERL Y 0 ] (AR D 50 (Stegert et al., 2004) - @
NDR23-v » fd /] Bl % 5P a1z iz (amygdala P~ ad ‘g hmie > iE
FRADPEAT E Y 0 FANDR2E A, 24 B R (neurites) 4p B 11
himte b 24 & a2 —— e Fou (actin) o Jrd we 2 B ednde
BLo @ 3 AT o d < BlenPC 12472 (PC 12 cell, rat pheochromocytoma
cell o FERT CEEA TR o B B TR LR A ATk Senid g
MR e o J* fmre 3t & e B o MNAr2E-v APC12%mre § ¢ £ iE
71 E 4o B Ser282Thrdd2 & 8% 5 cANdr23-v » it 4c » 4 o4
£ 75 (nerve growth factor, NGF) erfi-im ™ » 2 4] s 4p it fi o B w2
Biismy =% £ & emwedrd £ o R (neurite) g - 7~ 3

SR Ndr23—v ¢ BaePC 12 Mm% kel o5 2 £ - 5157 NDR2

i

FEAEA Shere g o higE A3 2 — (Stork et al., 2004) - =

[uf}

wMob (Mps-one binder) 7#2% -v & A fgenfmbe 5 ¢ > ¥ LK B ;‘%‘

d s NDRA Mm% srenp o B & > 7 7 122 NDRJ-v ehgific it - 8 NDR
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£ 3 71 (Hergovich, Bichsel, and Hemmings, 2005) @ 4 #g 9NDR #-¢
25 W eATre - 3 #-15780%:4p iz & (similarity) > & +f shcDNAA 71 -
T3 Sah 0k ehded B L[4 4pif o 4w S 54kDa52kDac H ¢ o
BUCAFIRFIAp A BB e A 44 ¢ eondrle A RCDNAR 7]+ 4
68% i & (identity) » & & 3 Bt F MO % > B

£ 3 7T7%:4p e 1+ (Millward, Cron and Brian, 1995) -

_—

Tre 39 & Furry (Fry)3-v 3 5 & it > B3 3 8% chf) & 3
v (Heetal., 2005) - @ Trc & Fry & Jﬁ LR RERY > AF ISR
POBEF RARTORES N -TIcE Ay KRR iEY (L3
Bhrh g AR E T 0 MR A mre e F 4 S o

BUCATFIF A REP ANl £ Rl (aristalaterals) ¢ i
ST vl 3o (actin) g e g (microtubule) & # chIR % (He and Adler,
2001)- % % 4]1* MRCAM tF7 5 %% 587 % Tre & Fry 3 4 2 %p5>
$RA AP FWAR TN S HRAN  F AR X2

AIRBE LSRR B e o Rk P FERVTAE S LR

(Emoto et al., 2004) - & Trc ¥ Fry £ 3 # it (loss-of-function) sr 4 3875

[

FrRE Tl Trce Fry auu & @4 £40% Trc v %

=

2 Rac GTPase 4 it % % /2 » 1 5 THIH S0 A5 A4 4 4 e
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ry & eB3dETr > iEsER R G2 F

=

sl g 0 &3 3 % IR % (like-repel-like) (Emoto et al., 2004) - 7%

Moo R A GUT Y

i

7 oTrcg BRI, ¢85 #2282 F
2 Furry SR o om R LB gy 0 B Ao

it (Heetal., 2005) -

AR REEREN 0~ T - B

\\\?{r

GEANICL I e s R o

7o fwi s Hipp  Hippo(Hpo) £ »+ % ¥+ ]+ (tumor suppressor)
SRR Y 0 SR P T E LA sUski2 7 (coimmuno-precipitation,
ColP)» 2 7g = gL = 247" (Western blotting)en4 i+ 8 3 2% 2 %
#7  Hipposed £2Trclk 3 Edcn 3 iv* B ik o 77 2 & § 4] *

Hippod-v «Cz322Trct ® 4t enbd th(Emoto et al., 2006) & % ks £
ioood Hippow 2 R R AD TR TG BT AN AL
Fech#cl 85 0 NEABMREAR AL KT AHMPERBE S s
(defects) - o Kinaseassay g A7/ > L@ & > BLE &2 47/ » B &

¥ 7k dd 4ol & s (band)eTrci-s o fd il P2 bt 4 fe (=% %
T3 2 0 REPIE 3 BRI eATred-e #77 ehg o B % & 0 Hippo
€ kit Tre > 44 {%ﬁd TreenThr449 i ghie (7 gipa i e §_> Hippo

A Treen ¥ — i = BE---Ser292:hgii e 1 42 & » B2 5> (Emoto et al .,
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2006) -

It
F_&

LA o R Mob v T 2§ FEER
ZFF I3 EF o@m b RS Y T ] 0 4 T NDR ROEREEL BF
TS MOb R F BRI IEY o A RMHP o d LAY
KA s T SR o 0 Tre 39 &2 Dmob2 #-v =t fm¥e
(subcellular)» # =% 5 € eI % o 32E > 895wz chlm e 3 5
"R FE im0 A E ehR 0L g b (Heetal., 2005) ¢ { iE— ¥ o
B Y Ry % o p A kISR > Tre 3v A 119-180 s ik
B3z % > 2 Mob 3% #-v % 7 ¢ Dmob2 7 ® &t (He et al.,
2005) » R o W ARy » A o v LRSS e ¥ o Mob R
30 T gEd Wik NDR RCB Flinse WEenp 60 e AR i

(Hergovich et al., 2005) -

o BAe P 3 B % o dapl D AR > Tre 39 AT
AEiTt T wE A Tre -9 A > Hippo £ X % v et M54 F

kil

Wa

Bife it 2 tsm 5 A @ Tre v 7 B &g Bl o ¥ 2 Tre
Hippo #ips it > @ & 5 %= (Emoto et al., 2006) - Mob2 3-v & Trc 7

£ e & i 3 (co-activator) » ¥ 12 iBag Tre endgmipc it o & Trc £ § ik
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CTFEL S E e P s Tre T A iR D A S T 7 ;%’—*{o ee v
BAaafrds s 4N cwmean ¥4 £ wme et o

£ B4t nidF (v (Hergovich et al., 2008)( @l - )

Fasent f e AN iEARY 0 AR E G A VB UZ e

by
5\7.

2=
o
»>\_
=

B T UPER A SRS o A B A e T G
emie ik m (basal/ lateral 0 R R A B eamE RS o P L miz i

s

FEL B AR w o > B s L (microvilli) e ELH 8 nre ek 4230
> oo TPt s fme e adT_ 0 A T HukARY o PR FRE R h4e d
(Eaton, 1997) o & 4 7 3 G5 T av > S usaud #p g v IEE 0 A AR
gy iraEg b B g - AL pre-hair"eht L wre 0 B Ak
AR B & bl Wt BEig o " prehair " A e o R F
vuge F-v (actin) &2 e g (microtubule) £ & = chim e F 2% (Turner and

Adler, 1998) - 7]t s "pre-hair” fmiE B R AR T KBRS F ¥ A fmie

e2h £ 17 % (Wong and Adler, 1993) -

@ k)L wmre (bristles)~ ff & =4 (aristalaterals) % F g wmie 4 &
i 2 TIC Rd H A 43BN OREE > f3 S Awmrd A

£ g e B (split) @04 A j (Geng et al., 2000, Gong et al.,

17



2001) - @ *& 4c % #| cytochalasin D (CD) #2 latrunculin A » 12 e fm v
28 ¢ gl Fev i@jf_ﬁ_(proliferation)’“,/f RN S L (R A
Aend A1z ¢k > 4 ¢ 5 BL oz i Gode e (fat) ~ <& -] (short) & #2353 5
2G| o 4aip] Tre fhie® PR d B uE dod fhrtay 0 g A iy
L+ A e ehAs i 4 2 (Gengetal., 2000) 0 AR @ 0 f M PR R T
WA 0 P A e R T R BREEG s T o R F AT

Rakchh d o h RSP L A BT > B 2R FR K

N~

Ecre ORIE NV URRE S R E - LS I P IR S A D S R

Bus b wre g T AR P o Wi e R R 3 B H s e Trc
Bov o LRBERE L A 5 L3S ERREER LS ?p B A
AT miFEt em Tre v A5 BPRFEFOF 7T BARY > Awie A
Ao Hpgtranivh A po vy A E e Flpt s APy
e f o 3 & AR Tre &2 Tre DN (Dominant negative, = &_Trc KD,
Tricornered kinase dead) =r it & #4322 2 ahTr > & 5 & S s pr
FEAEROBRBLLBARSE TYRY > ARERSESOLE S LT

PR PR - B AR TIC B R IR T L i i
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-~ RWBE X

*F2 3 11 2 78 % s (Drosophila melanogaster) & ficst & 4~ > i@ *
GMR-GAL4 5 i sn%k s » 7 W UASGALA4 ¢ seit 7 F % - UASGAL4 ;
o RS A EAATCFRENN Ap AR ORI T 5 R
GALA4%-v HJEps* 2 @ > “rA 3 ki@ &%+ > P 5 gda- KA

FE 7 0 K_i

e

B B3 & - o 3+ (enhancer) - m UAS
( Upstream activating sequence) = — £ ¢ & it 1} k (iGAL4 G0 1% &
A TR A UAST - B P ERATFDE ] o F - B % usgl
RFRFE G S BAFIOREE > Vs AR R A ke
.?%Eé.fém’?é =% >~ 2 ARGAL4FY F > @ GAL4R-v9 ¢ % & F UAS

B 5 UL R A TS & 0 AT e

b

Er g e B mre ¢ < F 3 4 i (Brand and Perrimon, 1993) -

GMR (Glass multiple responsing elements)#_— & gz 3+ 5 £ (promoter
gement - A%z #8 ¥ pkAeyedisc)? of A5 4 2 & | (morpho-
genetic furrow, MF)3ts = > j& % = B 5 3k 4 % L (second mitotic wave)

Bdeo DI o ¢ L3 A #a e % > WA GMRE * &

X4 I eni~ % Freeman, 1996 - ¢ *GMR-GAL4 T % Driver » # 12 #-
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AR DR B e Z A 0 R E Sk efpg HRE
Yoo AR E AR A SR ER WS Y o AP IUASGFP S %
W G TS fpdlie o d 3B AN PR B ik Rtre-Sformeni F1 R 7 o A
et el e L F] % i o A W) Z UASTresngg 7e JL Fl % il > 4 3 & 1 R-Tre
o 2R A kA T AP o A UASTrc KDendi 7e AL 7] % s - |
Fivd A7 12 & BLTreend 477 % ¥ (regulatory region) + > Ser288 Alai?
Thr449Alas B = BE3¢ 4 BER % > e B = BRI9B- (X 2 alanine > i@
= Dominant negativesi ¥ AL %) > @ F 7 R LD ATrek maF 7

ik iE it ek i (He et al., 2005) -

*F B - B GMR-GAL4 2 5 4% 0 & 6] 22 UAS-GFP ~ UASTrc
112 UASTrc KD i % Bfe — B4R 4 @ o H P o O 5B
LW R o X EL2 P enAJEER S AT Kok o UASTIC
BUASTrc KD % s & % > 357 4 T #== (balancer) » P &7 &7 A 7] %
WP A VLT G AL AR o UASTIC #ra enT

=+ £ AICYO; +/TM6B> % 77 & 7 ¥ 1 g4 N UAS Tresnzk FI 8- & %

CHR M o CYOR A WA S BlenT FT > TR - R ke
B ds o @ > UASTrc KD% i & & T 73 5 +/CyO; 22SATA/

TM6B - H ¢ 22GATA > X £ chE A & ¥ EF I TrcKD 3= B ehA Fl A
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A i AR RE 5 Ad RE DL P LRETY FHL o

GMR-Gald&- i % i » F 3 — ¥ £ :F GMR$ 8 2 F](alleles) »

W mmaR o R 3 V AR RIERERT &Y B E‘ifjf‘uﬁ
ZEI] R d g T E [P RP 07 Sk Rough eyed 3R
A o 7 SN2 CHEER R H o TRl A at

PR A
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