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ABSTRACT

Down Syndrome (DS) occurs in about one in every 700 human live births, and
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INTRODUCTION

Down Syndrome
Dovn Syndrome in Humans
y Trisomy 21
3 A 2
o 2 ety 2009). Compounding.
his iage -

2008; Park e al 2009; Wiscman et al. 2009). Dr. John L. H. Down first described the
‘condition in 186 and later Lejeune and colleagues (1959) establshed it s 3

(HSA21). The phenotypi ith DS, i "
y greaty. Peopl ly
2009), ly
. which may
account i isniewski et al. 1984;
Mann et al. 1987).

1984;

Tanzi 2008),

Teuks




Jike atrioventricula septal defects, which can occur in sbout 44% of DS patients (Coyle

et al. 1986; Freeman et al. 2008; Pack ef al.2009). Ophhalmie disorders, including

Brown 2009, It s generally blieved that these phenotypes may result from the altered

expression of ane or a number of genes located within HSA21

Molecular Basis of DS and the Down Syndrome Critical Region

~29% incidence),  ransl

than 5 2004), occurs

in about 3% of DS cases. While the chromosomal cause of DS has been determined, ts

unclear. Th Iy additionsl
‘copy ofone or more of the HSA21 genes leads o increased production of proteins and/or

2 d

inte

o (Ptersan & Costa 2005 Roper & Recves 2006; Patrson 2009 Lyl r o
2009 Wiseman el 2009, Seversl stuics have reported pars risomics of s secific
HSA region, wich could b the causefor st DS estures (ViCormick e al. 1989
Korenher et al. 1994 Guimeri t al1996). The Down Syndrome Crical Region

(osc i 1

ength between 3.8 0 6.5 Mb, containing between 25 and 30 putative genes (Rahmani er

al. 1989; Delabar e al 1993; Lyl et al. 2009) These genes, as staed above, have been

One of



(dyrkia), which has beer ed

1996; Dowjat et al. 2007). The elevated expression of this gene and others in the DSCR

may explain certain DS phenotypes

Dual-specificity Tyrosine-phosphoryl:

The I of protein

protein

molecules, a5 well
1996; Becker et al. 1998; Himpel efal 2000). Iniially, the dyrk/a protein was identiied
asanovel

al 1996;

Song et al. 1996).

YAKI

rowth (Becker & Joost 1999, Zhang et al 2001). Mutant YAK1 activity can also affect

yeasteto-hyphal transiton, preventing hyphae formation (CGoyard ef al 2008). The kinase

b o

including the Y-X-Y loopiinthe

catalytc domain (Becker e . 1998; Becker & Joost 1999). The tyrosines in this loop are

especially Kinase f
almost completely suppresses dyrkla sctvity (Kentrup e al. 1996). In both risomic

DS sub i 1

contrls,




spinal cord, etina, tongue, intstine and kidoey (Song et al. 1996; Rahmani e al. 1998;

Dowjater al. 2007). These reports support the ‘gene dosage” hypothesis of DS, which

developing tissues and, eventualy, {0 the typical DS phenotypes. The highly conserved

Dyrkla function and protein interactions

Dyrilaba
avariey itk The
« T cells) family of
2006),
par o
levels by
(Te, which is then

exported from the nucleus (Arron et a. 2006; Gwack et al. 2006). Dyrkla s importantin

bstrat inL

Dietrich 2004);




et al. 2002; Murakami e al. 2006). Dyrkla thus seems (0 have several oles in the normal

regulation ofcel processes.

DS model i o

A fcilitating

overal 2008), additional

Roper r al. 2009). These cells are lesslikely to undergo mitoss,resuling i fewer

ulate ollftc, d

e in Bray 2006). Nuclear "

A 2 et al. 2009)

only in DS but also in neurodegenerative diseases

Dyrkla and neurodegeneraive diseases

:amples of

Dis . Parkinson

Discase (PD), and Hi Discase (HD). Peopl

developing early-onset AD:; by the age of 6, 50 0 70% of DS subjects develop AD-like



2000). High

neurons of the neocort

paticnts with 200). AD s po

pr o 21 in humans. Dyrkla

PP,

(Grundke-lqbal e al 1986 Ryoo et al. 2008; Park e al 2009), B-amyloids are the

both ADassociated 19 Jaal

Tau, NFTs

characteistic in AD (Grundke-Igbal efal. 1986; Ryoo et l. 2007). Similar to the

plagues in AD,

. 4 major

‘component of Lewy bodies.In fact, dyrka expression augments a-syn inclusion
formation (Hashimoto et . 2004; Kim et al 2006). The development of some AD and
P characterstics may be influenced by dyrkla expression
In addition, there may be a connection between HD and DS, Although the
hysical pathol

MacDonald 2000

1 tipt).

2005). Given.

an important role in neuronal cll ifferntiaion and cell death.



Minibrain is the Drosophila dyrk/a homologue

fistof the Dyek (Tjedoreral. 195
drkla, fce and umans (16 and 21
vl s
“smal b’
eral 1995) herear ighly

@ like the Y-X-Y activation loop,

Kinase activty.

S0

rodent dyrkla (Shindoh ef a. 1996; Figure 1), This high levelof conservation suggests

z with

expression of b, Odour discrimination learning is poor in mab mutant flies, s s visual

patter fxation, jedor et al. 1995)

een implicated in these def

relationship betseen i and neural development may b indircet.

differeniation.







Figure 1 - is a

i Vs

domain (zrccn), with conserved ATP binding sites () and activation sites (bluc). A
possible conserved sequence motif is shown in re.



(Tejedor et al 199

develo

development

o

0:

This

important n cel signaling.

Drosophila as Model Organism
Model Organisms

in rescarch

o0

increased our understanding of human discase.



Drosoptila melanogaster as a model organism
L ating. 7%

of human discase genes have Drosophila homologues (Fortin e al. 2000; Bier 2005).

- y e fy,the study of
H ml
cancer (reviewed in Bier 2005; Sang & Jackson 200
h
subjct. . developing
104
2009). ly
has allowed for the
P genic fly 004)
ly rescarching,

human diseases.

UAS-GALA System in Drosophila

the The
directed or 2002), ien and
factor  reporter, the upstream 5 ay

lins. target, which is silent duc o the



absence of the Gl protein required o activate transcripton. I order to express the
{arget gene, the two lines are rossed and transerption of the gene ofinerest will occur

Brand 1998; Dufly

1), The UAS-GAL

e e in Drosophila.

Development in D. melanogaster
Development and Growih
“The growth of any organism s dependent on an ntricate network of cell

pathways. Organs and tssues tend to develop to. set size limited by a “normal” range for

cach specis.
Cactho &
Leevers 2000; Day & 0).C s
determining the final shape and iz oforgans (Conlon & RafF 1999; Kango-Singh &
Singh 2009). 4 for
Nuti ficor in pro it . During

the 3* instar stage, the larva must reach the “minimal vigble weight”in order for

Riddiford

2007). Starvation after this point may delay pupation, but will not prevent it Another

“eritcal weight, at

Riddiford 200

affect overal development i flics.



Jbout ten
tages, called
for pupation i four to five:
days,

1 der Aliring one
or more of

cellular processes important in developmen.

Nervous System
I ons L

The cell 1

dises ae controlled v the achaete-scute complex (AS-C) (Bourouis e al 1989). The

Asc promates

1987) important in

I ells (Art

“Tuakonas et al. 1999; Lasky & Wu 2005). These cells essentially compete via neurogenic

Natch

responding cell, 5 will
differentiae and become a neuronal precursor cell(Chitns ef al. 1995). These Delta cells

move outof




(Karcavich 2005). intra- and

processes in order 0 produce the nervous system

Compound Eye Formation
Closely related to neural development i the development of the Drosophila

ind ey §
. four cone cells two primary pgs
I i etal 1976;
Baker 2001)
i ol
teming of g * larval instar and

pupa (reviewed in Bonini & Fortini 1999; Treisman & Heberlein 1998; Brachmann &

Cagan 2003),

for example
atona, Noteh, and scabrous (Borini and Fortini 199; Baker 2001). The deelopment of

It led by a seriesof

pattern with I s, i this stiet

ood model

ulation, Thomas &

Wassarman 1999). Altered or sbnormal gene expression can be detected by using,

biometrics o abserve changes in the ommaidia array.



Mechanasensory Brisle Formation of the Dorsal Notum
Another useful

(Jan & Jan 1994; Gho eral. 1999). These celsinclude socket, shaft and sheath cells, a

ASC.In fact,

rellable 0ol in investigating neurogenesis.

Goals of Research




1o altered mnb expression.



MATERIALS AND METHODS

Bloomingl They

WO 453 Bellen et al. 2004) was created by the Drosophila Gene Disruption
Project. See Appendix 2 for aschemaic of inscricd P-clement ncluding

GAGA/GAL Table 1 i d

abbreviations forthe experimenal in, " ™", the conrol e, w; UAS-
lacZ*" and the Gald driver lines, da-GALY, GMR-GALA", y w; act.GAL4/C30. ', and

i PlGa B[ TM6C.

development (Bier et al. 1984),

“The mnb and =
Wurzburg,

Germany). The contrl ine w''" was received from Dr. Howard Lipshitz (Universty of

Toranto, Canads e ? "

Bioinformatic analysis

sean

National Center for Biotechnology Information (NCBI). Homologues of mnb were.

identified using the thlastnalgorithm (Alschul e al. 1990; Altschul et a. 1997) of NCBI,




Table 1 Genony Drosaphila

ession inspecifi lssues,
Genotype. [Eq:mnlnn]llrﬁl\-nu Abbreviation Balancer
pattern

Experimental line
W — [Bellener w7
P i al 2004
Contral line
i, UASTac — [Branderal | UASTacZ -
2 1994
Driverfines
T GALA 11 | Ublquitous | Wodaz et
al 1995 -
GMRGALT” | Eye Freeman | GMR-GALY =
1996
Ubiquitous | Brand & | aci-GALY G0 curly wing (Curly)
Perrimon
1993

e[ Toadl | FGavT
P[Gan 1

Urmec neuroblasts

£

(Tubby) and short bistes
(Stubble

mnh mutant survival on amino-acid starv on media.

 Reference [Abbreviation

 Binghar eral_ 1981 I

b Tejedor et al 1995 [
b TFMC | Tejedor eral 1995 i
o | Belien er al. 2004 T




Kinase mnb. In D,

TustalW. B Bioinf I

Larki 007, r melanogaster,

Rattus morvergicus (QG3470), Mus musculus (Q61214) and Homa sapiens (Q13627)

were conducted through InterProScan (Zdobnov & Apweiler 2001),

Drosophila media and culture

fourto

the driver lines. C o

UASHacz, the drivers. Ce

yeastagar media at 25°C.

days, progeny. Crtial class mal

phenotypes Tubby; Stubble,

and Curly:

Fly collection for SEMs.
Fly crosses bove in Drosophil

cullure. Between

molasses-agar 15mi

frozen at 70°



Biometric analysis of he eye

sticky tpe. Around 20 with et
eyes fcing up. Flies were desicestedoveright and gold-osted using Fletron
” Couer.
" a0

analysed using Image] digita image analysis software (AbramofT e al. 2004). The

pe “The area () of

» i y These data were

I of

mcans (SEM) was plotied for each measured characterstc for each penotype. Sttistical

ANOVA

i <005,

Blomeric anayssof the microcharte of he dorsal norum
@ L and PGB}

pe. Around

15 s sp

0 the sides. Flies were desiceated overnight and gold oated using the EMS 500 Sputter

digiul 2004), i on



the dorsal notum was counted i each image (

5-30 per genotype). The tota area

(o

microchacte per

mnr. G Prism.

ANOVA ine signif

Significance was considered at p < 0.05,

Longevity of flies

assay 2 (AgA2). AgA

media e = 205°C)

for ApAl and 25°C for AgA2. Flics were maintaincd in non-crowded conditions of 1 to

20 s per vl

1990) and scored 1 datafor A
the GrophPad Prism S program and were compared using ANOVA followed by
Newman-Keals post-tsts. Significance was considered 95%, with p < 0.05.

‘Time to cclosion (development) of lies

irgin females of mnb™'** and UAS-lacZ nd males of each driver line were

days

before crossing.



media for n ‘

was repeated four times, with several vals per cross.
“The number of eclosed adults for cach cross was recorded and the percentage
eclosion caleulated using:

%heclosed =N * 100%

ind N s the total
number of F1 Both
Data
GraphPad Prism 5
Locomotor ability of flies
o o
Flies ‘
Flies
media st 7 days, Climbing
determined 30 cm in lengeh, | marked
with five 2 m scctions with an additonal buffersection at the top that limited ‘
s N ‘
apparatus, 1 the five

scored ten times per
index caleulated using:

Climbing index = S(amyN



-5) and N is

the tofal number of

(GraphPad Software,Inc.) and cach climbing index was subiracted from five and a non-

confidence intervals,

compared with 95

Ap i lies from all £

urth w assays were

control

, act-GALY) ]

Longevity of flies on starvation media

[ lies on

Eenotype

food media. Roughly 200 ritcalclass males of each genotype were calected and

maintained » "

on fresh amino-acid sarvation media, consisting of % sucrose in PBS and agar and were

aduls

See Table 2 for a st o genotypes, eferences and abbreviations.

X cach line, * (1129), were



considered 95%, with p < 0.05.



RESULTS

Biometric analyses of mub overexpression

Investigation of the
igh Wassarman 1999).
which can
"
eye development.
Eye 4 rexpression i
jgures 2and 3).
. the
2+ pared 10 745 4 10 (n=
(Table 3), AL, b resuls in

a significant decrease in the number of ommatidia, 703 & 7 (n=10) versus 726+ 8 (n=10),

198 1

(Tables 3 and ), b directed by these




mnbtr 40 UAS-lacZ

|
gl {

B c . B

iaenced by
vel it

nderthe conirl o the d-GALS trameae.Di

v -10) Fowever, aLs
Significantly decreases the number of ommatidia (- 10) compared to [/45-lacZ control
(1-10). Scanning e doen i (A) S

160 um. " her are hown in
O 5 D) ot Vet B s
significant ifference.




EY14320
mnb

iy i
B c
4 V4
e
o

are shown in (A). Seale

bar (white) represents 160 . Graphic representatons of cyc
) (© y. Values

SEM, “*



Table
i o, - SEM.
Gaompe | Byapm | Ommainars | Ouiind
() ()
Lowfevel
Citsacz, i 510
-Gl
b ‘Ill%ﬁtuﬂﬂ 20344 V\Z«V
drGALY
Highlevel -
UAS-lacZ: 1118732582 ‘ 21643 72648
act-GALS
T

b ‘ 1084874 1307

‘mu




development, -

also size s decreased.

Newral overexpression of msb affects oveall eye developmer

PlGans

(Figures ). was
109,357 4 2195 . 19043
B , Table 4). Sgn

Table 6.

decreasing growth and cell number n the ommatidia aray

Overexpression of mn in the eye increases ommatidia area

il i formab

2003). ncreased mb

20822 um’ +2pm’




0

Fgu .
‘wnder the control of the PfGawB]" "' tranvgene. Direcied mab overexpeession in the
curoms and neuroblasts (510) significarty decreases overal eye arca, oomatifa arca

xamber are shown in (B). (C) nd (D)




10935722195 l'”” Imu




EY14320
man)’H}Z/ UAS—/aL‘Z
I, t
B : [
e*u
S J
Diecied
1 :
160 .G
(0 v Valoes




b
SEM.

e

Genotype Eyeares Ommatidia ares | Ommatidia &
UASdacZ Toss=178  |3ia2 Bz
GMRGALY

[t = |ed =10
GARGALL

Tabie ¢ Summan of bometns sl on 52 from (s everposng mmt wng
s drvers. P-value determamed from comparnscn 1o {AS-lacZ control. Asrows e
P—

Gemonrpe = ‘ e Y [ Ot
Gt ™ [k ]-. s CIEC

™ g1 = lwu I I"m [ml

[P bt

UASiacZ | I— I.r. l.r. " "
oGl

[ TG | NO <0001 [VES U [0043 |VES U
ot GALY

Neurons and ncuroblasts

UaStocZ, e w wa wa wa £

’y:.l;:lum [vrs T [<u-m|m ¥ ]om Im T

Pl il il

WO [o0i% |vis U |03 |NO

| GarGare



Investigation of

“The sensory bristes of the dorsal notum develop from a field of neuronal

precursor cells, where cach brisle i associated with asingle sensory neuron. The deasity

Tata & Harley 1995;

Ramain et al. 2001). Examination of bristl density can be a good indicator of

neurogenesis. A recent sudy, which investgated the role of Hipl in neurogenesis

(Moores et al. 2008)

In order (o further

brist
developmen.
Low-level

i Tower level
devel i the densiy of
(Figure 6. The density of mnb™*; da-GAL lies was 583 + 8 mC/mni* (1-26)

compared to the control with 667 8 mC/m” (=29 (Table 7). The effects of




UAS-lacZ

Figure 6 - Biometric analysis of brisle density: mnb v» lacZ expression under the

Lowlevel b (-26)
Srficantly decreases microchacte denséy compared o [ A lox  consrol (-39
Nareuog shows in (A). Scae bar 30 mm
< com of mcrochacse desry 1 sherwn i (81 \shues prescmied e



-__“v—-a.—mm-c microchacte. Aows.




“The b g was ocrexpressed using theneurs diver, P[GawB]*" (Figure

7. PGB
density (Figure 7), Cimm” (n=29)
howerer wi ALY (Tabe 7).
e
Directed overexpression of mnb alers behaviour
» !
i bothcases,bogevity of
. The median e

span ofthese fles is 10 days shorter in both crosses, while the maximum ife span varied
ALY, 0-200) and 88 days (b, acr-GALY,
203)

between 76 days (b da-

n7196). These
with p-valucs < 0.0001 (Table 8). Development time differed signifcantly when b was

“The majority of

11 days versus

5% ofthe




mnb®4% UAS-lacZ

- < b e sk
29) sgnificanty
comparsd 1o L\L.‘/‘mahlm ) wuu:hmmmnn;mﬁ\nwmmmh

shown in (B). LSEM. - rp e




[ -

GALY
Iongeviey, el jon. (A) L

®)

X

bt ~
Longevity isshown a percent survival (P-< 0.05,determined by log ank). Cimbing




@ e—
© 5-Cimbingindex

5 %
Time oy

ime, but

longevity d food

(B +C) Eclosion ime.

o

1= 05%),



“Table 8~ Analysis of longevity of | i b, Survival
dectease (U) in

reaimen.
Genotype | Tnitial | Median | Maximum | Pvaiue | Chi-square | Signifcant”
o sursival | Lifespan | (compared | value
day | ()| Wi UAS- | (compared
(50%) lacZ ceoss) | with UAS-
eross)
W ‘xn W ‘m wa
5 ‘n ‘<u.m| ‘3779 ‘VESU |
‘m ‘xz W ‘.m. W ‘
I W6 [0 |8 o (B (Vs T |
act-GALY




initial died

Jimbing abiliy for mnb™4%, da.GAL

i

1 et GALY s (o

50) however does not significantly differ from the control

0) is age, 3

Overall,

cularly at pression levels.

The mn gene plays an important role in post-embryonic neurogences n Ties
(Teedor et a. 1995),and here we shov thatneurl overespression of i can affec ly
development time. and_longevity. Newl overexpression wis achieved. using the
PlGaBF 4 diver Longevity studiesof s rom these crosss show a decreased life

span (Figures 10). The median Ife span s 62 days (mnb™"“%; P[GanB]**", n=

07,

which is significantly decreased compared to UAS-lacZ controls

16), with pvalue <
00001 (Table 9). Maximum Iife span did not differ greally from the conrol
Overexpression of mn i the neurons and neuroblass can also delay cclosion time. In
the developmental delay analysis of P/GawB]'**-crosscd flics, aduls cclosed onc day
later than the control (Figure 10). Climbing assays were performed on flies from this
cross and the control cross. Overexpression of mnb i the neurons and neuroblasts

produces fles with a precocious loss of climbing ability (Figure 10).



216). (B)

linear curve ft (C1 = 95%). Error bars = SEM.



‘Table 9 - Analysis of langeviy of A
lysed us Arovs 1)
reamen,

Genotype | Tnitial | Media | Masimum | Pvalue | Chisquare
oumber | 0 | Lifespan | (compared | value
offlies | surviv | (ay) | with UAS- | (compared
analysed | al day lacZ cross) | with UAS-

o | oty | ez erom

Neurons and Neuroblasts

Clacz |26 |68 |78 wa W wa

PlGawB]
b

PlGaw?




GAL driver. Longevity

snificantly decreased compared o the control (n-203) (Figure 11). The median e
span s shorer, 60 days compared to UAS-lacZ; GMR-GAL4 with 68 days, nd the
‘maimu ife span 74 10 80 days (Table 10). Inaddition eclosion time i delayed by a

day in mnb™%; GMR-GALY fis. These flieseclose at day 12, compared to day 11 for

.

billy (Figure 11). Overall,

abiliy.

Effect i e a

001 Shi

200). As oo

resistance (0 amino-acid tarvation (Kramer e al, 2008; Slade & Staveley, unpublished),

a starvation assay was carried out o fles overexpressing b,

Low-level ubiquitous mb overexpression, achieved by using the da-GALY drver,
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m @ W <aoor 982
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(w215

whereas control .

is significant, p-value = Loy

decreases survival on starvation media.

Tife span of flies

on normal jgure 10

neural gnificantl

jure 1), Fies with

dianlife span of

16 days compared 0 20 days for the controls (n=214) (Table 1), Fles from mnb”'***

rosses have higher

throughout

on amino-acid deprived food.

Investigation of mnb mutant longevity on amino acid starvation media

performed previously. Under normal conditions, nnb mutants show decreased longevity

under

mutant lines, The mutant lines used were: mnb®""** (used t0 overexpress mb in GALA

1, white

crosses); mnb'; and b, Survival of these lines was compared o that of w



- b PG
- UAS-acZ PiGawBI=""

b s the P{GewB "~ wransgene (n-219) sigificatly docreases the survival of
214) Longeviy is

shown s percent survival (P < 0.0, detcrmined by log-rank).
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eyed control flies. This control line (n-227) had a median lfe span of 14 days and

maximum of 34 days.
14 days and maximum lie span of 58 days (Figure 14, Table 12). The mutation of mnb in

T g

contal,

I ¢ G cdia (Figure

14). The longevity of severe mab mutant, mb’ (1=129) s significantly decreased on

The median life span is x,

resulting in sgnificance with a p-value < 0.0001 compared o '/ (Table 12). The less

14) The median life span observed was 20 days and the maximu at 40 days. This s

significantly higher than ' control ( < 0.0001).
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g e
in compared 10 the w' " control (n=227). Severe

mutant b’ i

‘control. Longevity is shown as percent survival (P < 0,05, determined by log-rank). Eror
bars = SEM







DISCUSSION

problen

2009). Whille gencraly associated with whole or patial tiplication of HSA21, recent

2002).

deficits, motor

(Altafaj et al. 2001; Marinez de Lagrin ef al. 2004; Branchi efal. 2004), whereas.

b mutant

alered neuron number in the eye and dorsal notum,



Role of mnb in neurogenesis and neural development

Each

ye unitor

as with sensory

bristes. The cells of the eye imaginal dis begin to differentate during pupation, when

ehly regulated

signals (Baker 2001).

the study of

(Tejedor et al. 19
af
he i 006). directed
b
1
008).In these studis,
foxo expression.
ved it s
exe. decreases
higher Vi the act-G. . can decrease:

‘ommatida size. This variation may simply be due to expression levels. The act-GALY

10 be quantifed. N



conirols.

(Yabat e al 2010). In

2002),

pushing it towards neuronal cll fute (Hammerle ef al. 2002; Himmerle ef al 2003;
Ohnuma & Harris 2003). The GMR-GALY transgene drives expression during loe eye.

development, posterior to the morphogenetic furrow (Yamada e al. 2003). Interestingly,

Iuis likely

proliferation or differentiation, and insiead only affect cellsize.

Jan 1994). Like the

good

(MacDonald e al. 2008; Moores ef al. 2008). The transmembrane receptor Notch is

1l 2001), Neural



and Delta Notch

& Simpson 1991). When activated, Notch acts s a transeriptional regulator via an

)

Martnez et a. 2009). I Drosophila, microchactae density s influenced by Notch

e

neurons. This may be due to the expression patten of the danghterles (da) gene. The da

transcripi expression

of neural genes (Cad 2002),

por e dorsal

1 pathways necessary for proper neural proliferation

produces a
larval or adult



1995).

bristle density.

Expression of mab influences physiology and behaviour

(Glasson et al. 2002; Bitles & Glasson 2004; Barnhart & Conolly 2007). This s in part

2009). He

Altered

b expression may play an indirect part n regulating lfespan

“The effctof increased mnb expression has not been investigated previously

of fles. The reason for this decrease is unclear. However, longevity and survival are

Medema




@
2008 i both akt and
" . P
with DS. Gross and fine motor control i nitaly poor in DS children, though
prov ¥ 2004), Observations of
ity TeDyrkla)
bave liked
2001 . 2004, this
pai par s
e 2004,
produces “The mnb'
pecd, as well 1995). Here we
I
P loss of , mbis
N
o i bin eye.

improvementin locomotor abilit was seen in any of these crosses.




and the

smaller neurons (Yabut efal. 2010; Tejedor et al. 1995). The mushroom bodics (MB) arc

ot b
Interesting
(Martn efal. i 2009).
abilty.
! s

2010) but
time. However i mutant fies need
I 1995). Intrestingly,
evels

10 days.



temporal expression of mnb on development time.

Possible role for mab in survival

between vertebrates and invertebrates (Brogiolo ef al. 2001). Biefly, nsulin and/or

Kinase (PI3K).

the activity of the phosphatase and tensin homologue (PTEN). Activated ak

inhibition of foxo transcripion factors (reviewed in Lindsley 2010).In Drosophila, there

Ps) (Bohni et al. 2001) that can

(dIRS) chico, niiaing the insulin-signallng cascade via akt activiy.



o, "

K s 2001 Barbeir e al 2003). Studiesof

mutant ILP, IR

in Weinkove & L 000; Shinglet

2005, Y
extend the lfespan of e (reviewed in Bartke 2001 Clancy et al 2001; Tatar e

2001, InR and IRS act

decreased,

pathway, foxo.

mice (Sublet et . 1995; Bigs et al 2001), bt there s only one homologue in

Drosophila (Kramer ef a. 2003). These transiption factors have a highly conserved

DNA binding domain, three aks phosphorylation stes, as well as one dyrkla/mnb

2009)

fnction. These proteins p nd I

increase the

2004; Hwangbo e al. 2004). Loss-of-function of foxo can decrease survival on amino

al. 2008) 1




phenacap tof

“wandering” away from faod (Kramer efal. 2003). Under amino acid starvation

conditions, ity 2008).

starvation.

To date,

expression. In thisstudy, overexpression of mnb decreases survivl in amino acid-

and activate SIRT1, promting cell survival (Guo et al. 2010). SIRTI, a protin of the

A1 survival, includi E2F1, NFB and
Joxo (Luo et al. 2001; Nahle f al 2002; Brunet et a. 2004; Yeung et al. 2004; Bishop &

Guarente 2007). SIRTI deacetylates foxo, which can promote anti-apoptoti actvity. It s

possit ity the anti

required o elucidate the cause.




710, s and

. with mnb 44 bei . b’ being the

most severs and ! g somewher n-between "% and . The mn745%

fom he
- .
food
o) .
e of b, iy
larly, e
aveley
docrease, viaaltred foxo

regulation. The opposite may be true for flies bearing the stronger mutant mnb” allele.

ty,affecting the rgulaion of downstrcam targets.

Kinase acty

Conelusion




and i Longevity

asaresultof

sunvival, with
po ilty, in the case of low-level
henoty
H Jysiaof.
the severty of 2 by, likely
Kinase.

pathway, such as aki and foxo, should be futher investigated to lucidate the role of this

Kinase i

rowth and neurogenesis.

and neurally using the P{GawB/'**"" driver, several DS characteristes are phenocopied

Tongevity, loss of locomotor

analyses hat



it flies by i CR of

I activty »

inorder o ol jon i pa

and development of DS,
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