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1. Introduction

1.1. Casein Kinase | epsilon/ Discs Overgrown and Breast Cancer

With a million new cases in the world each yeagalst cancer is the most common
malignancy in women. Of every 1000 women aged @@, Will recently have had breast
cancer diagnosed and about 15 will have had a dsgnmade before the age of 50
(McPherson et al, 2000). In 2006 in Europe, breaster was by far the most common form
of cancer diagnosed in European women, accounf8@80 cases (28.9% of total). With the
continuous increase of early diagnosed cases, tbcaaser has become the most common
form of cancer diagnosed in Europe, and it has lkerthird major cause of cancer death
(131 900, 7.8% of total); (Ferlay et al., 2007).

About 10% of breast cancers may occur due to gepesidisposition (Emery et al.,
2001). Breast cancer susceptibility is generallgented as an autosomal dominant with
limited penetrance. The best-known genes assoocmtadreast canceBRCA1 andBRCA2,
have been identified to account for a substantiapg@tion of very high risk families — i.e.
those with four or more breast cancers among alelséives. Both genes are very large and
mutations can occur at almost any position, sorti@ecular screening to detect mutation for
the first time in an affected individual or family technically demanding. Certain mutations
occur at high frequency in defined populations (kefRon et al., 2000). However, only about
20% of familial cases are connected with inheriaatations inBRCAL1 and BRCA2 genes.
Inherited mutations in two other gengsb3 and PTEN, are associated with familial
syndromes (Li-Fraumeni and Cowden's, respectivaBf) include a high risk of breast cancer,
but both are rare (McPherson et al., 2000).

Large portion of the familial cases and even bigu@tion of somatic occurrence of
breast cancer are still waiting to be explainethatmolecular/genetic level.

Remarkably high frequency of somatic mutations feasd incasein kinase | epsilon
(CKle) in patients with breast cancer (Fuja et al., 200Mlutations in Drosophila
melanogaster homologue of humarCKle, Discs overgrown gene (lco), causes analogous
phenotype to human breast cancer: mutant lad@) fail to arrest growth of imaginal discs
when they reach their normal size and the disc& gantinuously to several times the wild-
type final size (Jursnich et al., 1990). The coriguar of the CKé4/Dco protein sequence with

marked mutations is shown in the Fig. 1.1.
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Fig. 1.1: Comparison of the protein sequence ofnanferminal part of the Dco of
D. melanogaster and human CKl Mutation causing the over-growing phenotypedoo3
larvae ofD. melanogaster is shown above the sequence and 19 somatic maafbaind in

the breast cancer tissue are marked below (Fajk, &004).

1.2. Casein Kinase |l (CKI) Family

The CKI is a family of monomeric multi-functionakrsne (Ser)/threonine (Thr)
protein kinases (in human approx. 37—51 kDa). Ifosnd in eukaryotic organisms from
yeast to human and is ubiquitously expressed iteremt cell types (Gross and Anderson,
1998; Vielhaber and Virshup, 2001). Seven familymbers (referred to as isoforms, but
encoded by distinct genes) have been identifiedammalsu, (3, y 1-3,3, ande.

The family members have the highest homology iiir thiease domains (53% — 98%
identical) and differ mainly in length and primastyucture of the regulatory C-terminal non-
catalytic domain, but also within their N-termini.

CKla and CKb are 76% identical outside their kinase domains Kl isoforms are
~50% identical in their C-terminal tails, and thendg C-terminal extensions of CKland
CKle have ~53% identity.

The long C-terminal extensions of GK&nd CKE are autophosphorylated, and this
phosphorylationin vitro markedly inhibits the activity of the kinase domdGietzen and
Virshup, 1999). Although they are able to autophosplate, they are in many cases
maintained in the dephosphorylated state by phaapéan vivo (Rivers et al., 1998).

Phosphorylation motifs for CKI on various functibnacidic proteins have been
characterized. The canonical phosphoacceptor arespecified by a (D/EX-X-S/T and
p(T/S)(X)-sS*/T* consensus, where p(T/S) indicates a phospimeser phosphothreonine, X
any other amino acid, and S* the target serinehgonine that will receive the phosphoryl
group from ATP. The phosphorylated amino acid, hawecan be replaced by an aspatrtic



acid at positiom - 3 (Songyang et al., 1996) or even more efficiebil a stretch of acidic
amino acids (Pulgar et al., 1999).

In addition, a non-canonical motif can be depicasdS*LS(X),».5(D/E),.s, in which
the serine targeted for phosphorylation is the fifsa SLS triplet followed by a cluster of
acidic amino acids situated two to five residuegvmikiream (Marin et al., 2002). A novel
non-canonical motif that fulfills criteria for cdsekinase Il targeting, was proven as GKI
target (Ferrarese et al, 2007). This S1510 resafiaelenomatous polyposis coli (APC) is one
of those whose phosphorylation is critical for asston with B-catenin (Ha et al., 2004).
CKI phosphorylation can also occur upon bindingh® FXXXF docking motif (Marin et al.,
2003; Okamura et al., 2004). Another novel phosghtion motif (K/R-X-K/R-X-X-S/T) for
CKIl (8, andy) was identified by Kawakami et al., 2008 in seVerdfatide and cholesterol-
3-sulfate binding proteins (SCS-BPs). Binding of SSGo the proteins causes their
conformational changes, which presumably facilgateeir high phosphorylation by CKI
(Okano et al., 2004). The mentioned motif is comneonsensus phosphorylation site of
members of the Rho family and Kawakami et al., 26088wed that in the presence of SCS,
CKly RhoA phosphorylation was highly stimulated.

The CKI family is involved in a lot of diverse amehportant cellular functions (for
review, see Knippschild et al., 2005a), such asletign of membrane transport, vesicular
trafficking, cell proliferation, apoptosis, DNA rap, nuclear localization, activity of various
transmembrane receptors and plays an essentialnroégulating several critical processes,
such as circadian rhythm, embryogenesis and mogptesis via Wnt signaling in various
species.

Mutations and deregulation of CKI expression artd/ag has been linked to various
diseases including neurodegenerative disordersasuétizheimer’'s and Parkinson’s disease,
sleeping disorders and proliferative diseases aaatancer.

It was shown that CKI isoforms differentially aswde with neurofibrillary and
granulovacuolar degeneration lesions, whose appearaharacterizes individuals affected
with Alzheimer’'s disease (Ghoshal et al., 1999; karayakal et al., 2006). Moreover,
overexpression of constitutively active GKeads to an increase of the neurotoxic peptide
amyloid{3 peptide production (Flajolet et al., 2007).

Importantly, CKI is involved in various signal tsduction pathways that are linked to
cancer development (for review see, Knippschildl 2005b), as follows.



CKIl is involved in Wingless (Wnt) and Hedgehog (Hagnaling (Price, 2006) that
share many similar features and both have beenaated in the initiation and maintenance
of many types of tumors. It is known that some faguy genes of Wnt pathway are mutated
in primary human cancers (for review see, Polaki)7). In addittion, Umar et al., 2007
suggested that CKlactivationin vivo might be a biologically relevant mechanism to
modulatef-catenin stability in hyperproliferating epithelisloreover, results of Sotgia et al.,
2005 suggest that loss of calveolin-1, which caukggeractivation of Wnf-catenin
signaling cascade, induces the accumulation of mamstem cells. This event may be an
initiating factor during mammary tumorigenesis.

Furthermore, Modak and Bryant, 2008 suggested@idt is a positive regulator of
the Akt pathway that also paticipates in canceetipement.

It is known that tumor supressor protein p53 isgphorylated by CKéi,  ande upon
cellular stress, which influences its transcripéibactivity. Phosphorylation of threonine 18
by CK1d/e is believed to weaken the interaction of p53 with inhibitory counterpart,
oncoprotein Mdmz2, thereby stabilizing and activgtpb3 function (Sakaguchi et al., 2000;
Dumaz et al., 1999).

1.3. Discs overgrown

Drosophila Discs overgrown (Dco) is a 440 amino acids longspimorylation enzyme
and its three hundred N-terminal amino acids hali@h level of sequence identity with the
catalytic domain of members of the CKI family. Tim®st closely related isoforms is human
CKlg, with 86% sequence identity and 92% similaritytigh the kinase domain.

Zilian et al., 1999 identifitifiedico gene when analyzing mutants showing excess cell
proliferation in imaginal discs. Mutations dto gene exhibit broad spectrum of phenotype
effects ranging from the absence of discs to tbear-proliferation. Hyperplastic growth of
imaginal discs that exihibit defects in gap-junoibcommunication (Jursnich et al., 1990)

was proven to be @o phenotype for at least one allele by Zilian et 99 (Fig. 1.2).



Fig. 1.2: Overgrowth of imaginal wing discs i@ mutant. Scale bar, 1Q0m.

(&) Wild-type wing disc, 5 days after ovipositiofb) dco3/Df(SBR)PH3, heteroallelic
combination ofdco3 allele exhibiting the mutation shown in Fig. 1rideof dco deficiency,

8 days after oviposition. Intensively overgrownadiwith a central area (arrow) showing
highly folded epithelial layers (taken from Ziligbal., 1999).

Zilian et al., 1999 stated thdto is identical to the previously clonelduble-time (dbt)
gene (Kloss et al., 1998). Dco regulates the ciaraghosphorylation of Period (Per), thus
controlling Per subcellular localization and sta@pi{Cyran et al., 2005). It is also required for
Clock (CIk) phase-specific hyperphosphorylation amting its degradation (Kim and Edery,
2006). The present model Dfosophila circadian rhythm is reviewed by Hardin, 2005 oeBa
and Edery, 2006. Dco-directed Rérosphorylation sites have been mapped by Kivinhaé e
2008. Mutations irdco can shorten or lenghten the period of circadidmbm®ral rhythms in
Drosophila and all of them produce lowered kinase activityr Ewample, an expression of
dco exhibiting K38R mutation, which specifically elindtes kinase activity, damped the
oscillation of Pern vivo and caused arrhythmicity and very long circadianqals (Muskus et
al., 2007). Mutations of its human ortholog hasnb@ssociated with certain forms of a
heritable sleep disorder, such as familial advansiegp phase syndrome (FASPS) and
delayed sleep phase syndrome (DSPS). Kn@ito/e gene variations ar€Klo T44A
mutation found in FASPS (Xu et al.,, 2005),CKle S408N variation relevant to DSPS
(Takano et al. 2004), and@Kle R178C mutation in a hamster tau mutant (Lowreglet
2000).

Mutations in the phosphorylation sites of the €Klbstrates are also connected with
disorders. For example the V647G variation of Hee3 gene is linked to DSPS (Ebisawa,
2001).



Dco is involved in various pathways and phosphoeglaaumerous proteins. In fly cell
culture and the wing imaginal discs, dco has bdéwwa to be required for Wingless (WQ)
signaling.

Cong et al., 2004 demonstrated that Dco positivetyulates Wg pathway through
Dishevelled and negatively regulates the plandrpmgarity pathway. They suggest that Dco
functions as a molecular switch to direct Disheagklfrom the planar cell polarity pathway
(PCP) to the canonical Wg pathway.

Klein et al., 2006 demonstrated vivo in Drosophila through a series of loss-of-
function and coexpression assays that Dco#CHtts positively for signaling in both
pathways, rather than as a switch.

These results were confirmed by Strutt et al.,, 20B&mining hypomorphic
mutations of theDrosophila dco, they showed that it is an essential componenthef
noncanonical/PCP pathway. Moreover genetic intemastindicated thatico acts positively
in planar polarity signaling. Further, Zhang et @D06 proved thatco had also a negative
role in addition to its predominantly positive rahkethe Wg pathway.

On the other hand, Guan et al., 2007 found thi hemozygous for a nutico allele
have normal Wg signaling in the developing wingeifldata support a model where Dco
coordinates tissue size by stimulating cell divigggowth and blocking apoptosis via
activation of caspase inhibitor DIAP1 expression.

Jia et al., 2005 explored the role of Dco/CKle Ie tHh pathway in developing
Drosophila wings using genetic mutations, dominant-negativeade, and RNA interference
(RNAI). They proved that Dco participates in prageg of Hh final actor Cubitus Interruptus
(Ci).

Results of Cho et al., 2006 imply that Dco is afsmlved in the Hippo signaling. The
core components of the Hippo pathway are knownetadnserved betweddrosophila and
mammals (for review, see Zhao et al., 2008). Moeeodlysregulation of the Hippo pathway
contributes to the loss of contact inhibition olser in cancer cells. Therefore, the Hippo

pathway connects the regulation of organ size ambtigenesis (Zhao et al., 2008).

1.4. Drosophila melanogaster asa M odel Organism

Drosophila has been used as a model organism to identifysgen®lved in the
regulation of cell proliferation and tumorigenesidigh level of gene and pathway
conservation, similarity of cellular processes amdherging evidence of functional

conservation of tumor suppressors betweosophila and mammals, validate that studies of



tumorigenesis in flies can directly contribute be tunderstanding of human cancer (Potter et
al., 2000). Since the fly genome has been sequemgections of numerous proteins have
been revealed, multiple genetics tools have beerloged, and phenotypes of gene/protein
manipulation can be easily observed, it is the @rapodel organism to study connections

inside and between the signaling pathways.

1.4.1. Balancer Chromosomes

An advantage can be taken of using hsophila balancer chromosomes. They
contain multiple inversions and in combination wihwild-type chromosome, there are no
viable crossover products. Thus it is possibledegkstable lines (also with lethal mutations).
Balancer chromosomes are usually marked with a wmimimorphological mutation (for
exampleCurly, Stubble, Beaded-Serrate, Tubby), which allows tracking of the segregation of
the entire balancer or its normal homologue byofeihg the presence or absence of the
marker. They can also carry a recessive genetikanaausing lethality in homozygous state
(Griffiths at al., 1999; Dahmann, 2008).

1.4.2.D. melanogaster P-elements

P-element-mediated gene transfer is another ugefugtic tool that results in stable
integration of exogenous DNA into the germline Bf melanogaster. P-elements are
transposable elements capable of random genomeporetion. They are classified as
autonomous or nonautonomous, depending on theabdép to transpose. They vary in size,
but there is always a 31-bp perfect inverted regd) at their ends and 11 bp inverted
subterminal repeats occur as the majsfacting target sequences for excision by transjgosas
A full-sized P-element carriesteansposase gene that is responsible for its mobilization. In
order to use P-elements as a genetic tool, IRs baea integrated into plasmid vectors
separately from thé&ansposase gene. The gene of our interest can be inserteseleet the
IRs, and the mobilization and genome incorporaisoraused by transposase transcribed from
a helper plasmid (Griffiths at al., 1999; Dahma2008).

1.4.3. Gal4/ UAS System

Gal4 encodes a protein identified in the ye@mtcharomyces cerevisiae as a regulator
of genes induced by galactose. Gal4 regulatesréimsdription of the divergently transcribed
GAL10 andGAL1 genes by direct binding to four related 17 bpssiteated between these
loci. These sites define an Upstream Activatingugeges (UAS) element, analogous to an
enhancer element defined in multicelluar eukaryotdsch is essential for the transcriptional
activation of these Gal4-regulated genes (Duffi20



It was demonstrated that Gal4 expression was tapdlstimulating transcription of a
reporter gene under UAS control Drosophila (Fischer et al., 1988) and a system for

targeted gene expressiondnosophila was developed (Fig. 1.2).

Fo Tissue Specific Promoter (TSP) - Gal 4 UAS - gene
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Fig. 1.2: Scheme of the Gal4/UAS systemDwoosophila transgenic expression.
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In Fy generation, one transgenic line expresses GAlzl known temporal or spatial pattern
and a second transgenic line, the responder, cendaUAS-dependent transgene. Their cross
leads to the Fprogeny that exhibit botGal4 driver under tissue specific promoter (TSP) and
gene of our interest under the UAS. This resultshim transcription of responder gene in

tissue specific pattern.



1.5. Aimsof the Thesis

Since the mutations of the CKlprotein could have an effect on breast cancer
development, the more we know about the wild typéefDco interaction partners, the better
target it becomes for the prediction of effectivenpounds affecting it in the clinical setting.
Recently, an inhibitor of CK| 1C261, showed cancer-selective growth inhibitiorHT1080
cell culture (Yang and Stockwell, 2008).

High similarity of CKkE and Dco allows use @. melanogaster as a model organism
for investigation of the role of human CKin breast cancer. If we determine Dco/€KI
interactors, we will better distinguish its roletime process of tissue growth control and its
connection among the signalling pathways. Such Iteescould further serve for the
comparison of wild type Dco/CKlinteractors with the interactors of Dco/GKdffected by
oncogenic mutations, including those given in Fity. Theoretically, mutations ithe initial
kinase(Dco/CKle) need not be the only reason of the breast cateerlopment — mutations
in the protein’s target sit€phosphorylation sites of the Dco/GKbkubstrates) could be
involved, as well. The mapping of the substratedDob/CKle is therefore necessary for
further conclusions.

In this thesis, we aimed at characterozation of ittteraction partners of the Dco
protein usingD. melanogaster as a model organism. This aim is reachable viatdhdem
affinity purification (TAP) method. For this purpmsthe coding region of thaeo gene will be
fused together with the C-terminal TAP (CTAP) taghich serves as an anchor for
purification of the Dco protein accompanied byiiteeractors. The coding region of theo
gene will be inserted into the pUAST-CTAP vectorhieth allows Drosophila embryo
transformation and selective expression of thegmmoin specific tissues using UAS/Gal4
system. The TAP-tagged Dco protein will be purifiedder native conditions, associated
partners will be characterized using mass spectrgraad given into connection with known
facts about Dco/CKl



The strateqy could be summarized as

1. Preparation of transgeric melanogaster carrying TAP-taggedco.

2. Expression of TAP-tagged Dco in imaginal dis€she late-third instaD. melanogaster
larvae using UAS/Gal4 system.

3. Purification of TAP-tagged Dco protein from the @euDrosophila larvae extract under

native conditions using the tandem affinity puation (TAP).

4. Identification of the associated partners oflfloe protein using mass spectrometry.

10



2. Material and Methods

2.1. Preparation of TAP-tag Construct

Entire coding region of thdco gene is situated in its fourth exon. Coding regabn
dco was cloned into the pUAST-CTAP vector (GenBankeas®mn number for its complete
sequence is AY727856), (Fig. 2.1) allowilmyosophila embryo transformation (contains
P-element and theini white+ gene as a transformation marker), selective egef the
protein in specific tissues using UAS/Gal4 systard atroducing a carboxy-terminal TAP
(CTAP) tag with the coding region of the proteinmerest.

PUAST-CTAP

Hsp 70Bb  TAP tag white P5’
E—a-{=-{T— .
v W P3ouas MCS SV40 polyA

Il P3’and P5" - P-element sequence allowing genonoggaration

O 5xUAS control expression of fusion

mmp minimal Hsp70Bb promoter can be activated by usingriety of GAL4
O  MCS - multiple cloning site

] TAP tag including calmodulin binding site, TEV peate cleavage site and
proteinA sequence

1 SV40 polyA — polyadenylate-sequence
B white —mini whitet gene

Fig. 2.1: Scheme of the pUAST-CTAP vector.

PCR primers were designed to amplify the codingpregf thedco gene. The forward

primer contained th&ho | site and the reverse tKk@n | site (Tab. 2.1).

Tab. 2.1: Primers used to amplify ttie gene.

Primer | Restriction siteSequence 55 3°

Forward Xho | CTCGAGATGGAGCTGCGCGTGGGTA

Reverse Kpn | GGTACCTTTGGCGTTCCCCACGCCA

11



The gene was amplified under the following condisiodenaturation 10 seconds at
98°C; followed by 30 cycles of 1 second denaturaib98°C and 20 seconds annealing with
elongation at 72°C; final extension was done aCrt 1 minute. For amplification, Phusion
Flash High-Fidelity PCR Master Mix (Finnzymes) wased according to manufacturer’s
instructions.

The PCR product of expected size (1322 bp) wapgelied (ZYMO RESEARCH)
and A overhangs were added to the blunt PCR prodQ¢t of 10mM dATP, 10ul 10x PCR
Buffer, 5ul DNA, 1 ul TaKaRa Taq DNA polymerase (5 unjib/and distilled water up to
100l were incubated at 72°C for 2 hours.

This product was subcloned into the pGEM T-easyoreg@®romega)The insert was
cut out byXho I andKpn I restriction enzymegoth NEW ENGLAND BioLabspand cloned
into the pUAST-CTAP vector cut with the same enzyn@@TAP tag was introduced in-frame
with the coding region of the protein of interest.

Insert and CTAP tag region was checked by sequegrnmynMacrogen, Korea using
primers listed in Tab. 2.2. SQ1 and SQ6 primerscamplementary to the plasmid sequence,
the rest to thelco/CTAP region.

Tab. 2.2: Primers used for sequenation.

Primer Sequence 553’

SQ1 CAATTCAAACAAGCAAAGTGAACACG
SQ2 CTCGAGATGGAGCTGCGCGTGGGTA
SQ3 CCTCGATTGTGGTGCTGTGC

SQ4 AAGTTGCGGAAGAGTTTG

SQ5 GGTTGGCTGCTGAGACGGCTATGA
SQ6 ATGGCATTTCTTCTGAGCAAAACAG

2.2. Fly Stock and Culture

For standard procedures, flies were raised at 2@ standard diet (120 g cornmeal,
15 g agar, 75 g sacharose, 60 g instant yeasbih df water) supplemented with 25 mL of
10% methyparaben in ethanol.

The list of fly stocks used in this work is showeldw in Tab. 2.3.

12



Tab. 2.3: Fly stocks used in this work.

Used genetic aberrations are summarized and egplamLindsley and Zimm, 1992.

Stock code | Characterization Notes

281 yW; xa/CyO, MKRS Compound Il + [l chromosome
with xa marker

arm arm> Gal4 armadillo-Gal4, 1l chromosome

339 arm> Gal4 [l chromosome

340 arm> Gal4 [l chromosome
various tissues > Gal4, Gald

560 w8 prw* ™= GawB) C855a expressed in larval optical lobe,
wing disc, leg and eye disc
peripodial membrane and fat body

565 yw; P{ w"™ ™= yUAS GFP} UAS-GFP, Il chromosome

573 yw X chromosome

604 yw; xa/CyO Act>GFP; TM3 Act>GFP

606 w; Sco/CyO; karel/TM6B

1012 yw; FRT82 dco[1e88]/TM6B Th dco lethal phenotype

1015 Df(BR)AL77der22 ry[+]/TM6B Tb dco deficiency

1018 act-Gal4/TM6B Hu Tb actine-Gal4, Ill chromosome

1063 yw; letdelta76/yw FM6B X chromosome

2.3. Production of Transgenic Flies

2.3.1. DNA Preparation
The pUAST-CTAP construct and the helper P-elemdasmpid p225.7wc were

purified using the Qiagen Plasmid Midi Preps Kit@aling to the manufacturer’s protocol.
3.5 ug of dco-CTAP pUAST construct was mixed with 15 of pr25.7wc and precipitated

by adding 1/10 volume of 3 M sodium acetate, 2 nwa of cold 95 % ethanol and

incubating 20 minutes at — 20°C. DNA was spun d@&minutes at 4°C, the pellet was dried
and resuspended in 3@ of the injection buffer (50Qul 10 mM KCI, 100yl 10 mM
NaH,POq, 50l sterile green food colour, 330 distilled water).
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2.3.2. Preparation of Microinjection Needles
The needles were prepared on horizontal microg@ppuller (Sutter Instrument
Company) using Capillary Glass Standard Wall Bdicate Tubing With Filament (Sutter

Instrument Company).

2.3.3. Preparation of Egg-Laying Plates and Agaat€a Slides
4% bacto-agar in 200 mL of orange juice was boded poured into small petri
dishes. Glass slides were dipped in the same meixgpeatedly until the thickness of the agar

coat was at least 1 mm.

2.3.4. The Process of Injection and the Followimgss

Immediately after 30-minute egg collectigmy strain embryos were washed with 96%
ethanol, aligned on microscope slide covered by d@§ar-orange juice media and the
construct together with the helper plasmid wasctej@ into the posterior pole of the embryo,
where the primordial germ cells form. Injection wdsne through the chorion using
a standard micromanipulator and borosilicate needle

The injection had to be done within 60 minutes raftee beggining of the embryo
collection to be sure that the pole cells werefoohed before injecton.

The embryos were raised at 25°C on the slides wterg were injected, sealed in
ampicillin medium plates (1% trypton, 1% NaCl, 0,58ast extract, 2% bacto-agar, 100
pg/mL ampicillin).

18-20 hours after injection, larvae started to hatod they were transfered into vials
containing regular food at a maximum density ofr&lividuals per vial.

8.5 to 9 days after larvae collection, males airdirv females were individually
crossed withyw flies. Their progeny with coloured (orange/rede®ywere mated witlw;
xa/CyO, MKRS flies to map the new insertion to chromosome anestablish the transgenic
stock (Fig. 2.2 and 2.3).
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Insertion in the X chromosome

*/Y’ +/+; +/+ U +/+; Xa/CyO, MKRS

(male transformant) l

+1Y; +/CyO; +/MKRS
"I+ +ICyO; +/MKRS O FMBIY; +/+ +/+

v

dark eyes and FM6 balancer *IEMG: +/+: +/+ [ *IY: +/+: +/+

v

dark eyes and non-balancer I+ [+
[+ +H [+

establish a line

all F; males are white eyes

all F; females are colored eyes

Fig. 2.2: Cross scheme in case of insertion inklohromosome.
* stands for thedco-CTAP mutants. Since the pUAST-CTAP vector includes mw"
marker, these mutant flies are distinguishable ricg to their red-colour eye. + represents

the wild type chromosome.
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Insertion
in the

Il chromosome Il chromosome

+/Y; * [+ +/+ +/Y; +/+; %[+
U

¢ +/+; xa/CyO, MKRS ¢

+/Y; */CyO; +/IMKRS +1Y; +/Cy0O; */MKRS

v y .
+/+; +H/+; +H/+

Mate F progeny
to yw to find the

Crossinter se Crossinter se

l location l

+; *[x +/+

Dark eyes and non-balancer
establish a homozygous line

+; */+, +/MKRS
+; +/Cy0O; +/MKRS
+; +/CyO; +/+

+: %[+ +/+

+; +/+; **

Dark eyes and non-balancer
establish a homozygous line

+; +/CyO; */+

+; +/Cy0O; +/MKRS
+; +/+; +/MKRS
+; 4+ [+

Fig. 2.3: Cross scheme in case of insertion irlltbelll chromosome.

* stands for the&lco-CTAP mutants. + represents the wild type chromasom

2.3.5. Validation of Construct Incorporation intkeetGenome of Fruitfly

One fly was taken and squeezed in |B0of squishing buffer (10 mM Tris-HCI,
pH 8.2; 1mM EDTA; 25mM NaCl200 pug/mL proteinase K (NEW ENGLAND BiolLabs),

freshly added). The reaction was incubated 30 ragat 50°C and inactivated 2 minutes at

95°C. 1pl was taken to the PCR reaction. For amplificatiterg DNA polymerase (TaKaRa)

was used according to manufacturer’s instructiersept of the annealing temperature that

was 68°C. Forward primer was complementary todbte gene (Tab. 2.1); reverse to the

CTAP region (SQ5; Tab. 2.2).
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2.4. MultipleInsertion Test

During genome incorporation of the construct, iplétinsertions in the scope of one
chromosome could occur. According to the schemevbéFig. 2.4), the simpliest screening
is the control of the eye-colour type after twoss®es toyw. The number of the eye colour
nuances of F generation implies the number of the chromosomeertions. If the
males/females of the same age fropngEneration share the same dark-eye-colour type, we
can consider that only a single insertion has aecur This information is useful for

establishing of stable lines or for recombinatigerés.
Multiple insertion screening

RV R ke O A

(male transformant) l

++ R+ [+ O Y A+ A+

(F1 virgin females separately) ¢

+; % x4 4+
Two types of dark plus white

+: %[+ +/+ _ ,
eye colour - double insertion

+: +/+ +/+

Fig. 2.4: Scheme of multiple insertion screening.
* stands for thedco-CTAP mutants, its number corresponds to tlee-CTAP insertion

number. + represents the wild type chromosome.
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2.5. The Genetic Rescue of Null dco Mutants

In order to determine, if the TAP-taggdcb gene insertion had been able to substitute
the wild typedco alleles, the rescue experiment of rddb mutants was done according to the
scheme in Fig. 2.5. The line carrying balanded lethal alleledco[e88] was crossed to the
line carrying balanced chromosome deficierzf§{3R)A177der22, which includes thedco
gene region. Both of the lines are not viable whemozygous. The desirable genotype
(shown in the black box, Fig. 2.5) should therefoaery the disfunctional wild typdco gene
in the Il chromosome and the Il chromosome cowdubed for pairing the TAP-taggddo
gene with appropriate Gal4 driver (in this case in the Il chromosome). In such a scenario,
Dco-CTAP protein would be expressed undem-Gal4 driver in the absence of both wild
typedco alleles.

Fi  +/Y; */x; +/+ O +/+; Sco/CyO; A-ITM6B +/Y: +/+: DffTM6B [ +/+; xa/CyO-GFP Ser

v v
F2 +/+: */CyO: +/TM6B 0 +/Y; +/CyO-GFP; Df/Ser
= +/+; */CyO-GFP; DfI TM6B

Crossinter se establishes a lit
. . . +/+; */arm; Df/Le
Crossinter se establishes a lit

Fs +/+; arm/CyO-GFP; Le/TM6B
A
F2  +/Y; Le/CyO-GFP; Df/Ser 0 +/+; arm/CyO; +/TM6B
4 A
Fi1 +/+; xa/CyO-GFP Ser [J +/Y; +/+; Le/TM6B +/+; So/CyO; A-ITM6B [ +/Y; armyarm; +/+

Fig. 2.5: Scheme of the genetic rescue of dedl mutants.

Le/TM6B is an abberation of theRT82 dco[ |e88]/TM6B Th; Df/ TM6B of Df(3R)A177der22
ry[+]/TM6B Th. * stands for thelco-CTAP mutants, + represents the wild type chromasom
The progeny of fgeneration serve for the cross resulting in coeatif the nulldco mutant
expressing the Dco-CTAP protein under #drenGal4 (shown schematically in the black
box).
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2.6. Defining of Targeted Expression of the Responder Gene

The initial characterization of five different @al(Tab. 2.3) was done by crossing to
a line containing a reporter gene UAS-Green Flumes Protein (GFP). Wandering third-
instar larvae were collected and the green fluem®se was observed.

UAS-dco-CTAP lines were crossed to these Gal4s. Wandéhindr-instar larvae were
collected and the expression of the tagged prot&s checked on Western blotts using
antibodies against the parts of the CTAP.

2.7. Preparation of Cell Lysates and Western Blotting

Wandering larvae were homogenized ingd@f 1x Sample Buffer (50 mM Tris-HCI,
pH 6.8; 2% sodium dodecyl sulfate (SDS); 100 mMidihreitol (DTT); 10% glycerol). The
lysate was boiled at 95°C for 5 minutes and spumndat 4°C for 10 minutes. 1@ of these
lysates were resolved on 12% or 15 % SDS-PAGETde. prestained Precision Plus Protein
Standard (Bio-Rad) was run simultaneously.

Proteins were transferred to a nitrocellulose memé(BioTracd™ NT, PALL Life
Science) by electroblotting using the Extra ThiclotBPaper (BioRad), Transfer Buffer
(10 mM NaCHQ, 3 mM NaCQO; in 20% metanol, pH 9.9) and Trans_Blot SD Semi-Dry
Transfer Cell (Bio-Rad).

The membrane was stained with 1x Ponceau reageonfom transfer. The stain was
washed off with 1x PBST (138 mM NaCl, 1.5 mM KO, 8 mM NaHPQ,, 3 mM KClI,
0.05% Tween-20). The membrane was blocked overnught 5% milk in 1x PBST at 4°C.
Next day, it was incubated by shaking for 2 hourscmm temperature with a primary
antibody diluted in 5% milk in 1x PBST (Tab. 2.4).

Tab. 2.4: List of used primary antibodies.

Primary antibody Developed in Dilution
Anti-Protein A (Sigma) rabbit 1:2000
Anti-Calmodulin Binding Peptidgabbit 1:2000
(Immunology Consultants Laboratory)

The membrane was washed with 1xPBST 3 times byirsipadbr 10 minutes and
incubated for 2 or 4 hours in 5% milk in 1x PBSTwL:2000 secondary anti-rabbit antibody
conjugated to horseradish peroxidase (Jackson IroResearch Laboratories). The

membrane was washed again 3 times by shaking wRB3T for 10 minutes. The signal was
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visualized using the ECL Kit (Pierce) accordinghe supplied protocol. Blots were exposed
in MF-ChemiBIS (DNR Bio-Imaging Systems Ltd.).

2.8. Tandem Affinity Purification
Tandem affinity purification (TAP) is a procedurer fpurification of proteins
expressed under native conditions. Introductiontvad different affinity purification steps

greatly enhances the specificity of the purificatpyocedure.

® o
4} Target protein with
associated protei
@
l\u @
0 @

First affinity column -%D
J\ ®
O

Second affinity columr.'@

lEGTA
_%) "= TAP tac
@ contaminant

AN TEV proteas

Fig. 2.6: Scheme of the tandem affinity purificatio

This method is based on two subsequent affinitpriatography steps. The TAP tag,
fused to a carboxy- or amino-terminus of the tapyetein, is composed of protein A having
very high affinity for Immunoglobulin G (IgG), a Meprotease cleavage site and calmodulin

binding peptide (CBP) having high affinity for caddulin. An extract containing the
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TAP-tagged target protein is mixed with IgG affyniesin before being incubated with TEV
protease that releases the target protein by ajeaviehis eluate is used for a second affinity
step. The target protein is bound to calmodulinh@ presence of calcium before release of
the purified complex by ethylene glycol tetraacedicid (EGTA) chelating calcium ions

essential for calmodulin binding (Fig. 2.6).

2.8.1. TAP Procedure

For protein extraction, a detergent-based lystéebwvas used (50 mM Tris, pH 7.5;
125 mM NacCl; 5% glycerol; 0.2—0.4% NP-40; 1.5 mM Glg 1 mM DTT; 25 mM NaF;

1 mM NaVOg4 1 mM EDTA; Complete protease inhibitor from Rogph@/eraksa at al.,
2005). Approximately 3 000 wandering larvae werlected and homogenized in this lysis
buffer at 4°C. After a 20-minute incubation on ideyvae extracts were cleared by
centrifugation at 20 000 x g for 15 min. Supernttavere frozen in liquid nitrogen and stored
at -80°C.

The following steps were executed according togPei al., 2001 with slight
modifications. Binding and elution steps were done0.8 x 4 cm Poly-Prep columns
(Bio-Rad). Two hundred microliters of IgG Sepharédeast Flow beads (GE Healthcare Life
Science), corresponding to 40of bead suspension, were transferred into thensol The
beads were washed twice with 10 ml IPP150 (10 mN4-Gl, pH 8.0; 150 mM NacCl;
0.1% NP-40). pH on the column was checked usingcenlis paper. Then the extract was
transferred into the column containing the washeaitls and rotated for 4 h at 4°C.

Elution was done by gravity flow and the beads weashed three times with 10 ml of
IPP150 and once with 10 ml of TEV cleavage buffeP(50 adjusted to 0.5 mM EDTA and
1 mM DTT). Cleavage was done in the same columadajng 2 ml of TEV cleavage buffer
and 200 units of ACTEV protease (Invitrogen). Tleads were rotated overnight at 4°C and
the eluate was recovered by gravity flow.

One hundred microliters of Calmodulin Affinity RasiStratagene), corresponding to
200 pl of bead suspension, was transferred into a colanthwashed twice with 10 ml of
IPP150 calmodulin binding buffer (10 mM Tris—CI, p#0; 10 mM 2-mercaptoethanal,
150 mM NaCl; 1 mM magnesium acetate; 1 mM imidazdlenM CaC#; 0.1 % NP-40).

6 ml of IPP150 calmodulin binding buffer andubof 1 M CaC} were added to the
2 ml of eluate recovered after TEV cleavage. Thikiteon was transferred to the column
containing washed calmodulin beads and rotated3férh at 4°C. After the beads were

washed with 30 ml of IPP150 calmodulin binding leuff the bound proteins were
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eluted with 1 ml of IPP150 calmodulin elution buffd0 mM Tris—CI, pH 8.0; 10 mM
2-mercaptoethanol; 150 mM NaCl; 1 mM magnesiumadegtl mM imidazole; 0.1% NP-40;
2 mM EGTA).

2.8.2. Analysis of the Recovered TAP Eluate

Recoved material was separeted into halves andpfieged overnight at -20°C using
4V of cold acetone. One part was resuspended inmild0ammonium bicarbonate, pH 8.5.
2 Wl of trypsin (Sigma) solution (Img/mL trypsin inmiM HCI) were added and the digestion
was done over night at 37°C.

Another part was resuspended in|#5Lx Sample Buffer and 12,5 was loaded on
12 or 15% SDS-PAGE. Staining was done using SYPR@yRProtein Gel Stain
(Invitrogen).

Bands of interest were cut out from the gel. @etes were twice covered with 200
of ammonium bicarbonate with 40% acetonitrile amcubated at 37°C for 30 minutes. The
solution was discarded and the samples were dred iSpeedVac for approximately
15 minutes. 0.4ug of trypsin in 1 mM HCI and 68l of 40 mM ammonium bicarbonate in
9% acetonitrile was added to the gel piece andoiatad overnight at 37°C.

2.9. Mass Spectrometry (MS) Analysis

Prior to mass spectrometry analysis, the samples warified either by filtration on
Microcon Ultracel YM-10 centrifugal filter devicegith a molecular weight cut-off of 10 000
(Millipore), or using the Zip Tip C18 pipette tigslillipore).

Mass spectra were obtained on a LC-MS/MS systemdoas ultra performance liquid
chromatography (UPLC) operating in nano-flow regi(nano Acquity, Waters) coupled to
a qTOF Premier mass spectrometer (Waters). A ligesdient of water/acetonitril was used
for the peptide separation on the reverse phaseA@QUITY UPLC BEH300 C18 Column,
1.7 um bead diameter, 75 pum x 150 mm, 10K psi (YWate

The UPLC gradient started at 3% ACN, linearly imsed to 60% during 35 minutes,
then increased to 85% for the next 5 minutes. Affiter washing step the concentration of
ACN returned to the initial 3% for the rest of #@ minute run.

Two different methods were used to obtain raw nsmestra, MS Survey and NMS
Identity (Waters).

MS Survey is also known as Data Dependent AnalfBiBA). MS spectrum is
obtained during the whole 60 minute LC run in louallision energy (5V) mode. When a

precursor (a peptide) is detected, the system Bgstdo MS/MS, increases the collision

22



energy (20 - 40V) and fragment spectrum is measimethe selected precursor. The peptide
is detected as an increase in the total ion cd\ftér the ion count decreases under 10 counts
per second, the system switches back to MS sufiiey.system is set to measure 3 different
fragment spectra simultaneously, if necessary.

Running the MS Identity (Waters) method, the system does notctvbetween low-
energy MS spectrum measurement and high-energmé&agMS/MS spectrum measurement.
The low-energy data (5V) and elevated energy (20\) data are collected simultaneously;
precursor ions and their fragments are matcheddbasetheir LC retention time by the
Apex3D (Waters) algorithm during raw data processin

The resulting raw data were processed using thieiRtynx 2.3 Browser (PLGS 2.3)
software (Waters). Database searches were perfoused) the same software. Protein
databases were downloaded from the NCBI site (hMtww.ncbi.nlm.nih.gov). The spectra

were compared to a general database and to aispgaifelanogaster database.

2.10. Prediction of CKI| Phosphorylation Sites
Prediction of post-translational phosphorylatiorCéfl from the amino acid sequence

was done using NetPhospK 1.0 Server (Blom et @042
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3. Results

3.1 Generation of dco-CTAP pUAST Vector

The PCR product of expected sided coding sequence, 1322 bp) was subcloned into
the pGEM T-easy vectoithe insert was cut out b¥ho | andKpn | restriction enzymeand
cloned into the pUAST-CTAP vector. The coding regaf thedco gene without the stop
codon was introduced in-frame with the C-terminAPTtag.

Control of the correct insert incorporation was @dyy restriction reaction adco-
CTAP pUAST vector, usinggho | andKpn | enzymes (Fig. 3.1), and by sequencing of the
dco-CTAP region (see Material and Methods, Chaptey. 2.1

1 2

— 10 kb
8 kb
1.5 kb
1.2 kb

Fig. 3.1: Product of the restriction reactioth¢ I/ Kpn I) of dco-CTAP pUAST.
1- The upper band, marked with black arrow, comwesg to the size of CTAP pUAST vector
sequence of 9627 bp, and the lower band, markddpaik arrow, corresponds to the size of

thedco coding sequence of 1322 bp; 2 — ladder.
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3.2. Generation of Transgenic Flies
Approximately 1050w embryos were injected with tlieo-CTAP pUAST construct

together with the helper P-element plasmmf 7wc (Fig. 3.2).

1 2 3 4 5

— 10kb
— 8kb
— 6kb

Fig. 3.2: The mix of plasmids used for the injectaf Drosophila embyos.
1 - 2 The mix of thelco-CTAP pUAST and p25.7wc vector, each of them marked with
black arrow; 3 - ladder; 4dco-CTAP pUAST vector; 5 - i25.7wc vector.

Bacause of the relatively small size of the comst(Ll1l kb), incorporation into the
genome was highly effective. Thus after individoale and virgin female cross yw flies,
only some progeny with coloured (orange/red) eyas kept.

24 coloured flies were mated wiylw; xa/CyO, MKRSflies to map the new insertion to
chromosome and to establish the transgenic staek Ngaterial and Methods, Fig. 2.2 and
2.3). 2 lines with insertion in the X chromosoma, it the Il and 9 in the Il were obtained
(Tab. 3.1).

Tab 3.1: The list of stable lines kept for futle&periments.

Characterization Stock code Balancer
Insertion in the X chromosome  OL-4, D5 TM6
Insertion in the Il chromosome| 115, CH9, 42/1, CH4X, N, N10, 40, CH1|CyO
Insertion in the Ill chromosome N9, H5, 20A, CHD, B8, 62 MKRS

3.3. Lines Characterization
Three different lines with the insertion in theald three in the lll chromosome were tested
for the number of insertions in one chromosome w@ing to the Material and Methods,

Chapter 2.4. Two lines (Il chromosome insertiomibited the same dark-eye-colour type of
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males/females of the same age in deneration indicating single insertion. The other

exhibited two types of dark eye colour indicatirapble insertion.

3.4 The Construct Was Incor porated into the Genome of Fruitfly

Genome incorporation of the construct was validégthe PCR reaction done on fly
homogenate (Matrial and Methods, Subchapter 2.8/8)could take the advantege of the tag
fused to thedco gene in order to differentiate the origimab sequence present in fly genome
from the sequence randomly incorporated during gmbinjection. Forward primer was
complementary to thdco gene and reverse to the CTAP region. The expesitedof the

amplified product was 1379 bp.

1 2 3 4 5 6 7 8 9 11 12

AXRAXXX
SOTUTUT

v
E
1

Fig. 3.3: Validation of construct incorporationarthe fruitfly genome.

1, 2 - lines with "X inserton’; 3, 4 - lines with inserton”; 5, 6 - lines with “lll inserton’;

7 - yw, negative control; 8 — 10 differedto-CTAP pUAST plasmids, positive control; 11-
ladder; 12 - PCR done with,B instead of DNA, negative control. Pink arrow ngark

amplified product of 1379 bp.

3.5. Tagged Dco Protein is Expressed under Different Gal4

To verify the expression of tagged Dco protein iandering third-instar larvae,
Western blot analysis using Anti-Protein A primanytibody was performed. Two different
lines (OL-4 and 40 - Tab. 3.1) were crossed to @4 to compare the level of Dco
expression.arm, 339, 340, 560 and 1018 are the stock codes al @Ga4s (Tab. 2.3)
corresponding to the abbreviatiarm-Gal4, 339-Gal4, 340-Galéct-Gal4 used in following
text.

Line OL-4 exhibited higher expression level there 140 under all 5 drivers (data not
shown) and at both cases the highest expressiehwas observed undact—Gal4 and 560-
Gal4 (Fig. 3.4). Without any Gal4, a slight backgrd expression was seen.
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1 2 3
—> :__-_ e — 75 kDa
ad w W — 50kDa
—> --—r--"-r—:«:?kDa

4 5 6 7

Fig. 3.4: Level of expression of Dco-CTAP proteirder different Gal4s.

1 -yw, negative control; 2 — transgenic lideo-CTAP (OL-4); 3 - OL-4 under 560-Gal4; 4 -
OL-4 under 340-Gal4; 5 - OL-4 undact-Gal4; 6 - OL-4 undearm-Gal4; 7 - OL-4 under
339-Gal4. The upper bands marked with pink arrogvrespond to the fusion Dco-CTAP
protein of 68,9 kDa. The lower band marked withcklarrow, which is seen also in the
negative control, is a nonspecific protein of 37akDDhe band between, which is not seen in

the negative control, may be a degradation prodiitte Dco-CTAP protein.

Three different Galdact, arm and 560) were used for the cross with OL-4 andn#0
and futher larval collection. When a homozygote antitvirgine female was crossed to a
heterozygousact-Gal4/TM6B Hu Tb male, less than one half of the wandering thirdains
larvae segregated witlact-Gal4. The strongact-Gal4 Dco over-expression affects the
development of the fly, and although larvae undet-Gal4 exhibited the strongest
expression, the final larval-mass volume was ndficsent enough. Both of thearm-Gal4
(lower expression) and 560-Gal4 (stronger expre3si@re tested in order to compare results
of the tandem affinity purification from two linegith a different over-expression level of

Dco.

3.6. The Dco-CTAP Rescues 86.7 % of the Null dco Mutants

Dco-CTAP protein was expressed un@em-Gal4 driver in the absence of both wild
type dco alleles according to the Material and Methods, @®&raR.5. For the rescue
experiment, homozygous mutant fliesdob-CTAP andarm-Gal4 were crossed in order to
obtain the progeny, whedeo-CTAP is guided byarm-Gal4 in every larvae. The heteroallelic
combinations of[1e88] and ofdco deficiencies result in the death during the larstalges
(Zilian et al., 1999). The heterozygous mutantsiasklethal [1e88] balanced withfM6B and
of dco-deficiencyDf(3R)A177der22 balanced witliTM6B were crossed.

Since theTM6B/TM6B combination was not viable, the expected ratiavbeh the
null dco mutants and thelco[1e88]/TM6B plus Df(3R)A177der22/TM6B larvae is 1:2. We
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obtained the 86,7% aico-CTAP/arm-Gal4, dco[ |e88] /Df(SR)A177der22 pupae (scoring 400
pupae), indicating that the tagged Dco is ablesoue thelco null mutant.

3.7. Tandem Affinity Purification

3.7.1. The Efficiency of the First Purification Btis Low

To test efficiency of the first affinity purificain step, a lysate of approximately 600
wandering larvae (OL-4 insertion undem-Gal4) was loaded on IgG column. After several
washing cycles, the Dco-CTAP fussion protein wdsased from the column via treatment
with solution of low pH (0.5 M HAc, pH 3.4). Largemount of the fussion protein in the
flow-through fraction indicates low binding affigibf the protein to the IgG matrix (lane 2,
Fig. 3.5). Althogh, loss of the fusion protein dwgiflow-though stage was considerable, the
amount of the Dco-CTAP protein trapped on the Ig&rim (lane 5, Fig. 3.5) was sufficient

allowing the second affinity purification step.

1 2 3 4 5

75 kDa

50 kDa

100 kDa
75 kDa

Fig. 3.5: Test of the first binding step (IgG mari

a — Western blot using Anti-Protein A antibody, bCeomasie stained %2 SDS-PAGE
shown as a loading control. 1 - load on column; fow through; 3, 4 — wash steps; 5 —
elution. The upper bands marked with pink arrowmregpond to the fusion Dco-CTAP
protein of 68,9 kDa.

3.7.2. The Efficiency of the Second Purificatioests Insufficient

To test the binding efficiency of the second affinicolumn, a lysate from
approximately 3 000 wandering larvae (OL-4 insertilmder 560-Gal4) was collected and
loaded on the IgG matrix. The fussion Dco proteasweleased from IgG matrix by ACTEV

protease cleavage.
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The eluate was used in the second affinity putifice step comprising of the
calmodulin matrix. Comparison of the amount of edjd>co detected among load control,
flow-though, wash and elution fractions indicatestylow efficiency of the fusion protein
binding to the calmodulin matrix (Fig. 3.6).

1 2 3 4 5 6

Fig. 3.6: Test of the second binding step (calmiodulatrix).

Western blot using Anti-CBP antibody. 1 — IgG matafter cleavage; 2 — eluate of the first
column using AcCTEV protease; 3 — flow through af gecond column, 4 — first wash steps; 5
— calmodulin beads, 6 — second wash step. Bandemavkh light blue arrow, corresponds to

the fusion Dco-CTAP protein of 68,9 kDa. Bands, kedrwith pink arrow correspond to the

fusion CBP-Dco protein of 52 kDa, bands marked witick arrow correspond to 1IgG heavy

chain of 50 kDa.

One half of each sample of the recovered and aegqimecipitated TAP eluate was
resuspended in 2l 1x Sample Buffer and 128 was resolved on 12% SDS-PAGE (Fig.
3.7). These final eluates were extremely low-cotre¢ed. To compare, see the abundance of
signal resulting from the 125 ng of enolase (laneApproximately 3 000 wandering larvae of
OL-4 and 40 line under 560-Gal4 were culled and dgenized. Lysates of the same initial
protein concentration were used for TAP. As a negatontrol, the whole procedure using
the lysate of the approximately 3 000 wandering-68M larvae of the same initial protein

concentration was run simultaneously.
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Fig. 3.7: Elution of the calmodulin column.
SYPRO Ruby stained 12% SDS-PAGE. 1 - positive sanfpL-4 x 560 cross); 2 - positive
sample (40 x 560 cross); 3 - negative sample (666trol); 4 - marker; 5 — Yeast enolase

(Sigma) of known concentration (125 ng) as a shaiansity control. Bands, marked with
pink arrow correspond to 52 kDa of the Dco proteised with the remaining calmodulin
binding peptide (CBP) sequence, bands marked widttkbarrow correspond to the

contaminant (Fat body protein 1).

3.8. Identification of the Purified Proteins

The second part of the final TAP-eluate was trygigested and MS spectra of each
sample were aquired at least three times (MataridlMethods, Chapter 2.9) using both™MS
and Survey scan technigues. Totally, four protemese identified; Dco, Heat shock protein
cognate 4B-spectrin, Fat body protein 1 (Fbp 1). Dco, Heaickhprotein cognate 4 arfd
spectrin are considered as a positive hits (Tah.rresponding to the first and the second
lane of Fig. 3.7). Fbp 1 (CG17285) is considerec adntaminant as it was present also in
TAP-eluate of the sample of 560-Gal4 larvae lysBeptides of trypsin were found as well. If
the protein sample is low- concentrated, trypsiartstto digest itself and MS analysis

identifies also resulting peptides.
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Tab. 3.2: Tandem affinity purified proteins Df melanogaster and characterized with at least

three different peptides by MS analysis.

Description — name (symbol) and comment accordrtge Flybase.org

Discs overgrown protein kinase, CG2048;
+ one peptide sequence of CBP part of the TAP tag

Heat shock protein cognate 4 (Hsc70c44264
Its molecular function is described as: ATPasevagtiunfolded protein binding; chaperone

binding; ATP binding. It is involved in the biolagil processes: embryonic development via
the syncytial blastoderm; axon guidance; axonali¢asation; nervous system development;
neurotransmitter secretion; vesicle-mediated trarisprotein folding; RNA interference.

B-spectrin, CG5870
Its molecular function is described as: cytoskéletatein binding; actin binding; actin
filament binding; calmodulin binding; microtubuleinding; phosphatidylinositol-4,%
bisphosphate binding; structural constituent obslgeleton. It is involved in the biologigal
processes described with 11 unique terms, many bichw group under: synaptic
transmission; anatomical structure development;ulaetign of cellular component
organization and biogenesis; cell-cell signaling)] projection organization and biogenesis;
organelle organization and biogenesis; cell motiomeuron differentiation; cell
morphogenesis; neurotransmitter transport; fusorgamzation and biogenesis; regulation
of developmental process; plasma membrane orgamzaiogenesis.

Because of the high loss during the second putidiosstep, the MS analysis was also
performed on the samples recovered after the Acpitease cleavage. Since a high number
of contaminants was detected, the evaluation ofdkalts from MS analysis was performed
via comparison of two datasets (positive and negatProteins present in both datasets were
subtracted. The list of Dco-CTAP copurified proteimesulting from three different
purification procedures served as a positive datashe list of proteins interacting
nonspecifically (using 560-Ga4 larval lysate) withe IgG matrix resulting from three
different purification procedures served as a negatataset.

The resulting list of proteins identified togetheith the Discs overgrown protein
kinase (CG2048) is shown in Tab. 3.3. The confidevalues of the MS analysis of proteins
listed in Tab. 3.2 and Tab. 3.3 are listed in AgperiTab. A1-A3).
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Tab. 3.3: Dco-copurified proteins Bf. melanogaster using the IgG matrix and characterized

with at least three different peptides by MS analys

Description - name (symbol) and comment accordinip¢ Flybase.org

Heat shock protein cognate 4 (Hsc70c44264
Described in Tab. 3.2.

CG34356
Its molecular function is described as: proteirakim activity; ATP binding; DNA binding. [It
is involved in the biological processes: DNA medtyn; protein amino acid
phosphorylation.

The gene lethal (1) G0156G12233 PA
Its molecular function is described as isocitrathytirogenase (NAD+) activity. It [Is
involved in the biological process of tricarboxygicid cycle.

Mushroom body defect protein (Mud) CG12047
Its molecular function is described as: steroid nime receptor activity; superoxide
dismutase activity; transcription factor activityietal ion binding. It is involved in the
biological processes: spindle assembly involvedfemale meiosis II; mushroom bogdy
development; superoxide metabolic process; reguiadf transcription.

Fak-like tyrosine kinase (PR2) CG3969 PB
Its molecular function is described as: proteinogyme kinase activity; non-membrane
spanning protein tyrosine kinase activity, ATP hingl serine-type peptidase activity;
calcium ion binding. It is involved in the biologic processes: protein amino acid
phosphorylation; autophagic cell death; salivaryandl cell autophagic cell death;
proteolysis.

CG4290 PA
Its molecular function is described as: proteinngthreonine kinase activity; ATP binding.
It is involved in the biological process of prot@mino acid phosphorylation.

Hook protein (Hk) CG10653

Its molecular function is described as microtublileding. It is involved in the biologic
processes: determination of adult life span; enmsty, cytoskeleton-dependent
intracellular transport; endosome transport; RY aeelopment; phagocytosis, engulfment;
microtubule cytoskeleton organization and biogenesi

=

Shibire (Shi) CG18102
Its molecular function is described as: actin lkmggli microtubule binding; microtubule

motor activity; GTPase activity; GTP binding. It iisvolved in the biological processes
described with 28 unique terms, many of which granger: transport; reproductive process
in a multicellular organism; anatomical structurevelopment; mating; learning andfor
memory; endocytosis; organelle organization andgdmesis; regulation of biological

process; system process; open tracheal systemogeveht; cell motion; synaptic vesicle

endocytosis.
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Tab. 3.3: Continued.

Description - name (symbol) and comment accordinip¢ Flybase.org

Probable phenoloxidase subunit, CG8193

Its molecular function is described as: monophemmnooxygenase activity; oxygen

transporter activity. It is involved in the biolagl processes: defense response; meta
process; transport

Dynein heavy chain 64@CG7507 PB
Its molecular function is described as: ATPasevdgtimicrotubule motor activity; motc
activity; ATP binding; cysteine-type endopeptidastivity. It is involved in the biologica
processes described with 31 unique terms, many lichwgroup under: organel
organization and biogenesis; cell cycle; anatomis@licture development; cell cyq
process; transport; cellular localization; RNA lization; fusome organization a
biogenesis; microtubule-based movement; macromigdoocalization.

Dynein heavy chain at 62B (Dhc62B) CG15804 PB

Its molecular function is described as: motor atjvATPase activity; ATP binding;

microtubule motor activity. It is involved in thadbogical process of microtubule-bas
movement.

CG14438 PA
Its molecular function is described as zinc iondimig. The biological process@swhich it
is involved are not known.

CG5794 PB
Its molecular function is described as ubiquitiilsterase activity. It is involved in t
biological process of ubiquitin-dependent proteatabolic process.

CG14967 PA
Its molecular function is unknown. The biologicabpesses in which it is involved are
known.

bolic

=

le
tle
nd

ed

not

Nahoda protein, CG12781 PA
Its molecular function is described as dopaminadpebnooxygenase activity. It is involv
in the biological process of histidine cataboliogess.

Topoisomerases3 CG10123

Its molecular function is described as: DNA topoispase type | activity; DN
topoisomerase activity; zinc ion binding. It is atwed in the biological processes: DN
topological change; DNA unwinding during replicatio

CG14438 PB
Its molecular function is described as zinc iondbig. The biological processes in whicl
is involved are not known

N it

v(2)k05816, CG3524 PA

Its molecular function is described by 3-oxoacyhfecarrier-protein] synthase activity;

[acyl-carrier-protein] S-acetyltransferase activity [acyl-carrier-protein] S
malonyltransferase activity; hydrolase activitytig on ester bonds; acyl carrier activ
zinc ion binding; oxidoreductase activity; cofactmnding. It is involved in the biologic

ty;
Al

processes: oxidation reduction; biosynthetic preces
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Tab. 3.3: Continued.

Description - name (symbol) and comment accordinip¢ Flybase.org

CG1024
Its molecular function is described as zinc iondbig. The biological processes in whicl
is involved are not known.

N it

Rugose (rg) CG6775

Also known as A kinase anchor protein 550 (AKAP %B5[@s molecular function i
described as protein kinase A binding. It is inealvin the biological processes: prot
localization; compound eye cone cell differentiatio

ein

GTPase activating protein (CdGAPr) CG10538
Its molecular function is described as GTPase aitivactivity. It is involved in th
biological process of signal transduction.

Proteasome p44.5 subunit (Rpn6) CG10149
Its molecular function is described as endopepéidagivity. It is involved in the biologic
process of proteolysis.

=

CG6985 PA
Its molecular function is unknown. The biologicabpesses in which it is involved are
known.

not

Brakeless protein, CG5580

Also known as scribbler. Its molecular functiordesscribed as: transcription factor activ
zinc ion binding; phosphopantetheine binding. Iingolved in the biological processs
axon target recognition; axon guidance; larval tootory behavior; negative regulation
transcription from RNA polymerase Il promoter; phr@iceptor cell development; regulat
of imaginal disc growth; imaginal disc-derived wingrphogenesis; negative regulatior
specific transcription from RNA polymerase Il prot@o

ty;
2S!
of
on
of

CG34417 PC

Its molecular function is described as: structemistituent of cytoskeleton; actin binding.

is involved in the biological process of mesodeexwelopment.

CG7156 PA

Its molecular function is described as: proteirakm activity; ATP binding; protein binding;

phosphoinositide binding. It is involved in the loigical processes: cell communicati
protein amino acid phosphorylation.

DN;

CG7943
Its molecular function is described as: transmembiaansporter activity. It is involved
the biological process of transport.

in

Crooked neck (crn) CG3193 PA
Its molecular function is described as bindingisltinvolved in the biological process
nuclear mRNA splicing, via spliceosome; Malpighianbule morphogenesis; cent
nervous system development; neuroblast prolifanatigeripheral nervous syste
development; regulation of alternative nuclear mR&p#icing, via spliceosome; neuron f
commitment.

BS:
ral
m
ate

CG13618 PA
Its molecular function is unknown. The biologicabpesses in which it is involved are

not

known.
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Tab. 3.3: Continued.

Description - name (symbol) and comment accordinipé Flybase.org

CG1677
Its molecular function is described as: zinc iondig; nucleic acid binding. The biologig
processes in which it is involved are not known.

al

Chromosome-associated protein (Cap) CG9802 PB

Its molecular function is described as: ATP bindipgptein binding; ATPase activity. It |i

involved in the biological processes: sister chrisdheohesion; chromosome organizati
biogenesis.

CG17282 PA

Its molecular function is described as binding. Thelogical processes in which it |i

involved are not known

CG4140
Its molecular function is unknown. The biologicabpesses in which it is involved are
known.

not

Chitinase 3 (Cht3) CG18140
Its molecular function is described as: chitinasivdy; cation binding; chitin binding. It i

[92)

involved in the biological process of cuticle chitatabolic process.

3
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4. Discussion

The coding region of thelco gene was cloned into the pUAST-CTAP vector.
Transgenic fly lines carryingco-CTAP in the X, Il and Ill chromosome were genetladéad
characterized. The overexpression of tagged Dctejpravas obtained under different Gal4
drivers. The strongest overexpression in the wangdarvae resulted from the use aift-
Gal4. However, such high level of Dco expressiogatigely affected the larval development.
Driver 560-Gal4 aiming an expression of the tangettein to the imaginal discs exhibited
sufficient level of Dco expression withough affectithe larvae.

Larvae expressing Dco-CTAP undarm-Gal4 driver in the background of larval
lethal heteroallelic combinations ofico lethal allele [Ie88] and of dco deficiency
Df(3R)A1l77der22 were viable and were able to pupariate. Thus dggeld Dco protein was
able to substitute its wild type form during lardavelopment, which suggests that the tagged
protein is (at least partially) functional.

The limiting step of the whole methodological sttt was the tandem affinity
purification. The minimal amount required for MS adysis is approximately 75 ng.
Eventhough the inputting larval lysate of each expent had been increased up to 10 mL
(corresponding to minimally 3000 homogenized lajvdabe resulting Dc&TAP protein
concentration was extremely low reaching detectionit for MS analysis. Although
modifications of the incubation time and amountgs® beads had been tested, the protein A
(protA) part of the TAP tag did not bind effectiydb the IgG matrix. Low binding affinity
was also observed in a case of the calmodulin bingeptide (CBP) and calmodulin beads.
The low efficiency of the whole TAP procedure wdsoamarked by low ACTEV protease
cleavage efficiency which was low regardless thmilration time and different temperature
settings. For further experiments, the use of arodffinity system could be taken into
consideration. In mammalian cells, the TAP methtsd suffers from a low overall yield.
Barckstimmer et al., 2006 compared the efficientyother alternative dual-affinity tags
optimalized for use in mammalian cells. For examphe tag based on protein G and
streptavidine-binding peptide (GS-TAP) resulted itenfold increase in protein-compex yield
and improved the specifity of the procedure as @megbto protA and CBP-TAP.

The sequence of both TAP steps should remove theriféied artifacts. We observed
only four proteins eluated out off the calmoduliolumn. Totally, four proteins were

identified; Dco, Heat shock protein cognatei4pectrin and Fat body protein 1. Dco, Heat
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shock protein cognate 4 afidspectrin could be considered as a positive Bispectrin is
known substrate of casein kinase (CKI). It has bdemonstratedn vivo experiment by
Boivin, 1988 that purified casein kinases are dblg@hosphorylaten vitro the 3 chain of
purified spectrin with\-32P]ATP as a phosphoryl don@spectrin phosphorylation by CKI
has been shown to decrease membrane mechaniditys{danno et al., 1995)Moreover
the tandem affinity purification coupled to massedpometry applied to all ORFs of
Saccharomyces cerevisiae revealed the interaction between the Dco orthdtyg5 and
Hsc70-4 ortholog SSA1 (Gavin et al., 2006). Theswsf indicate that our two positive hits,
Hsc70-4 an@-spectrin, can be considered as true Dco intermctor

The low affinity of both parts of the tag to its tma (as mentioned above) might result
from sterical hindrance of the tag. Certain portaf Dco-CTAP protein could have been
hidden inside a multiprotein complex under natigaditions. In such scenario, tag would not
be able to bind efficiently to the affinity matrix.

CKIl/Dco is known to have a large amount of intei@ctpartners. A possible reason
for low amount of proteins copurifed and subsedyeidientified in our expeiment might
result from weak nature of interaction between Rod its substrates. Phosphorylations are
dynamical processes presuming transient interagtion

As the weak interactions had not probably been keyping the second purification
step, the MS analysis was executed also on thelesamgrovered after the ACTEV protease
cleavage. A high number of contaminants had beesept. Therefore, data avaluation had to
be performed via comparison of the positive andatieg datasets followed by subtraction of
negative hits. The list of proteins involved in ttatasets resulted from three independent
purifications. Proteins identified together with @and characterized with minimally three
independent peptides were taken into considerasoprobable substrates of Dédaterature
and database search was subsequently performeadktandlicated interactors with known
interaction partners. In the following text, hypetical relationships between five selected
interaction partners indicated by MS analysis and Bre outlined in detalil.

Apart from the proteins mentioned in following tegther copurified proteins should
be also kept in mind, as a novel role of Dco cdiddrevealed. There are many proteins with
unknown function listed. In priciple, all of thenowd eventually prove to be false positives.
The spectrum of common Dco substrates could begethdue to its overexpression. Or,
since wild type form ofico gene was present in the fly genome and translttegyresence of
tag could handicap the tagged-Dco in comparisoh st wildtype form. Therefore, in order
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to account affinity-purified proteins as a trueensictors of Dco, they have to be indepently
confirmed by different experimental technique, eby. immunoprecipitation using Dco-
copurified proteins as a bait. In addition, thedm affinity purification could be repeated

more times to improve the statistical relevance.

4.1. Hook, Shibire, Heat shock protein cognate 70-4, dynein, Scribbler, A kinase anchor
protein 550 and (-spectrin Copurify with Dco.

According to our results, Heat shock protein cogda(Hsc70-4), Shibire (Shi), Hook
(Hk), dynein heavy chain 64C and 62B, Scribble(Si kinase anchor protein 550 (AKAP
550) and3-spectrin are possible interactors of Dco andfalhem probably contain the
phospohorylation site for CKI. There is a commonoKgmound that connects these copurified
proteins - endocytosis and molecular trafficking.

Endocytosis is a process common to all eukaryetiis that plays a critical role not
only in the internalization of extracellular macralecules, but also in the down-regulation of
signaling receptors from the cell surface. Onéhefrhost common way of endocytosis is the
clathrin-mediated pathway, a selective internalirabf receptors and bound ligands via
clathrin-coated vesicles (CCVs), (Schmid, 1997cKirausen, 2000).

In human, it has been proven that Hsc70 bindsdalimaminDrosophila homologue
Shi, and it is involved in early steps of CCV fotroa (Newmyer et al., 2003). Moreover,
Hsc70 that has been implicated in many stages®fdGV cycle, may have a role in proper
organization of endosomal compartments (Chang,e2@0D2) and is considered to be the
uncoating ATPase known to aggregate upon dissoniafithe CCV coat (Drucker et al.,
1996). The forming endocytic vesicles are cleavethfmembranes via the function of
dynamin (Hinshaw, 2000).

Since it was shown that Hk binds to organelles tanahicrotubules and that dynein is
involved in the intracellular transport of orgaeslland cytoplasmic constituents as well, there
is a possibility that Dco is involved in the proseof CCV formation or its
transport.Interestingly, cellular localization sesl showed, that CRllocalizes to the golgi
and microtubule network in interphase cells, cdesity with its role in trafficking (Behrend
et al., 2000). CKd has been also shown to be involved in proteirfitkahg and lysosome
biosynthesis (Yin et al., 2006).

We have observed presence of AKAP 550 in the Dgunifted fraction. AKAP 550
(also known as Rugose) was shown to be expressedamy cells in nearly all tissues
throughout the lifespan of the fly (Han et al., TRAKAPs function asscaffold proteins,
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providing an organizing centre, around which vasipwotein kinases and phosphatases can be
assembled ttraffic signalling molecules to unique subcellutaicrodomains (Malbon et al.,
2004).

Moreover, Holleran et al., 2001 suggested that itdymeay dock to vesicular cargo via
connection with an organelle-associated spectritwar& (when observing dynein and
spectrin co-purificants on vesicles isolated franhbrain). This could be in congruence with
our observations iDrosophila, as dynein an@-spectrin were purified together with Dco and
other components of the molecular trafficking.

Several proteins associated with CCVs have beemwknas substrate for protein
kinases. CCVs contain CKIl, and clathrin light ehihas been shown to be a good substrate
for this enzyme (Bar-Zvi and Branton, 1986; Loelalet 1989). Association and dissociation
cycle of CCV is guided by phosphorylation as wé&lhfsh and Kornfeld, 2003; Maldonado-
Baez and Wendland, 2006); causing in many casderooation changes of the coat protein
subunits (for review, see Langer et al., 2007). D&y also participate in phosphorylation of
CCVs.

On the other hand, a different explanation maylge possible. The Dco-copurified
proteins exhibiting connections with vesicule ticdding could serve as Dco transporter
between the Golgi network and lysosomes. Althowgtlts of the rescue experiment imply
that the tagged protein is at least partially fiorwl, the level of experssion would not be
desirable for the larvae and degradation of thenyartion of overexpressed Dco could

Ooccur.
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4.2. Possible Relationship among CKlg, CAGAPr and PR2.

Our data suggest that Dcbyosophila melanogaster homolog of mammalian CK]
binds to PR2 and CdGAPr. Both of them contain mtedi phosphorylation site for CKI.
These two proteins are known to have common bingexgner, Rac (Burbelo et al., 1995;
Lamarche-Vane and Hall, 1998). During non-canonWwahgless signaling, Wnt stimulation
through the Frizzled (Fz) receptor activates Digfled (Dsh), which then induces the
activation Rac via an unknown mechanism (HabasHe2007); (Fig. 4.1). As Dishevelled
is a confirmed phosphorylation target of Dco (Cengl., 2004), we might speculate that Dsh
together with Dco regulates Rac activity via CdGARd/or PR2.

Cytoskeletal modulation
and/or cell adhesion

Fig. 4.1 The hypothetical relationship among DcaGBPr and PR2 (marked with pink
triangle) during non-canonical signaling. The sceesnmmarizes the interactions described
in the text above. PR2 interaction with Rac knowamtfDrosophila marked by a red line and
regulation of Rac by mammalian homologDosophila CAGAPr marked by a green line.

4.3. Possible I nteraction between Dco and Rpn6

Rpn6, another protein copurified with Dco, is awibof the 26S proteasome. The
ubiquitin (Ub)/26S proteasome system serves ag@iggic machinery for the degradation of
a certain set of substrates (from substrate laigelly phosphorylation and ubiquitination to
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complete proteolytic cleavage). There is increasnglence that the Ub/26S proteasome
system regulates the stability of important cellyd@oteins in cooperation with the COP9
signalosome (CSN). Huang et al., 2005 showed tt&l irectly interacted with the 26S

proteasome. Moreover, it was proven thatosophila non-ATPase subunit of the 26S

proteasome, Rpn6, physically interacted with CSiuph its Alien/CSN2 subunit (Lier and

Paululat, 2002).

The COP9 signalosome (CSN) complex possesses kataiséy that phosphorylates
substrates such as tumor suppressor p53 (BechiOtstchal., 2001). Alterations in its
phosphorylation status can abolish its functionltexy in uncontrolled growth of cells. p53
phosphorylation dedicates the protein to rapid a&agion by the ubiquitin-26S proteasome
system. Further, it has been shown that Dco hunoamologue CK% phosphorylate p5&
vitro and in cultured cells (Knippschild et al., 1997).

26S proteasome
/ \

¢

Alien/CSN2subunit /

COP9 signalosome complex

Fig. 4.2:Possible relationship among Dco/GKRpn6 subunit of 26S proteasome and COP9
signalosome complex. Interaction revealed by oyegrments represented by pink line. The

scheme summarizes the interactions described irext@bove.
These data along with the fact that Rpn6 copurifigth Dco in our experiments,

suggest that Rpn6 might contribute with its kinasgvity to selective p53 phosphorylation
and degradation through a hypothetical Ub/26S pemtme/CSN system (Fig. 4.2).
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4.4, Possible I nteraction among Dco, Scribbler and g-spectrin

Our results suggest that Dco interacts with Sceblghlso known as Brakeless) and
B-spectrin and both of them contain predicted phosgation site for CKI. Genetic
interaction betwerscribbler (sbb) andmerlin was previously proversbb modifies both loss-
of-function and dominant-negativeerlin phenotypes (LaJeunesse et al., 2001). Using the
yeast two-hybrid method Merlin human homologue N&as proven to interact with
B-spectrin (Scoles et al., 1998).

Merlin mutants revealed obvious overgrowth phenotype h&f imaginal discs.
Mutations inmerlin dominantly enhanced phenotypes of mutations irthemaeneexpanded
(McCartney et al., 2000). Interestingly, the phgpet of overgrown discs oéxpanded
homozygotes is similar in appearance to the didcsloco3 mutant (Boedigheimer and
Laughon, 1993).

Taken into consideration thaterlin and dco mutant overgrowth phenotype of the
imaginal discs inDrosophila are highly similar and both of them possibly imttg with
B-spectrin and Scribbler, further investigation loéit hypothetical relationship would be of
particular interest.

Dco, Merlin and Expanded have been shown to be ooemgs of the Fat/Hippo
pathway (Fig. 4.3). Hippo pathway has been prowerbeé the general mediator of Fat
signaling in growth control. Hippo pathway limitsgan size by inhibiting cell proliferation
and promoting apoptosis. Fly cells with mutant comgnts of this pathway are able to
proliferate at the expense of their normal, neighlbhy cells through supercompetition
(wildtype cells are eliminated from mosaic tissudst contain cells with mutations).
Moreover in mammals, loss of Hippo signaling ensbt®lls to acquire tumorigenic
capabilities. Further, alterations in human homo®g@f Drosophila merlin, the NF2 gene,
cause all tumours that occur in patients sufferfrgm neurofibromatosis type 2, all
spontaneous schwannomas and the majority of memrag (for review see, Hanneman,
2008).

42



St

v

vAg¢
<:DCV)<\|>
i
e

|
- ® :

regulation of transcription of target genes
involved in cell proliferation and apoptosis
(probably cyclin E, diapl, expanded)

i
- @
CFat >

Extracelluar matrix

Fig. 4.3: Simplified scheme of regulation of Hippignalling according to Cho et al.,
2006; Saucedo and Edgar, 2007 and Hanemann, 2@@8is[positioned upstream of Dachs,
and both of them together with Fat influence thatgin level of Warts. Merlin, Expanded and
Hippo also exhibit the Fat pathway phenotypes régtilate Warts activity independently. Fat
functions primarily through Expanded, probably na¢ed through Merlin to fully induce
Hippo signalling. They induce phosphorylation of Mgaand overexpression of Expanded
alone leads to phosphorylation of Hippo (Hamaratogt al., 2006). Activated Warts
phosphorylates and inactivates the transcriptionatactivator Yorkie. Although the
transcription factors that Yorkie modulates are nown in flies, several genes have been
demonstrated to be induced following activatior¥ofkie. These include the G1-S regulator
cyclin E, the drosophila inhibitor of apoptosis-1 (diapl) and expanded, an upstream
component of Hippo signalling. Moreover, upon catlgtress, p53 seems to promote Hippo
activity by phosphorylation thereby sensitizingleéd apoptosis through repressiondadpl;
(Colombani et al., 2006). Scribbler afiespectrin were revealed as Dco interactors by our
experiments (represented by pink lines). Merlireiattion with Scribbler marked by a red

line and the relationship between its human homadgF2 withB-spectrin by a green line.
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Interesting hypothesis comes up with the possgyilihat Scribbler alters Merlin
subcellular localization in epithelial and neurotigsues via regulating Merlin trafficking
(LaJeunesse et al., 2001). Moreover, Merlin togethieh Expanded have been shown to
associate with endocytotic vesicles (McCartneyl et2800; Maitra et al., 2006). It has been
proposed that Merlin and Expanded limit the lex#lseceptors (Notch, Wingless and EGFR
signaling) at the plasma membrane by promoting eytdeis. Saucedo and Edgar, 2007
imply that Fat could promote the endocytosis oeptors by Expanded and Merlin, therefore
coordinating multiple growth-regulating pathwayshu$, the supposed hyphothetical
connection between Dco and endocytosis (describdik® could eventually serve as a tool

for the Fat signaling.

4.5. Mushroom body defect protein (Mud)

Finally, we have observed another Dco-copurificahe Mushroom body defect
protein (Mud). It has been proven that Mud locaize centrosomes during mitosis to
regulate centrosomal organization (Izumi et alQ&@0Mutants of Mud disrupt mitotic spindle
orientation in neuroblasts, and also can also é@xbikerproliferation, although this effect is
weak (Bowman et al., 2006). Mammalian €K$ enriched at the centrosomes in interphase
cells and at the spindle during mitosis. It wasvaimdo be localized at the centrosome,
probably through association with centrosomal stdfprotein AKAP450 (Sillibourne et al.,
2002). According to our experiments and previoksigwn facts, there could be a connection
among Dco, Mud and centrosome organisation.
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5. Conclusions

The construct containing the coding regiondod, Drosophila homologue of human
CKlge, was fused with the TAP tag into the pUAST vecldsing this vectrorDrosophila
transgenic lines were generated and the taggegidtein was expressed in imaginal discs of
late third instar larvae using UAS/Gal4 system. Tlafged Dco was purified from crude
Drosophila larvae extracts under native conditioamg tandem affinity purification (TAP).
Proteins copurified with the Dco were identifiedngsMS analysis. Complete, two-step TAP
procedure resulted in identification of two posilageractors of Dco, heat shock protein
cognate 70-4 an@-spectrin. One-step affinity purification followdy MS analysis indicated,
apart from heat shock protein cognate 70-4 Brspectrin, 33 other possible interaction
partners of Dco. Although, there are justified fumeal relationships between Dco and the
indicated proteins, these proteins need to be mwmdgntly verified as true interaction
partners.
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