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INTRODUCTION

1. INTRODUCTION
1.1. DISCOVERY OF DCO

Disc overgrown (Dco) was originally described tlaypa role in imaginal disc
overgrowth inDrosophila melanogaster through a defective gap-junctional communication,
described as a disc-autonomous effect (Jursniah,et990). Zilian et al. (1999) showed that
dco is identical todouble-time (DBT) gene, an essential componenDobsophila circadian
rhythm (Kloss et al., 1998). Dco is a ser/thr prot@nase with highly conserved structure
and sequence encoding a homologue of human caseisekb/c (CKld/e). A wide range of
phenotypes was identified in differemico mutant combinations. The loss-of-function
experiments revealed the role of Dco in cell peshtion. Dco is required for inhibition of
apoptosis as well as for imaginal disc growth asresce cells lacking this protein are
unable to proliferate and die after only two orethdivisions, and imaginal disc growth is
strongly reduced in thelco null mutants, whiledco® mutant imaginal discs fail to stop

growing even when reached the normal size (Zilizal.1999).

Particularly high rate of point mutations in hun@Kle, a homologue obrosophila
Dco, was found in breast cancer tissues (Fuja.et2@8D4). These point mutations were
introduced into thelco gene controlled by adjacent genomic regulatoryuseges and the
cancerous potential of abnormal Dco protein watedds vivo (Dolezal et al., 2010). The
position of point mutations is illustrated in figut.1. Leucine at the position 39 was mutated
to glutamin, and serine at the position 101 wasatedt to arginine. Dolezal et al. (2010)
created flies carrying mutatedto “*° and dco"**? =R alleles in their genomes. These
mutants exhibit striking imaginal disc phenotyp&key revealed thatco -**? affects the
Fat/Warts pathway controlling organ size (Dolezahlle, 2010). Besides these cancer-like
disc phenotypes, these nowdto mutants have also greatly affected haematopoiesis

drosophila larvae which led me to this work.
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Fig. 1.1: Position of point mutations dleo gene (adopted from Dolezal et al., 2010).

1.2. HAEMATOPOIESIS IN DROSOPHILA

Haematopoiesis is a process of blood cells (hagteskc forming in two waves in
accordance with the vertebrate haematopoiesis, evter primitive and definitive waves
occur (Crozatier and Meister, 2007). Since haenudie development and function of
signalling pathways are conserved in vertebrated Bnosophila melanogaster, the
Drosophila is a suitable tool for description of molecular ananisms in this process.
Haemocytes are multifunctional cells importantdefensive capacity of organisms, such as
seeking out and removing the dead cells duringdéneslopment, encapsulation of foreign
invaders, secretion of extracellular matrix compusemediating humoral immune response
through the fat body and mainly mediating the datlimmune response (reviewed by Evans
et al., 2003). The central role of haemocytes @ sn their phagocytic features and defence
against the infection (Matova and Anderson, 2006fale et al., 2009). The types of

haemocytes present Drosophila open circulatory system are shown in figure 1.2.
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Prohaemocytes contain little cytoplasmic volumiejdl droplets and many free
ribosomes indicating their undifferentiated nat(ifepass et al., 1994; Lanot et al., 2001).
Haemocytes are distinguishable into three basiapge- plasmatocytes, crystal cells and
lamellocytes (Lanot et al., 2001). Plasmatocytegan a bit more mass of cytoplasm than
prohaemocytes. Plasmatocytes also contain abundstdplasmic lysosomes and
endoplasmic reticulum, which is consistent withithihagocytic function in the organism.
Besides their ability to recognize apoptotic célfsthe Croquemort (Crq) surface receptor
and subsequently remove these dead cells (Fraac 996; Irving et al., 2005), they also
secrete some of the extracellular matrix componesgsalling molecules and antimicrobial
peptides (Dimarcq et al., 1997; reviewed by Evara.e2003; Defaye et al., 2009). Crystal
cells are nonphagocytic cells included in immurspomse through the melanisation process,
since crystal cells produce one of the crucial emeyinvolved in this process (Lanot et al.,
2001; Evans et al., 2003). Melanisation resultsl@position of a black pigment melanin
during a wound healing. This process is controbgdserine proteases that activate enzyme
prophenoloxidase catalysing the melanin synthésGregorio et al., 2002; Crozatier and
Meister, 2007). Irving et al. (2005) published tht#o other cell types, such as lamellocytes,
might produce prophenoloxidase enzyme, and thexefbey are also involved in the
melanisation process. Lamellocytes are large, didherent, nonphagocytic cells. Their role
consists in encapsulating of invaders and tisshas &re too large to be engulfed by
plasmatocytes. These features make them cruciathiordefence against large invaders

(Lanot et al., 2001; Crozatier et al., 2004). Ldowjtes form a multi-layered capsule around
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the wasp egg to separate it from the inner envieminof larva. This capsule becomes
melanised and the parasite egg development is édbRarton and Nappi, 2001; Sorrentino
et al., 2002). Very few or no lamellocytes are présn normal conditions in larvae (Luo et
al., 1995; Lanot et al., 2001; Sorrentino et abD02). Mitosis was not identified in
lamellocytes by the histone H3 staining (Lanotlet2001) and the origin of lamellocytes
has not been decided yet. One theory says thatlGyies originate from prohaemocytes
(Lanot et al., 2001; Krzemieet al., 2007; Mandal et al., 2007), another thesays they
originate from plasmatocytes (Rizki and Rizki, 198hd Krzemien et al. (2010) indicated
the possibility that lamellocytes might differeéaat the expanse of crystal cells and that

they might differentiate in circulation.

The first haematopoietic wave takes place in headoderm of early embryos. The
lineage of haematopoietic cells expresses Sergep},(@ GATA family transcription factor,
which is required for haematopoietic developmentix&d numbers of haemocytes emerge
in the embryo, i.e. 700 plasmatocytes and 30 drgsiés (Tepass et al., 1994; Lebestky et
al., 2000). Primordial haematopoietic cells arespr¢ in embryos and actively divide to give

rise a pool of prohaemocytes (Krzemien et al., 2010

The second wave of haematopoiesis occurs at tial latage in the specialized
haematopoietic organ called lymph gland (LG) (Laettal., 2001; Jung et al., 2005;
Crozatier and Meister, 2007). From the end of emdpeyesis to the second larval instar, the
LG consists of only a single pair of lobes (primdopes). The second instar LG is not
immunoresponsive, i.e. the young LG is not able amivate the differentiation of
lamellocytes upon the was parasitization (Sorrenéinal., 2002). In the'Blarval instar, the
LG is composed of the primary pair of lobes and tmesix pairs of additional secondary
lobes posteriorly to the first pair. Lobes are tedaalong the dorsal vessel (Lanot et al.,
2001; Evans et al.,, 2003). Specialized regions watermined in the primary lobes
according to the expression of different specifarkers and function of cells in the LG.

The posterior signalling centre (PSC) is localipesteriorly in the primary lobes.
These cells are determined early in the developtmgeikpression of Serrate, a Notch ligand
(Lebestky et al., 2003), and also by expressio@adfier (Col) transcription factor (Crozatier
et al., 1996). Theollier gene, also known aknot, is the Drosophila orthologue of the
vertebrate gene encoding early B-cell factor (EEF)lier expression in PSC is required for
activation of lamellocyte differentiation in larvagon the wasp parasitization, sinca
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mutants fail to produce lamellocytes (Crozatiealet2004; Jung et al., 2005). PSC cells are
specified by Antennapedia (Antp) and Hedgehog (f¥andal et al., 2007). PSC also acts
in non-cell autonomous manner to maintain the hampogetic homeostasis by preserving
the JAK/STAT signalling in prohaemocytes locatedhe medullary zone to prevent their
premature differentiation (Krzentieet al., 2007; Mandal et al., 2007). Prohaemocytes
express Domeless (Dome), a transmembrane recemiecute activating the JAK/STAT
signalling pathway (Brown et al., 2001; Bourbonakt 2002; Chen et al., 2002), and also
Unpaired 3 (Upd 3), a cytokine ligand binding torb® receptor (Agaisse and Perrimon,
2004). The expression of these proteins in LG @sfithe medullary zone (MZ), where the
immature cells are present. When maturing occhiesPiome expression is downregulated as
well as the JAK/STAT, while expression of maturatimarkers, such as surface L1-antigen
(Asha et al., 2003) and hemolectin (Goto et alQ320is initiated. These mature cells are
located in the outer part of primary lobes called tortical zone (CZ). The lineage tracing
experiment revealed that the cells in the CZ carmomfthe MZ (Jung et al., 2005). The
morphology of the LG is illustrated in figure 1.3.

Late embryo Late larva
cortical zone

| medullary zone
PSC

w l .
f f cardiac tube
I I
’ I I

pericardial cells

primary lobes secondary lobes

Fig. 1.3: Schematic demonstration of LG at the @nembryogenesis (left) and in th& Brval instar
(right). lllustrative distribution of different z&s in primary lobes (adopted from Crozatier and
Meister, 2007).
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Only few haemocytes differentiate in the secondboiyes under the normal,
unchallenging situation. Circulating haemocytesseng in larvae are essentially derived
from the embryonic haematopoietic lineage. Thessegpimr lobes serve as a reservoir of
prohaemocytes (Lanot et al., 2001; Crozatier ancstde 2007).

No haematopoietic organ has been founBrasophila adults up to now. The adults
also do not have any lamellocytes, crystal celld mnitosis was not detected in any of the
present blood cells, although haemocytes are preseradult flies. At the onset of
metamorphosis, most of the prohaemocytes diffaatmtinto plasmatocytes and the LG
disintegrates (Fig. 1.4) (Lanot et al., 2001; rexad by Evans et al., 2003).
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Fig. 1.4: Haematopoietic evens during Drosophiketioment (adopted from Evans et al, 2003).
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1.3. TOLL SIGNALLING PATHWAY IN HAEMATOPOIESIS

Toll signalling pathway is important for embryonidevelopment and for
specification of the dorsal-ventral axis in embrgogsis, where the Rel family transcription
factors control asymmetric expression of zygotimege along the dorso-ventral axis.
However, Toll pathway was also shown to play a roleboth humoral and cellular
immunity, (Roth et al., 1991; Govind et al., 19€3jvind, 1999).

The Toll pathway is activated when the proteobjtic cleaved ligand Spéatzle (Spz)
binds to the Toll receptor. The activated Toll f@oe binds to the adaptor protein MyD88
followed by forming of heterotrimeric complex of M$8, Tube and the kinase Pelle.
Further, the signal results in the phosphorylatid therefore degradation of Cactus, the
Drosophila IkB factor. In non-signalling conditions, Cactus lsrid the NR<B transcription
factors Dorsal and/or Dif (Dorsal-related immunitgctor), and inhibits their nuclear
localisation. Once Cactus is degraded, these trigtiso factors can enter the nucleus and
trigger the transcription of the target genes (Righ). The Toll activation triggers both
humoral immune response through the productionnbimécrobial peptides (AMPs) and
cellular immune response consisting in phagocytamms encapsulation of invader
(Hultmark, 2003; reviewed by Valanne et al., 20The linkage of Toll pathway, melanotic
capsule formation, and enhanaisal mMRNA level in the fat body upon injury was shown
by Lemaitre et al. (1995).

The connection of Toll signalling with haematomise was shown in different
mutants. The loss-of-functiozactus mutants €act) and the gain-of-function T* mutants
cause an overabundance of haemocytes, melanosaledprmation, death before pupation,
and the mutant LG is considerably enlarged. Stgimifimitotic process showed that the
number of dividing haemocytes in tbact mutant LG is considerably higher than in the WT
larvae. However, the loss-of-function mutationsTioll reduce the number of circulating
haemocytes, and also suppress the gain-of-funatiediated phenotypes. These results
suggest that the Toll/Cactus signal plays a sigaifi role in regulation of haemocyte
proliferation (Qiu et al., 1998). Dorsal and Dif meshown to be important for haemocyte
survival promotion, since their transcription targeDrosophila IAP1 (DIAP1), an inhibitor
of apoptosis. The singldl and Dif mutations do not show the haematopoietic defatts i
either humoral or cellular immune response. HowetlexDI Dif double mutants have very

few haemocytes, and they are constitutively inféchy opportunistic infection. These
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results indicate that either Dorsal or Dif is sti#fnt for protection so their functions are
redundant. Although thel Dif double mutants are able to activate the humorahume
response, it is not sufficient for their survivdlherefore, the Rel proteins are crucial
regulators of the cellular immune response (Matowé Anderson, 2006, 2010).

Toll pathway IMD pathway
Fung Gram-positive bacteria Gram-negative bacleria
{Lys-tyce peptidoglycan) IDAP-type peptidoglycan)
7
OO — Spatzle
Necrolic e ) GNeP

{sempin)

Toill
Extracellular (TLR) FRRF-LC
Intracellular Myd8s é
o

C:)[_] IMD (RIP)
Tube Pallp
(IRAK) Facd
(FADD)
TAKT
B W
Cactus ¥ 7 (caspase-§)

(k8) ?
Dorsal DIF IRDS KEY
(NF-xB) % (NF-xB) sy (IKK

Nature Reviews | Immunology
Fig. 1.5: Schematic illustration of Toll signallipgthway (left). Imd (immune deficiency ) pathway

leads to activation of AMPs genes (adopted from &igm®, 2004)
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1.4. JAK/STAT SIGNALLING PATHWAY IN HAEMATOPOIESIS

Another signalling pathway involved in haematogweregulation is JAK/STAT
(Janus kinase/signal transducer and activatomostription) pathway. When ligand binds to
the transmembrane receptor, the receptor-associbd® are activated. These JAKS,
tyrosine kinases, phosphorylate themselves and #&sociated receptors to generate
docking sites for the STATs. STAT molecules dimesice they phosphorylate themselves,
and enter the nucleus. Thus they can bind to tlgettayene promoters and activate their
transcription (Fig. 1.6) (Hou et al., 2002; Arbouaoand Zeidler, 2006). Three ligands,
Unpairedl (Updl), Upd2 and Upd3 (Agaisse et alQ320one transmembrane receptor
Domeless (Brown et al., 2001; Chen et al., 2008 8AK kinase Hopscotch (Binari and
Perrimon, 1994) and one transcription factor STAH9RIou et al., 1996) are known in

Drosophila to be involved in the canonical JAK/STpadthway.

efpa -

ni

Ligand (UPD)

Receptor (DOME)

@ STAT

Phosphorylation

MNucleus

K
B /ak(Hop)
e

ey
X

Cytoplasm )

Muclear pore complex

Fig. 1.6: Schematic illustration of the JAK/STATgsalling pathway (adopted from Arbouzova and
Zeidler, 2006).
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JAK/STAT regulates development and differentiatadnmultiple cell types, which
makes this pathway important for embryonic segnmemtaBut the multiple roles played by
this signalling pathway require also diverse regulamechanisms. Unpaired is known to be
the only positive regulator, but tlupd null mutants show less severe phenotypes than those
exhibited by loss of Hop or STAT92E. This indicatbst other Upd-like ligands may
partially compensate for the loss of Upd (Hombriad @rown, 2002; Arbouzova and
Zeidler, 2006). There are also negative regulabbrthe JAK/STAT pathway, such as the
SOCS (suppressors of cytokine signalling) gened,RIAS (protein inhibitors of activated
STAT) proteins binding STATs and target them fogrdelation via SUMOylation (Luo and
Dearolf, 2001; Arbouzova and Zeidler, 2006).

The JAK/STAT signalling pathway plays a role imiaral immune response through
the Upd3 expression in haemocytes after septicryinjdhis results in activation of
JAK/STAT pathway followed by activation ¢6tA in the fat body. This sequence of events
leads to the activation of humoral immune respoffsgaisse et al., 2003; Agaisse and
Perrimon, 2004). The role of JAK/STAT in the cefilulimmune response is shown by

Tumt

mutants Tumorous-lethal mutation inhopscotch). hop

Tumt

phenotypes in théaop is a
dominant gain-of-function mutation causing defenteaematopoiesis resulting in melanotic
capsule forming and leukemia-like phenotypes (Héyand Dearolf, 1993; Harrison et al.,

1995; Luo et al., 1995).

In haematopoietic process, the PSC controls hagroitic homeostasis through the
maintaining of JAK/STAT in prohaemocytes. The JARAS signalling is necessary to be
switched off in the MZ of the LG upon the wasp garaation for massive differentiation of
lamellocytes. Latran, a short type | cytokine-retateceptor lacking the intracellular domain
required for signal transduction, acts as a negategulator of JAK/STAT. Just like
Domeles, Latran is expressed in the MZ and formiseterodimer with Dome. Latran
antagonises the function of Domeless in dose dep#ndhanner. So after the wasp
parasitization, the expression of Latran is actiddbllowed by the increase of Latran/Dome
ratio, which eventually results in the JAK/STAT suhi off. As figure 1.7 showsat mutants
are unable to mount the cellular immune responsa tipe wasp parasitization (Makki et al.,
2010).

10
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wasp egg <7 wasp egg

lameliocytes

plasmatocytes Cz
crystal cells
upd3

dome
oo
JAK/STAT+

ON

upd3 MZ

dome |at
b Ps
JAKISTAT «—

ON

dorie j—Ilat

PS|
JAK/STAT &~
OFF

Fig. 1.7: Model for Latran function in DrosophilarVal haematopoiesis. Schematic illustration of the
processes in LG lobes under different conditioreft-WT, no immune challenge; Middle-WT upon

the wasp parasitizatiorat mutant upon the wasp parasitization (adopted takki et al., 2010)

1.5.CKlIe IN HAEMATOPOIESIS

Although the Dco mammalian orthologue GKhave already been shown to be
expressed in immune system cells, and that itsesgpn levels dynamically change as the
cell development proceeds, the Ekspecific biological function is not clarified y8vtz et
al., 2010). The evidence that GKis involved in haematopoietic cell differentiatiom
mammals was shown by Okamura et al. (2004). Thegoglered the connection of human
granulocyte differentiation with the downregulatioof CKle (in vitro) and CK&
involvement in cytokine-induced activation of STAT& signal transducer and activator of
transcription involved in JAK/STAT signalling. Fagrmore, CK¢ was shown to bind the
SOCS3 (suppressors of cytokine signalling) protaimegulator of JAK/STAT, possibly to
stabilise this protein (Okamura et al., 2004). Rége the role of CK¢ in haematopoietic
survival through the modification of PI3K/Akt sighag was discovered. The CKI
activates PTEN, a negative regulator of PI3K/Aginsilling, resulting in the downregulation
of Akt phosphorylation, and therefore in downregiola of PI3K/Akt signalling. The
consequence of these events causes an increasgtiviégrio apoptosis, which might be
related to the cell immortalisation in many humankiemia cell lines where the GKis

suppressed (Okamura et al., 2006).
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1.6. AIMS OF THIS THESIS

The aim of my work is to test the role of Dco (hdaogue of mammalian CK) in
Drosophila haematopoiesis and describe different phenotypeed->*? =R and dco->*
mutants. The next goal is to determine the mechahisw the Dco affects haematopoietic

proces that is so important for cellular immunity.
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MATERIAL AND METHODS

2. MATERIAL AND METHODS
2.1. DROSOPHILA STOCKS:

Larvae for all the experiments were raised on rarceal diet (120g cornmeal; 75g
glucose; 60g instants yeast; 15g agar; 1.5 | watel 25ml of 10% methylparaben in
ethanol) at 25°C. Diet where the larvae for thel Baperiments were made (chapter 3.2),
was supplied with 4@ of penicillin streptomycin (Sigma-Aldrich, MissauUSA). Stocks
that | used for crosses are listed in table 2.1.

Genotype Function FlyBase ID
yw dco[L39Q+S101R]P3D34 hedeo"2Q SR
yw dco[L39Q]P6-70 herdco-**

di[1] cn[1] sca[1])/Cy0, I(2)DTS100[1]dl'is Dorsal loss-of-function allele FBst0003236

Df(2L)TW119 is a large
Df(2L)TW119, cn[1] bw[1]/CyO chromosomal deletion covering FBst0006073
dorsal andDif region

Df(2L)J4 is a chromosomal

Df(2L)J4/CyO deletion removinglorsal andDif | FBab0001479
region
dery :
Df(3R)A177der22, ry[+] / TM6B, Th| DI(ERIAL77der22 (hereéco™ ) is | ca 1609766
a chromosomal deletion dto
yw : FRT82 dcofle8s] / TM6B, Tb | dcolles8l (here dcd is Deo loss+ g 5030019
of-function allele
w; HmIA-Gald UAS-GFP Hml-Gal4 Is hemolectin GAL4 | gy0040877

driver

_ dcol[3] (heredco®) is an unusual
yw ; FRT82 dco[3] / TM6B, Tb hypomorphicdco allele FBal0032016

UAS-Grim proapoptotic effects FBal0092965
Pcol85-Gal4 UAS-mcd8GFP/CyO| Collier GAL4 driver and GFP FBUC;?]ZZE;ZS
Tubby construct FBtp0002652
PG125/FM7; UAS-mcd8GFP PG125 is Domeless GAL4 drivéBal0130418

FF:dco is a transgenic Dco
. _ . _ )
yw; pFlyFos{020844}-dco:GFP-attP2 coupled with GFP

Tab. 2.1: List of stocks | used for crosses. (F5B4D is the identification number registered in

online database www.flybase.org)
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2.2. TERMINOLOGY

Genotypic combinations of mutants and the ternoigglhow | use it in the text are
listed in figure 2.1.

yw dco[L39Q]P6—70_ Df(3R)A177der22,ry[+]
+/Y ! FRT82 dco[le88]

dco"**? homozygous mutant

yw dco[L39Q+S101R]P3D34, Df(3R)A177der22,ry[+]
+/Y ’ FRT82 dco[le88]

dco"*? " homozygous mutant

yw dco[L39Q]P6—70_ Df(3R)A177der22,ry[+]
+/Y ’ +

dco"** heterozygous mutant

yw dco[L39Q+S101R]P3D34 Df(3R)A177der22,ry[+] dCOngQ SI01R heterozygous mutant
+/Y ’ +

Df(3R)A177der22,ry[+]

3
FRT82 dco|[3] dco’ mutant

Df(3R)A177der22,ry[+]

dco null mutant
FRT82 dco[le88]

Df(3R)A177der22,ry[+]
" .

dco®™/+ heterozygous control

Df(2L)]4 B
dl[1] cn[1] sca[1] dorsal (DI )
Df(2L)J4
Df(2L)TW119,cn[1] bw[1]

dorsal Dif double mutant

Fig. 2.1: List of mutant genotypes as used inténs.
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2.3. CROSSES:

The final crossing schemes are listed in this tdrapccording to the type of
experiment. Larvae with resulting genotypes weiad\aed.

2.3.1. HEMOLECTIN EXPRESSION

6\ HmlA—Gal4 UAS—GFP | Df(3R)A177der22,ry[+] x yw dco[L39Q]P6—70, FRT82 dco[le88]
HmlA—Gal4 UAS—GFP’ TM6B,Tb yw dco[L39Q]P6—70’ TM6B,Tb

yw dco[L39Q]P6—70_ HmlA—-Gal4 UAS—GFP_ Df(3R)A177der22,ry[+]

+ + FRT82 dco[le88]

. . yw dco[L39Q+5101R]P3D34  FRT82 dco[le88]
The same crossing procedure was applied als@ fef ;
yw dco[L39Q+S101R]P3D34 TM6B,Tb

Fig. 2.2: Crossing scheme for hemolectin expressaperiment indco™**? and dco-¥? SR

homozygous mutants.

a HmlA—Gal4 UAS—GFP | Df(3R)A177der22,ry[+] " 0 yw dco[L39Q]P6—70
HmlA—Gal4 UAS—GFP’ TM6B,Tb yw dco[L39Q]P6—70

yw dco[L39Q]P6—70_ HmlA—-Gal4 UAS—GFP_ Df(3R)A177der22,ry[+]

+ + +

yw dco[L39Q+S101R]P3D34
yw dco[L39Q+S101R]P3D34"

The same crossing procedure was applied als@

Fig. 2.3: Crossing scheme for hemolectin expressaperiment indco™**? and dco-¥? SR

heterozygous mutants.
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6\ HmlA—Gal4 UAS—GFP | Df(3R)A177der22,ry[+]
HmlA—Gal4 UAS—GFP’ TM6B,Tb

% 9 FRT82 dco[3]
TM6B,Tb

HmlA-Gal4 UAS—GFP_ Df(3R)A177der22,ry[+]
+ ! FRT82 dco[3]

Fig. 2.4: Crossing scheme for hemolectin expressi@eriment irdco® mutants.

£ HmlA—Gal4 UAS—GFP | Df(3R)A177der22,ry[+]
HmlA—Gal4 UAS—GFP’ TM6B,Tb

% 9 FRT82 dco[le88]
TM6B,Tb

HmlA—-Gal4 UAS—GFP_Df(3R)A177der22,ry[+]
+ ! FRT82 dco[le88]

Fig. 2.5: Crossing scheme for hemolectin expressimeriment irdco null mutants.
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2.3.2. TOLL MUTANTS

6\yw dco[L39Q]P6—70_ Df(2L)J4. FRT82 dco[le88] x le[l] cn[1] sca[1], Df(3R)A177der22,ry[+]
Y ' CyO GFP’ TM6B,Tb CyOGFP '’ TM6B,Tb
Qyw dco[L39Q]P6-70, Df(2L)J4 . Df(3R)A177der22,ry[+]
+ " dl[1] cn[1] sca[1]’ FRT82 dco[le88]
and

yw dco[L39Q]P6—70orY, Df(2L)]4 . Df(3R)A177der22,ry[+]or FRT82 dco[le88] .
n ! [ en[1] scal1] n (thedorsal single mutant

The same crossing procedure was applied also for

6\yw dco[L39Q+S101R]P3D34_ Df(2L)J4. FRT82 dco[le88]
Y ' CyO GFP’ TMé6B,Tb

Fig. 2.6: Crossing scheme fdco dorsal double mutants.

6\yw dco[L39Q]P6—70_ Df(2L)J4. FRT82 dco[le88] x QDf(ZL)TW119,cn[1] bw[1],
Y ' CyO GFP’ TM6B,Tb CyO GFP !
Df(3R)A177der22,ry[+]
TM6B,Tb
Qyw dco[L39Q]P6-70, Df(2L)J4 . Df(3R)A177der22,ry[+]
+ ' Df(2L)TW119,cn[1] bw[1]’ FRT82 dco[le88]

The same crossing procedure was applied also for

6\yw dco[L39Q+S101R]P3D34, Df(2L)J4. FRT82 dco[le88]
Y ' CyO GFP’ TMé6B,Tb

Fig. 2.7: Crossing scheme fdco dorsal Dif triple mutants.
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2.3.3. COLLIER EXPRESSION

6\Df(3R)A177der22,ry[+] x Qyw dco[L39Q]P6—70, Pcol85—Gal4 UAS—mcd8GFP_ FRT82 dco[le88]
TM6B,Tb yw dco[L39Q]P6—70’ CyO GFP ’ TM6B,Tb

yw dco[L39Q]P6—70_ Pcol85—Gal4 UAS—mcd8GFP, FRT82 dco[le88]
+/Y ! + " Df(3R)A177der22,ry[+]

and heterozygotes

yw dco[L39Q]P6—70, Pcol85—Gal4 UAS—mcd8GFP_ Df(3R)A177der22,ry[+]or FRT82 dco[le88]
+/Y ! + ! +

Fig. 2.8: Crossing scheme for Collier expressigmeeinent indco-*? anddco"*< **'* homozygous

and heterozygous mutants.

8ywdco[L39Q]P6 70, Pcol85—Gal4 UAS—mcd8GFP_ FRT82 dco[le88] x QDf(3R)A177der22,ry[+]
Y ! CyO GFP ! TM6B,Tb TM6B,Tb

+, Pcol85—Gal4 UAS—mcd8GFP, FRT82 dco[le88]
Y’ CyO GFP ' Df(3R)A177der22,ry[+]

Fig. 2.9: Crossing scheme for Collier expressigoeeixment indco null mutants.
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2.3.4. DOMELESS EXPRESSION

6\yw dco[L39Q]P6—-70, UAS—mcd8GFP_, FRT82 dco[le88] x 9 PG125 | Df(3R)A177der22,ry[+]
Y " UAS—mcd8GFP’ TM6B,Tb FM7 GFP’ TM6B,Tb

Qyw dco[L39Q]P6—70, UAS—-mcd8GFP_ Df(3R)A177der22,ry[+]
PG125 ! + ! FRTS82 dco[le88]

and heterozygotes

Qyw dco[L39Q]P6—70, UAS—mcd8GFP, Df(3R)A177der22,ry[+]orFRT82 dco[le88]
PG125 ’ + ’ TM6B,Tb

The same crossing procedure was applied also for

6\yw dco[L39Q+S101R]P3D34 A UAS—mcd8GFP_ FRT82 dco[le88]
Y " UAS—-mcd8GFP’ TM6B,Tb

Fig. 2.10: Crossing scheme for Domeless expressipariment irdco-**? anddco-Q SR

homozygous and heterozygous mutants.

gUAS—mcdSGFP_ FRT82 dco[le88] x 9 PG125 _ Df(3R)A177der22,ry[+]
UAS—mcd8GFP’ TM6B,Tb FM7 GFP’ TM6B,Tb

9 PG125 UAS—mcd8GFP Df(3R)A177der22,ry[+]

) )

+ + FRT82 dco[le88]

Fig. 2.11: Crossing scheme for Domeless expressipariment irdco null mutants.

gUAS—mcdSGFP_ FRT82 dco[3] x 9 PG125 | Df(3R)A177der22,ry[+]
UAS-mcd8GFP' TMé6B,Tb FM7 GFP’ TM6B,Tb

QPGHS' UAS—mcd8GFP Df(3R)A177der22,ry[+]
+ + FRT82 dco|3]

Fig. 2.12: Crossing scheme for Domeless expressipariment irdco® mutants.
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2.4. TISSUE IMAGING:

Larvae were dissected with the use of two fordge 5) in PBS buffer. Tissues
were analysed as living samples without any fbgstep. Dissection steps were performed
with the use of inverted binoculars (OLYMPUS SZX12)l the figures, except the figures
in chapter “Confocal microscopy”, were made witkidrted microscope (OLYMPUS 1X71)
by differential interference contrast microscopy&pand fluorescence lamp (Hg) if needed.
OLYMPUS FluoView FV1000 Laser scanning microscope@swused for confocal

microscopy (http://www.olympus-global.com).

2.5. HAEMOCYTES COUNTING:

Two larvae of appropriate age were opened in aldmegion and turned inside out
in 30ul of PBS buffer. Circulating haemocytes were blad anixed into the PBS with gentle
pipetting. 1@l of this cell suspension were recovered on the Wdaar improved
haemocytometer. | counted haemocytes in the cestpaare, where the total volume is
0.1ul. Because two larvae were bled intquB0f PBS, these counts were multiplied by 150
to obtain an expression of haemocytes quantity gsemal. The age of larvae as used

throughout this work for all the experiments is@fed in the table 2.1.

days hours* Tab. 2.2: Specification of the age of larvae. Tégsling was used in full
3 49-72 | extent of this work. (*AEL — after egg layihg

4 73-96

5 97-120

6 121-144

7 145-168

8 169-192

9 193-216

10 217-240

11 241-264]
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2.6. EVALUATING THE HAEMOCYTE COUNTS:

The data were processed with the use of Micrdaatel 2010 and Statistica 10 (Stat.
Soft., Inc., Tulsa USA) programs. For comparindnaémocyte counts in different mutants |
used the nonparametric test Kruskal-Wallis ANOVArparison of multiple independent

samples).

2.7.WASP TREATMENT:

Larvae at the age of 72 hours (i.e. lat@iistar) were challenged by parasitization

with Lepropolina boulardi parasitic wasps for two hours.

2.8. APOPTOSIS:

In situ cell death detection kit, fluorescein (RecApplied Science, Penzberg,
Germany) was used for apoptosis detection. | usegtocedure recommended for adherent
cells, cell smears, and cytospin preparations asriteed in the instruction manual. When the
protocol did not work, | adjusted concentrationpafaformaldehyde (to 2%), fixation time
and also permeabilisating step (combination ofofriiX-100 and Tween 20, prolonged
incubation with the permeabilisation solution). pssitive control, larvae with apoptosis
triggered by UAS-Grim/HmI-GAL4 system were usedthase larvae, apoptosis is triggered
in all haemocytes expressing hemolectin. Anothesitpe control were haemocytes treated
with DNase | (Ambion, Austin, TX) as recomended aledcribed in the Instruction manual
for the kit.

2.9.CRYSTAL CELLS:

Crystal cells in larvae were visualized by heatiswyae in tube with PBS at 75°C,

10min.
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2.10. FLYFOS CONSTRUCT:

Flies carrying the FlyFos-dco:GFP construct weneated by Michaela Fenckova.
The procedure is described in her PhD. thesis #e@; 2011). The combination of
recombineering and transgenesis allows introduatifolarge constructs into the genome by
homologous recombination. This system is based tosmid vector (pFlyFos) containing
attB site recognised b$C31 integrase and also the dominant selectableeanddRed and
approximately 36kb of genomic DNA fragment (Ejsmenil., 2009). The@C31 integrase
is a serine integrase from bacteriophage. It meslithe sequence-directed recombination
between theattB site and theattP site in a genome (Bischof et al., 2007). This ayst
enables functional analysis of a gene in the cardéxs intactcis-regulatory neighbouring
regions by imaging of the gene product in livingsties and it also enables rescue the mutant
phenotypes (Ejsmont et al., 2009). In the caseFofl¢o, the GFP tag is attached to the C-
terminal of thedco gene without stop codon in between (Fenckova, ROllierefore the
Dco protein originating from this construct is letkwith the GFP that is easily visualised by

fluorescent microscopy.
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RECOMBINATION OF FLYFOS:DCO CONSTRUCT TO THE LOSS-OF-FUNCTION DCO

ALLELE:
yw, pFlyFos{020844}—dco:GFP—attP2 x yw. FRT82 dco[le8s]
yw' pFlyFos{020844}—dco:GFP—attP2 yw' TM3 Sb

ggyw. pFlyFos{020844}—dco:GFP—attP2 % 6adgf—a (karel)

yw' FRT82 dco[le88] TM3 Ser GFP
Df(3R)A177der22,ry[+] % pFlyFos{020844}—dco:GFP—attP2,FRT82 dco[le88] = .
9 6 (single male crossing
TM6B,Tb TM3 Ser GFP

l

pFlyFos{020844}—dco:GFP—attP2,FRT82 dco[le88] (A)
Df(3R)A177der22,ry[+]

and

pFlyFos{020844}—dco:GFP—attP2,FRT82 dco[le88] (
TM6B,Tb

B)

Fig. 2.13: Crossing scheme for FlyFos:dco recontliinato thedco'®. (A) This combination was
used for first testing if FlyFos:dco present invie is functional, i.e. normal imaginal discs are

present. (B) Larvae of this genotype were use@s$tablishing of stock.

DNA from males of the genotype marked by the gregtangle was isolated by
squishing these single males in squishing buff&m{ Tris-HCI, pH 8.2; 1mM EDTA,
25mM NacCl; water). This suspension was treated tteihase K (20mg/ml) and then
heated 30min at 37°C and 2min at 95°C. This DNA uged for molecular identification of
presence of thdco'allele (Fig. 2.14).
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Primers (5" - 3’direction) used for PCR amplifioati of genomic section enabling
distinguishing differentico alleles:

dco-seq3: AAGTTGCGGAAGAGTTTG

bam-dcoF2: GAAGGATCCACACAGGCAGGTTTTGAGGTTAGA

PCR program with annealing temperature 57°C wad fmsehe aplification.

94°C - 240s

94°C - 30s

57°C - 30s 30 cycles
68°C — 180s

68°C — 300s

Size of WT allele section: 2742bp

Size ofdco®allele section: 2373bp

Fig. 2.14: PCR products identifying if there is YNVT dco copy or WT andico® copy. The upper

band is the WTco and the lower band is thieo'® allele containing a short deletion.

Progeny of those three males were kept as stdeks.of them maintain the TM6B

balancer, but one of them is viable in homozygoasstitution. This homozygous

pFlyFos{020844}—dco:GFP—attP2,FRT82 dco[le88]
pFlyFos{020844}—dco:GFP—attP2,FRT82 dco[le88]

larvae (here refered as FF:dco) were used in ntk wo

for identification of Dco localization (Figs. 3.58nd 3.60-3.62). Presence of the FlyFos

construct was visually tested by presence of dsRédain.
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2.11. IMMUNOSTAINIG:

Larval tissues were dissected in PBS on ice amdibated for 40min in 4%
paraformaldehyde in PBS at RT (25°C). Tissues wasBk 20min in PBT (PBS with 0.3%
Triton X-100) was followed by blocking in blockinguffer (see below) for 1 hour. Further,

tissues were incubated in blocking buffer with @mnantibodies overnight at 4°C:

for FF:.dco tissues: mouse anti-discs large 1:.506BHB - Developmental Studies
Hybridoma Bank, University of lowa) and anti-GFbla 1:500 (G1544, Sigma-Aldrich,
Missouri, USA).

for WT tissues: mouse anti-discs large 1:100 (DSHBevelopmental Studies Hybridoma
Bank, University of lowa) and rabbit anti-Dco (klpgrovided by Jeffrey L. Price, Ph.D.,

Associate Professor of Biology, University of MisseKansas City) 1:50.

The washing step follows again (3x 20min in PBTY amcubation in blocking buffer with

secondary antibodies - goat anti-mouse and goatadtiit:

for FF:dco tissues: CY¥ 2 conjugated affinity purified goat anti-rabbitQgJIR 111-225-
003; Jackson Immuno Research laboratories, Wesve(iB8A) and Cy 3.5 conjugated

affinity purified goat anti-mouse IgG 1 (Rocklan#i06112-12; Rockland Immunochemicals
Inc., Gilbertsville, PA), both diluted 1:500 in lsking buffer.

for WT tissues: Alexa Fluor® 555 Goat Anti-Mousé&lgind Alexa Fluor® 488 Goat Anti-
Rabbit IgG (both from Life technologies, www.lifetenologies.com), both diluted 1:200 in

blocking buffer.

Tissues are then washed as follows: 1x 20min in ,PBd 20min in PBT with DAPI
(1:20000) and 2x 20min in PBT. Tissues are thenntexliin Vectashield mounting medium
(Vector Laboratories Inc.; Burlingame, CA) overrighissues recovered on slides were

prepared to imaging.

Blocking buffer consists of: 5% NGS - Normal goarwsn (JIR 005-000-121; Jackson
Immuno Research laboratories, West Grove, PA) at8oBSA (Serva electrophoresis,
Heidelberg, Germany) in PBT.
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2.12. RNA ISOLATION AND CDNA SYNTHESIS:

Tissue dissections were carried out in RNase Rieger buffer and forceps were
cleaned with RNase Zap (Ambion, Austin, TX). Tissweere collected for 30min and then

frozen in liquid nitrogen.

The total RNA was isolated with the use of NucleéoSRNA Il (Macherey Nagel, Diren,
Germany) following suppliers instructions. All salepwere treated with the DNase (Turbo
DNase free kit, Ambion, Austin, TX). Samples wenduteéd in DEPC treated water to
concentration 200ngl. Reverse transcription was performed on 600ng¢ptl RNA with
the use of SuperScript Il reverse transcriptian(kivitrogen, Carls-bad, CA) and the oligo
dT primer was used for selective reverse transoripof only mRNA. The quality and
amount of cDNA was measured with NanoDrop (Thermier8ific, Wilmington, USA).

RT-PCR:

| compared relative rates dto mRNA in different tissues (gut, fat body, brain,
salivary glands, ring gland, lymph gland, discs hadmocytes). All data were normalized to
the relative levels of-actin mRNA in these tissues. The quantification of gexgression
was analysed with C1000 Thermal Cycler with the ob&Q-SYBR Green Supermix kit

(both from BioRad laboratories, Hercules, CA).

Program:
94°C — 180s
94°C - 30s

56°C — 30s — 40 cycles

72°C —35s

—

72°C — 300s
Program was followed by melting analysis from 5@6®8°C.

The data were evaluated in CFX manager softwar@R&id laboratories, Hercules, CA).
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Primer sequences (5" - 3"direction):
dco-seq2: CCTCGATTGTGGTGCTGTGC
dco-seq3: AAGTTGCGGAAGAGTTTG

act5CF: TACCCCATTGAGCACGGTAT

act5CR: GGTCATCTTCTCACGGTTGG

MATERIAL AND METHODS
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3. RESULTS
3.1. CHARACTERISATION OF PHENOTYPES
3.1.1. LYMPH GLAND (LG)

The lymph gland (LG) is a haematopoietic orgarDnosophila larvae; therefore |
first compared the impact of mutadto alelles on the LG morphology. As a control in this
work, | usually used thelco™/+ heterozygous larvae if not stated wr The dco™/+

heterozygotes do not differ from the WT (@rflies (larvae) in this case.

Figure 3.1 shows the wild type (WTw) lymph gland and a detail of its lobes. This
is the normal size of the LG, where the form ifeatsolid. Initially, there is only the first
pair of lobes at the™day. At the & day, just before pupation, the secondary paiobés
emerges. A different situation is in the case efdto null mutant in figure 3.2. The primary
lobes are noticeably smaller than those of the AfVae at the 2 day. The size of lobes
does not significantly change with time and doeisraach the size of the WT lobes in spite
of the fact that thalco null larvae live for 10 days. After these ten days, teélier die
without any signs of pupation or manage to pupatd then die without starting the

metamorphosis. The homozygodso-39? SR

mutant lymph glands at day 4 and 6 are
depictured in figure 3.3. The morphology of thistemi LG does not noticeably differ from
the WT LG. But at the '6 day, the morphology already changes - the firsiedoare
overgrown and start disintegrating as seen in éigofr LG in detail at the "6 day. Lobe
margins are broken and lobes are slowly fallingrapéne secondary lobes of homozygous

d COL39Q S101R

mutants are enlarged too, and this trend continugstime. These mutants also
do not reach the adult stage. Larval developmenicof*®***homozygotes is prolonged
up to 11 days (rarely even longer) when they uguhd. In sporadic cases, the prepupae can
be seen but the metamorphosis does not occur. #asipihenotype is seen for homozygous
dco™**? mutants. Thelco “**° homozygous mutant LGs at th® and " day are depictured

in figure 3.4. The mutant LG at day 4 is similarthe WT lymph gland. At the”‘?day, the

LG is greatly enlarged. The primary lobes as wslittee secondary lobes are overgrown.

L39Q SI01R

Unlike the homozygousico mutants, thedco™*® homozygote lobes do not

disintegrate at this point. The lobe margins ateatrasolid and smooth.
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RESULTS

WILD TYPE (WT)

Fig. 3.1: The third instar wild type (WT) lymph gich (LG). (left — the whole LG; right — detail) B —
Brain, RG — ring gland, PL — primary lobes of tgenph gland (LG), SL — secondary lobes of the
LG, A —dorsal vessel (aorta).
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DCO NULL MUTANT

100 pm

4 day:s '
Fig. 3.2: The lymph gland of thdeo null (dco™"®) mutant. (left — the whole LG; right — detail)

DCO PRSIOIR MUTANT
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DCO"RMUTANT

Fig. 3.4: The I:ymph gland of hbmozygd ’ mutan(left - the whole LG; right — detalil;
SL secondary lobes).

3.1.2. CHANGES IN HAEMOCYTE PROLIFERATION AND
DIFFERENTIATION

Since there are noticeable changes in the laraamiatopoietic organ, the lymph
gland, | assumed that there could also be chamg#seicounts of circulating haemocytes.
Therefore | compared the counts of haemocyBesgophila blood cells) per larva in each of
the mutant constitution. Although all the hemolynmgaimnot be yielded from the larva body,
i.e. there is an underestimating effect on haengocgtints to a certain extent; the estimation

of hemolymph volume is not required. Since the sizenutant larvae greatly differs from
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the size of the WT larvae, the hemolymph volumeregtton can be labourious. Therefore, |
counted the haemocytes per larva.

For the first characterisation of mutant phenosypased on haemocyte counts, | used
the UAS-GAL4 system. | counted haemocytes in ties fivhere hemolectin (Hml > GFP)
marker was used to distinguish between the manaemramature haemocytes. Hemolectin is
expressed in a subpopulation of plasmatocytes aystat cells, but not in lamellocytes
(Goto et al., 2003). The haemocyte morphology antd>FP marker, which are features
used to distinguish between different haemocyteesym this work, are demonstrated in

figure 3.5.

€ lamellocytes
GFP+ haemocytes

<€— GFP- haemocytes

Fig. 3.5: Specification of the different types afemocytes.

The dependency of the haemocyte counts (y-axish@tength of larval life (x-axis)
for individual genotypic combinations is illustrdten figures 3.6 and 3.7. For figure 3.6, the
average numbers of the particular types of haersedyr different genotypes are used. For
more accurate illustration of the state in différganotypes, | used box-and-whisker plots in
figure 3.7. | counted haemocytes for all the gepesystarting the™day AEL except the
heterozygous control, for which | started countatghe & day AEL, because the control
larva size at this age is similar to tHeo mutant larva body size (laté“2stage/early 3

stage). From charts (Fig. 3.6 and 3.7), it is obsithat the main difference between mutants
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is in the counts of Hml-, i.e. undifferentiated mmaeytes. Counts of haemocytes in both

dco L39Q S101R

anddco =**? heterozygotes do not exceed the heterozygousatdratemocyte
counts. Thealco -**? homozygous mutants have significantly increasethtmof haemocytes
in comparison to the heterozygous control. Furtioeenthedco “**2 *%? homozygotes have
even more increased counts of haemocytes than tients mentioned before. Tlueo®
mutants have a similar amount of haemocytes abdlerozygous control. The larvae with
this mutant constitution pupate at tH& day and then die. Thaco null mutants have less
haemocytes per larva in comparison to the hetemmy/gontrol and the haemocyte counts

are kept at steady level during the larval lifeheiit any noticeable increase.
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Fig. 3.6: Haemocyte profile- average counts of matuplasmatocytes (Hml+) and immature plasmatocytes -) per larva. Lamellocytes are excluded fr
this chart. The green fraction presents Hml+ cells and the redfradtthe columns presents Hml- cells. (x-axis — time in days; y-axis — number of
haemocytes)
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Fig. 3.7 Counts of haemocytes in tc (red) per larva in comparison to mature (Hml+) plasmaocyte: (green per larva
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(lamellocytes excluded) for different genotypes. The line in the boxsemsethe median, 25% of all values is above and 25% of afl5 Naemocytes in total

values is below this line. Whiskers show the non-outlier minimum and maxingp@acterely. (x-axis — time in days; y-axis —

number of haemocytes)
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DCO PRSI MUTANT

H haemocytes in total = Hml+ ~ Extremes Qutliers
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deo L390Q) 5101R deo L39Q 5101R
deo der/+ deco deridco le

Fig. 3.8: Counts of haemocytes per larva in dbe “**° 5°'f mutants (lamellocytes excluded) and
representative figures of lymph glands with illasitve distribution of different haemocyte types
(Hml+ and HmI-) corresponding to the changes haippeim the mutant LG (left — heterozygote,
right — homozygote; x-axis — time in days; y-axisumber of haemocytes).

| compared the individual mutants with its mutamgterozygous control. The

illustrative pictures of thelco %2 %%

mutant lymph glands are in figure 3.8. The green
signal is the Hml marker (GFP) to present how thepertion of Hml+ and HmI-

haemocytes changes with time. As the proportioHmf+ haemocytes decreases with time
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in comparison to the HmI- haemocytes in the chiaolva, the proportion of these Hml+ cells
also decreases in the LG though the LG is biggan #t the beginning of larval life. The
haemocyte counts in thieo-**? mutants in both heterozygous and homozygous ¢otisti

are shown in figure 3.9. Here we can also seertbeeased counts of Hml- haemocytes in
comparison to the heterozygodso>*® mutants But in this case, the increase is much
weaker than in theco=*? 3R homozygotes. Unlike the homozygaim 3*? *9R mutants
where the increase of Hml- haemocytes is continudis dco"**? homozygote HmI-
haemocyte counts increase in two waves. After itls¢ growing wave, there is a decrease
and then an increase again. As it can be seereinhhrt of the haemocyte counts, the ratio
of the Hml+ haemocytes in the LG also changeseaslithl- counts are raising.

DCO PLMUTANT

H haemocytes in total = Hml+ = Extremes Cutliers
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. [ =2 = él B T , . é B é = é

4 5 4 5 6 7 3 9 10 1
deo L39Q deo L39Q

deo der+ deo der/deo le

Fig. 3.9: Counts of haemocytes per larva in toe"**® mutants (lamellocytes excluded) and
representative figures with illustrative distritautiof the different haemocyte types (Hml+ and Hml-)
corresponding to the changes happening in the lymglaimd. (left — heterozygote, right —

homozygote; x-axis — time in days; y-axis — numifdnaemocytes).
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COMPARISON OF MUTANT PHENOTYPES

Haemocytes in total/larva
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Fig. 3.10: Average numbers of plasmatocytes inl jo¢a larva (lamellocytes excluded). (x-axis —

time in days; y-axis — number of haemocytes)

| compared plasmatocyte total counts (i.e. maamé immature; lamellocytes are
excluded) in the mutants. The homozygdas -**? anddco "2 " mutants andico null
mutants are compared in figure 3.10. T™aee null mutant total plasmatocyte counts do not
develop any significant progress throughout the lifespite the larvae live for 10 days. The
identical increasing trend is observed in batb-**? °*? anddco-**® homozygotes up to the

6" day. After the 8 day, the homozygoudco->%? SR

mutant haemocyte counts keep
growing continuously in time, without any sign cdalease, up to the end of larval life. The
dco=>*? homozygote haemocyte counts decrease after ‘thda§ up to the 8 day, and
increase again after th& 8lay up to the 11 day, when these larvae die. But these mutants

cannot reach the counts of tHeo"**?S'%'"" homozygotes. In previous figures, it looks like
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the HmI+ haemocyte counts do not significantly dernwith time or between the

L39QSI0IR and deo™*° homozygous mutants. Therefore, | tested if dhe-**?=%"R and

dco
dco"**?® homozygous mutants significantly differ in the Hmand/or HmI- haemocyte
counts. Figure 3.11 shows that they do not sigafily differ from each other in the Hml+
haemocyte counts. Moreover, the Hml+ counts doembtbit any dynamic development of
their quantity throughout the lifetime. The mutaugsy in the counts of Hml- haemocytes
after the & day. Unlike thedco “**° homozygotes, theco “**° S’ homozygous mutant
Hml- haemocyte counts keep growing throughout the®olev larval stage. The Hml+

L39Q SI0IR and dco“*? mutants andico

haemocyte counts idco mutants (homozygoudco
null mutants) are depictured in figure 3.12 in moraitleiml+ haemocytes in thdco null
mutants very slightly increase at the beginning t@phe &' day) and then only decrease.
The Hml+ haemocyte counts in homozygales->*?® mutants quickly increase (2.5 fold)
from the 4" to the &' day. After the B day, the Hml+ counts decrease and stay more sr les
at the same level for the rest of the life. In toe->*2 =% homozygotes, the increase of
mature plasmatocyte counts is slower than in céskeohomozygousico-**® mutants and

there is no decreasing trend.

39



RESULTS

80000

70000
60000

50000 ////
40000

30000 /./

o /< /./l/
o [ -
0
4 5 6 7 8 9 10 11
==dco L.39Q; dco der/dco le Hml+ =B-dco 1.39Q; dco der/dco le Hml-

==dco L39Q S101R; dco der/dco le Hml+ -#-dco L39Q S101R; dco der/dco le Hml-

Fig. 3.11: Comparison Hml+ and Hml- plasmatocyterte indco mutants. (x-axis — time in days; y-

axis — number of haemocytes).
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Fig. 3.12: Counts of Hml+ haemocytes in mutantsiaea. (Whiskers — standard deviation; x-axis —

time in days; y-axis — number of haemocytes)
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| further examined the effect of the heterozygoasstitution of mutant alleles on
both haematopoiesis and imaginal wing discs (Fig3)3 and | compared these results with
the heterozygous control amdo null mutants. Thedco null mutants have greatly reduced
imaginal discs (Zilian et al., 1999), as well asitts of haemocytes. Thdeo null mutants
cannot reach the heterozygous control haemocytatsceven after 10 days AEL. The
heterozygous control does not differ from the wijghe larvae in this case either in the
imaginal disc or haematopoiesis. Here | comparegina wing discs from heterozygous
control larvae with heterozygous mutant wing diststhe 4' day AEL. Thedco-*?
heterozygotes have overgrown imaginal discs in @ispn to the heterozygous control. A
bit slighter effect on imaginal wing disc size ieegent in thedco"**?="R heterozygotes.
Although the imaginal wing disc size is changeth@terozygous mutants, their morphology
and folding do not seem to be changed. Haemocytetsan thedco -*%219™R heterozygotes
are lower than those in the heterozygous contrbbtt the 4 and the 8 day (p<0,001). But
in the case ofico “°? heterozygotes, haemocyte counts differ from hetgrous control
only at the 4 day and the haemocyte counts are alike at fraa (p<0,001). It means that
even heterozygous mutant allele constitution isigaht for a gentle phenotype changes in
both haemocyte counts and imaginal wing disc sit® comparison of the heterozygous
control with thedco® mutants is depictured in figure 3.15. Haemocytent®indco® mutants
do not differ from the heterozygous control eitierHml+ haemocytes (p=0.9342) or in
haemocytes in total (p=0.5905), although dhe® mutant imaginal wing discs (at th& day)
are significantly bigger than the control imaginsing discs. After the 8 day, both

heterozygous control arstto® mutants pupate.
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H haemocytes in total = Hml+ ° Extremes Cutliers
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Fig. 3.13: Counts of haemocytes in heterozygousdralznanddco null mutants (x-axis — time in
days; y-axis — number of haemocytes; lamellocyietueed) and the effect of heterozygous mutant
allele constitution on imaginal wing discs at tfed4y AEL.
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Fig. 3.14: Haemocyte counts in heterozygous mutzotgpared to the heterozygous control counts
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(x-axis — time in days; y-axis — number of haemesyt
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H haemocytes in total 5 Hml+ ~ Extremes Qutliers
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Fig. 3.15: Haemocyte counts in heterozygous coftica™/+) anddco® mutants with illustrative

figures of imaginal wing discs (x-axis — time inyday-axis — number of haemocytes).
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HML-/HML+ RATIO

Hml-MHmi+ ratio
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Fig. 3.16: Ratios of Hr- to Hml+ haematocytes idco mutants(x-axis—time in days; -axis— ratio)
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Hml- / Hml+ ratio
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Fig. 3.17: Comparison of Hml-/Hml+ haematocyte astin dco and dco"*? homozygotes

anddco null mutants. (x-axis — time in days; y-axis — ratio)

From the results above (Fig. 3.17), one could thay thedco mutants are rather
affected by ratio of different haemocyte types + fastance the ratio of mature and
immature plasmatocytes. On that account, | comp#rese ratios in larvae of genotypes |
used in this work (Fig. 3.16). There are two maistidguishable categories: group 1 —
genotypes with normal lifetime where the ratio isvays fewer than 1 (heterozygous

FQSIOR. 4eo™**? mutants and control heterozygot), and group 2 -ogpes with

L39Q S101R L39Q

dco
prolonged larval lifetime and other abnormalitiésrfiozygousdco and dco
mutants andico null mutants) where the ratios are higher than 1, pteggthe prevalence
of the HmI- haemocytes. | compared these ratiohamozygous mutants in figure 3.17.
Based on statistical test, the homozygdog-*® mutant Hml-/Hml+ haemocyte ratios do
not significantly differ from thelco null mutants (p<0,001). Furthermore, the ratios for the
dco™3*° SR homozygotes do not significantly differ from tteo null mutants up to the'8

day AEL (p<0,001).
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LAMELLOCYTES
Lamellocytes
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Fig. 3.18: Counts of lamellocytes per larva ineliéintdco mutants. (x-axis — time in days; y-axis —

number of haemocytes)

As | mentioned above, lamellocytes are typeDsbsophila blood cells, which
emerges after the immune challenge, such as waapifueation. If lamellocytes appeared in
heterozygous control larvae, it was probably beeaighe conditions they met during their
life. The numbers of lamellocytes per larva in tlee null mutants do not seem to differ
from the heterozygous control. Thieo “*°° homozygotes have increased numbers of

lamellocytes per larva kept at a steady level, eh®ithe homozygoudso -39 S10R

mutant
haemolymph contains more lamellocytes per larvacomparison to both heterozygous
control and homozygoudeo “°° mutants (Fig. 3.18). Although the haemocyte prtidnds
slightly reduced in the&lco null mutants (Fig. 3.13), they are capable of diffaedian of
lamellocytes after the wasp parasitization (Fig93. indicating that the Dco protein is not
required for lamellocyte differentiation. On thent@ry, the Dco could be required for
inhibition of apoptosis since the morphology of tive null mutant haemocytes seems to be
broken and bubbling (Fig. 3.20). These featurekisgly remind the morphology of cells

undergoing apoptosis (see Discussion).
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WT dco null dco null WP
Fig. 3.19: Haemocytes in the WW)( in thedco null mutant and in thelco null mutant after the

wasp parasitization (WP).

dconull

Fig. 3.20: WT () anddco null mutant haemocytes in detail.

47



RESULTS

3.1.3. MELANOTIC CAPSULES FORMING

Fig. 3.21: Melanotic capsules incidence in homorggizo “*° anddco “**?**'? mutants.

One of the striking features of testdmb mutants is also the occurrence of melanotic
capsules in larvae. Melanotic capsules incidencebath dco % and dco -9QSIOR
homozygotes is depictured in figure 3.21. Melanatpsules are present in 1 out of 10
homozygousdco “**® mutant larvae. The inverse situation is in theo Q=R
homozygotes, where 1 out of 10 larvae does not hayemelanotic capsules. Melanisation
IS an immune reaction that results in the deposia dlack pigment melanin during the
wound healing. This process occurs thank to thehmenoloxidase, which is an enzyme
present in crystal cells (Crozatier and MeisterQ72)0 Lamellocytes are involved in this
process as wrapping cells to form a multi-layeragstle around the wasp egg or other
invader. The capsule is then melanised (Lanot.eR@01; Crozatier et al., 2004, Crozatier
and Meister, 2007). It is known that both lamelk@syand crystal cells are able to produce
prophenoloxidase, an enzyme necessary for thisspsod.amellocytes are thus capable of
lamellocyte-mediated spontaneous melanisation pso¢Borrentino et al., 2002; Irving et
al., 2005). Therefore, | tested the presence aftatygells in larvae (Fig. 3.22). Botieo -2
and dco "= homozygotes have a decreased amount of crystal sietilarly to the
dco null mutants. Also the localization is changed when mamed to the WT contro).
Crystal cells are mostly localized in the postepart of larva in the WT control, while the
crystal cells in thelco “°? anddco "% SR homozygotes are mostly localized anteriorly in

the larva. Crystal cells do not seem to be preaeall in posterior part larva body in tdeo
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mutants. Crystal cells in theeo null mutants are distributed both anteriorly and pasitigy
but in a less extent than in the control larvae. tdsults support the idea that melanotic
capsules irdco 9= homozygous mutants could be so-called “pseudotuncarssed by
the extensive presence of lamellocytes, which @bably an overreaction of the cellular
immune response. Mutations that activate the Tdl 3AK/STAT pathways show similar
phenotypes (Gateff, 1994; Lanot et al.,, 2001; Ze#ie et al., 2004) to that seen in

L39Q SI0IR anddco H*°? mutants. Regarding JAK/STAT signalling, mutations

homozygousico
causing the constitutive activation of JAK kinasepdcotch lead to both hyperproliferation
of haemocytes and formation of melanotic capsutesrison et al., 1995; Luo et al., 1995).
The same phenotype was observed in gain-of-functartants in the transmembrane
receptor Toll and in loss-of-functiaractus mutants (Qiu et al., 1998). In the next chapters,
tested a connection of phenotypes seemom mutants with both Toll and JAK/STAT

signalling pathways.
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Fig. 3.22: Presence of crystal cells in larvae and their main lo@atisa the larva body (circle
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3.2.DCO/ TOLL DOUBLE MUTANTS

CYTOPLASM

NUCLEUS

Fig. 3.23: Hypothetical role of Dco through the [Tsignalling pathway (adjusted by Qiu et al.,
1998). Orange triangle presents a ligand triggetitiegToll signalling pathway, Spatzle.

Toll signalling pathway is activated after the &pei ligand is bound to the Toll
transmembrane receptor. The Toll/Tube/Pelle signadiates phosphorylation and
degradation of Cactus. Once Cactus is degradeésponse to the signal, Dorsal is free to
move into the nucleus where it regulates transonpof specific target genes (Belvin and
Anderson, 1996). Analysis afactus mutants revealed that the LGs aiHctus larvae are
considerably enlarged and that a lack of the Captosein causes an overabundance of
haemocytes, formation of melanotic capsules @utius mutant larvae die before reaching
pupae stages (Qiu et al., 1998). | tested the Ipitigsithat the phenotype afco mutants is

L39Q S101R and/or

triggered through the Toll signalling pathway. lietphenotype of thdco
dco "2 mutants would be caused by the activation of Sigihalling pathway, a removal of
the transcription factordorsal andDif involved in Toll pathway should lead to suppression
of the phenotypes. Therefore, | crossed lolntisal anddorsal, Dif deficiencies into thelco
mutant background. For this purpose | used mutanthination ofdl* with Df(2L)J4 and
Df(2L)TW119 with Df(2L)J4, whered!® is a loss-of-function allele aforsal, Df(2L)J4 is a
deletion of bothdorsal and Dif and Df(2L)TW119 is larger deletion where besides other

genes are also deletatbrsal and Dif. These combinations cause the loss-of-function
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mutations oidorsal anddorsal Dif respectively. However, in this work | present ordgults
with dorsal (hereinafter referred to as DI-) mutation becalewae with constitution
dco “9RSIR or deo 399, dorsal Dif; dco®”'® emerge very rarely so | did not have sufficient

amount of larvae for testing.

3.2.1. HAEMATOPOIESIS IN DCO DORSAL DOUBLE MUTANTS

haemocytes in total/larva
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Fig. 3.24: Counts of haemocytes in total per lamvadco mutants along with thelorsal (DI-)
deficiency. (x-axis — time in days; y-axis — numbé&haemocytes)

| counted the haemocytes in tthe anddorsal double mutants (Fig. 3.24). There is
no significant change of haemocyte counts in tqial larva in thedco "R
homozygotes after the addition dérsal gene deletion (DI-). There is an opposite trend in
the dco “**° homozygotes where haemocyte counts noticeably eubafier the addition of

DI-. Haemocyte counts in homozygodso “**? mutants by its own decrease after tfe 6
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day, and then gently increase again after theld®. The addition ofiorsal deletion to the
dco "2 homozygous mutation rather increases the countsembcyte counts greatly
increase after the"bday, and decrease after tHe @ay. Further, | counted lamellocytes per
larva in the same mutants (Fig. 3.25). In both gaslkere is a significant increase in
lamellocyte counts. The increase is a bit sliglnecase of thelco "SR homozygotes

than in the other mutant combination.
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Fig.3.25: Counts of lamellocytes per larvedoo mutants along with thdorsal (DI-) deficiency. (x-

axis — time in days; y-axis — number of haemocytes)

L.39Q(S101R). DI-: der(or le) [+

Haemocyte and lamellocyte countsdorsal mutant (i.e.dco dco
dco heterozygous siblings — see methods) are indidatdidure 3.26. | did not count the
same amount of larvae for this analysis as foiother analysis. | usually counted at least 30
larvae per each day for each genotypic combinaBom.the data in fig. 3.26 represent only
4 to 8 larvae per single day so it is just an iatlan of how haemocyte counts change in the
dorsal mutant. Here we can see a similar growing trenchagmocyte counts idorsal
mutant when compared to homozygale “**?; DI- mutants. These results indicate that
dorsal deficiency does not rescaieo mutant phenotypes. Thiersal deficiency has rather

an additional effect on counts of both haemocytesotal and lamellocytes idco -2

L39Q S101R

homozygotes. In the case of homozygdus mutants, haemocyte counts in total

do not change but there is still the additiona¢etfion lamellocyte counts.
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Fig. 3.26: Preliminary counts of both haemocytedoital per larva and lamellocytes per larva in

L39Q(SI0R). ).

dorsal mutants ¢co dco @ 1¥/+). (Whiskers — standard deviation, x-axis — time

days; y-axis — number of haemocytes)

Morphology of haemocytes in homozygouso “*?=%?D|- and dco -9 DlI-
mutants is depictured in figure 3.27. Haemocytephology became noticeably changed in
both cases. Haemocyte surface is not smooth anihtiee space seems to be disrupted.
Haemocytes and mainly lamellocytes changed theie sind they also have unfolded
structure. Similar effect can be seen in the lyngtdnds of these mutants. LGs became
fragmented and they are greatly fragile. This cantlee reason why these mutants have

increased counts of circulating blood cells.
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Y A
dco L39Q SlOlR; DI', dcoder/le m dco L39Q; Dl-, dcoder/le
1

€— lamellocytes
<€— haemocytes

Fig. 3.27: Haemocyte appearancedobd mutants in combination with the DI-. A star * marthe
typical lamellocyte how it also looks like in witgipe.
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3.2.2. IMAGINAL WING DISCS

Dolezal et al. (2010) showed the role of mutated D Fwt/Warts signalling
pathway that affects imaginal discs and also pky®le in cancer development. Thus |
tested if removal of Dorsal protein, i.e. downregian of the Toll signalling pathway, could
rescue the phenotype observed in imaginal disdghAlimaginal wing disc phenotypes are

L39Q S101R and

summarized in figure 3.28. It was already mentiorédve that thedco
dco “*? mutant alleles have a slight effect on imaginal gvidisc size even in the
heterozygousdco®/+ background (Fig. 3.13), but the morphology remaimshanged.
Imaginal wing discs in thdco "% =%"? homozygotes cannot reach the size of heterozygous
control even after 11 days (Fig. 3.28 upper rigither). The morphology is greatly changed
and discs are often strongly fragile, so they gatigintegrate or even completely fall apart
(arrow). Imaginal wing discs in thaco"**® homozygous larvae are greatly overgrown and
their morphology is noticeably changed too. Alse dho® mutant imaginal wing discs are

markedly overgrown, but their morphology ratheerables the WT wing discs.

Switching off the Toll signalling pathway with themoval of Dorsal protein does
not rescue imaginal discs in tldeo mutants. The change in solidity of homozygous
dco "2 DI- mutant wing discs is presented in figure 3.29.yThecame fragile, which was
never seen in thalco"**? homozygotes. Wing disc conditions do not change fo

L9QSIOIR-pI. mutants, because the fragility can be found also i

homozygous dco
dco “*99R homozygotes alone. Therefore, Dorsal is not a pkyer driving these

phenotypes imlco mutants.
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Fig. 3.28: Morphology and size of imaginal wingadisn thedco mutants.
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el O0um

deo L9QSIOR. ) . qogderfle
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dCO L39Q. Dl- dcoder/le
Fig. 3.29: Effect of genetic combination déo mutation and absence of Dorsal on imaginal wing

discs.
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3.2.3. MELANOTIC CAPSULES FORMING

CRYSTAL CELLS

L39QSIOIR. M. qrnder/le
; DI-; d

dco co

Fig. 3.30: Presence of crystal cellgto anddorsal double mutants.

Further, | tested the effect dbrsal deficiency on crystal cell counts and melanotic
capsule formation imlco mutants (Fig. 3.30). Noticeably, ti#-; dco null mutants do not
have any crystal cells at all, and they also dofowh any melanotic capsules, whereas the
singledorsal mutants contain both crystal cells and melanajesales in their larva bodies.
After comparison of crystal cell amount deo mutants (Fig. 3.22) andorsal dco double

mutants (Fig. 3.30), we can conclude that the dwyaof crystal cells increased after the
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addition of dorsal mutation in bothdco "3 DI- and dco “**?; DI- homozygous
mutants. In these mutants, the ratio of larvae wittvithout melanotic capsules also slightly

L$9QSIOIR. D). mutant larvae do form melanotic

changed. Seven out of ten homozygdos
capsules. The ratio (1 out of 10 larvae forms nwlancapsules) in homozygous
dco "2 DI- mutants does not differ from the ratiodzb “**° homozygous mutant alone. In
dorsal mutants, the ratio of larvae forming melanoticstdes to larvae without them is 8 to
2. All the ratios were counted at thé"dy, except for thdorsal mutants that were counted

at the 9' day.

As | already mentioned above, | had some diffiealto get thelorsal Dif anddco
triple mutants. But | noticed that heterozygous stibation of dorsal Dif mutation is
sufficient to decrease the incidence of melanagigscles in thelco “*?*R homozygous
mutants (Fig. 3.21 right compared to fig. 3.31).

Fig. 3.31: Melanotic capsules incidencedoo "2 S%: DI- Dif/+; dco®™”® mutants at the f0day
AEL.
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3.3. MARKERS FOR HAEMATOPOIESIS

For further characterisation déo mutants, | used the UAS-GFP/GAL4 system to see
the expression of different markers in LGs. Fiidstysed hemolectin GAL4 driver for
mapping fully differentiated mature larval plasn@aties, normally present in the cortical
zone of the LG. Hemolectin is not expressed in laoges (Goto et al., 2003). | used the
same GAL4 driver for haemocyte counting (chapt&rZ}. For testing JAK/STAT signalling
pathway, | used thdomeless GAL4 driver. Domeless is expressed in immaturentasytes,
called prohaemocytes, but not in the PSC or in llayges. This means that Domeless is
expressed in the medullary zone of the IM&meless encodes a transmembrane receptor
molecule known to mediate the activation of the J&KAT pathway upon binding of the
ligand Unpaired (Jung et al., 2005; Brown et a0QD). For detection of PSC in the LGs, |
usedcollier GAL4 driver. The PSC plays a crucial role in diéfetiation of lamellocytes
upon the immune challenge (Crozatier et al., 12004). JAK/STAT activity is required to
prevent premature differentiation of multipotenvipremocytes into plasmatocytes or crystal
cells (Crozatier and Meister, 2007). PSC cellsim@ non-autonomous manner to maintain
the JAK/STAT signalling activity in prohaemocytesgsulting in maintenance of the
multipotent cell character (Krzentiet al., 2007; Mandal et al., 2007).
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3.3.1. HEMOLECTIN MARKER

DCOPH/+ (HETEROZYGOUS CONTROL)

Fig. 3.32: A distribution of the Hml+ blood cells the LG of the heterozygous control.

The normal distribution of mature plasmatocytesaethocytes expressing
hemolectin) in the LGs is depictured in figure 3.3Bese mature haemocytes are present in
the outer part of the primary lobes, which corregsoto the cortical zone (CZ). Similarly to
heterozygous control, the localisation of the nmtyslasmatocytes indco-Q=10R
heterozygous mutants (Fig. 3.34) atw"**? heterozygous mutants (Fig. 3.36) corresponds
to the CZ, though there is a slower developmenthef primary lobes irdco-3%? SR
heterozygotes if compared to the heterozygous abhte. Only sporadic presence of the
mature blood cells can be seen indoe null mutant LGs (Fig. 3.33) and they are not found
exclusively in the CZ. When primary lobes fall ap@rght bottom in fig. 3.33) no other

Hml+ plasmatocytes appear, and just a few of themstll present in the rest of the LG.
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DCO NULL

4 days

Fig. 3.33: Distribution of the mature plasmatocytethedco null mutant LGs.
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D COL39QS 101R

HETEROZYGOTES

4 days

Fig. 3.34: Distribution of mature plasmatocyteshia LG ofdco-**? 'R heterozygotes.

Fig.3.35 (next page): Distribution of the maturagphatocytes in the LG of homozygaige-**? SR

mutants. In later stages, 9-11 days, the firstddbave just the rest of the envelope of the pymar
lobes (€— ).
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HOMOZYGOTES
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D COL39Q

HETEROZYGOTES

5 days -

Fig. 3.36: Distribution of mature plasmatocyteshtia LG of heterozygoudco-* mutants.

In dco™3* SR homozygotes (Fig. 3.35), the mature plasmatocytgsressing
hemolectin are more or less evenly distributed ughmut the primary lobes without any
specific pattern corresponding to the CZ. The negplasmatocytes are also in the secondary
lobes later on the development. The first lobegthgrate as the haemocytes proceed from
the lymph gland into hemolymph. In thieo"**?® homozygotes (Fig. 3.37), the mature
plasmatocytes are at first localized in the outart pf the primary lobes, which closely
corresponds to the CZ. The mature plasmatocytemadmut through when other lobes grow.
Similarly to thedco"**? 'R homozygotes, the first lobes disintegrate as thamioeytes
proceed from the lymph gland into hemolymph to e through the body. Theco®
mutant LG is depictured in figure 3.38. Here, mathaemocytes are spread out all over the
lymph gland in all lobes without any specific lasation. Moreover, they are present also in
all secondary lobes even at th2 day, which we cannot see in heterozygous conFig. (
3.32, bottom).
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HOMOZYGOTE
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Fig.3.37 (previous page): Distribution of the matptasmatocytes in the homozygales-**® mutant

LG. (the envelope of the primary lobes €— )

DCO’?

Fig. 3.38: Distribution of the mature haemocytethidco® mutant LG.

68



RESULTS

3.3.2. COLLIER EXPRESSION

WT

WT 5days

500 pm

WT 5days; 2 days after the WP

Fig. 3.40: Localisation of the Collier expressiontie WT control LG and in the WT after the wasp
parasitization (WP) at thé"Slay.

The expression of Collier in wild type backgroursdin figure 3.40. Collier is
expressed in the PSC. In the infected larvae, tBeldbes start growing and Collier
expression spreads out through the lymph glandnd?yi lobes disintegrate as haemocytes
proceed into hemolymph. Collier expression in dee null mutants is alike the wild type
expression, i.e. posteriorly in the primary lob&g( 3.41). Heterozygoudco 399 SR
(Fig. 3.42) andico “** (Fig. 3.44) mutants have also quite similar Cokigpression pattern
to the WT control. Collier expression in the homgays dco “*? S'? (Fig. 3.43) and
dco % (Fig. 3.45) mutants spreads out across the lohessarather similar to the WT LGs

after the wasp parasitization.
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DCO NULL

6 days

500 pm

Fig. 3.41: Collier expression in tldeo null mutants.

DCO 139Q S101R

HETEROZYGOTES

Fig. 3.42: Localisation of Collier expression in the

dco MR S9IR heterozygotes.
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HOMOZYGOTES

100 pm

Fig. 3.43: Collier expression in tleo “**?**'® homozygous mutant lymph glands.

DCO 12

HETEZYGOTES

Fig. 3.44: Localisation of Collier expression in

thedco"**? heterozygotes.

100 pm
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HOMOZYGOTES

500 pm

Fig. 3.45: Collier expression in tlieo ~>° homozygous mutant lymph glands.
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3.3.3. DOMELESS EXPRESSION

WT (CONTROL)

4 days

Fig. 3.46: Expression pattern of
Domeless in control WT lymph gland.
(RG —ring gland)

The illustrative pattern of Domeless expressionthe WT LG is in figure 3.46.
Domeless is expressed in the inner part of lobéschwcorresponds to the medullary zone
(MZ). Domeless is also present in secondary lobek l@ain. Slight or no expression is
detected in the ring gland (RG). Domeless exprassio the LG corresponds to the
localisation of immature plasmatocytes. This Dorsglexpression pattern is also present in
both dco 99 SR (Fig. 3.48)and dco “°? (Fig. 3.50)heterozygous mutants. However, the
domeless expression pattern is totally changedcin=>*? S''f anddco -°? homozygotes
and also irdco null mutants. In all of these mutants, the Domelesseiadily expressed from
late 2% instar through the'8instar in dorsal vessel and greatly in the ringidldn dco null
anddco "SR homozygous mutants, Domeless is expressed in tioéevprimary lobes at
the early 8 instar and this expression disappears from theslobefore the "6 day.
Domeless expression is restricted to the innergdgstimary lobes, close to the dorsal vessel
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in the early & instar indco “**°® homozygous mutants. Later on, the expression dprea
throughout the lobes and then disappears arounétbay similarly to the other mutants. A
mix of these patterns is in thigo® mutants (Fig. 3.52). In this particular mutant,nBeess
expression is very weak in the RG in the Idtéearly 3% instar and expression in primary
lobes is alike WT. At the"5day, there is already no Domeless expressiondrRiG and it
spreads out through the all LG lobes. In the dorsasel, there is no or very weak Domeless

expression through whole larva life.

DCO NULL (DCOPHE)

Fig. 3.47: Expression pattern of Domeless indteenull mutants. (RG - ring gland; A — aorta/dorsal

vessel)
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DCO L39Q S101R

HETEROZYGOTES

Fig. 3.48: Domeless expression in

dco 9% heterozygous mutants.

HOMOZYGOTES

| &
Fig. 3.49: Expression pattern of Domelessdda “**?%°f homozygous mutants.
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DCO 72

HETEROZYGOTES

Fig. 3.50: Domeless expression in the
dco “**? heterozygous mutants.
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HOMOZYGOTES

100 pm

Fig. 3.51: Expression pattern of Domelesdda homozygous mutants. ,
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Fig. 3.52: Domeless exprsion in the® mutants.

100 pm

RESULTS
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WT AFTER THE WASP PARASITIZATION

cuticle

fat body
WT control

—>

WT after the
wasp
parasitization

Fig. 3.53: Comparison of Domeless expression inffielarvae (5 days) and WT larva 2 days after

wasp parasitization (5 days in total).

| tested if Domeless expression in the WT charads the wasp parasitization. As
shown in figure 3.53, the Dome expression strikinglcreased in cuticle, brain, fat body,
gut, LG and also in RG. Domeles expression was gddmegarding both intensity and
localisation. The Domeless expression pattern in [#ifae after the wasp parasitization is

L39Q SR anddco “**° homozygous mutants arido

very similar to Dome pattern in tlieo
null mutants. These results are consistent with thatsesef Collier expression. Domeless
expression in the whole larva body of different amis is compared in figure 3.54.

Noticeably, thedco heterozygotes have slightly enhanced Domelessession and the
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Domeless expression is even stronger in the honoasygiutants likewise the WT after the

L39Q SI01R

wasp parasitization. Brains with RGs and primatye® of WT and botlkico and

dco -**? homozygous mutants to compare the intensity of Eless expression are in figure
3.55. Both of thelco mutants have strikingly increased expression inurl{ike WT control.

The Dome expression in mutant brains is weaker tha'T and in the brain of WT larva

after the wasp parasitization is the expressiom stt@nger (Fig. 3.53 and 3.55).

dco L39Q S101R; dco L39Q S101R; dco L39Q; dco L39Q;
dcoder/le dco der/+ dco der/+ dco der/le

Fig. 3.54: Comparison of Domeless expression iitteirsdifferent genetic background.
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dco L 390Q;
dco der/le

dco L39Q S101R;
dco der/le

Fig. 3.55: Comparison of Domeless expressiatdconmutants and WT control.

3.4. EXPRESSION OF DCO

| tested if thedco gene conjugated with GFP sequence (hereinafterreefféo as
FF:dco) is fully working. FF:dco is a fusion prateiwhich originate from the construct
consisting of a FlyFos vector, GFP reporter tag amggne of interestli¢o in this case) with
its intactcis-regulatory neighbouring regions. Thus, the geneaiturally expressed. After
the introduction of this construct into the germeliof flies, it becomes heritable. This
enables imaging of gene expressionvivo (Muyrers et al., 1999; Bischof et al., 2007;
Ejsmont et al., 2009; Fenckova, 2011). The fliethvimtroduced FF:dco construct was a

kind gift from Michaela Fenckova.
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EXPRESSION OF THE FLYFOS CONSTRUCT

Fig. 3.56: Expression of the FlyFdso construct in thelco null genetic background in a different

tissue samples. Red colour corresponds to the deRé&tlyFos construct. (Continues on the next

page)
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Fig. 3.5 continuation)

Different larva tissues, where the only functioded allele is the FF:dco, are shown
in figure 3.56. These flies were obtained after tteombination step, where the FF:dco
construct was recombined to tHeo'® mutant allele (see more in chapter Methods). These
flies are viable in homozygous constitution, whire only Dco protein originates from the
FF:dco constuct. As we can see in figure 3.56 etth@yae have normal discs demonstrating
that the FF:dco is fully functional protein withmeal expression. Also the LG has a normal
size and morphology. The FF:dco is also expressexther tissues, like fat body, salivary
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glands, testes and ring gland. Some of the pictimcisate that the Dco can be localized in
the nucleus. By immunostaining, | tested if the Dscable to move from cytoplasm to
nucleus by its own, and that the nuclear locaisats not a consequence of the GFP tag. |
used the anti-Dco antibody to visualise the Dcagnoin WT larvae and with the use of
confocal microscopy analysed the localisation (Fi§b7; 3.58 and 3.59). There is a
possibility, that the change in Dco nuclear loclan could be a response to for instance
immune challenge. Therefore, the fly with this Fdgkdco construct can be a useafubivo

tool for such experiments.
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CONFOCAL MICROSCOPY

Fig. 3.57: Upper: WT brain () with RG (ring glangart of LG lobe and eye diss. Lower: WT LG

lobe. Blue — DAPI labelling nuclei; red — anti didarge antibody; green — anti dco antibody.
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Fig. 3.58 (previous page): WT imaginal wing dis@pér: the whole disc. Middle: detail of the wing
disc. Lower: close-up detail of the wing disc. BeDAPI labelling nuclei; red — anti discs large

antibody; green — anti dco antibody.

Fig. 3.59: Upper: WT fat body (FB); Lower: WT saliy gland (SG). Blue — DAPI labelling nuclei;

red — anti discs large antibody; green — anti ddibady.
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TISSUES EXPRESSING FF:DCO

| haemocyf

Fig. 3.60: Upper: Brain. Lower: Haemocytes. (FF)d&ue — DAPI labelling nuclei; red — anti discs
large antibody; green — anti GFP antibody.
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Fig. 3.61: Upper: Salivary gland (SG). Lower: Rigignd (RG). (FF:dco) Blue — DAPI labelling

nuclei; red — anti discs large antibody; greent-@RP antibody.
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Fig. 3.62: Upper: LG. Lower: Detailed LG lobe. (BE0). No antibodies.

| show that the FF:dco protein is both cytoplasraid nuclear where nuclear
localisation has higher intensity. In WT, not adisties have nuclear Dco. | detected nuclear
localisation of WT Dco in LG and disc, but | didtnoonfirm that for RG, fat body or

salivary gland.
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RT-PCR

| tested the amount alco MRNA in different tissues by use of Q-PCR (Figh33.
These are preliminary results with only one biotadireplicate. The highest relative amount
of dco mRNA was detected in gut, fat body and brain. fedly low amount ofdco mRNA
was detected in haemocytes. Data about the Dcoegsipn obtained from the FlyBase
database (www.flybase.org) are in figure 3.64. BEly® is an online database, where the

Drosophila genome and other data are published.
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Fig. 3.63: Relativelco mMRNA ratio in wandering third instar WWjJ larval tissues.
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Fig. 3.64:dco mRNA data in larval tissues (from FlyBase.org).
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4. DISCUSSION

In my thesis, | am dealing with the role of Dcaifiologue of human CK) in
haematopoiesis. It is known that Dco is required doowth of imaginal disc tissues,
proliferation of disc cells and also for their sual (Zilian et al., 1999). Furthermore, it is
known that abnormal function of Dco protein resuitsan overgrown phenotype, as it is
known fordco® unusual allele (Jursnich et al., 1990; Zilianlet£999). | tested the effect of
dco with introduced point mutations, L39Q and L39Q $R0found in human breast cancer
patients (Fuja et al., 2004) on haematopoiesBrimsophila melanogaster. The role of Dco

protein has an ambiguous effect, since abnormal @coact as gain-of-function ofto-**

L39Q SI01IR

and dco mutants and still has some of the features in comwmith dco null (i.e.

loss-of-function) mutants.

Thedco null mutants have in addition to reduced imaginal diswvth also reduced
lymph gland (Fig. 3.2) and circulating haemocyteirds, both mature and immature, as
figures 3.12 and 3.13 show. This indicates that Ba®quired for haemocyte proliferation.
However, Dco is not required for differentiatiomee thedco null mutants are capable of
lamellocyte production after the wasp parasitizatipig. 3.19) and all the Drosophila blood
cell types (mature and immature plasmatocytes wudcaystal cells) are presentdoo null
mutants. Zilian et al. (1999) detected apoptosidconmutant imaginal discs. In accordance
with this, the Dco protein might be also requireat fsurvival of haemocytes. The
morphology ofdco null mutant haemocytes shown in figure 3.20 indicates apoptosis is
in progress. This was also supported by pers. comith. RNDr. Ladislav Andra, CSc.
Unfortunately; | was not able to verify this by BNIEL staining due to technical difficulties
with this type of staining irDrosophila haemocytes. It will be necessary to use other
detection principles, such as Anexin V FITC systemgbtain a decisive proof of apoptosis

in dco null haemocytes.

The dco"*? homozygous mutants have increased counts of botmature
haemocytes and lamellocytes, which usually difféa¢é@ only after immune challenge.
Moreover, even stronger effect can be seedcor®*? R homozygotes, where counts of
haemocytes are higher (Figs. 3.11 and 3.18). Tloeseproliferative phenotypes are in
conformity with the mutant LG morphology (Fig. 3aBd 3.4). The LGs in these mutants
resemble heterozygous control LGs till the turntie late 29 early 3° larval instar. As

primary and later also secondary lobes prolifegatg produce haemocytes that proceed into
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hemolymph during their further development, the L@scome overgrown and their
morphology is strikingly changed. The same featwas be seen in normal larvae as the
response to immune challenge, such as wasp paadisiti (Lanot et al., 2001; Sorrentino et
al., 2002; Zettervall et al., 2004; Crozatier andidfer, 2007). This indicates thdto gene
may play a role in immune response. As it was diegaublished, Toll and JAK/STAT
signalling pathways play an important role in imrauasponse (Qiu et al., 1998; Agaisse et
al., 2003; Zettervall et al., 2004; Jung et alQ20Arbouzova and Zeidler, 2006; Matova and
Anderson, 2006) and therefore | tested these diggadathways in mutants of my interest.

Removal of Dorsal, the NkB/Rel-family transcription factor which is activdtéy
Toll signalling, neither reduced the total haemeaybunts (Fig. 3.24) nor supressed the LG
and imaginal disc phenotypes (Figs. 3.28 and 3.PBis result suggests thdto"**? and
dco-**?=1%R do not act through the Toll signalling pathwayJestst not through the Dorsal
part of signalling. Interestingly, after removinigetdorsal gene indco mutants, there are
strikingly increased lamellocyte counts. diorsal single mutants, lamellocyte counts are
noticeably, but not extremely increased if compadeterozygousico®/+ control and
they are also kept at a steady level during tleitife (Fig. 3.27). This indicates that Dorsal
absence increases the differentiation of lamellExyt the combination wittco suggesting
that there is a stronger potential of lamellocyiféecentiation in thedco mutants which is

hold back by Dorsal and fully released in its alogen

| did not obtain a combination of theco mutation together with thédorsal Dif
deficiencies, since these combinations have soserimpact on larvae that they cannot
handle it. However, the heterozygadmsal Dif deficiency is sufficient to reduce melanotic
capsules incidence idco"**? *® homozygotes (Figs. 3.21 and 3.31). In some presess
only one of them, either Dorsal or Dif, is sufficiefor keeping the signal transduction.
Therefore, it would be appropriate to test the rofeToll signalling pathway in the
combination ofdco mutation withdorsal Dif double mutation. The UAS-GAL4 system
could be used for a tissue specific downregulatiborsal and Dif transcription factors.

This way might be suitable for elimination of sieléects of Dorsal Dif removal.

On the other hand, the whole-larva expressiorepaibf Domeless, the JAK/STAT
receptor (Brown et al., 2001; Chen et al., 200@yealed striking similarities betweeko
mutants and WT larvae parasitized by wasps suggeshiatdco->°? and dco-**? S191R

act through the JAK/STAT signalling. This is anatlaspect, which indicates that tdeo

may
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mutants mimic the changes in larvae upon the imnulnadlenge. However, the relationship
between Dco and the JAK/STAT signalling may be ejaidmplicated and requires further
investigation. Interestingly, the expression patteir Domeless is similar idco null mutant

1.39Q S101R 1.39Q S101R

anddco"**? anddco mutants, however onlgco-**? and dco mutants show

lamellocyte differentiation — a hallmark of respens parasitic wasps.

| also tested Collier expression in mutant LGspiession of this protein is specific
for PSC (Crozatier et al., 2004) that act in a aatenomous manner to maintain JAK/STAT
signalling activity in prohemocytes to prevent petune differentiation (Krzemieet al.,
2007; Mandal et al., 2007). As my results indicamm >*? and dco"**? *'* homozygous
mutants have the same behaviour regarding Colkgression as the WT after wasp

parasitization as well as for Domeless expression.

Immature haemocytes (Hml-) are thickly preserddor>*?and even more idco"**?

SR homozygous mutants unlike the steady state of mdtiml+) plasmatocytes in these
mutants (Fig. 3.11). It is known that lamellocytddferentiate after the JAK/STAT
signalling pathway is downregulated, because th&/SAAT signalling impedes the
premature differentiation (Krzemieet al., 2007; Mandal et al., 2007; Makki et aD1Q).
Therefore, the combination of large quantitiesmimature plasmatocytes and switching off
the JAK/STAT signalling pathway idco mutant LGs and haemocytes should result in large
quantities of lamellocytes. But there is not suofoant of lamellocytes per larva in these
mutants, which we could expect on the basis of theory (Fig. 4.1). These immature
haemocytes can be at this point already dedicatedeicome lamellocytes, but the
differentiation was not completed. If this is truehy the lamellocytes already present in
hemolymph managed to differentiate and these “déeicimmature haemocytes” did not?
To test this possibility, there is misshapen GAL4 driver triggering expression in
lamellocytes so in combination with UAS-GFP lamellies might be visualized although

their morphology is not recognisable.

Immunochallenged larvae launch a complex cellimamune response in which
specialised host blood cells, lamellocytes andtatysells, are activated and they form a
capsule around the wasp egg to block its developr®arrentino et al., 2002). The
prophenoloxidase is an enzyme necessary for theumenmmelanisation process. This
enzyme is expressed in both crystal cells and lacgkes (Sorrentino et al., 2002; Irving et
al., 2005). It is still unclear where the lamelltesy come from. One of the theories is that
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lamellocytes originate from plasmatocytes (Rizkd &izki, 1984). Other theory says that
lamellocytes can also be derived from plasmatopybgenitors or at the expanse of crystal
cells since very few crystal cells or, most oftem erystal cells at all, were detected

following wasp parasitism (Krzemien et al., 2010).

Since bothdco** and dco™**? 'R mutants have eventually similar size and
disintegration of LGs (Figs. 3.35 and 3.37), | amt rsure where all the excessive
haemocytes (mostly Hml- cells) originate. Batho=**? and dco™**? =R homozygous
mutants have strikingly changed imaginal wing disorphology and size, but the
dco"*** SR homozygous imaginal discs are greatly fragile @&y easily fall apart. These
cells could be mistakable with the haemocytes dratefore partially contribute to the
haemocyte counts. This question may be figuredbgutabelling of haematopoietic cell
lineage by UAS-GFP/GAL4 system. Other way how thessessive haemocytes could arise
Is mitotic division of circulating haemocytes inrhelymph. This might explain why the
dco-*9? SR homozygotes have more than 3 times as much immaiasmatocytes as the
dco-**? homozygotes although their LGs have similar siz# @egree of disintegration. This
guestion could be sorted out by measuring of nutmtdex in these mutants or by a tissue

specific expression of mutadto only in haematopoietic cell lineages.

The same approach of tissue specific inductiormatantdco can be applied to
eliminate the possible side effectsdab mutation in the whole larva body. This way may
avoid the disc overgrown and/or disintegrating mtgnes, which can exclude the possibility
that the abnormal imaginal discs trigger the immrgsponse in the larva body and thus lead
to the haematopoietic defects observed in theseantsit However, thedco® mutant
phenotype goes against this possibility. Imagiriatsiare overgrown in théco® mutants;
however the haemocyte counts and lamellocytes ceroce is normal. Haemocyte counts
are also normal in bottico=**? anddco™*%? =1k heterozygotes although their imaginal wing

discs are to a certain extent overgrown too.
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Fig. 4.1: Connection of switching over the Domelesgpression not only in the lymph gland,

haemocyte overproliferation (Hml-) and lamellocgitéerentiation

The results of HmI-/Hml+ haemocyte ratios (Figsl63and 3.17) comparison can
indicate that the Dco protein can play a role innt@ning the balance between immature
and mature haemocytes. Further, the question hewstbady state of Hml+ haemocyte
counts is maintained in thdeo mutant, while the immature haemocytes greatlyijeraite,
remains to be answered. The Hml-/Hml+ haemocyt®san the dco loss-of-function
mutants @co null) are consistent with those in tdeo “**® homozygous mutants for the
whole larval life and with thelco =% 319® mutants up to the"™day (p<0,001). Taken

together with Domeless expression, which also doesliffer betweerico null anddco %

L39Q SI01R L39Q SI01R and

anddco mutants, these results suggest that in some aspleetco
dco " mutants act rather as loss-of-function mutationilar results were observed for
human version of these mutations in the \Bietitenin pathway (Foldynova-Trantirkova et

al., 2010).
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All the homozygous mutants (excegto®) have prolonged larval stage duration.
Since the increase of haemocyte counts usually safter the § day AEL, there is the
guestion coming out: Is the increase of haemoaoytmts an effect of thdco mutation, or is
it just a result of prolonged larval stage? Onehef clues can be that ato null mutant,
where the larval stage is prolonged up to 10 dénes haemocyte counts are kept at steady
and low level. So if the haemocyte count increaseld be the result of prolonged larval
stage, there would probably be at least an indinatif the increase or kind of fluctuating
trend in thedco null mutants too. Regardless, haemocytes will neeck toolinted in larvae
that do not have an affectddo gene and have simultaneously prolonged larval Fiée this

purpose, | suggestdysoneless mutants or for examplant3 mutants.

It is known that Dco has various roles in varipuscesses. Here | show a novel role
of Dco in haematopoiesis bringing its possible molenodulating the immune response. My
results suggest that Dco plays in this processutiirahe JAK/STAT signalling pathway.
Since Dco is the orthologue of mammalian €Kits role could be important also for
mammalian immune system. The possibilities thatdimscribed effects afco mutations on
haematopoiesis are either an immune reaction tatthermal imaginal disc development or
caused by the prolonged larval life will need toelxeluded by a tissue-specific manipulation
of Dco. However, the expression of Dco in LG andrhacytes as well as the phenotypes of
both dco® (going against abnormal disc hypothesis) doal null (going against prolonged
development hypothesis) mutants strongly suggesdtttie Dco plays an important role in
haematopoiesis. On one side, Dco is required femaytes survival. On the other side, it
might be required for modulation during an immurelenge, most likely through the
JAK/STAT signalling. Its abnormal functioning coulelad to overploriferative phenotypes
even without the immune challenge, which would Ip¢eresting to study from the

haematopietic malignancies point of view.
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S. CONCLUCIONS

The Dco, a protein with kinase activity and a htogae of human CKle , has been
shown to be involved iDrosophila haematopoiesis. Apart from its requirement forgmal
disc growth, the Dco is also required for a proateon of the haematopoietic cells and the
lymph gland, while it is not needed for the haemedjifferentiation. The Dco seems to be
required also for the cell survival, since the haeyte counts in theco null mutants are
rather reduced and haemocyte morphology strikingbembles to the apoptotic cells. The

L39Q SI01R 5 44 5-39Q

overproliferative phenotypes of lymph gland andrhaeytes in the&lco
mutants are alike phenotypes known in the Toll 4A&/STAT mutants. | revealed that
Dorsal-mediated Toll signalling is not involved tine overproliferative phenotypes of the
dco mutants. Since the heterozygous dorsal Dif mutateduced the melanotic capsule

incidence in thedco"**? SR

mutant, the Dorsal-Dif-mediated Toll transductipathway
remains to be tested. My results indicate the wmwlent of the JAK/STAT signalling
pathway in orchestrating of thgco mutant phenotypes. The overall effects of the Dco
mutants on hematopoiesis as well as on JAK/STAmmaimg strongly suggest that the Dco

is capable to modulate immune response as for draggginst parasitic wasp eggs.

The phenotypes of differerdco mutants are summarised in figure 5.1 where symbols
express the the strength and direction of the rdiffee between the standard and the

particular mutant.

98



CONCLUSIONS

o AEEE
— O o 2] O] <
w o e 2| 9 ) &
88 | @ |8%|S2 /8|8 | 88
58 | £ | 28|28 |25|34+|95
sE | 5 |EE|E35  EQ| 33|35
c O SE| 8C | 58| _=| 9%
£ 0 © S8 | SE | Q2@ S E
S o = o8 | T S | = {8 =
£ & ? = = 3| 8 2
dco™" (standard) + + |+ |0+ ] + |+ | O
WT infected + ++ X ++ - ++ | 4+t
dCOder/Ie _— - - - - + _—
dco® ++ + + 0 + X 0
dCOL39Q SI01R. dCOder/+ + + - o/+ + + 0
deot39Q SIOIR. y~yderle - +++ | +++ | 4+ - ++ | +++
dco-3%R: deode’* ++ + -+ 0/+ + + 0
dco-399: degter’'e +++ +++ | ++ + - ++ +
DI- X ++ ++ ++ X X ++
dco®’'e: p- X - - X X —--
dCOLSQQSlOlR. DI- dCOder/Ie - +++ +++ | ++++ X X ++
dco-3°: DI-: dcoee ++ +++ | +++ | ++H+H X X ++

Tab. 5.1: Summary of the phenotypes. The “/+ is used as standard value. (X was not examined;
0 was not observed, but can be present; + presatisent or disrupted; quantity of (+) or (-)

represents the strength of variation in compartedhe standard.
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