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1. Introduction

1.1 Familiarization with the cell cycle

All organisms consist of cells that multiply thrdugell division. An adult human
being has approximately 100 000 billion cells,alginating from a single cell, the fertilized
egg cell. In adults there is also an enormous numbeontinuously dividing cells replacing
those dying. Before a cell can divide it has towgiin size, duplicate its chromosomes and
separate the chromosomes for exact distributionvdst the two daughter cells. These

different processes are coordinated in the celecyc

It has been known for over one hundred years & multiply through division. It is
however only during the last two decades thatstlhecome possible to identify the molecular
mechanisms that regulate the cell cycle and thereddy division. These fundamental
mechanisms are highly conserved through evolutimh @perate in the same manner in all

eukaryotic organisms (Harris, 2000).

The cell cycle consists of several phases (seedfigju In the first phase (G1) the cell
grows and becomes larger. When it has reachedt@rcsize it enters the next phase (S), in
which DNA-synthesis takes place. The cell duplisaies hereditary material (DNA-
replication) and a copy of each chromosome is fdiniuring the next phase (G2) the cell
checks that DNA-replication is completed and prepdor cell division. The chromosomes
are separated (mitosis, M) and the cell divide® itwo daughter cells. Through this
mechanism the daughter cells receive identicalmmbsmme set ups. After division, the cells

are back in G1 and the cell cycle is completed.



The Cell Cycle
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Fig.1. The cell cycle

The different phases of the cell cycle. In
the first phase (G1) the cell grows. When
it has reached a certain size it enters the
phase of DNA-synthesis (S) where the
chromosomes are duplicated. During the
next phase (G2) the cell prepares itself
for division. During mitosis (M) the

chromosomes are separated and
segregated to the daughter cells, which
thereby get exactly the same
chromosome set up. The cells are then
back in G1 and the cell

completed (Alberts et al., 2002).

cycle is

Cell with duplicated chromosomes

The duration of the cell cycle varies between défe cell types. In most mammalian
cells it lasts between 10 and 30 hours. Cells enfifst cell cycle phase (G1) do not always
continue through the cycle. Instead they can esinfthe cell cycle and enter a resting stage
(GO).

1.2. The cell cycle regulation

The mechanism which controls the cell cycle is hugggilatory network that controls the
arrangement and preciseness of cell cycle events.

The cardinal components of the cell cycle contysiteam arecyclin-dependent kinases
(Cdks). As the cell cycle grow up through the cycle, haganges in the enzymatic activities
of these kinases lead to changes in the phosphiorylstate and thus the state of activation,
of proteins that control cell cycle processes. @ot@ation of Cdk proteins are constatnt

troughout the cell cycle. Oscillations in theirigity depend on corresponding oscillations in



levels of the regulatory subunits known@glins, which bind tightly to Cdks and stimulate

their catalytic activity (Morgan, 2007).

1.2.1. The cyclin-dependent kinase (Cdks)

The cyclin-dependent kinases (Cdks) are familyeoing/threonine protein kinases whose
members are small proteins (~34-40 kDa) composelittief more than the catalytic core
shared by all protein kinases (Morgan, 1997). Alk€ share the salience that their enzymatic
activation requires the binding of a regulatorylcysubunit. Generally, full activation also
reguires phosphorylation of a threonine residuer nddaase active site (Malumbres and
Barbacid, 2009).

1.2.2. Cyclins

Cyclins are a family of proteins that control thegression of cells through the cell cycle
by activating cyclin-dependent kinase (Cdk) enzyifteslderisi et al., 2003). Cyclins are so
named because their concentration varies in aaajctashion during the cell cycle. The
oscillations of the cyclins, namely fluctuationsayclin gene expression and destruction by
proteolysis, induce oscillations in Cdk activity thive the cell cycle. A cyclin forms a
complex with Cdk, which begins to activate the CHlat the complete activation requires
phosphorylation, as well. Cyclins themselves havemzymatic activity and were discovered
by R. Timothy Hunt in 1982 while studying the ogjcle of sea urchins.

Cyclins, when bound with the dependent kinases ftmenmaturation-promoting factor.
MPFs activate other proteins through phosphoryafidasui, 2001). These phosphorylated
proteins, in turn, are responsible for specificrgsaluring cycle division such as microtubule
formation and chromatin remodeling. Cyclins candbéded into four classes based on their
behavior in the cell cycle of vertebrate somatiltscand yeast cells: G1/S cyclins, S cyclins,

M cyclins, G1 cyclins (Evans et al., 1983).

e G1/S Cyclinsrise in late G1 and fall in early S phase. The-Ga8k/S cyclin complex
begins to induce the initial processes of DNA rmgdion, primarily by arresting
systems that prevent S phase Cdk activity in Gle jclins also promote other

activities to progress the cell cycle, like centrm& duplication in vertebrates or



spindle pole body in yeast. The rise in presend8 15 cyclins is paralleled by a rise
in S cyclins.

e S cyclinshind to Cdk and the complex directly induces DNeplication. The levels
of S cyclins remain high, not only throughout S sabut through G2 and early
mitosis as well to promote early events in mitosis.

e M cyclin concentrations rise as the cell begins to entévsisi and the concentrations
peak at metaphase. Cell changes in the cell cikddtie assembly of mitotic spindles
and alignment of sister-chromatids along the spmaire induced by M cyclin- Cdk
complexes. The destruction of M cyclins during drege causes the exit of mitosis
and cytokinesis.

e G1 cyclins do not behave like the other cyclins, in that to@centrations increase
gradually (with no oscillation), throughout the logJcle based on cell growth and the
external growth-regulatory signals. The presenc& ayclins coordinate cell growth

with the entry to a new cell cycle.

1.2.3. Switches in cell cycle and some key players

A series of biochemicaswitches control transitions between and within the various
phases of the cell cycle. This switches maintaendtderly progression of the cell cycle and
act ascheckpointsto ensure that each phase has been properly ceutiefore progression
to the next phase (Morgan, 2007). Cyclin depenkllerses, are a major control switches for
the cell cycle. Such multi-component (involving tiple inter-linked proteins) switches have
been shown to generate decisive, robust (and patgntreversible) transitions and trigger

stable oscillations (Santos, 2008).

1.2.3.1. The G1/S switch

The G1/S transition, more commonly known as $tart checkpoint or the restriction
point regulates cell cycle commitment (Morgan, 2087 this checkpoint, cells either arrest
before DNA replication (due to limiting nutrients a pheromone signal), prolong G1 (size

control), or begin replication and progress throtlghrest of the cell cycle.

The G1/S cell cycle checkpoint controls the passdgaikaryotic cells from the first gap
phase, G1, into the DNA synthesis phase, S. Institch in mammalian cells, there are two

cell cycle kinases that help to control the cheakpaell cycle kinase€DK4/6-cyclin D and



CDK2-cyclin E (Baserga, 1985). Together they phosphorylate tiekgi pRB proteins.
Phosphorylated pRB proteins dissociate from trapson regulators E2F. The E2F
regulators than control the expression of hugeeruof genes, including cyclins E and A,

which are crucial for G1-S transition and S phasgssion (Attwooll et al., 2004).

Another important players, that govern the G1/S-8r@dk aktivity during entry into the
cell cycle, isDacapo (p27) specific cdk-inhibitory protein ( Sherr et al.999) and
Proliferating Cell Nuclear Antigen (Pcna) Pcna can bind Cyclin A-Cdk2 (S-Cdk) and thus
produce an active complex promoting the progresgioough the S phase (Koundrioukoff et
al., 2000).

1.2.3.2. The G2/M switch

This transition is commenced by E2F-mediated tnapison of cyclin A, forming the
cyclin A-Cdk2 complex. This is useful in regulatiegents in prophase. In order to proceed
past prophase, the cyclin B-Cdkl complex (firstdiered as MPF or M-phase promoting
factor) is activated bgZdc 25 (String), a protein phosphatase (Edgar et al., 1994). Agsisi
starts, the nuclear envelope disintegrates, chromes condense and become visibile, and
the cells prepares for division. The Cyclin B-Cdkdtivation results in nuclear envelope
breakdown, which is a characteristic of the inibiatof mitosis. It is evident that the cyclin A
and B complexes with Cdks help regulate mitoticrésat the G2/M transition (Lehner et al.,
1990).

As mentioned above, entry into mitosis is contllgy the Cyclin B-Cdkl complex
(first discovered as a M-phase promoting factatkCis also known as Cdc2 in fission yeast
and Cdc28 in budding yeast). This complex formseBement of an interesting regulatory
circuit in which Cdkl can phosphorylate and acevas activator, the phosphataS&ing
(Cdc25) (positive feedback), and phosphorylate and inativts inactivators, the kinases
Weel and Mytl(Ferrell, 2002; Russell et al., 1987).

1.2.3.3. The metaphase-to-anaphase transition

The metaphase-to-anaphase transition is the thajdrnaeckpoint of the cell cycle. This
checkpoint leads to sister chromatid segregati@mptetion of mitosis and cytokinesis.

Progression through this checkpoint occurs whenhisisp cyclin-Cdk complexes stimulate an



enzyme called the anaphase-promoting complex; wtactses the proteolytic destruction of

cyclins and of proteins that hold the sister chridsaogether (Hartwell et al., 1989).

1.2.4. Higher regulation of cell cycle — upstream control

The cells of multicellular organism divide only whthe organism as a whole needs new
cells to build or maintain tissues (Alberts et 2DP2). In general terms, entry into a new cell
cycle comes in animals only when the cell is exdasethe relevaninitogens In general,
mitogens are soluble peptides or small proteinsesed by neighboring cells, or they can be
insoluble components of the extracellular matrixdiikary et al., 2005). Mitogens trigger
signal transduction pathways in which mitogen-atéd protein kinase is involved, leading

to mitosis.

1.3. Cell cycle arrest

To allow regulation of cell cycle progression, tbell cycle control mechanism is
supplemented by molecular braking mechanism thatbeaused, if necessary, to inhibit the
Cdks and other regulators that drive progressioouthh the three major checkpoints (Murray
and Hunt, 1993). If environmental conditions are appropriate for cell proliferation,
inhibitory signals prevent activation of G1/S — aBdphase Cdks — thereby blocking
progression through Start (Morgan, 1997). Similang failure to complete DNA replication
blocks entry into mitosis by inhibiting M-phase tgeCdk activation (Murray and Kirschner,
1989). Delays in spindle assembly inhibit the pobtc machinery that drives the
metaphase-to-anaphase transition. By these androumether mechanisms, the cell arrests
cell cycle progression at an appropriate point wbenditions are not ideal and continues it

when they are.

1.4. Cell cycle arrest during diapause in insects

Diapause helps insects to pass through hostil®geand, as a result, to prosper from
seasonally fluctuating resources, diversify in tcap habitats, and colonize temperate and
polar regions. Diapause is a centrally-mediateds@®@a response to token stimuli. The
diapause results in induction of developmentalsarie advance of the emergence of the
environmental stress. At the level of whole orgamishe ontogeny is blocked in a diapause
stage, which ranges from early embryo to adult $|.d®55; Danks, 1987; Denlinger, 2002;

MacRae, 2005; Ka®&l, 2006). At the cellular level, cells in targegans in larval and pupal



stages or ovaries in adults arrest their diffesgintn and pregressio through the cell cycle

(Tammariello and Derlinger, 1998). The cell cyateeat is so the one of the characteristics of

insect diapause.

However, there are only few information about tledl cycle arrest in insect diapause.

The three of them should be mentioned here:

In the silkworm,Bombyx mori, diapause occurs at a specific embryonic stagenwhe
98% of cells are arested in G2 phase (NakagaHi,et391).

In contrast toB. mori, more that 97% of brain cells in diapausing larddethe
fleshfly, Sarcophaga crassipalpis, are arrested in GO/G1 phase (Tammariello and
Denlinger, 1998). The regulatory events foregoihg tell cycle to stop remain
practically unknown. Tammariello and Denlinger (89@ompared the expression of
four regulatory genes in the brains of diapausiagd nondiapausing pupae 8f
crassipalpis. They found clear difference for one of this geri&ma (proliferating cell
nuclear antigen). Very low levels of pcna expressiere detected in diapausing
brains using Nothern blot analysis amdsitu hybridization. Conversely, high levels of
Pcna transcripts found in nondiapausing brains.

V. Ko&'al (Ko4él et al., 2009) used flow cytometry analysis ttedethe phases at
which the cells of brain tissues are arrestedngutarval diapause ofhymomyza

costata.



Fig. 2. The flow cytometry results
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This experiment showed that:

e during the S phase of cell cycle the proportioreifs decreased notably in day 40 in

diapausing larvae - SD -. When the larvae wemsfeaed from LR — SD conditions,

the larvae changed their developmental destiny fdinect development end entered

the diapause state and the cell division cyclédirtbrain was gradualy arrested.

e whereas the number of cells decreased in S phasslaiycle, the relative proportions

of cells in G2/M and GO0O/G1 arrest increased.



2. Specific aims

e To clone selected transcriptionally regulated cgdlle regulators il€hymomyza
costata.

Selected regulators:
0o Myl and Weel kinases
o String (Cdc25) phosphatase

e To optimize the gRT — PCR method (design primest, optimal PCR conditions) for
relative quantification of mMRNA transcripts.

e Check the relative amounts of mRNA transcript level seven selected cell cycle
regulators during the photoperiodically inducedpdiase inChymomyza costata.
Selected regulators:

Mytl kinase

Weel kinase

String (Cdc25) phosphatase

Pcna (Proliferating Cell Nuclear Antigen)

Dacapo (p27)

Cyclin D

Cyclin E

O O O O O o o



3. Materials and methods

3.1. Insect and disections

A laboratory strain Sapporo of Chymomyza costata (Zetterstedt) (Diptera:
Drosophilidae) was used in this stu@ycostata is spread over cool-temperate, Holarctic area
(Hackman et al., 1970)C. costata enters winter diapause as a mature 3rd instaa;larv
responding to long nightlength and / or low tempee (Riihimaa and Kimura, 1988;
Yoshida and Kimura, 1995). During its embryonic dstllarval instarC. costata is sensitive
to photoperiodic stimulus. This sensitivity increagyradually during the 2nd and early 3rd
larval instars and reaches the maximum cca in i5edih larvae (since egg laying), which
corresponds to 3-d-old 3rd instar. Until this agje]arvae react on the transfer from long-day
(LD) to short day (SD) conditions by altering thelevelopmental destiny from direct
development to diapause (Ka@$et al., 2000a).

C. costata larvae were rised up on an artificial diet of baara (1969), composed of
agar, malted barley, corn flour and yeasts undeorsstant temperature of 18 °C. Two
different photoperiodic regimes were used in thiglg: a long-day regime (LD) (16 h light :
8h dark), at which larvae continue direct developmgupariate); and a short-day regime
(SD) (12 h light : 12 h dark) that induces diamaumsall larvae (Ko&l et al., 2000a). Beside,
the diapause was induced in 3-day-old 3rd instaaka by transfering them from LD to SD
conditions.

Central nervous system (CNS) was dissected frowad¢ain a cold insect saline
solution. Tissues from 10 larvae were gatheredbdtain one sample. The CNS samples for a
gRT-PCR analysis were prepared in biological tges and stored at -80°C in the RNA
Blue solution (TopBio, Prague, Czech Republic).

3.2. Cloning

All 3 genes (Mytl, Weel and Cdc25) were cloned gisihne same procedure

(mentioned below).
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3.2.1. Total-RNA isolation (RNA Blue, Top-Bio) of CNS (bran tissue) samples

The routine:

e Add 40 pL of TE buffer, mix, spin tissues down &d@g/5 sec;
remove carefully as much as possiblgAlater

e Add 200uL of RNA Blue

e Homogenize thoroughly using pellet pestle batteriyesh homogenizer, add 300 RNA Blue (total
volume is 500 pL), mix, spin down

e Keep atr.t. (room temperature) for 5 min, mix cgoaally

e Add 100 pL of chloroform, shake vigorously for csVortex

e Keepatr.t. for 5 min

e 15000g/10 min/4°G> 3 phases: take ca. 250 (or lggk)of upper aqueous phase, (discard the rest)

e During previous step, prepare tubes with ab0of isopropanol (ice), and add 2hQ of aqua-phase to it;
finally add 1uL of RNA-free glycogen solution (20g/mL)

o Allow precipitate for 30 min at 4°C

e 22 000g/20 min/4°C, remove liquid

e Wash pellet with 50QL of 75 % EtOH in DEPC water (-20°C), mix by invieg 22 000g/5 min/4°C,
remove liquid - (large pipette> spin down— small pipette)

e Dry(3-6 minon air)

e Dissolve in 5uL DEPC water (keep on ice, mix by taping, spin dpwro measuring of concentration,

take all for cDNA synthesis

3.2.2. cDNA synthesis (Reverse Transcription SysterRromega)
The routine:
e Set70°C & 42°C on Epe tube incubators
e Heat a Sug aliquot of tRNA in a small Epe tube at 70°C famf, place on ice, spin down

e Assemble a 2QL reactions in the order listed (prepare Master MMM without RNA template):
1x

MgCl, 4
10x buffer 2
dNTP mix

RNasin 0.5
AMV RT 0.8
Oligo (dT)s

tRNA template

DEPC water 4.7

total volume 20.0L

11



e Add a 15uL of MM into Epe tubes with denatured RNA templatgertex, spin down (avoid formation
of air bubles)

¢ Incubate the reactions at 42°C for 45 min (RT)
e Heat at 95°C for 5 min
e Cool down on ice for 5 min
e The resulting first-strand cDNA synthesis reactisheuld be diluted to:
no dilution for cloning purposes
10QuL (5x) with sterile water (add 8@L) for normal PCR
50QuL (25x) with sterile water (add 48Q.) for quantitative PCR on light cycler

3.2.3. Design of primers
For amplification by PCR method, degenerated oligtentide primers were used.
These primers were designed using CODEHOP freemarthe basis of known sequences

from other insects as published in NCBI GenBanlabase.

3.2.4. PCR and agarose electrophoresis

The routine:
3 Assemble a 2QL reactions in the order listed:
4x Master Mix

Water 112
10x buffer 20
dNTP mix 16
Forward Primer 20
Reverse Primer 20
cDNA Template 12
ExTaq (HS ExTaq) 1,6
DEPC water 103.4
total volume 20.(uL 200uL (4 x 50uL MM)

12



PCR conditions were:

94°C/86 denaturation in progress
50°C/86- primers annealing

72°C/Inm new strand synthesis

72°C/5 min — polymerization complete

4°C/5 min — cooling

e Prepare 2% agarose gel:

95°C/3 min — initial imputsedenature strands

Agarose 059
50x TAE (Tris, acetic acid, EDTA)
Water 24,5 ml

0,9m

e Place an agarose gel into buffer-filled box

e Apply aDNA ladder for sizinginto the first lane of the gel

e Apply other lanes with PCR products

e Run electrophoresis for 30min

e Submerge gel into ethidium bromide for 15-20min

e Examine gel under UV light

e Cut the the product from an agarose gel under UV

35 X

3.2.5. PCR product extraction from agarose gel (Ql4uick Gel Extr. Kit)

The routine:

Set incubator to 50°C, excise the DNA fragment (n&00 mg of the gel)

Add 3x vol. of Buffer QG - 750

Incubate at 50°C for 10 min, Vortex every 2-3 ndissolve the gel

after dissolving, the mixture shoulcheen yellow

if not (if turned orange or violet) atiduL of sodium acetate (3M, pH 5.2)
Add 1x vol. of isopropanol, mix, do not spin dow50

Apply to the spin column and > 18 0000 g/1 min/r.t.

Add 750uL of Buffer PE and > 18 0000 g/1 min/r.t., disc8mvthrough

18 0000 g/1 min/r.t. in an empty collection tubenfove residual ethanol)
Place column in a new tube, add\30of Buffer EB, let stand for 1 min at r.t.

18 0000 g/1 min/r.t—> DNA product is in 3QuL of EB buffer

Pool DNA products from all bands (4 x 30 = 140

Measure concentration in iD

13



3.2.6. Ligation into vector (0GEM-T Easy, Promega)

A. Optimizing the DNA insert concentration
Electrophoresis gel extraction product (insert) @#@kb (900bp) long.
Required molar ratio of insert DNA / vector DNA8EL

(accepted ratios are between 8/1 — 1/8)

(optimum ratios are between 3/1 — 1/3)

Formula: 50x0,9 x 8= 120ng
3 3
120 ng of the insert DNA should bedif® ligation reaction
dilute DNA product of PCR to: 120 nfyL

B. Ligation reaction

e Set up the reaction in sterile 0,5 mL Epe tube

pGEM vector 13 (50 ng of DNA)

2 x Ligation Buffer 1aL  (store in aliquots)

sterile w. auL

DNA insert 3uL  (carrying optimal amount of DNA insert)

MIX, spin down
T4 DNAligase 3L (3U)

10uL

¢ Incubate overnight at 4°C

3.2.7. Transformation of competent cells (JM 109,1@mega)

The routine:
e Set water bath to 42°C, equlibrate LB solution.to r
e Transfer full ligation reaction (10L) into a new 1,5 mL Epe tube
e Thaw cells from -80°C to ice temp. for approx. 5imi
e Transfer 5QuL of cells to ligation reaction, mix, keep on ia@ 20 min
e Heat shock the cells at 42°C for 50 sec.
¢ Immediately to ice for 2 min
e Add 450uL of LB solution
e Incubate for 1,5 h at 37°C with shaking (160 RPM)

14



3.2.8. Preparation of LB plates

The routine:

o Dissolve 1 tablet of LB broth in 50 mL of water tatiave (or microvawe) and store at 4°C

e Make 1,2% solution of Agar in the LB solution, fostance: melt 1,449 of Agar in 120 mL of LB sol.
— 6 dishes & 20 mL

e Cool down to ca. 60°C

e Pour into the dishes

e Allow solidify for 1 h

o Close dishes, wrap, store at 4°C for up to 1 mo

e Equilibrate dishes at r.t.

e Addto centre: Ampicilin 4L (stock 50 mg/mL w.)
IPTG 20 (0; 23.8 mg/mL w.)
X-gal 20 0(ehg/ mL DMF)

e Keep open at 37°C for approx. 30 min, then close

3.2.9. Plating and incubation

The routine:

e Add 20 — 10QuL of cell solution (in LB) to the centre (20 foreh cells, 100 for old and repeatedly melted
cells)

e Spread

e Cultivate at 37°C overnight

Three plates were set and left to incubate at 3#&night. White colonies were suspected of takhmeg

plasmid.

3.2.10. PCR control and cultivation of selected ch@s

The routine:

e Add Apmicilin to LB solution: (32) clones»> 16(32) x 0.2 = 3.2(6.4) mL of LB solution with 8624) uL
Amp. sol. Pipette a 200L of LB+Amp. into the wells of sterile Elisa plate
e Prepare PCR (rTaq) master mix and PCR tubes:
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25xMM

10x Buffer 25uL

d NTP 20uL
M13 fw 1,25uL
M13 rev 1,251L
water 201,25L
rTaq 1,25
25QL

Sample white colony with a sterile wooden stick

submerge the stick into the Elisa well, tota

submerge the stick into the PCR tube, rataiteoughly

Cultivate clones in Elisa plate wells at 37°C

Run PCR (1h 55 min)

Electrophoresis»> select clones according the product size (1% agagel)

Prepare Terrific broth (8 ml for each clone: 6 @sn48 mL; 12 clones 96 mL)

004uL
Terr. medium 18.8 ¢
glycerol 3.2mL

autoclave, store at 4°C
add Apmicilin before use: 10 Amp. stock/ 100 mL of Terrific broth

Add into sterile 15 mL tubes (Corning):

8 mL Terrific broth + Amp.

80uL of pre-cultivated clone from Elisa plate well
Cultivate at 37°C overnight (shaking at 160 RPM)

3.2.11. Isolation of plasmid DNA (QIAPrep Miniprep, Qiagen)

The routine:

3 000 RPM (920 g)/5 min/ r.+> collect cells

Resuspend cells in 25Q of Buffer P1, Vortex, transfer to new 1,5 mL tsbe
Add 350uL of Buffer P2, gently mix, inverting, max. 5 min

Add 350uL of Buffer N3, immediatelly and vigorously mix

18 000 g/10 min/r.t., take supernatant carefullg apply to the column
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18 000 g/60 sec, discard flow-through

Add 500uL of Buffer PB, 18 000 g/60 sec, discard flow-thgbu

Add 750uL of Buffer PE, 18 000 g/60 sec, discard flow-thgbu

18 000 g/60 sec, empty collection tube (removeesaif ethanol)

Place column in a new 1,5 tube, addubOof Buffer EB to the center let stand for 1 min
18 000 g/90 see> plasmid DNA in 5QuL of the EB buffer

Take 5uL for concentration measurement

3.2.12. Preparation of sequencing reaction (BigDyEerminator, Applied Biosystems)

The routine:

One reaction requires 0.3 -uf of plasmid DNA

Prepare PCR reaction

11x
water Tl
plasmid DNA X
5 x buffer 22uL
M13 primer 11 forwarglL
BigDye mix 441
total 20uL

Run PCR (file SEQ) (2h 40 min)

3.2.13. Purification of PCR product

The routine:

Transfer PCR product to 1,5 mL tube, add.800f 80% isopropanol
Precipitate for 15 min at r.t. in the darkness

22 000 g/30 min/4°G>» pellet is almost INVISIBLE, discard liquid

Add 200uL of 80% isopropanol, 22 000 g/30 min/4°C, discigdid

Dry for 10 min at r.t., store at 4°C in darknesgass to Sequencer lab.
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3.2.14. DNA sequencing

In this work, the ABI Prism 377 DNA Sequencer wasdito obtain the final sequence of

all 3 genes of C. costata. This procedure was made by A. Trojanova.
3.3. mRNA transcripts' quantification

Totally 10 CNS ofC.costata were pooled in each sample. Larvae were rearedruhcee
different photoperiodic regimes and at constanpierature of 18°C:
e a long-day (LD) regime (16 h light : 8 h dark); ddrvae continue direct
development (pupariate)
e ashort-day (SD) regime (12 h light : 12 h darkyjuction of diapause in all larvae

e aLD-SD transfer; larvae transferred in 3-day-dfti iBstar — induction of diapause

The total RNA was extracted from tissue samplesguBINA Blue kit (TopBio, Prague,

Czech Republic). And each sample was stored aC-8Wfurther analysis.
3.3.1. Isolation of total RNA (RNA Blue, Top-Bio s.0.)

The routine: was described above

3.3.2. Synthesis of cDNA (reverse transcriptionRT Promega)

The routine: was described above
¢ Resulting cDNA was diluted 25x (480uL of sterileterawas added to Epes with 20 uL cDNA-synthesi
reaction)

e 4 aliquots were made from stock solution
3.3.3. gPCR (Light-cycler Corbett Res.)

o Relative abundance of mRNA transcripts for targetes were measured by quantitative Real Time
PCR (qRT-PCR) technique using a Rotor Gene RG 3UDR light cycler (Corbett Research, Sydney,
Australia) and a Hot Start version of TaKaRa Expatymerase (Takara, Shiga, Japan)

e Treshold cycle (@, i.e. the cycle at which there is a significaetettable increase in fluorescence

signal was determined for each sample
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The routine (rotor with 36 holes = 4x9 samples):

e Assemble Master Mix 40

sterile water 388,8 uL
dNTP mix 64

10x buffer 80

Syber Green (1:1000) 32
ExTaq HS 34

Total 568

+ primers 2x8+8
+cDNA 40x5

¢ Mix Ex Taq with the pipette tip before adding

e Mix well the Master Mix after its assembled

o Melt cDNA samples that will be measured

e Divide Master Mix to two aliquots a 284 pL

e Add 8 + 8 puL of the upper and lower primers (20 pinol), mix, keep on ice protected from direct
light

e Prepare 36 PCR tubes (0,2 mL)

e Pipette a 5 pL of cDNA into each PCR tube

e Adda 15 pL of the Master Mix into each PCR tube

o Close lids

e Keep on ice and protected from direct light befsiaating PCR run

3.4. Analysis of results

The relative quantification of a target gene taeference gene wa sdone according to
Pfaffl (2001).

The G values were further recalculated to the relatiianges of total amount in 3- -
days old LD-larvae as 100%, and using the real dicgdion efficiency of 1,85-fold per one
PCR cycle.

3.4.1. Reference mRNA transcripts

During the 3rd larval instar the CNS tissue undemg@pid growth and development.

This is the limitation for choosing the suitablderence gene for qRT-PCR analysis. Two
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reference standard®ibosomal protein 49 (Rp49, coding for a structural constituent of
ribosome involved in nucleic acid binding) aftdubulin (coding for a structural constituent
of a cell cystoskeleton) were choosen in this work.

Structural homologs of the Rp49 afidubulin genes inC.costata were cloned and

partially sequenced earlier (Stehlik et al., 20®&@imada, unpublished data).

3.4.2. Statistical analysis

In this work all data were statistically anylyzeg two-way ANOVA followed by
Bonferroni post-hoc test (Prism5, GraphPad Softw@es Diego, CA, USA). The details of
statistical analysis are presented in the Supleangioinline material to the paper Kostél et al.
(2009) (doi: 10.1016/j.ibmb.2009.10.004).
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4. Results

4.1. Results of cloning and sequencing
4.1.1. Results of PCR using degenerated oligonucleotiderimers

Products of approximately 1000 bp (Wee), 350 bp tfiMgnd 600 bp String were
obtained, cut out and extracted from gel. The petalwere then ligated into the vector, in
which the products were multiplied and then isalate®m plasmids. Finally, the products

were prepared for sequencing and sequenced.
4.1.2. Results of BLAST analysis for Wee, Myt and String

The “nucleotide blast” (NCBI BLAST) method was dséo compare the obtained

sequences o€. costata to their nearest homologues:

e Weel of fruit fly Drosophila melanogaster was found as a nearest structural
homologue ofC. costata Wee (homology 91%). The second nearest sequense wa
mitosis inhibitor kinase of\edes aeypti (homology 77%).

Fig.3. Alignement of amino acid sequences @inelanogaster Weel (NCBI GenBank) and it<. costata
structural homolog (obtained in this study)

>|_ refINP. 477035.HE wee CG4488-PA [Drosophila melanogaster]

sp|P54350|WEE1 DROIVE Weel-like protein kinase (Dweel)
agb]AAF52453. CG4488-PA [Drosophila melanogaster]
gbJAAM50802.1| LD27552p [Drosophila melanogaster]

Length=609

GENE ID: 33965 we¢wee [Drosophila melanogaster] (Over 10 PubMekk)

Score = 615 bits (1585), Expect = 2e-174, Metl@mmpositional matrix adjust.
Identities = 297/346 (85%), Positives = 317/348%9, Gaps = 9/346 (2%)

Query 1 DTANVNPFTPDSLLAHNKKRCRTQFGRENLN--TNSVQKLLTDRSDEDGAWLPEDSSAD 58
DTANVNPFTPDSL+AHNKKRCRTQFGRENLN N++QK.L+D D+D ++D
Sbjct 157 DTANVNPFTPDSLMAHNKKRCRTQFGRENLNLNVNAMQKLLSDACDDDVT----EEAGD 212

Query 59 SMREIHQ-APKRLALHDTNISRFKREFMQVSVIGVGERB/FQCVNRLDGCIYAIKKSKK 117
SMREIHQ APKRLALHDTNISRFKREFMQV+VIGVGEF@VFQCVNRLDGCIYAIKKSKK
Sbjct 213 SMREIHQQAPKRLALHDTNISRFKREFMQVNVIGVGEFB/FQCVNRLDGCIYAIKKSKK 272

Query 118 PVAGSSFEKRALNEVWAHAVLGKHDNVVRYYSAWAEDDHILIQNEYCDGGSLHARIKDQC 177

PVAGSSFEKRALNEVWAHAVLGKHDNVVRYYSAWAEDDHMLIQNE+CDGGSLHARI+D C
Sbjct 273 PVAGSSFEKRALNEVWAHAVLGKHDNVVRYYSAWAEDDHALIQNEFCDGGSLHARIQDHC 332
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Query 178 LSEAELKIFLMHVIEGLRYIHSNDLVHMDLKPENIFSTMNP-VTRLTEVQ-QQCRDEDGM 235
L EAELKI LMHVIEGLRYIHSNDLVHMDLKPENIFSTMNP +L EVQ QQ +D+DGM

Sbjct 333 LGEAELKIVLMHVIEGLRYIHSNDLVHMDLKPENIFSTMNPNAHKLVEVQPQQTKDDDGM 392

Query 236 DSVYEELRKSENLVTYKIGDLGHVTSVKEPHVEEGDCRMKEILQEDYSNLFKADIFSL 295
DSVYEELR SENLVTYKIGDLGHVTSVKEP+VEEGDCRNPKEIL EDYSNLFKADIFSL

Sbjct 393 DSVYEELRHSENLVTYKIGDLGHVTSVKEPYVEEGDCRIYPKEILHEDYSNLFKADIFSL 452

Query 296 GITLYEVAGGGPLPKNGPEWHKLRNGEVPCIPTLSKDHENMIALMM 341

GITL+E AGGGPLPKNGPEWH LR+G+VP +P+LS+DENIA MM
Sbjct 453 GITLFEAAGGGPLPKNGPEWHNLRDGKVPILPSLSRDENIAQMM 498

e Mytl of fruit fly Drosophila melanogaster was found as a nearest structural
homologue ofC. costata Wee (homology 96%). The second nearest sequense wa

mitosis inhibitor kinase oCulex pipiens (homology 82%).

Fig.4. Alignement of amino acid sequences Dimelanogaster Mytl (NCBI GenBank) and it<C. costata
structural homolog (obtained in this study)

>|_ agbJAAF32288.1|Myt1 kinase-like protein [Drosophila melanogakter
Length=534

Score = 222 bits (566), Expect = 6e-57
Identities = 106/118 (89%), Positives = 114/118%9, Gaps = 1/118 (0%)
Frame = +1

Query 1 EVRRYEEFSGHENCIRFIRAWEQYDRLFMQMELCRENCE LFRCRIIPEERIWHILLDL 180
EVRRYEEFSGHENCIRFIRAWEQYDRL+MQMELCRE+I(FYL RC+ IPEERIWHILLDL
Sbjct 149 EVRRYEEFSGHENCIRFIRAWEQYDRLYMQMELCRESI¥ LLRCQRIPEERIWHILLDL 208

Query 181 LRGLQSLHDRNLIHLDIKLDNVLI-DDDDTCKLADFGLVIDVDKANNDHATEGDSRYM 351
LRGL+SLHDRNLIHLDIKLDNVLI +DD+TCKLADFGLVIDVD+AN+ HATEGDSRYM
Sbjct 209 LRGLKSLHDRNLIHLDIKLDNVLIGEDDETCKLADFGLVIDVDRANSHHATEGDSRYM 266

e String (Cdc25) of fruit fly Drosophila melanogaster was found as a nearest structural
homologue ofC. costata Wee (homology 77%). The second nearest sequercenwva
phase inducer phosphatase (Cdc25)\edks aegypti.

Fig.5. Alignement of amino acid sequences imelanogaster String (cdc25) and its C.costata structural
homolog (obtained in this study)

>|_ ref|[NP 524547.EE string [Drosophila melanogaster]

sp|P20483.2|]MPIP_DRO RecName: Full=M-phase inducer phosphatase; AltN&uk=Cdc25-like
protein; AltName: Full=Protein string

emb|CAA40732. CDC25 [Drosophila melanogaster]
agb]AAF56885. string [Drosophila melanogaster]

gb|AAL39849.1 LD47579p [Drosophila melanogaster]
gb]ACL90619.1|stg-PA [synthetic construct]
Length=479

GENE ID: 43466 stg string [Drosophila melanogaster] (Over 100 PudNieks)
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Score = 251 bits (640), Expect = 5e-65
Identities = 139/201 (70%), Positives = 154/201%, Gaps = 19/201 (9%)
Frame = +1

Query 1 YMELFEMETLAGQQQHSFGFPSGLNSLISGQIKVSSPARPMNQSKTPETLTIMRRPPV 180
YMELFEME+ + QQ + GFPSGLNSLISGQIK PA +K+P L+ MRRP V

Sbjct 128 YMELFEMESQS--QQTALGFPSGLNSLISGQIK-EQRA---AKSPAGLS-MRRPSV 176

Query 181 RRCLSMTESNQQMQQSPVPKTPEQLLKETARDCFKRIASTNCSPVHSKRHRFT--EK 354
RRCLSMTESN +P PKTPE TARDCFKRFEAS NCSP+ SKRHR EK

Sbjct 177 RRCLSMTESNTNSTTTPPPKTPE-----TARDCFKRAHSANCSPIQSKRHRCAAVEK 231

Query 355 ENCPAPQTVPAASM-HPPALRKCISLNDAEIASALARSEINEPELIGDFSKAYCLPLIE 531
ENCPAP + ++ HPP LRKC+SLNDAEI SALARSENEPELIGDFSKAY LPL+E

Sbjct 232 ENCPAPSPLSQVTISHPPPLRKCMSLNDAEIMSALARSENEPELIGDFSKAYALPLME 291

Query 532 GRHRDLKSISSNTVSRLLRGE 594

GRHRDLKSISS TV+RLL+GE
Sbjct 292 GRHRDLKSISSETVARLLKGE 312

4.1.3. Designing of gene-specific primers

Based on BLAST results, gene-specific upper ancefoprimers forC. costata Weel,
Mytl and String (Cdc25) were designed with the hafl[pNAStar software. These primers
were used for further transcript quantificationRTgPCR).

e Primer structure:

Weel kinase upper primer 5 TGA CCG CAG CGA CGA GGA TGG 3
Weel kinase lower primer 5° CAC GTT TAAAGC GGC TGATGTTGG TA 3

Mytl kinase upper primer 5 ACT GCG TGG TCT CCAATC GCT 3
Myt 1 kinase lower primer 5 ATC GGC CAG TTT GCA AGT ATC ATC 3’

String (Cdc25) upper primers’ CAT TTG GCT TTC CTAGTG GTC TCA 3
String (Cdc25) lower primer5’ GTT TCC GGTGTTTTGCTTTGG TTC 3
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4.2. Transcript quantification results

4.2.1. Reference gene Rp49 anfi-tubulin

Fig.6.
Growth of CNS during ontogeny of th
500+ 3rd larvae instar ofC.costata under
different photoperiodic conditions (LD -
LD 16 h light : 8 h dark; SD — 12 h: 12h; LD-
SD tranfer on day 3). All larvae werg
LD-SD raised undet constant temperature |of
18°C. Data for this part were taken from
earlier study (Ko&l et al., 2000a). Seg¢
the text for more explanation.
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Age of 3rd instar larvae [days ]

The size of CNS was almost identical in the 3rdansarvae that were reared under
LD and SD conditions. However, in the 8 day, theese differences between developing
LD-larvae and diapause-destined SD and LD-SD larvdes indicated that as the cells

number increased, the absolute amount of MRNA ¢rgis of reference genes will change

as well.
Fig.7.
gRT-PCR analysis of critica
200 cycle (G) of the Rp49
amplicon. Each data point is g
mean + S.D. (n = 8). See the
% 150- text for more explanation.
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The absolute amount of Rp49 mRNA in samples is shiovthis figure.



Fig.8.

The recalculation of £
0 250 D RD49 values to the relative
5 p changes in total amount df
< 2001 Rp49 mRNA per CNS. Each
< LD-SD data point Each data point is
74 | a mean = S.D. (n = 8). See
E 150 the text for more
2 explanation.
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The G values were recalculated to the relative chandéstal amount of Rp49 mRNa per
tissue, the amount in 3 days old LD larvae was idemnsd as 100%. All results were
calculated considering 1,85-fold change (per onR Bgle) as a real amplification efficiency

of gPCR reactions.

Fig. 9.

200 Relative amounts of B-
tubulin mRNA transcripts

standardized to the levels

of Rp49 mRNA. Each data

<
£ 150 point is a mean = S.D
E result of gRt-PCR analysi$
° of 3 independent CNY
§ 100+ samples (n = 3). See the
E text for more explanation.
(O]
= -
E 50
&
B-tubulin / Rp49
0 T T T T T — | T T
2 3 4 5 6 7 8 20 3

Age of 3rd instar larvae [days ]

The levels of-tubulin mMRNA remained constant relative to lev@lfp49 mRNA.
The trends in transcriptional changes of Rp49 gutdbulin appeared equal during growth
and development of the CNS tissue under differéitqperiodic conditions. Depending on

this results, it was decided to standardize theesgioon of all terget genes to the levels of
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a RP49 only. In two cases, pcna and dacapo gesmdis were confirmed by an independent

gRT-PCR analysis againstfatubulin background.

4.2.2 Expression of cell cycle regulatory genestivismall changes

Fig.10.
gRT-PCR analysis of the
200 relative mMRNA

Strlng / Rp49 transcriptsof String

(Cdc25) in C.costata
CNS under three
photoperiodic  regimes
Each data point is a4
mean = S.D. relult of
gRT-PCR analysis of 3
independent CNS
samples (n = 3). Each
sample was prepared by
pooling 10 CNS. See th¢
0 o text for more
T T T LI T T 1
6 7 8 20 30 explanation.
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No, or only small (up-to 1,5-fold) photoperiod-reld changes in the relative level of mMRNA
transcript of String (Cdc25) gene@costata CNS tissue were found.

Fig.11.

gRT-PCR analysis of thq
relative MRNA
transcriptsofCyclin D in
C.costata CNS under
three photoperiodic
regimes. Each data poin
is a mean = S.D. relult o
gRT-PCR analysis of 3
independent CNS
samples (n = 3). Each
sample was prepared by
. pooling 10 CNS. See the
CyC“n D / Rp49 text for more

explanation.

N
o
o

—

100+

Relative amount of mRNA transcript

0

2 3 4 5 6 7 8 20 30

Age of 3rd instar larvae [days ]

The ANOVA analysis found a transient increase oftldyD mRNA abundance

during the mid - 3rd instat.costata larvae regardless of photoperiodic conditions.
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Fig.12.

gRT-PCR analysis of thg
200 relative MRNA
transcriptsofCyclin E in

C.costata CNS under
. three photoperiodic
regimes. Each data poir
is @ mean * S.D. relult o
gRT-PCR analysis of 3
independent CNS
samples (n = 3). Each
sample was prepared by
— pooling 10 CNS. See th¢

CyC| | N E / Rp49 text for more explanation
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No photoperiod-related changes in the relative llefenRNA transcript of Cyclin E

gene inC.costata CNS tissue were found.

Fig.13.
gRT-PCR analysis of the
200 relative MRNA

transcriptsof Myt 1 in

C.costata CNS under
three photoperiodid
regimes. Each data poirn
is a mean = S.D. relult o
gRT-PCR analysis of 3
independent CNS sampls
(n = 3). Each sample wal
prepared by pooling 1(
CNS. See the text fo

mytl / Rp49 more explanation.
O f T T
2 3 4 5 6 7 8 20 30

Age of 3rd instar larvae [days ]

—

100-

[7)

[

Relative amount of mRNA transcript

The levels of Mytl mRNA were a slightly but sigedintly higher (up-to 1,4-fold) in the SD-
larvae than in the LD-larvae. The levels increasésb after the LD — SD transfer.
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Fig.14.
gRT-PCR analysis of the

200 relative mMRNA
transcriptsof Weel in

a C.costata CNS under

a three photoperiodidg

—

regimes. Each data poir
is a mean * S.D. relult o
gRT-PCR analysis of 3
independent CNS
samples (n = 3). Each
sample was prepared by
pooling 10 CNS. See th¢
text for more explanation

Relative amount of mMRNA transcript
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0 |
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While the relative levels of Weel mRNA were maingl stable in LD-larvae, they gradually
increased (up to 1,4-fold) between days 3 and &Dnlarvae and also after the LD-SD
transfer.

4.2.3. Pcna - the cell cycle stimulant

Fig.15.
200 gRT-PCR analysis of the
relative MRNA
transcriptsof Pcna in
C.costata CNS under
three photoperiodid
regimes. And an
independent gRT-PCH
analyses using p -
tubulin as a reference
gene. Each data point i
a mean = S.D. relult of
gRT-PCR analysis of 3
, , independent CNS
20 30 samples (n = 3). Each
sample was prepared by
pooling 10 CNS. See the

150+
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[
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200 text for more
pcna/ ftub explanation.
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Clear photoperiod-related patterns of Pcna trapicwere found in the larval CNS. In the
LD-larvae the relative levels of Pcna remainedtreddy constant. In contrast, it decreased
significantly (1,7-fold) in 8 days old larvae thatere reared under SD photoperiodic
conditions. Further decrease (2,5-fold) was evideB0 days old SD larvae.

A similar decreasing pattern could be seen after ttansfer from LD to SD
photoperiodic conditions (LD — SD transfer). Fiveyd after the transfer. there was a 1,9-fold
difference between the LD and LD — SD photoperiadiaditions.

The relative expression patterns of Pcna gene vespaally described by an

independent qRT-PCR analysis usfatubuline as a second reference gene.

4.2.4. Dacapo - the cell cycle inhibitor

Fig.16.

gRT-PCR analysis of
the relative mRNA
transcriptsof Dacapo
in C.costata CNS
under three
photoperiodic
regimes. And an
independent  gRTH
PCR analyses usirgy
— tubulin as a
reference gene. Eac
data point is a mea

dacapo + S.D. relult of qRT-
PCR analysis of

/Rp49 o independeri/t CN

J T ) J ) L I samples (n = 3). Eac

2 3 4 5 6 7 8 20 30 sample was preparefl
by pooling 10 CNS.
See the text for more

200

150+

100

-

50+

Relative amount of mRNA transcript

0

Age of 3rd instar larvae [days ]

200 explanation.
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Clear photoperiod-related patterns of Dacapo trgtsowere found in the larval CNS.
The relative levels of dacapo transcripts increaseder all photoperiodic regimes. The

increase rate in SD-larvae was slow (1,4-fold ceabgtween days 3 and 30). More rapid
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change (1,9-fold change between days 3 and 8) Wwasreed in LD-larvae. The levels of
Dacapo mRNA responded remarkably rapidly to the +[3D transfer (1,5-fold increase
within the first day after transfer) and finallyached a 2-fold difference (5 days after the
transfer).

The relative expression patterns of Dacapo genee wequally described by
independent qRT-PCR usiffigtubuline as a second reference gene.
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5. Discussion

The structural homologs of the genes coding forc#lkecycle regulators: Mytl kinase,
Weel kinase and String (Cdc25) phosphatase, weaesesfully cloned and partially
sequenced i. costata. The relative amounts of mMRNA transcripts of thésee genes plus
four other (previously sequenced) cell cycle reguta Cyclins D end E, Dacapo (p27) and
Pcna were measured in the CNSCotostata during the induction of larval diapause.

Only the results concerning the transcript quasgtfon will be discussed here.

5.1. Cyclins D and E

Cyclins D and E give one of the major links betweritogens and the cell cycle
control system. Cyclins D and E are needed foetiteance into S phase and initiation of the
cell cycle. Their levels are transcriptionally catied and oscilate during the cell cycle
(Jackson et al., 1995; Edgar and Lehner, 1996)vak expected that the transcription of
Cyclins D and E will be down-regulated during thdre into diapause. In contrary to this
premise, it was found that the relative levels gtlihs D and E mRNAs were only a little
influenced by photoperiodic regime. This similaalslity of Cyclin E was reported earlier by
Tammariello and Derlinger (1998) in the brain cAmhusingS. crassipalpis. In the fruitfly,
the levels of Cyclin E need to oscillate in order ¢énsure the multiple rounds of
endoreduplication cycles in larval tissues. Whegli@yE was experimentally overexpressed,

the cell cycle was blocked (Follette et al., 1998).

5.2. Kinases Weel, Mytl and phosphatase String (C2i5)

The Mytl and Weel kinases and the phosphataseg $tiay significant roles in the
G2-M transition. The protein kinases Weel and Myidy their role in the cell cycle via
inhibitory phosphorylation. The phosphatase Strilng, the other hand, removes this
inhibitory phosphates.

Very small differences were found in the relatigedls of String mRNA transcripts in
response to photoperiod. The changes in mRNA leskeMytl and Weel genes were also
relatively small but they were in the expected climn: the transcriptional levels of these

inhibitory kinases increased during the transitioto the diapause state. Still, this results
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indicate that the transcriptional control over #utivity of Mytl and Weel kinases may play

some role in the photoperiodically induced G2 arire€. costata larvae.

5.3. Pcna

The Proliferating Cell Nuclear Antigen is a neceggactor for cell cycle progression
through the S phase (Maga and Hubscher, 2003). &wriecles DNA double helix and slides
freely along its axis (Krishna et al., 1994). Thaary function of Pcna is to increase the
processivity of & subunit of DNA polymerase (Kelman and O' Donn&895). Pcna can
bind numerous other proteins and it is thus calladdancer with many partners* (Maga and
Hubscher, 2003). Pcna is one of the proteins whiehtranscriptionally uregulated by E2F
released from the binding pocket of pRB upon mitoggmulation.

The relative levels of Pcna mRNA transcripts shosigdificantly decreasing trend in
the CNS of diapausin@. costata larvae whereas they remained constant, or incdeslggtly
in the larvae that continued their development.if@imesults were previously described by
Tammariello and Denlinger (1998). They found lowels of Pcna transcripts in the brains of

diapausing pupae dfl crassipalpis.

5.4 Inhibitor Dacapo (p27)

The activities of Cyclin E-Cdk2 (G1/S-Cdk) and QgicA-Cdk2 (S-Cdk) complexes
during the entry into the cell cycle and its pragien. The activities of these cyclins are
controlled by a specific inhibitory protein Dacapo D. melanogaster (homolog of
mammalian p27) (Sherr et al.,, 1999). OverexpressioDacapo may represent a forcible
mechanism for inhibition of the G2-M transitioniLet al., 2002).

Very rapid upregulation od Dacapo expression wasMed in the CNS df. costata
larvae in response to LD — SD transfer. The lefahBNA transcripts rose 1,5-fold within
a day and doubled within 5 days after the transfée relative levels of Dacapo mMRNA
increased also in the brains of LD-larvae, whichr&gponds to the increasing proportion of
G2-arrested cells. This results indicares that Ppacs a potential regulator of diapause

related cell cycle arrest iD. costata.
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. Conclusions

The strucrural homologs of Weel, Mytl and Stringdd25) were cloned and
sequenced irC. costata and their sequences are deposited in NCBI GenBadier
accession numbers: weel, GQ329610; mytl, GQ32%ig, GQ329612.

The levels of mMRNA transcripts @yclins D and E showed no significant changes
during the photoperiodic induction of larval diapaunC. costata.

The transcriptional control over activity of Mythé Weel kinases may play some
role in the G2 arrest following photoperiodic intloa of diapause iC. Costata.

The role for Pcna, as for potentially important player during the wukgion of
diapause-related cell cycle arrest in insects, eeadirmed inC. costata in addition to
earlier results obtained in different fly speciga,cophaga crassipalpis.

Dacapowas found as another potential regulator of diapaelated cell cycle arrest

in C. costata.
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