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elegans.Once the method is established, it will be alsefulsfor studies of other DNA
binding proteins. ChIP was performed in transiettinsfected cells HEK293 and analyzed
using PCR and gqPCR. Although ChIP is typically usedind authentic target genes in the
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is sensitive yet less costly non radioactive mettooaihalyze protein-DNA interaction. For the
first step towards ChIP i€. eleganspulling down tagged protein directly from the wor
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Tato prace byla financovana z projektu GR204/07/0948 and 260220518 (PaU) a z grantu
SGA2008/011.

ProhlaSuiji, ze jsem/edloZenou magisterskou praci vypracoval samoét@ouze s pouzitim
uvedené literatury.

Prohlasuji, ze v souladu s 8 47b zakonalll/1998 Sh. v platném ém souhlasim se
zveejnenim své diplomové prace, a to v nezkracené podob Upra¢ vzniklé vypushim
vyznaenychcasti archivovanych Rrodowdeckou fakultou — elektronickou cestou viejre
pristupnécasti databdze STAG provozované Jdéskou univerzitou ¢eskych Bugovicich

na jejich internetovych strankach.

V Ceskych Budjovicich dne 12.1.2010 e,
Alexandr Posgch



Acknowledgement

| would like to thank my supervisors Dr. Masako Asa-Jindrova and Dr. Marek
Jindra for giving me the opportunity to work in ithlaboratories, for their inspiring advices,
patience, teaching and guidance.

| thank all the members of laboratories of Molec@#netics and Molecular Genetics
of Nematodes. Especially | would like to thank tortda Rynes for teaching me new methods,
Dr. Martina HajaiSkova and Nagagireesh Bojanala for helping me Witheleganswork,
Vlastik Smykal and Dr. Petra Sekyrova for help distussion every time | needed and to all
of them for friendly atmosphere. For important aeggi about mammalian cells and ChIP |
thank Bohumil Fafilek and Dr. Vladimir Kimek (IMG, Prague), Dr. Alexander W. Bruce
(Cambridge) and Dr. \dtzslav Bryja (Masaryk University Brno).

I'm very grateful to my parents for great suppondgpatience. Last but not least

| thank Martina for inspiration, discussions, talece and love.



Contents

I oo T [ Tox 1T PRSP 1
1.1 Caenorhabditis elegans — tiny nematode with huge IMPACL ............comcereeeirieeeeee e ee s 1
2 N (B Ted [ T =T o T o (o] £ PO P OO PPPRPPRRN 3
R A | USSR PPRPRR 4
R @Yo 1 o PP PP PPPPPPPRN 4
1.5 Chromatin IMMUNOPIECIPITALION .. ...ueiiisccccm e eeitt e e e e e e e e e e s s s e e e e e e st s e s s as b rrasareeaeaeeaeessansnsnnsseaeees 5
1.6 Detailed ChIP PrOCEOUIE........ciiiii it emmcee ettt ettt e e e e e s s s st bbb e e e e aaee e e e s s sa b bbbbbaeeeeeeeeensnnnanes 6
2. GOAIS OF TNE WOTK ...ttt e e s et e e e sttt e e e a e e e e smren e e s annnneee s 9
3. Materials and METNOAS .........vveiie et e s e e e e e s e e 10
TN o o | T TSP U PR PRPN 10
3.1.1 Preparation of COMPELENT CRIIS.......uuuiiiieiei i e e e r e e e e e e e e e s aenennnes 10.
3.1.2E. coli transformation DY heat SNOCK.............. st 10
0 IR T o F= 1Y o I o1 (=] o= U= 1 o] o SRRSO 1.1
3.1.4Glycerol StOCK OF. COli CUITUIE ...ttt et e e s e e e e e e e e neeab e 11

3.2 Human Embryonic Kidney (HEK 293) Cell CURUI . ..ccccii ittt a e e 11
BT Y 1= To = B= Vg o I == Vo [T o | (PR PP PRSPPI 11
3.2.2 Establishing culture from froZen CElIS...........cooiiiiiiie e e 12
3.2.3 Preparation of an HEK293 Cell Liquid NitrOgeDEK..........uuuuiiiiiiiieeeeeiniiiiiiiiiieee e e eeee e 12
3.2.4 Passaging Of HEK293 ClIIS........uuuuiieeeeeeiiiiiiiiiee e e e e e s ettt e e e e e e e e ssst e e eeaaaeeeeessssasannbrareaaaeeaeenas 13
3.2.5 Counting cells With BUIKET CEII ........iiiieeiiiiiiiieiiie et e e e e e e 13
3.2.6 Cell lysis and genomic DNA isolation fOr PCRu.......ciiiiiiiiccciee e 14
I A1 1Yo o F= 1 10’ Mo [ (=T ox 1T o H PP PP PR POPPPP 14
3.2.8 Transfection using Polyethyleniming (PED).cc.......ooi ittt re e e e e e e e e 14
3.2.9 Transfection using Lipofectamiffe2000

3.3C. &EQANS CUIUIE ...ooeee ettt e e e
SRS I A o = Vg o [T To T o) Y10 1 1 1= PP PP PP TOTOPPPP
R N = 1 1= Yo o 11 o P OO UPRRPR
3.3.3 1st strand cDNA making from worms ..........
R I Y T o o =Y 1 o] o OSSR PP

3.4 Molecular biology MELNOAS ..........ooiiceeeee e rr e e e e e e e e s s s ebbbbeeees
I I =T o] o] (o] 1= P EUPPUR S
K B = O = PO T PP UP P PPRTPUPRRPPRT
I =T | 1] T = 1 PRSP
3.4.4 Cutting DNA with ReStriction ENAONUCIEASES ..ueeea iiiiiiiiiiiiiiiiieee et 22
3.4.5 Phenol chlorophorm extraction, ethanol PREBHION ...........oouiiiiiiiiiiie e ereee e 22
3.4.6 Ligation in low melting pPOiNt 80ar0SE el i iiiiiiiiiiiiiee e 22
A 1= o [ = g o] o TR OO EEPURRR
3.4.8 Gel image analysis
3.4.9 Chromatin immunoprecipitation (CHIP) ..o e 25
3.4.10 Protein PUIl GOWN ... ...uuiiiiiiiiiee et mmmmm e e e e e e e e s e e e e e eaeeesaa bbb e eetaaeaeeesaasssnsttaneseeneaaeeas 29

G ST LY o] 11 (TS 1=V OO PR PRPR PP 33

GG I Y g1 1] T To [T PP UR TR 34

A RESUIES ...ttt ettt oottt ookttt oo oo h ettt e e e hae e oo e e Rbe et e e eaRh b et e e e aRb et eeeanebeeeeaanaeeaeeanbreeaeann 35
o R I~ TS T T ] N I ) U PEPRPPN 35
4.2 Transfection 0f HEK 293 CEIIS ........ci i ceeee ittt e s e e e e 36
4.3 Chromatin immunoprecipitation Of NHR-25 ... e a e e e e e 37

4.3.1 Conventional PCR analysis Of ChIP | SAMPIES.c...cciiiiiiiiiiiiiiiiiee e 37
4.3.2 Multiplex PCR analyses Of ChIP | @Nd H.cceeeiiiiiiiiiiiiiiiceeeeee ettt e e e e e e e 39
4.3.3 Real-time PCR analysis of ChIP 1 SAMPIES.........cccuiiiiiiiiiiieee et 41
e 3 @3 1 T P PUPEPRPRPIt 44
4.4 GFP protein pull down from transgeICElegans SIIaiN. ..........ooviiiiiiiiiiiiiiie e smmmmr e e e aee 45

I B 1ot U L= o o PR PRSPPI 47
ST RO o 1| = T PO U PP UPP PP PPRRPP 48
L 1 = o 10| I [0 117/ o RSP 50

LT o] oo (113 (o] = SRR 51

A 2 LT (T (=] Ao P TSP 52

SIS0 o] o L=Taal=T a1 v= Vg AT )0 g = i o] o [P PPPEPPR 59
8.1 PlASIMIT CONSIIUCES .....ceieiittiiiee st i oottt e e ettt et e e e astbe e e e e s sbb e e e e s asbe e e e e e s bbeeaeaamsbeeaeaannbbeeaeannbeeeeaannneaaaas 59
8.2 Primers used fOr ChIP @NAIYSES ........i ettt e e e e e e e e e s bbb beees 59
8.3 SeqUENCES Of DINING SIEES ... et eeeecce e et e e e e e e e e e st e e e e e e e e e s s s e aabbaaeseeeeaaeeeseessassraneees 60

8.4 Sequence of pEGFP::NHR-25 construct with markaitipn of control primers ...........ccoooivveecniiininnnn, 61



1. Introduction

1.1 Caenorhabditis elegans — tiny nematode with huge impact

Free living soil nematodeCaenorhabditis elegans (worm), is one of the most
important model organisms. It shares charactesistith higher animals, while keeping
simplicity to be easily studied and maintainedhie taboratory. Worm developmental cycle,
which lasts approximately 3 days in 20°C, considtgl larval stages (L1 to L4). Body of
adult worm has only one millimeter in size andabsists of constant number of somatic cells
— 959 for hermaphrodite and 1031 for male. Selilieng hermaphrodites form vast
majority of population, while males are rare indvilype population. Single worm produces
about 300 eggs during its life cycle. In laboratoonditions, worms are cultured on agar or
agarose plates withscherichia coli as a food. Liquid cultures are also possible aeduged
for big scale production of worms. Under stressdaions, like low temperature or starving,
developmental cycle is switched to alternative stagdauer larva, which allows long term
storage of worms in 15°C. Another option for stera@f worm strains is freezing of L1
worms, which represents exceptional capability agnoetazoans.

C. elegans was introduced to research field in 1974 by Sydmgnner, who
established handling techniques and major geneigtyses in the worm (Brenner, 1974).
Transparent worm body allowed John Sulston to textire cell lineage. Robert Horvitz
identified cells that undergo apoptosis durltgelegans development (Sulston and Horvitz,
1977; Sulston et al., 1983). These tree scientgl®) establishedC. elegans as a model
organism for modern research, were awarded Nole Rr Physiology or Medicine in 2002.

Another milestone was 1998, whéh elegans become first multicellular organism
with whole genome sequenced (T@eelegans Sequencing Consortium, 1998&). elegans
research gained another two achievements. Andreavafid Craig Mello were awarded with
Nobel Prize in Physiology or Medicine in 2006 foesdribing the mechanism of RNA
interference in worms (Fire et al., 1998). And thed Nobel Prize in Chemistry in 2008
share Osamu Shimomura, Martin Chalfie and RogerT¥ien for the discovery and
characterization of jellyfishAequorea victoria green fluorescent protein (GFP), its
introduction toC. elegans as a marker for gene expression and its improvered color
modifications (Shinomura et al., 1962; Chalfie kt 2994; Heim et al., 1995; Shaner et al.,
2005).



Distal gonad

1

Proximal gonad

©WormAtlas

Fig. 1.1.C. elegans anatomy (DIC photo of living worm and illustration). Transparent worm body allows
organs and even single cells observations offaririgue tool for research (Altun & Hall, 2005).
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Fig. 1.2.C. elegans life cycle at 22°C.L1s hatch after approximately 14 hours of embryatégelopment and
continue with following larval stages or enter dalagva if under stress conditions. In optimal citinds adults
start to lay eggs after approximately 3 days ofettgyment (Altun & Hall, 2005).



1.2 Nuclear Receptors

Nuclear receptors (NRs) are transcription factarsuaing in metazoans. They are
often regulated by small lipophilic molecules, sashsteroids, retinoids, bile and fatty acids.
Part of the NRs, called orphan receptors, hasreithdigand or the ligand is unknown. These
receptors play crucial role in physiology, devel@minand reproduction.

Molecular structure of NRs is conserved and costdiWiterminal DNA binding
domain (DBD) consisting of two Cys4 zinc fingerstéZminal ligand binding domain (LBD)
serves for potential ligand binding and docks awatirs and corepressors, which couples
NR to histone acetyltransferase and deacetylasgleass, respectively. Receptor homo- or
heterodimerization is also mediated by LBD. Bindiofgligand is followed by structural
change in C-terminal trans-activation helix (AF\&hich interacts with LBD core. When
corepressors are later replaced by coactivatore gepression is triggered.

C. elegans genome contains genes encoding 284 NRs, comparkdman (48) and
fly (21), this family undergone great expansionworms. Only about 20 of almost tree
hundred of NRs have been genetically analyzed amdoflthem represent conserved
homologues to other metazoans. These NRs regudateletermination, molt cycle, dauer
formation, xenobiotic response, metabolic controd aneural development (reviewed in
Antebi, 2006).
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Fig. 1.3. Example of nuclear receptor regulatory mehanism. After binding of ligand NR is released from
complex with heat shock proteins (HSP), dimerized & translocated to the nucleus. NR interacté g
coactivator, binds to the hormone response elerfl¢RE) and triggers the transcription. (Wikipedi&08;
http://en.wikipedia.org/wiki/File:Type_ii_nucleaegeptor_action.png)



1.3 NHR-25

Evolutionary conserved orphan nuclear receptor N\¥3Rs one of the 20 genetically
analyzed receptors i@. elegans. NHR-25 shares additional motif in DBD — so-calleid.F1
box with nuclear receptor subfamily 5 group A (NR5RHR-25 is ortholog of mammalian
Steroidogenic factor 1 (SF-1) and Liver receptambtogue 1 (LRH-1) an®rosophila Fushi
tarazu factor 1 (FTZ-F1). FTZ-F1 has two isoformghwdifferent functions.oaFTZ-F1
regulates embryonic segmentation via Hox gene fisshrzu (ftz) an@FTZ-F1 plays role in
molting and larval metamorphosis (Ueda et al., 190ichet et al., 1997; Yu et al., 1997).
Mammalian LHR regulates cholesterol homeostasishalledacid metabolism (Fayard et al.,
2004) and SF-1 controls differentiation of the ghnas well as the adrenal gland, pituitary
and hypothalamus, where it regulates steroidogeiiBarker et al., 2002).

NHR-25 plays important role in the embryogenesigltimy and development of
C. edlegans. Null mutation in NHR-25 causes embryonic arrestl dethality. Hypomorph
NHR-25 mutant or RNAI result in later developmerdalest and/or molting defect, sterility,
egg-laying defect and failure in seam cells fus{@sahina et al., 2000; Gissendanner &
Sluder, 2000; Chen et al., 2004; Silhankova et241Q5). NHR-25 cooperates with W/
catenin pathway in regulation of T seam cell dimisand morphogenesis of the male sensory
rays and loss of NHR-25 causes extra seam cebglutts, disrupted male tail morphology
and defective T-seam cell polarity (HajduskovalgtZz®09). Interaction of NHR-25 with two
B-catenins WRM-1 (suppressor) and SYS-1 (activafiects the process of cell fate decision
in the somatic gonad. Using luciferase reportertesysand mammalian cell cultures
interaction of NHR-25 with Ftz-F1/SF-1 consensusding sites was demonstrated. NHR-25
activates promoter containing 2x sf-1 binding cossis site (2xTCA), while binding to

mutated version of this consensus 2x sf-1* (2xT@&3} silent (Asahina et al., 2006).

1.4 Cyclin E

C. elegans cyclin E homolog (CYE-1) does not pigydal role in the cell cycle G1 to
S phase transition, but instead is required for rgodenesis and formation of vulva and
gonad and regulates asymmetric division of songaiitad precursor cells (Fay & Han, 2000;
Brodigan et al., 2003; Fujita et al., 2007). Mudatiin cye-1 results in impaired cell fate
decision during formation of vulva, phenotype sanito loss of function of NHR-25. In
mammals cyclin E interacts with NHR-25 ortholog RH-1 (Botrugno et al., 2004). Two
potential NHR-25 binding sites were found in cyg@tbmoter region. NHR-25 seems to

activate wild-type cye-1 promoter in luciferase agpr system in mammalian cell cultures,



whereas NHR-25 did not activate when one of thessdr both were mutated (Asahina,

Korinek, Rynes, unpublished data).

1.5 Chromatin Immunoprecipitation

Since genomes of chosen model organisms are fedjyenced, research was focused
on genome functional properties and the charaetigoiz of regulatory elements involved in
controlling gene expression, gene function and genstability. The regulation of genome
functions is mostly mediated through strictly coiied, dynamic and transient protein-
chromatin interactions with crucial role in physigl/, homeostasis and development. Many
diseases and cancer are caused by malfunction &tidihding proteins such as transcription
factors, histone modifying enzymes or DNA repaiotpins (reviewed in Wong & Wei,
2009). One of the techniques which serve for ingasbn of protein-DNA interactions that
occur inside the nucleus of living cells is chromammunoprecipitation (ChlIP). Because of
its importance number of ChIP-performing laborasinas been rapidly growing past years.

In 1978 formaldehyde crosslinking was first useddémonstrate histone—-DNA and
histone—histone interactions in isolated nucleickdan, 1978). Immunoprecipitation of
protein-DNA complexes after crosslinking with foraehyde or UV light and chromatin
shearing was introduced several years later (Giindluis, 1984; Solomon et al., 1988).
Further improvement was ensured by developmentlet8ve antibodies and introduction of
polymerase chain reaction (PCR). Linking ChIP ancdroarray technique in ChIP-chip (also
ChIP on chip) method represented expansion of aisaly genome-wide context (Ren et al.,
2000; lyer et al., 2001).

ChIP was originally established for culture™fosophila cells (Solomon et al., 1988)
and other cell cultures were used later includirgmmalian lines. ChIP procedure is also
possible for mammalian cell cultures transientingfected with plasmids containing studied
binding sites and/or gene encoding protein of edge(Luo et al., 1998; Wells & Farnham,
2002; Belyaev et al., 2004; Kobayashi et al., 2066y C. elegans ChIP was performed with
embryos (Ercan et al., 2007) and also with larva@adult worms (Mukhopadhyay et al.,
2008).



1.6 Detailed ChIP procedure

During ChIP procedure, transient protein-DNA int#i@ns in living cells are captured
using crosslinking agents. Isolated chromatin isntisheared and the fragmented DNA-
protein complexes are selectively enriched by imopuecipitation with specific antibodies.

After reversal of the crosslinks, the enriched DidAurther analyzed.

Crosslinking*

.
Sample, positive and negative Cell lysis aa_wd
control C. elegans strains processed fragmentation™

in parallel g
-
Total DNA isolation to serve as =~ €——— —Cb_/}
input sample
Immunoprecipilatior\gn ,
—— DNA (in triplicate) )
D DNA-binding protein 0\ /‘
Q DNA-binding protein of interest

. Antibody Washes to remove Jv

nonspecific binding
&y Chemical crosslinks

: Eﬁ:ﬁnarra E ) S— #) ,
» Cloning . Detection Reverse crosslinking = .’

Fig. 1.4. Schematic diagram of chromatin immunopreipitation procedure. ChIP starts with crosslinking
protein-DNA interactions, after chromatin sheargagnples are precipitated with highly specific amdip. Then

crosslinks are reversed and DNA is investigatec wiifferent methods i.e. PCR, microarray hybridmat

(Mukhopadhyay et al., 2008).

* Requires optimization

Crosslinking: To preserve chromatin structure during isolatiod &hlP procedure,
crosslinking (usually with formaldehyde) is necegsé&Solomon & Varshavsky, 1985;
Solomon et al., 1988). Optimization of this methedmportant as over-crosslinking will
restrict the ChIP procedure and insufficient crogshg will not conserve the chromatin
structure. Method and time of crosslinking highlgpend on material used for ChIP

experiment.



Shearing of chromatin: According to chromatin preparation and shearingPGtan
be divided to X-ChIP (shearing of crosslinked chabm by sonication) and N-ChIP
(digestion of native chromatin by nucleases). Bb#ve their pros and cons (O'Neill &
Turner, 2003). Optimal conditions for chromatin &tikeg can be verified by electrophoresis
as chromatin is mostly sheared into fragments ranfiom 250 to 750 bp in the ideal case.
For X-ChIP low power sonication with several pulsesl effective cooling of the sample
should not result in foaming or overheating the gl@nand thus loss of the material (Clarkson
et al.,, 1999). Digestion of chromatin with nucleass significantly reduce variability of
samples introduced with uneven sonication.

Immunoprecipitation of crosslinked and sheared chraatin: Antibody (Ab) is the
most important factor in whole ChIP procedure. ®gstul use of selected antibody in other
methods (i.e. Western blotting) does not guarange@inction in ChlP. Polyclonal Ab can
help with enrichment of low abundance protein asretognizes more epitopes than
monoclonal Ab. Antibodies can vary in sensitivity ¢rosslinks or adjacent modifications
(Hanlon & Lieb, 2004). ChIP reaction with use of aatibody (NoAb) is important control
for estimation of background.

Analysis of precipitated chromatin: Most accessible and common methods for
analysis of precipitated chromatin are conventid@R and quantitative PCR (qPCR, real
time PCR). Advantage of gPCR is detection of amambDNA during the amplification
instead of measurement the signal at the end afethaion in the conventional PCR. Diluted
chromatin which was not immunoprecipitated is uasda control for PCR (Input). More
sophisticated and genome-wide methods are analygissequencing (ChIP-seq) and
microarray (ChlP-chip, Ren et al., 2000). ChiP-ghipcedure is similar to ChlP, but instead
of PCR analysis, immunoprecipitated chromatin igiféscently labeled and hybridized to
DNA microarray. Input chromatin is labeled with fdifent fluorescent label and is also
hybridized to the array. From overlapping of thgnsis chromatin enrichment is calculated
and target sequences are localized in genome. Smgaited bioinformatics methods and
normalizations are crucial point in analysis anerpretation of the results obtained with this
high-throughput method (reviewed in Kirmizis & Fham, 2004; Taverner et al., 2004;
Hudson & Snyder, 2006; Massie & Mills, 2008; Harietgal., 2007). Advantage of ChlP-seq
is its wide-range use compared to competing Chip;abhich is restricted to organisms for
which microarrays are available. Microarrays alfferocover only portion of the genome of

the studied model (reviewed in Hoffman & Jones, 900



BecauseC. elegans cell cultures are very complicated to obtain aedgrming ChIP
directly on worms would be difficult, time consurgiand expensive, we decided to test DNA
binding capacity of NHR-25 in mammalian cell cudiuny transfecting Human embryonic
kidney cells (HEK293) which were available in oabératory. Activation of sf-1 binding
consensus site by NHR-25 was previously demonsit#@teahina et al. 2006) and it served as
a positive control to establish and optimize ChiRur laboratory. No innate target of NHR-
25 was known. Because we had gedsFP antibodies, fusion protein EGFP::NHR-25 was
used for the ChlIP.



2. Goals of the work
1. To establish chromatin immunoprecipitation (ChIRthod using NHR-25 and NHR-
25/SF-1 binding consensus sequence in transiemdigsfected mammalian cell
culture.

2. To analyze ChIP samples with conventional PCR &1dRy}

3. To pull down MBF-1::GFP fusion protein from a trgegsic worm strain as a

preparation for ChiIP i€. elegans.



3. Materials and methods
3.1E. coli

3.1.1 Preparation of competent cells

(Inoue et al., 1990).
Transformation buffer (TB): 10 mM piperazine-N;bis(2-ethanesulfonic acid) - PIPES
15 mM CaCl}
250 mM KCI
dissolve and set pH = 6.7 with KOH; autoclave
55 mM MnC}, as filter-sterilized 1 M stock

SOB medium: 20 g Bacto-tryptone
5 g Bacto-yeast extract
5 g NaCl
2.5 ml 1M KCI
ddH0O t01000 ml

1. Inoculate single colony of DHbcells into 3 ml of SOB, grow overnight at 25 orG7

2. Add 1 ml of the culture into 240 ml SOB, grow withigorous shaking at room
temperature (RT) but no more tharf@auntil OD;o0 = 0.6. This may take overnight.

3. Cool 10 min on ice.

4. Spin at 2500 x g for 10 min at@, resuspend in 80 ml of cold TB on ice.

5. Incubate 10 min on ice. Spin as in step 4.

6. Resuspend in 20 ml of cold TB. Add 1.5 ml of DMSQ4(final conc.) Mix well.

7. Incubate 10 min on ice.

8. Keeping the cells on ice, divide by 2Q@Daliquots into sterile 1.5 ml tubes on ice.

9. Close tubes and freeze in liquid nitrogen. Stor8&tC.

3.1.2E. cali transformation by heat shock

LB medium: 10 g Bacto-Tryptone
5 g Bacto-yeast extract
10 g NaCl
ddH20to 11
adjust pH to 7.0 and autoclave to sterilize

LB plates: LB medium + 15 g Bacto-agar per 1 |

1. To 200ul of fresh competent cells on ice add completedtian reaction or plasmid
DNA (10 ng).

2. Mix and incubate on ice for 30 min.

3. Heat shock on 42 °C water bath for 90 sec, chilicerfor 2 min.
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Add 0.8 ml of LB medium and incubate at 37°C formih with shaking.
Dry LB-antibiotic plates at 37°C.
Plate 10 to 20Ql of transformed cells per 10 cm plate.

N o g k&

Incubate plates inversed at 37°C for 16 to 20 hours

3.1.3Plasmid preparation
Plasmid DNA was prepared with following kits: QIAGEPIasmid Midi Kit, QlAprep Spin
Miniprep Kit (Qiagen), PureYield™ Plasmid Midiprepystem (Promega) according to

manufacturer’s instructions.

3.1.4Glycerol stock ofE. coli culture
1. Mix 850 ul of grown bacterial culture and 150 of sterile glycerol.
2. Snap freeze in liquid nitrogen. Replace to -80°C.
3. When recovering from frozen stock quickly scrapeén cells (avoid melting of the
whole stock), place on fresh LB plate with relevantibiotics and grow overnight
at 37°C.

3.2 Human Embryonic Kidney (HEK 293) cell culture
Manipulation based on manual for AD-293 Cells (GBigane).

3.2.1 Media and reagents:

Growth Medium - Dulbecco's Modified Eagle MediumMEM, Gibco) containing:
4.5 g/L glucose
110 mg/L sodium pyruvate
2 mM L-glutamine
supplemented with 10% (v/v) heat-inactivated fetal
bovine serum
100 U of penicillin and 10Qg of streptomycin

Freezing Medium (100 ml): 50 ml DMEM
40 ml heat-inactivated fetal bovine serum
10 ml dimethylsulfoxide (DMSO)
Filter sterilize

Phosphate-Buffered Saline (PBS)137 mM NacCl
2.6 mM KCI
10 mM NaHPO,
1.8 mM KH,PO,
Adjust the pH to 7.4 with HCI

11



Trypsin-EDTA Solution: 0.53 mM tetrasodium ethylenediamine-tetraacetid aci

(EDTA)
0.05% trypsin

3.2.2 Establishing culture from frozen cells

1.
2.

Place 10 ml of growth medium in a 15-ml conicalgub

Thaw the frozen cryovial of cells within 40-60 seds by gentle agitation in a 37°C
water bath. Remove the cryovial from the water lzatl decontaminate the cryovial
by immersing it in 70% (v/v) ethanol (at room temgiare).

Transfer the thawed cell suspension to the cornida¢ containing 10 ml of growth
medium.

Collect the cells by centrifugation at 200 x g f®rminutes at room temperature.
Remove the growth medium by aspiration.

Resuspend the cells in the conical tube in 5 nfilesh growth medium.

6. Add 10 ml of growth medium to a 75-értissue culture flask. Transfer the 5 ml of cell

suspension to the same tissue culture flask. Rlaeecells in a 37°C incubator at
5% CQ.
Monitor cell density daily. Cells should be passhgéhen the culture is >80% of

confluence.

3.2.3 Preparation of an HEK293 Cell Liquid NitrogenStock

1.

When growing cells for the production of an HEK28fiid nitrogen stock, cultures
should be maintained a60% confluence.

Collect cells from a healthy, log-phase culture.midee the culture medium by
aspiration. Trypsinize cells for 1-3 minutes in-ib of Trypsin-EDTA solution.
Incubate the cells in the Trypsin-EDTA solution fble minimum time required to
release adherent cells from the flask. This proogsg be monitored using an inverted
microscope. Excess trypsinization may damage bthélcells.

Dilute the cells with 8.5 ml of growth medium. Therum in the medium inactivates
the trypsin. Transfer the suspension to a 15-micabrtiube, and then collect the cells
by centrifugation at 600 x g for 5 minutes at rommperature.

Remove the medium by aspiration. Resuspend thepebdt in a minimal volume of
growth medium (containing 10% fetal bovine seru@unt the cells present in an

aliquot of the resuspension using a hemocytometer.
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5. Dilute the cell suspension to 1 x®1€ells/ml in freezing medium and then dispense
1 ml aliquots of the suspension into 2-ml cryovials

6. Freeze the cell aliquots gradually by placing tiesvin a container and then placing
the container in a —80°C freezer overnight.

7. Transfer the vials of frozen cells to liquid nitesgfor long-term storage.

3.2.4 Passaging of HEK293 Cells
When the cell monolayer is at >80% confluency, HE&2ells should be split at a 1:10 ratio.
1. Remove the growth medium by aspiration. Wash agllse with 10 ml of phosphate-
buffered saline.
2. Trypsinize cells for 1-3 minutes in 1.5 ml of Tryp&DTA solution.
3. Dilute the cells with 8.5 ml of growth medium taautivate the trypsin.
4. Transfer 0.8 ml of the cell suspension to a freSkci®f tissue culture flask and add
7.2 ml fresh growth medium. Place the cells in &C3ihcubator at 5% C® Monitor
cell density daily.

3.2.5 Counting cells with Burker cell

SESY T S S 1 S 11

i
[

(Lavens and Sorgeloos, 1996)

Fig. 3.1. Burker cell - for counting directions follow arrow. For bottount the cells in the square and those
which touch the top and left border (). Do not mbthe ones touching the right and lower border {dje
distance between the cover glass and the surfatteofiled area is 0.1 mm. The volume defined fysguare
mm is thus 0.1 cubic mm.
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3.2.6 Cell lysis and genomic DNA isolation for PCR
(Kontgen and Stewart, 1993; Sambrook and Rus<dll R
The protocol is for 96-well plate (scale for bigdlesks/ plates).

PCR lysis solution B: 10 mM Tris-ClI (pH 8.3)
50 mM KCI
2 mM MgCh
0.45% (v/v) Nonidet P-40 (NP-40)
0.45% (v/iv) Tween-20
20 ug/ml proteinase K

Lysate buffer: 670 mM Tris-Cl (pH 8.8)
166 mM ammonium sulfate
1 mg/ml bovine serum albumin

=

Remove the medium from cultures of cells growin§éawell plates.

2. Deliver 50ul of PCR lysis solution B into each well and lyse tcells by incubation
overnight at 37°C, followed by 30-minute incubatiah 95°C to inactivate the
proteinase K.

3. To each lysate add an equal volume of a lysateshuff

4. Use 10-5Qul aliquots of the DNA preparations as templateB@Rs.

3.2.7Mycoplasma detection

HEK?293 cell cultures were occasionally tested Kbycoplasma sp. contamination using
Veno® GeM Mycoplasma Detection Kit for conventional PQ®inerva Biolabs) according
to manufacturer’s instructions. Lower band 191 §gasitive control for PCR, upper band
(270 bp) occurring only in positive control Mycoplasma specific fragment (Fig. 3.2.). All

cell cultures used for experiments were free of dpfasma contamination.

bp123456
300 w—
Land

200 NN e S S e e

Fig. 3.2. PCR analysis to test Mycoplasma contamitian in the cell culture media
lane 1, DNA Marker; lane 2, Negative control; lar&8, independent cell culture samples; lane 6jtipes
control

3.2.8 Transfection using Polyethylenimine (PEI)
(based on V. Bryja’s protocol, Masaryk UniversitsnB)
PEI: Aldrich cat. no. 40,872-7, stock solution p# 7

Protocol for 10 cm plate (can be scaled down irstiree ratios, tab. 3.1)
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1. Mix 400 pl of serum free media (DMEM) with 5 ug of plasmidNB and 12.5 ul of
PEI (1:2.5 ratio). (You can go up to 12 ug DNA/1M plate if you need to increase

efficiency). Technically is the best to pipette DN#o tube and add the mixture of

DMEM/PEI (mastermix).

2. Mix by vortexing and let the complexes to form i&r min RT.
3. Pipette it on sub confluent cells in complete media
4. (optional) Spin cells 10 min @ 300g.
5. Let cells transfect for 4 hours.
6. Change to fresh media (DMEM with 10% serum) aftehaurs (because of PEI
toxicity) - collect in 24 or 48 hours after thertsdiection for analysis.
dish area Medium [ul] DNA [ug] PEI [ul]
10 cm plate 60 cnf 400 5(12) 12.5(30)
6-well plate 10 cnf 80 1(2,4) 2,5 (6)
24-well plate 2 cnf 16 0,2 (0,5) 0,5 (1,25)

Tab. 3.1. Scales for the most commonly used plates.

3.2.9 Transfection using Lipofectamin&” 2000

Cells were transfected according to Lipofectamin2000 Transfection Reagent manual

(Invitrogen).

3.3C. degans culture

3.3.1 Handling of worms

Rich nematode growth medium (RNGM) plates: 3 g NaC

S-basal gelatin composition

15

7.5 g Bacto Peptone

20 g Agarose/Agar

5 ug cholesterol

1 mM CaC}

1 mM MgSQ

25 mM K-phosphate (pH 6.0)
deionized water to 1 |

100 mM NacCl
50 mM potassium phosphate (pH 6)
5 ug cholesterol
0.05% gelatin



C. elegans worms were cultured on RNGM plates fed onchBli strain OP50 at 20°C as

described (Brenner, 1974) and transferred to nategplindividually with platinum picker or

by washing with S-basal gelatin buffer. Worm stoakse kept at 15°C.

3.3.2 Bleaching

Technique used for synchronization of worm cultare for cleaning the culture from

contamination. Another way of synchronization of ttulture is placing 10 adult worms on

fresh plate.
Bleach mixture: 284l bleach (Savo)

180ul 4 M NaOH
535ul deionized water

1. Collect the eggs from RNGM plate using 2x 80@&-basal gelatin buffer and scraper.

Spin at 1500 rpm for 1 min, discard the part of supernatant and leave 1Q0
without disturbing worm pellet.

Add bleach mixture to worm pellet, observe for axmmately 4 min until worms start
to lyse.

Vortex, spin at 1500 rpm for 1 min, discard the esmptant, wash 2x with S-basal
gelatin, discard most of the supernatant withositudbing the egg pellet.

Place eggs on fresh plates.

3.3.3 1st strand cDNA making from worms

(Protocol by M. Asahina)
RNA extraction (total RNA using TRb.)

1.
2.

© © N o 0 b

Harvest worms from 2-3 plates using S-basal gelatin

Wash worms with diethylpyrocarbonate water (DEP®OHand discard as much
water as possible.

Add 500ul of TRIZOL (Invitrogen), total volume is about 6QQ vortex and freeze in
-80°C.

Incubate at 65°C for 15 min, vortex vigorously.

Add 1/5 volume (~12@l) of chloroform, vortex.

Incubate for 3 min at RT, spin not more than 120@0for 15 min at 4°C.
Transfer supernatant to a fresh tube.

Precipitate with 50% volume (~ 1Q@) isopropanol, vortex.

Incubate for 10 min at RT, spin not more than 120@0for 10 min at 4°C.
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10.Wash the pellet with 500l ethanol (75%, -30°C), vortex.
11.Spin at 7500 x g for 5min at 4°C, take out all laywair-dry for 5 min at RT.
12.Resuspend in 1l RNase-free KO, on ice.

First strand cDNA synthesis (20 reaction, in 0.5 ml tube)
1. Mix RNA template and 1l oligo d(T) primers.

Add 1l dNTPs (10 mM mix).

Add sterile water up to 1@ if necessary.

Heat 65°C for 5 min, Put on ice for 1 min, spirefs.

Add 7 ul cocktail: 4ul 5x buffer
2 ul 0.1 M dithiothreitol (DTT)
1 ul RNaseOUT (Invitrogen)

a k> 0N

6. Incubate at 42°C (water bath) for 5 min.

7. Add 1ul SuperScript I RT 200 W (Invitrogen).

8. Incubate at 42°C for 50 min.

9. Incubate at 70°C for 15 min.

10.Put it on ice, spin briefly.

11.Add 1pl RNaseH @37°C for 20 min (for >1 kb PCR targets).
12.Use 5 ul in 5Qul PCR reaction.

3.3.4 Microinjections
(Adapted from M. Koelle, Mello & Fire, 1995 and Msahina)

10X microinjection buffer: 20 % polyethylene glycmolecular weight 6000-8000
200 mM potassium phosphate, pH 7.5
30 mM potassium citrate, pH 7.5

Agarose pads
1. Heat 2% agarose in deionized water by autoclaving microwave.

2. While keeping the agarose warm on thermal plat@ @mproximately 9Qul on each
24x50 mm coverslip. Immediately after drop placeeaond coverslip on top, which
will flatten the agarose into a thin pad (avoidtaibbles).

3. When the agarose has hardened slide off the togrsiqy, mark the side with agarose.

4. Place the coverslips in a box, cover with alumiramd bake 20 min at 100 °C.

5. Dried injection pads can be stored for a long termwoverslip box.
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Preparation of worms

1.

Synchronize worms by bleaching and culture themoieng adults on RNGM plates
with OP50 in 20 °C.

Before injection replace worms to new plate with@R50 to get them cleaned from
bacteria.

Microinjection procedure

1.
2.

Pull the needle (GDC-1, Narishige) on vertical neguliller (Narishige).

Prepare 2@l of injection mix consisting of Ag plasmid DNA mixture in 1x injection
buffer.

Filter the injection mix just before injection thugh Ultrafree-MC column (0.im,
Millipore).

4. Load about 1.9l of injection mix to the tip of the injection nded

5. Put the clean worm on the agarose pad with dropioéral oil (Sigma).

6. Place the pad under the injection microscope (Olshpusing the lenses 4x and 40x

adjust the needle tip and gonadal arm into on€ fueae.

7. Inject one or both gonadal arms as fast as possible

8. Drop S-basal gelatin on injection pad and replacemwto fresh RNGM plate with
OP50.

Next day separate worms to new RNGM plates with@P5

Fig. 3.3. Injection into gonadal arm Swelling of the arm is visible after injection BNA mixture. Olympus
microscope, DIC, 40x lens. Note: do not overloagdhbnad or it will be damaged.
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3.4 Molecular biology methods
3.4.1. Electrophoresis

1x Tris-acetate-EDTA (TAE) 40 mM Tris-acetate

1 mM EDTA

45 mM Tris-borate
1 mM EDTA

0,5x Tris-Borate-EDTA (TBE)

DNA samples were mixed with dye, loaded on agagede(0,7-3% according to fragment
size) in TAE or TBE buffer was run about 2 hour6@t80V, stained in ethidium bromide
and photographed under UV light. 1Kb+ marker (Irogen) was used as a size standard. For

analysis of ChIP samples 3% agarose gel in TBEebufas used.

3.4.2. PCR

Simple PCR protocol: 10x PCR buffer
dNTPs (2,5 mM each stock)
Primer A (10uM stock)
Primer B (10uM stock)
DNA
Polymerase
Deionized water

25
v2

(m
(m
variablepl

0.zl
up to 24

Type of polymerases: Phusion polymerase (Finnzymesed for DNA amplification for

cloning

Tag (TopBio) — ChIP chromatin analysis

General program: Initial denaturation 94 °C
Denaturation 94 °C
Annealing variable
Extension 72 °C
Final extension 72 °C
Number of cycles: 28 to 36

Program for Phusion polymerase was performed aomuprid manufacturer’s instructions.
Annealing temperature for primer sets was estiméiteoh the sequence and verified by
gradient PCR. After optimization multiplex PCR witho sets of primers (for target sequence
and for negative control) in one reaction was ugedmplify DNA after ChIP. Annealing

temperature was 61 °C and 59 °C for conventiond® F¥imer sequences and details are in

Supplementary information (8.2 — 8.4).
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3.4.3 Real time PCR
Reaction using iQ SYBR kit (BioRad)

Single reaction (2@l; flat-top 0.2-ml PCR tubes):
Stock  Volume @l)  Final concentration

Sterile distilled water 5.0

iQ SYBR 2X 10 1x
Primer A 10 uM 0.5 0.25uM
Primer B 10 uM 0.5 0.25uM
DNA 4.0

Program:

Initial denaturation of DNA, polymerase activation hold 1: 95°C 5 min
Denaturation 94°C 45 sec
Annealing 62°C 45 sec
Extension and first READ (acquire) 7€ 30 sec
Second READ (acquire) 8 15 sec

Repeat cycle 40 times
Hold 2: 50°C 2 min
Melting analysis

Primer sequences and details are in Supplememtnyriation (8.2 — 8.4).

1. Set the dilution row of standards (DNA template lafown concentration) for
calculating the standard curve, prepare fresh é¢moh (DNA sticking to the tube
cause significant change in low concentration sas)pl

2. For each specific primer set, always prepare aeanastx containing all reagents
except DNA to minimize pipetting errors. Mix wetéreturn on ice.

3. Dispense mastermix to chilled tubes byl6

4. Add 4l of DNA samples, close tubes, vortex gently and s@turn on ice.

5. Place all tubes in the chilled rotor, screw in tigto machine (Rotor Gene 3000,
Corbett).

6. Start the program.

20



Cycling & Svbr (Page 17

o At s e O F=0,39662
: ; ; ; R2=0,99724

e M=-3,478

ok KO e S A O B=34,362

Efficiency=094

Concentration
Fig. 3.4. Standard curve with reaction efficiency alue.
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Fig. 3.5. Copy number of dilution row samples usetbr calculation of standard curve.
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Fig.3. 6. Electrophoretic separation of fragments mplified with gPCR.

Fig. 3.7. Typical melting curve obtained for gPCR amples.
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3.4.4 Cutting DNA with Restriction Endonucleases

Reaction mixture: 2l 10x enzyme reaction buffer
1 ug DNA
0,5ul restriction endonuclease (A)
(0,5 ul restriction endonuclease B if cutting with twazgmes in one
reaction)
Deionized water to 20l

Incubate according to enzyme manufacturer’s instras (usually 1 hour at 37 °C), terminate

the reaction by heating at 70 °C for 15 min.

3.4.5 Phenol chlorophorm extraction, ethanol precigation
This method also serves as inactivation of Phugaymerase after PCR.

1. Mix PCR products with equal amount of phenol/chpdrorm/isoamylalcohol mixture
(ratios 25:24:1), vortex 1 min, spin 8 min at fpeed (all centrifugations are
performed in pre-chilled centrifuge).

2. Take the water phase. Mix with equal amount of dpgborm, vortex and spin 8 min
at full speed.

3. Take the water phase, add 1/10 V 3 M sodium acefate V ethanol, 1/40 V
glycogen, precipitate at least 15 min at — 80 AC2(bours at — 20 °C).

4. Spin 15 min at full speed.

5. Wash with 50Qul of 70% ethanol, spin 5 min at full speed, reméwe liquid without
disturbing the pellet and dry.

6. Resuspend in desired amount (10420 of deionized water, measure the DNA

concentration by spectrophotometer.

3.4.6 Ligation in low melting point agarose gel
(Based on Inoue et al., 1990).
TCM buffer: 10 mM Tris-HCI
10 mM MgCl
10 mM Cad{
1. Prepare 1% agarose gel, cut the inner part ane lgevscaffold for low melting point
agarose gel (0,7-2,5%). this helps manipulatiom wie gel.
2. Separate DNA fragments with electrophoresis aneésieyl vector DNA using the
TAE buffer system.
3. Stain with gel ethidium bromide.
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4. Cut out the DNA bands with razor blade, try to miiae excessive amount of the gel,
use a long-wave UV lamp to prevent damage of DNA.

5. Melt the gel slices for 10 min on 65-&7 water bath in sterile tubes.

6. Prepare two sets of small sterile tubes. In omersix appropriate combinations of
melted gel containing insert (e.gpf and vector (e.g. fl) DNA. Set the volume to
about 13pl with sterile deionized water, mix well and retum65-67C for 5 to 10
min.

7. Work on ice, prepare 1@l of 2x concentrated ligase buffer containing ATRda
1 pl of T4 DNA ligase (Promega) per each reactiorthioother set of tubes add (1D
of the ligase mix.

8. Add 10l of the melted gel mixture into the appropriatedwvith ligase mix on ice
(when pipetting the hot gel, wait 3 seconds befaneing with ligase not to kill the
enzyme), immediately and thoroughly mix by pipajtinp and down before the gel
solidifies.

9. Incubate ligation reactions for 12 to 16 h at@6

10.For transformation, melt the completed reaction fioix 15 min on 65-67C water

bath, add 40-8Ql of sterile distilled water or TCM buffer to pravegelling.

3.4.7 Sequencing
Using the ABI Big-Dye-Terminators v.1.1 (Perkin iy based on the manufacturers

instructions.

Reaction composition:

2.5x sequencing reaction buffer uk

Big-Dye Terminator kit (1.1) 4l

Primer 3.2 pmol (3.2l of 1uM stock)
H.0 up to &

Mix DNA (1 pg of plasmid DNA gives good result) and@to 12ul and add 8u of premix.
Total reaction volume: 20l

Procedure:
1. Run the reaction.
2. Clean the product using G-50 column.
3. Dry using speedvac (30-40 min) at RT.
4. Submit samples for sequencing on ABI 310 autonssuencer.
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5. Process the sequences using Chromas (Technelyand)NAStar (Lasergene)

software.

3.4.8 Gel image analysis

Using Image Quaht' and Image Quaff TL software (Molecular Dynamics) according to

manufacturer’s instructions.

1. Preparation: determine the optimal amount of PGRtren cycles for set of samples

(try to avoid saturation of reaction), run PCR,a@ape fragments on gel (3% agarose

gel in TBE gives nice results for small fragmentowt 100-200 bp), stain with

ethidium bromide, take photo on UV transilluminatith ideal exposure time and

aperture (avoid loosing information in strong bahgdong exposure).

2. Open image in Image Quant software.

3. Make a selection of areas of interest.

4. Choose appropriate background correction methadetat step (fig 3.8 - 3.10)

a.
b.

None no background subtraction

Local Average counts background from the value of pixels undath the line
trace of each individual analyzed object (gives maaerage), it is used when
background is not even, avoid the perimeter ofcsetkobject overlay part of
another band or dust

Local Median similar to Local average, but instead of takinmmean average
value, it takes a median, which reduces the eftdédpeckles on the object
perimeter

Object Average value chosen background rectangle is subtractaeh the

volume, it is used when background is even but baareé too close to use
Local Average or Local Median
Histogram Peakwhole lane of the band that is used to produeehietogram

and the most often occurring value is chosen aackdmound, be aware of

another bands or artifacts above or below the bbjec

5. Perform volume report analysis.

6. Export data to Microsoft Excel.
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Fig. 3.8. Gel image that was used in Image Quantfsware for band volume calculations.
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Fig. 3.9. Amount of background calculated with diferent amounts of background correction.
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Fig. 3.10. Band volume levels corrected with diffemt methods of background correction.

3.4.9 Chromatin immunoprecipitation (ChlIP)
Using ChIP-IT™ Express Enzymatic kit (Active Moti@nd manufacturer’s instructions.

Solutions and reagents provided in the Edx PBS, 10x Glycine buffer, 100 mM PMSF,

Protease inhibitor cocktail (PIC), Enzymatic shegrtocktail (2x 16 U/ml), 0.5 M EDTA,
Protein G Magnetic Beads, ChlIP buffer I, ChIP buffe

Preparation of cells, fixation, chromatin shearing

1.62 ml 37 % formaldehyde
60 ml minimal cell culture medium (DMEM)
Mix and leave at RT

Fixation solution:

1x PBS: 7ml 10x PBS to 63 ml of d@8, place on ice

25



Glycine stop-fix solution: 3 ml 10x Glycine buffer

3 ml 10x PBS
24 ml dHO
Mix and leave at RT

Cell scraping solution: 608 10x PBS

5.4 ml dHO
Mix and place on ice, just before use addiBD00 mM
phenylmethanesulphonylfluoride (PMSF)

Transfect one or two 75 cnflasks with PEI or Lipofectamine™ 2000 as desatibe

above for one of plasmid constructs set.

2. Grow cells to 70-80 % confluency.

9.

Before harvesting cells prepare solutions aboveo(arnfor three 15 cm plates or six
75 cnf flasks).

Pour medium off the cultured cells, add 10 ml ofafion solution per 75 chflask
and incubate on a shaking platform for 10 min at RT

Pour Fixation solution off the plates and wash ek with 5 ml ice cold 1x PBS,
rock the plate for 5 sec, pour off the PBS.

Stop the fixation reaction by adding 5 ml Glycinepsfix solution to each of the
flasks, rock 5 min at RT.

Pour off the Glycine stop-fix solution; wash withr ice cold 1x PBS, rock for 5 sec
and pour off the PBS.

Add PMSF to Cell scraping solution, add 1 ml oftlolution to each flask and scrape
cells with cell scraper, collect the cells to amibconical tube on ice.

Spin the cells at 720 x g for 10 min at 4°C.

10.Remove the supernatant and discard, pellet carolerf at this point, if freezing add

1 ul 100 mM PMSF and il PIC and freeze at -80°C.

11.Thaw the pellet (if necessary), resuspend cell250 ul ice-cold Lysis buffer (with

1.25ul PIC and 1,251 PMSF), incubate on ice for 30 min.

12.Transfer the cells to an ice-cold dounce homogenigently dounce on ice with

10 strokes to aid in nuclei release, transfer della 1.7 ml microcentrifuge tube and

centrifuge at 2400 x g for 10 min at 4°C to petlet nuclei.

13. Carefully remove the supernatant and discard, pesiksthe nuclei pellet in 254

Digestion buffer (with 1.2%l PIC and 1.25%1 PMSF), pre-warm the solution at 37°C

for 5 min.
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14.Prepare a working stock of Enzymatic shearing @kk200 U/ml) by diluting the
supplied Enzymatic shearing cocktail (2X' 10ml) 1:100 with 50 % glycerol in di®
This stock is stable for 1-2 weeks at 4 °C.

15.Add 12.5ul of working stock of Enzymatic shearing cocktail pre-warmed nuclei
and vortex to mix, incubate at 37°C for 10 min,tearthe tube periodically during the

incubation.

16. Stop the reaction by adding® of ice-cold 0,5 M EDTA to each tube, chill on ice
10 min.

17.Spin the sheared DNA samples at 10 000 — 15 00QatpfC for 10 min, collect the
supernatant, which contains sheared chromatinpustore at -80°C, remove 2bfor

use in checking the DNA shearing efficiency and Dbbhcentration, split the rest to
several aliquots.

(@) (b)
12 3 45 6 7 12 3 45 6 7
bp *;-—‘-'-—--s__:-c.‘._- - —— bp — == ..

* 1000
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Fig. 3.11. Enzymatic shearing of chromatin isolatedrom cross-linked HEK293 cells In the beginning of
ChIP procedure after the transfection, cells west ¢hemically cross-linked. Then, chromatin wedated and
enzymatically sheared by incubating for 10 min at°8 in enzymatic shearing cocktail supplied in ’GHT ™
Express Enzymatic kit. Shared DNA was checked oagarose gel. Image shows shared DNA before phenol-
chloroform extraction and ethanol precipitation éad after (b) for each samples. Cells were tratsfewith
various DNAs (lane 2, 2 x sf-1* + pEGFP:nhr-25;daf, 2 x sf-1 + pEGFP:nhr-25; lane 4; 4 x sf-1* +
pPpEGFP:nhr-25; lane 5, 4 x sf-1 + pEGFP:nhr-25; I&nepEGFP:nhr-25; lane 7, untransfected cells) and

chromatin was isolated from each transfection dwadesl. In all samples, chromatin was efficientlgasied into
200 to 1500 bp fragments.

Capture chromatin on magnetic beads

1. Thaw the chromatin, separate {iGas the Input DNA for PCR control, store at 4°C if
used within 6 hours or at -20 °C.
2. Setup the ChIP reaction in 1.7 ml siliconized meematrifuge tubes:

Protein G Magnetic Beads 25 (fully resuspended by mixing or vortexing)
ChIP buffer | 10ul

Sheared chromatin 15 -10D
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PIC 1yl

Antibody 1-3ug (1-20ul rabbit polyclonaltGFP) — the final
component added to the reaction

dH20 to 10Qul (or to 200ul if more than 6Qul of chromatin is
used)

Cap tubes and mix thoroughly.

4. Incubate on a rolling shaker for 4 hours at 4°Q\sgevity might be improved if the
incubation is performed overnight.

5. Spin briefly to collect liquid from the inside did cap.
Place tube in magnetic stand to pellet beads otutieeside.

7. Carefully remove and discard the supernatant.

Wash Magnetic Beads
1. Wash beads two times with 8Q0 ChIP buffer |1 — after addition of wash buffer

incubate samples for several min with gentle agmabefore removing the buffer
(increases specificity).

2. Wash beads two times with 8@0 ChIP buffer Il, after final wash remove as much
supernatant as possible.

Elute chromatin, reverse cross-links and treat Withieinase K

Procedure was performed according to ChIP-IT manual

PCR analysis
Performed according to ChIP-IT manual and protoablsve.

PCR data normalization

Summary of controls and normalization types in pssing ChIP data:

Controls Primers sets to test Purpose

(a) Controls for ChIP
Input Sample All primer sets Positive control for presence of chromatin,
used to calculate %IP

No Antibody control All primer sets Determines background signal level

(b) Controls for QPCR

Calibration line All primer sets Positive control for QPCR, used for
quantification of QPCR signals

Melting curve All primer sets Tests for amplification of the correct fragment

No-template PCR All primer sets Negative control for QPCR, indicates primer

artifacts

Tab. 3.2. Important controls for gPCR and ChIP (Haring et al., 2007)
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Normalization strategy Normalization method Points of interest

No normalization ChlP data is not normalized, equal amounts of Differences in chromatin purity may cause differences in
input chromatin are used in different experiments  ChlP signal

Background subtraction The no-antibody signal is subtracted from the Background signal levels in the NoAb control samples may
ChlP signal be different from those in the ChIP samples, depending on

the used primer set, chromatin purity and sample handling.
The normalization will be strongly influenced by fluctuations
in the background signal

Fold enrichment Normalization to background signal See Background subtraction
% of input Normalization to the amount of input chromatin  Differences in sample handling between input and ChIP
samples affect the normalization
Relative to control genes Normalization to the ChlIP signal obtained at a Control sequences need to be developed. Control ChIP
control sequence signals may differ between different tissues and
developmental stages
Relative to nucleosome density Normalization to the ChlP signal obtained with ChIP signals obtained with different antibodies are difficult
an antibody for unmodified histone protein to compare quantitatively. Regions with low nucleocsome

density can yield incorrect normalization

Tab. 3.3. ChIP — gPCR data normalization method¢Haring et al., 2007)

3.4.10 Protein pull down
Preparation, cross-linking and sonication of worms
(Based on Mukhopadhyay et al., 2008)

HLB: 50 mM HEPES-KOH, pH 7.5
150 mM NacCl
1 mMEDTA
0.1% (wt/vol) sodium deoxycholate
1% (vol/vol) Triton X-100
0.1% (wt/vol) SDS
1 mM PMSF and diluted protease inhibitor cockgad pl /ml)

CB: 1x PBS containing 1% formaldehyde (vol/vdhistsolution is made fresh each time
and discarded after use. Maintain at RT.

1. Harvest worms by centrifugation at 650 x g for Zyydiscard the supernatant. About
0.4 ml of pellet (50000 or more gravid adults afid@ or more L4/young adults)
gives best results.

Wash the worm pellet three times with 30 ml 1x RB&move bacteria.

3. Wash the worm pellet once with 3 ml of CB, quicklyin down for 30 s at 650 x g
and then resuspend in 3 ml of fresh CB.

4. Use a glass Dounce homogenizer to lyse the wormigibaand allow the fixative to
penetrate the worms. Use eight strokes with aukf8dfter each stroke.

5. Transfer the worm suspension to a 15-ml tube. Wteh homogenizer with an
additional 1 ml of CB and add to the suspensiaménl5-ml tube. Incubate at RT on a
shaker (25 rocking actions per minute) for 20 nfioxr ChIP crosslinking time should

be determined experimentally)
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6. Add 200 ml of 2.5 M Glycine to the same tube ancubate on the shaker for an
additional 15-20 min. The Glycine quenches the &d®hyde and stops the
crosslinking reaction.

7. Pellet worms by centrifugation at 650 x g for 2 min

8. Wash the pellet four times with 15 ml of 1x PBS teamng protease inhibitor cocktail
and snap freeze in liquid nitrogen, (crosslinkedm&may be stored indefinitely at
-80°C).

9. Thaw worm pellet from Step 8 on ice and add 2 mlfreshly prepared HLB
containing protease inhibitor cocktail.

10. Pellet worms by centrifugation at 650 x g for 2 rdiC), remove the supernatant and
resuspend the pellet in 8Q0of HLB.

11.Incubate on ice for 10 min.

12. Using the M5 73 probe sonicate the worms 4 timek piogram settings: 10s, cycle:
5 (5 strokes), output 50%, between the sonicatobiisthe tube at least 2 min on ice
(dry ice with ethanol or ice chilled with liquidtrmgen) to prevent overheating and
frothing, which results in loss of sample.

13.Centrifuge the lysate (16000 x g, 4°C, 15 min) &llgd the debris. Transfer the

supernatant to a fresh tube carefully, avoidingtfttg debris.

Immunoprecipitation with Dynabeads-protein G

TBS: 50 mM Tris-HCI (pH 7.8)
150 mM NacCl
1 mM EDTA (pH 8)

TBS/N: TBS + 0.01% NP-40

Lysis buffer: 25 mM Hepes pH 7.4
60 mM NaCl
1% Triton X-100
1 mM EDTAPpH 8
1,5 mM MgCI2
Roche complete tablet Protease inhibitors 25xeilwr 1 tablet Roche
miniEDTA free for 10 ml Lysis buffer

Tris: 50 mM Tris-HCI, pH 7.5
Tris/SDS: 50 mM Tris-HCI pH 6.8 + 2% SDS

1. Resuspend the beads in the vial by vortexing (1i¥§.m
2. Transfer 20ul beads to 1.5 ml Eppendorf tube, place the tulrelfamin in the
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magnetic stand and than pipette off the fluid.

3. Wash 3x 1 minin 1 ml TBS — 1 min washing on thitiag (or rocking) device, then
1 min in magnetic stand, discard the fluid.

4. Resuspend he beads in @Dof TBS/N + antibody; incubate for 1 hour at RT on
rotator.

5. Collect beads for 1 min in the magnetic stand,at$¢he fluid.

6. Wash 3x 5 min in 1 ml TBS/N — 5 min washing on total min in magnetic stand,
then discard the fluid.

7. Add protein lysate to the beads — do not exceedhBxvolume (10Qul) of beads
originally pipetted from the stock, save an aliqudor SDS-PAGE.

8. Incubate 4 hours at 4°C on the rocking platformodator.

9. Collect the beads for 1 min in the magnetic statisicard the liquid, but save an
aliquot 2 for SDS-PAGE.

10.Wash 3x 10min in 1ml Lysis buffer (with proteasénibitor cocktail) at 4°C on
rocking platform.

11.Wash 2x 10 min in 1 ml TBS/N at 4°C on rockingtfdem.

12.Resuspend in 2pl of Tris/SDS, leave for 15 min at RT, mix occastn

13.Collect the beads for 1 min in magnetic stand, sheesupernatant for SDS-PAGE

and discard the beads.

SDS-PAGE and western blotting

5x Running buffer: 15,1 g Tris base
94 g glycine (electrophoresis grade)
25 ml 20% SDS
Distilled water to 1000 m|

Transfer buffer: 5.72 g sodium borate per 100@dndlistilled water

10x Ponceau: 30 g trichloracetic acid
30 g sulphosalicylis acid
2 g Ponceau reagents
Distilled water to 100 ml

Sample buffer: 50 mM Tris-HCI (pH 6,8)
10% glycerol
2% SDS
100 mM DTT
Distilled water to 1 ml
Bromphenol blue

1. Boil samples in sample buffer for 10 min, spin fiyi@t maximum speed.
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2. Load 10 or 15ug of total protein in sample buffer on 10% SDS-PA®Higel with
stacking gel on top.

3. Run under 100-120V at RT for 90 min or until brorapbl blue reaches the edge of
gel.

4. Remove gels, cut off the stacking gel and markotientation by cutting one corner.

5. Soak for several minutes in transfer buffer alonghwd MM filter paper and
components of the BioRad transfer apparatus.

6. Setup transfer using the Protran (Schleicher ahai&b nitrocellulose.

7. Transfer with stirring for 2 hours at RT under 28\ constant current per each
transfer unit.

8. Check quality of the transfer and equal loadingstaining with Ix Ponceau reagent;
shake for 5 min in Ponceau, then rinse with sevdrahges of distilled water.

9. Store filters sealed in a plastic bag refrigerated

Immunoblotting

1x TBST buffer: 50 mM Tris-HCI (pH 7.8)
150 mM NacCl
1 mM EDTA (pH 8)
0.1% Tween-20
(10x TBST can be made)

Blocking buffer:  1x TBST
5% BSA (fraction V, Sigma)
5% nonfat dry milk
(Keep refrigerated, use within 24 hours)

1. Seal up to two filters in a Seal-a-meal bag withl@f blocking buffer

2. Block overnight on rocking platform at 4 °C.

3. Drain most of the blocking buffer into a clean tudvel add the appropriate dilution of
primary antibody to this tube, mix well, then retdo the bag, re-seal and shake well.

4. Incubate for 2 h at RT with shaking.

5. Discard the primary antibody solution and washfiiters 5 times for 10 min per each
change with shaking in fair amount (150 ml) of TB&TRT

6. Seal filters in a fresh bag with 5 ml of blockingiffer containing peroxidase
conjugated secondary antibody

7. Incubate for 1 hour at RT with shaking

8. Wash 5 times in TBST as in step 5.
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Detection with chemiluminiscence (ECL)
Frozen aliquots: Luminol (Sigma A8511): 250 mMOMSO
p-coumaric acid (Sigma C9008): 90 mM in DMSO

Solution 1: 4.5 ml water
500ul 1 M Tris-HCI (pH 8,5)
50 ul 250 mM luminol
22 ul 90 mM p-coumaric acid

Solution 2: 4.5 ml water
500ul 1 M Tris-HCI (pH 8.5)
3 ul 30% HO;
1. Combine solutions 1 and 2 just before use.
2. Incubate the membrane for 2-5 min and immediatelgpwand expose (the signal
rapidly decreases and is completely dead afterS3@m).
3. Save the photo using luminometer Fuijifilm LAS 3000.

Stripping the membrane after western blotting

Stripping buffer: 2% SDS
65.5 mM Tris-HCI pH 6,8
100m M Mercaptoethanol (142.5x dilution)

1. Seal in bag with 5 ml of stripping buffer, incub&@ min at 70°C in water bath, stir
the water.
2. Block again in blocking buffer overnight before uh@tion with another primary

antibody.

3.5. Worm strains

The wild typeC. elegans Bristol strain (N2) and the following transgeniedamutant strains
were maintained according to the standard prot(®@nner, 1974) at 20°C. N2 was used for
microinjections. Strain MH1958hr-25(ku217) (Chen et al., 2004) was used for 1st strand
cDNA synthesis ohhr-25(ku217) mutant allele. C. elegans B4 strain carryjngex2[ mbf-
1promoter::MBF-1::gfp+pRF4] (Asahina, unpublished data) was used for GFP gain

experiment.
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3.6 Antibodies

Following antibodies were used for immunoblotti@iplP and protein pull down.
Primary antibodies:

Polyclonal RabbitGFP (Lukas et al., 2009)

Monoclonal MousexGFP (Sigma cat.n. G 6539)

Polyclonal Rabbit antiimMBF-1 (Jindra et al., 2004)

Rabbit antiserumNHR-25 (Asahina et al., 2000)

Rabbit polyclonal antieMET (Jindra, unpublished)

Secondary antibodies:
Rabbit anti-Mouse HRP (Sigma)
Goat anti-Rabbit HRP (Jackson Immuno Research. &t 1r035-144).
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4. Results

We used human embryonic kidney cell line (HEK298)tas commonly used for cell
transfection assays and chromatin immunoprecipitaChlP) method to study DNA-binding
capabilities of th&Caenorhabditis elegans nuclear hormone receptor NHR-25. To date there is
no C. elegans cell line available and it has been tested thaRMNt3 can be active in HEK293
on luciferase reporter assay (Asahina et al., 2006¢ work presented here also serves as a
preparation for ChIP directly froi@. elegans.

4.1 Testing ChIP-IT kit

For ChIP assay, we used commercially available @hTP Express Enzymatic kit
from Active Motif®. First, ChIP-IT Control Kit - Human was used for technical conwal
HEK293 cells. Chromatin was isolated from two 75°dtasks of non-transfected HEK293
cells, sheared and precipitated withRNA Pol 1l and algG antibodies. After
immunoprecipitation, chromatin was analyzed by P@k primers for GAPDH promoter
region (36 cycles) and separated by electropho@si8% agarose gel. Transcriptionally
active GAPDH promoter was immunoprecipitated anicbed with anti-RNAPol 1l antibody
whereas there was no enrichment detected usinggghtantibody (Fig. 4.1b and 4.1c).
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Fig. 4.1. ChIP with ChIP-IT® Control Kit — Human.

(a) Gel electrophoresis of PCR amplified samplasell, ChIP wittuRNA Pol Il antibody (positive control);
lane 2, ChIP witlulgG antibody (negative control); lane 3, input ahadin; lane 4, no template control for PCR;
lane 5, DNA ladder; (b) ImageQuant™ TL analysidhef electrophoresis image (band density, Objeatagee
background correction). Lanes 1-4 correspond tedan (a); (c) Ratio of immunoprecipitated DNA owveput
DNA (%). input samples were diluted 1:10. Pol2@hIP withaRNA Pol Il antibody; 1gG/In, ChIP witlulgG
antibody.

4.2 Transfection of HEK 293 cells

HEK293 cells were routinely transfected with pladmiconstructs using
polyethylenimine (PEI) or Lipofectamine 2080 Expression of the fusion protein
EGFP::NHR-25 was monitored under the fluorescerdroscope to check the transfection
efficiency and the localization of the protein. HEX3 cells were transfected with
approximately 50% efficiency (Fig. 4.2) and theidmsprotein EGFP::NHR-25 was localized
in the nucleus (Fig. 4.3) as we expectétkpression of recombinant fusion protein
EGFP::NHR-25 from the cell lysate was also verifieith specific antibodies namely
monoclonal mouseGFP and polyclonal rabbitNHR-25 antibodies on western blotting.
While there was no band detected when pK-Myc eimasvector was transfected, specific
bands (size approx. 95 kDa) were detected withlytbate from pEGFP::nhr-25 transfected
cells (Fig. 4.4).
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Fig. 4. 2. Visualization of transfection efficiencyin HEK293 cells
(a) DIC image with 40x objective; (b) Expression of GK® merged

pK-Myc pEGFP

::nhr-25

antibody
aNHR-25 “
aGFP _——

Fig. 4.3.Nuclear localization of EGFP::NHR-25 Fig. 4.4. Detection of the fusion protein
DIC image was merged with a picture taken with EGFP::NHR-25 with antibodies against NHR-25
GFP filter under a fluorescent microscope. or GFP
(right lane) Cells transfected with construct
PEGFP::nhr-25. (left lane) Cells transfected wit p
Myc vector as a negative control.

4.3 Chromatin immunoprecipitation of NHR-25

4.3.1 Conventional PCR analysis of ChIP | samples

HEK293 cells were transfected with two plasmid ¢ards using PEIL. One was the plasmid
construct contained two or four repeats of SF-Hipig consensus sequence, which was
previously found to be activated by NHR-25 in Lec#dse transfection assay (Asahina et al.,
2006), or their mutated versions which should sewra negative control for binding. The
other plasmid was the expression construct carrsaugience encoding EGFP::NHR-25
fusion protein. Untransfected cells or cells tracgéd only with one of those constructs
served as controls for estimation of backgrounellef ChiP. For ChIP, set of two 75 &m
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flasks of 50 % confluent cells was transfected wotial amount of 30 ug DNA (15 pg of each
construct or with 30 pg of one construct). ChIP wadormed from 100 pl of sheared
chromatin and the sample was incubated with 2 pgafse monoclonalGFP antibody for

16 hours. Input chromatin was diluted 10 timesH@R analysis. Samples were amplified by
PCR with sf-1 binding sequence specific primerslf&w2, ChIPBw2) or specific control
primers (NHR-25FW7, Nhr25full-R) for 36 cycles attén separated on 3% agarose gel.
Bands were quantified with ImageQuant™ TL softwig. 4.5).
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Fig. 4.5. PCR and electrophoresis gel analysis witmageQuant™ TL software for ChlIP I.

Each lane of the gel picture corresponds to thegkegyh above. 2x sf-1, 4x sf-1: promoters contajrirtimes or

4 times SF-1 binding consensus respectively; sfrtititated SF-1 binding consensus as a negativeatontr
Chromatin was amplified with either primers for $Binding consensus sequences (prom, red and obamge
or for pEGFP::NHR-25 vector (ctrl, dark or lightegn bars). NTC: no template negative control. Gh)P
samples; (-): input chromatin. Background corrattizethod: Object average.

PCR products were amplified over 8000 unit levelhwgontrol primers (amplify a
vector region of pEGFP::NHR-25) in all samples (dmms in green) except in no
pPEGFP::NHR-25 transfected samples (Fig. 4.5, |&&24). When cells were transfected
with vectors carrying either 2x or 4x of intactrautated SF-1 binding sites (2x sf-1, 4x sf-1
or 2x sf-1*, 4x sf-1* respectively) in their proneotregions, PCR products with specific
primers that amplify SF-1 binding consensus regi@re amplified with over 12000 unit
level (input samples, see orange bars). When thglsa were immunoprecipitated with anti-
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GFP antibody (red bars), the products were enrighélde samples with 2x sf-1 and 4x sf-1

(lanes 5 and 13 respectively) while there was nwlement seen in the samples with mutated

SF-1 binding sites (lanes 1 and 9). The ratio ofPGbver input samples were shown in Fig.

4.6. The enrichment is evident in samples transteutith intact SF-1 binding sites (lanes 3

and 7). No difference in enrichment between 2x afid 4x sf-1 was seen (Fig. 4.7).
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Fig. 4.6. Enrichment of promoters carrying 2x sf-land 4x sf-1 by NHR-25Each ChlIP sample shown in Fig.
6 was normalized against its input sample andatie is indicated as Y-axis.
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Fig. 4.7. Fold of enrichment after normalizing agaist control-primer data PCR data from ChIP for target
promoter sequence were divided by data for nonipéarget promoter (control) sequence.

4.3.2 Multiplex PCR analyses of ChIP | and Il

Another round of ChIP, ChIP Il, was performed. Tinecedure was similar to ChIP | except

total amount of transfected DNA for each of twoch flasks was 12.5 pg. Chromatin from
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both ChIP | and Il was then analyzed by multiple&xRPfor 28 cycles using specific primer
sets for SF-1 binding consensus region (ChIPFw2PBW2) and negative control sequence
(EGFPC2CtrIFwl, EGFPC2CtrIBwl, amplify a vectorioggof pEGFP::NHR-25) in one

reaction. Input chromatin was diluted 1:1000 fodf”Zh and 1:100 for ChIP Il for the PCR

reaction. We have noticed that the sequence inctmstruct containing four repeats of
mutated SF-1 binding consensus (4x sf-1*) createdept palindrome and therefore
significantly lowers the efficiency of PCR amplditon. Therefore this construct was

excluded for further analyses.
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1 2 3 4 5 6 7 8
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promoter 2x sf-1* 2x sf-1 no no
protein NHR-25 no

Fig. 4.8. Multiplex PCR analysis on two independenthiPs

(a) Gel electrophoresis of PCR amplified samplemfChIP | and ChIP IIlTop band corresponds to the product
detecting a promoter carrying SF-1 binding sitesifp) and the bottom band corresponds to the prasfuoon-
specific primer (ctrl, detecting pEGFP::NHR-25 @t (b) Ratio of enrichment normalized againstulnpNA.
Quantification was made using ImageQuant™ TL saewd+): ChIP sample, (-): input sample.
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There were no product specific to the promoteryagr SF-1 binding sites amplified
when neither pEGFP::NHR-25 nor plasmid with SF-ading sites were transfected (Fig.
4.8a). Two independent ChIP experiments showedehitgvel of NHR-25 binding to the
promoter with SF-1 binding consensus sequences a@upto the promoter containing
mutated SF-1 binding sequence (Fig. 4.8b and F). 4
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Fig. 4.9. Fold of enrichment of sf-1* or sf-1 binthg consensus sequence after normalization against
negative control sequence (PEGFP::NHR-25 vector).

4.3.3 Real-time PCR analysis of ChlIP Ill samples

To have more precise results, we decided to conflata with real time PCR. For this,
another round of ChIP was performed (ChIP 1lI). HBR cells were transfected in a similar
way as ChIP | and ChIP Il experiments except Lipafmine 2008" was used as

a transfection reagent and only one 75 diask per set was transfected with 30 pg of total
DNA. The ratio of transfected plasmid constructs W for plasmid containing target sf-1 or
sf-1* binding consensus sequence to NHR-25 exmmessector (encoding EGFP::NHR-25
fusion protein) (Wells & Farnham, 2002). For eadtiFCreaction, 25 ul of sheared chromatin
was precipitated with 2 pg of mouse monoclon@FP antibody or with 1, 3 or 20 pl of
rabbit polyclonaltGFP antibody. Antibody was omitted in no antiboblypAb) sample. Two
Real time PCR reactions were performed in parétleleach sample. Target sequence was
amplified with primers ChIPFw2 and ChIPBw2. Set mimers for HEK293 genomic
GAPDH promoter (GAPDHrealf, GAPDHrealr) region wased as a negative control. Data
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obtained from gPCR were analyzed in Rotor-Geneftvace, normalized with NoAb sample,
with input DNA and with negative control. Standaeliation reflects differences in parallels
in gPCR.

In the experiment with monoclonalGFP antibody, the enrichment of mutated sf-1*
consensus sequence was stronger than intact shplesa However enrichment of non-
specific sequence (ctrl) was also seen in the sfalriple while there was no such background
in the sample with intact SF-1 binding sites (FdL0). When the chromatin samples were
precipitated with three different concentrationgofyclonalaGFP antibody (1, 3 or 20 ul of
the antibody), each showed different results (Bidl). Nonetheless when these data were
normalized with control samples, the enrichmenpr@moter containing intact SF-1 binding
sites was seen in all samples (Fig. 4.12). Amomngetltoncentrations of polyclonal antibody

testes, 3 ul gave the best result.

ChIP 11l using mouse monoclonalaGFP antibody
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Fig. 4.10. gPCR analysis on ChIP Il (IP with monotnal aGFP antibody) samples after normalization
against input DNA Chromatin was amplified with either primers for $binding consensus sequences (prom)
or for GAPDH promoter region (ctrl). 2x sf-1: proteo containing two intact SF-1 binding sites, 2x1&f
promoter containing two mutated SF-1 binding sifldR-25: transfected with pEGFP::NHR-25 plasmid
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ChIP 11l using rabbit polyclonal aGFP antibody
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Fig. 4.11. ChIP with three different concentrationsof rabbit polyclonal aGFP antibody Chromatin sample
was incubated with either 1, 3 or 20 pl of polyebaGFP antibody. ChIP samples were amplified wither
primers for sf-1 binding consensus sequences (ponfr control GAPDH promoter region (ctrl). gPCRta
was normalized against input DNA for each sampesf2l: promoter containing two intact SF-1 bindsites,
2x sf-1*; promoter containing two mutated SF-1 gd sites, NHR-25: transfected with pEGFP::NHR-25
plasmid
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Fig. 4.12. Summary of ChlIP Ill. Double normalizatian against input and negative control sequence was
used.
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4.3.4 Cyclin E

Based on preliminary data, Cyclin E might be thegtde target of NHR-25 (Asahina, Rynes,
Korinek, unpublished data). Therefore two possiileding sites for NHR-25 in Cyclin E
promoter region were tested in ChIP reaction. Eitheplasmid carrying intact NHR-25
binding sites (pJR102) or mutated sites (pJR11ljewm-transfected with pEGFP::GFP
plasmid. Cyclin E ChIP procedure was similar to EHl mentioned above and was
immunoprecipitated with mouse monoclongbFP antibody. Chromatin sample was then
amplified with specific primers for cyclin E proneot(CycEpromFwl, CycEpromBw1) and
control sequence (GAPDHrealf, GAPDHrealr) in reale PCR reaction as described above.
Data were then normalized against input DNA.

There seems to be a higher enrichment with intgclirc E promoter (2x bs) compared to
promoter containing mutated binding sites (2x befgwever the similar enrichment was seen
with control primers (Fig 4.13). Therefore thisukss not conclusive.
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Fig. 4.13. ChIP for cyclin E promoter analyzed withgPCR

Chromatin sample was amplified with either priminspotential NHR-25 binding sites sequences (pronfpr
non-specific region in pEGFP::NHR-25 vector (ctrlCells were transfected either with plasmid carcitr
containing both potential binding sites (2x bswith potential binding sites mutated (2x bs*).
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4.4 GFP protein pull down from transgenicC. elegans strain.

As a preparation for ChIP directly i@. elegans, we first tried to test whether GFP
expressed in the transgenic worms can be pullechdaitih cGFP antibody. We have utilized
the transgenic worm strain B4 containimgpf-1::gfp under ubiquitousmbf-1 promoter.
Worms were grown on approximately twenty 10cm gladad harvested. Worms were first
cross-linked with formaldehyde and sonicated. Foe set of protein pull down, 1QDof
worm lysate was used. For the second ongl @iluted lysate in 50l of deionized water was
used. GFP protein was pulled down from the lysaiagurabbit polyclonabGFP antibody.
Pull down with unrelated rabbit polyclonalMet (Tribolium castaneum) antibody was
performed as a negative control. Proteins wereraggmh by SDS-page and processed on
western blotting. Membranes were incubated withbadies and detected using enhanced
chemiluminiscence technique. Incubation only witbcandary antibody was served as
a control. Polyclonal (rabbigMBF-1 antibody againddrosophila melanogaster protein was

used for verification of specificity.

GFP protein from transgeniC. elegans strain was successfully pulled down with
rabbit polyclonabhGFP antibody (Fig. 4.14). Mouse monoclon@FP antibody detected two
bands [left membranes in (a) and (b)]. These barmdms to be specific as there were no band
seen when the same membrane (after stripping) n@asbated with secondary antibody,
aMouse HRP without incubation with primary antibddght membrane in (a)]. Lower band
corresponds with size to fusion protein MBF-1::G&fl heavier band probably represents
dimer of this fusion protein. These bands are weakesamples precipitated wittMet
antibody, but they are still visible probably besawf some nonspecifity of this antibody.
Incubation with secondaryRabbit antibody shows heavy chain of rabbit antjoaded for
protein pull down [middle membranes in (a) and .(@MBF-1 antibody made against

Drosophila MBF-1 protein did not seem to recognize MBF-1 frGmelegans.
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Fig. 4.14. Pull down of GFP from worms

GFP protein was pulled down from transgenic worarsying MBF-1::GFP. (a) 1Q0 of worm lysate (b) 50l

of worm lysate diluted in 50 of deionized water. M: protein marker, +: protgwll down with rabbit
polyclonal aGFP antibody, -: control, protein pull down withratated rabbit polyclonaéMet (Tribolium

castaneum) antibody.
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5. Discussion

Nuclear receptors regulate vitally important preessin metazoans, thus our deep
knowledge of physiology and development dependsidamtifying their target genes.
Chromatin immunoprecipitation is rapidly spreadigthod for investigation of protein-DNA
interactions often used for identification of nwrieeceptor target genes (reviewed in Deblois
& Giguere, 1999; Tavera-Mendoza et al., 2006).

In this study we performed several ChIP experimentgh fusion protein
EGFP::NHR-25 and SF-1 consensus binding sites immmaian cell culture (HEK293)
environment. Using cell cultures transiently trams$éd with both investigated target
sequences and protein of interest is rare technihieh requires many optimization steps
(Luo et al., 1998; Wells & Farnham, 2002; Belyad¢wak, 2004; Kobayashi, 2006). Model
situation of NHR-25 binding to 2x sf-1 sequencehwitutated constructs 2x sf-1* as the
negative control (Asahina et al., 2006) served ifwestigation of suitable antibodies and
establishment of ChlIP in our laboratory. Fusion@roEGFP::NHR-25 was selected because
of good availablenGFP antibodies. Rabbit antiserum against a portibtigand binding
domain of NHR-25 (Asahina et al., 2000) was natetg$or ChlIP as there were problem with
high background when this antibody was used in@vadtlotting (data not shown). For ChIP
we tried both Mouse monoclonalGFP Ab (Sigma, G 6539) and Rabbit polyclonal Ab
(Lukas et al., 2009). Two methods of HEK293 celiésfection were optimized.

Transfection with PEI is very cheap and efficiergthod of plasmid DNA delivery
into mammalian cells (Fig. 4.2) (reviewed in Luntget al., 2005). After selection of desired
PEI type, the most efficient pH of working solutiand PEI to DNA ratio must be
experimentally found for each PEI batch (reviewedQuillem & Alino, 2004; Bryja V.,
personal communication). Transfection with Lipofentnd™ 2000 is more expensive, but
simple and efficient. After optimization of transfns, similar efficiencies for PEI and
Lipofectaminé™ use were observed (Fig. 4.2; data for Lipofectafnnot shown). For
establishment of new method in our laboratory weidzl to perform ChIP experiments
using ChIP-IT Express Enzymatic kit (Active Motif). Enzymaticestring of chromatin (N-
ChIP) was selected over X-ChlIP to avoid unevengssing of samples and loosing material
during sonication. Advantage of optimized procedofr€hIP-IT® Express Enzymatic kit is

omitting phenol-chlorophorm extraction and ethapcécipitation before PCR analysis of
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DNA, as this procedure can also unequally alterwarhof DNA in different samples. ChlP-
IT® Control Kit — Human is also available for testin§ ChIP procedure. Control kit is
supplied withaRNA Pol Il Ab andalgG Ab which serves as a negative control. RNA
Polymerase 1l is widely used positive control fohlE (Sandoval et al., 2004). Control
primers in this kit are designed for Glyceraldehygiphosphate dehydrogenase (GAPDH)
promoter region, which is housekeeping gene withstitutive expression and thus is bound
by RNA Pol Il (Foss et al., 1994). GAPDH region vgagnificantly enriched wittuRNA Pol

I, while there was no enrichment by control Abl@& does not bind DNA (Fig. 4.1).

5.1 ChIP

Conventional PCR was used for first analysis ofR-Ceamples (Fig. 4.5). After two
most common types of data normalization were ubkdifg et al., 2007) we got promising
result showing binding of NHR-25 to 2x sf-1 and gix1 binding sites (Fig. 4.6 and 4.7).
Level of negative control sequence immunoprecigdatiuring ChIP procedure was also
higher than had been expected (Fig. 4.5 and 4.6 fbssible explanation for negative
control signal is nonspecific enrichment of higldpundant sequence, which is connected
with amount of transfected plasmid DNA (Bruce Aergpnal communication). It is also
possible, that high background volume is conneetéti usage of PEI as a transfection
reagent. PEI-DNA complexes are stable at least foours after the transfection (Godbey et
al., 1999) and while the precise mechanism of piddMNA transport after transfection with
PEI remains unclear (Lungwitz et al., 2005) therpassibility that DNA is still in complex in
the time of cell fixation (36-48 hours from trandien). In that case transfected plasmids can
become fixed together and negative control DNA dobk precipitated together with
specifically enriched binding sites. This hypotleisi supported by the fact that we usually
don’t see negative control band without the enriehtrof binding sites.

To lower unspecific binding of abundant sequence, lawered amount of DNA
transfected to the cells for ChiIP Il. To decreaseiber of total PCR reactions performed, we
established multiplex PCR with two pairs of prim@somoter and control) in one reaction
(Fig. 4.8a). Number of cycles was lowered to 28 impadit DNA was diluted 1:100 or 1:1000
to avoid saturation of the PCR reaction. After @dreontrol of sequences we have find out,
that construct containing 4x sf-1* creates perfadindrome and its PCR amplification rate is
significantly lowered. Therefore we excluded 4 tamepeats of SF-1 binding sites from

further experiments. After normalization of bandhsieometry data (Fig. 4.8a) we confirmed
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binding of NHR-25 to 2x sf-1 compared to mutantsien 2x sf-1* where no binding was
observed (Fig. 4.8b and 4.9). However presencegbflackground level persisted.

Therefore we decided to switch to Lipofectaminengfaction method (ChIP 1lI). In
further experiments, DNA samples were analyzed WRICR and genomic GAPDH region
was used as a negative control sequence. In Chéetlbf immunoprecipitations both Mouse
monoclonalaGFP Ab and Rabbit polyclonalGFP Ab was used because monoclonal and
polyclonal antibodies may significantly vary in ogmition of target epitope or epitopes of
protein of interest crosslinked to chromatin. Intpat control - NoAb sample was also
introduced for estimation of immunoprecipitatiorckground level. All gPCR data obtained
with specific antibodies were lowered with corresgiag NoAb values. After gPCR analysis
of ChIP with mouse Ab and data normalization witpiast input DNA, enrichment of
mutated 2x sf-1* binding sites was higher thanZwrrsf-1 binding sites. In mutated binding
sites sample also negative control was high whilsf2l signal, although lower, was cleaner
with no background (Fig 4.10).

Different amounts of rabbit antibody used in follag precipitations showed
inconsistent data while gPCR data normalized ogbijrest input (Fig. 4.11). With increasing
amount of rabbit antibody nonspecific immunopreeifpon was growing and signal was the
highest in control cells with no NHR-25, therefds@ckground level exceeded specific signal.
One microliter of Ab wasn’t probably enough for eifie recognition of signal. When we
used double normalization (against input and agjaiegative control sequence) enrichment
of untouched 2x sf-1 sequence compared to mutatedsf2l* was seen for all
immunoprecipitations with both monoclonal and p@dyal antibodies (Fig. 4.12). Middle
concentration of rabbit polyclonal antibody(} gave the best signal to noise ratio.

ChIP with Cyclin E promoter seems to be showindgcbmnent of sequence with 2x bs
compared to lower signal in mutated 2x bs*. Togethigh target sequence is also enriched
negative control sequence (Fig. 4.13). This isragapporting the hypothesis about persisting
complexes of transfected constructs as cells fali€¥f ChIP were transfected using PEI.
For further investigation of NHR-25 and cyel proerah transfected cells Lipofectamine can
give better result. If this interaction, previouslyown in luciferase reporter assay (Asahina,
Rynes, Korinek, unpublished data) is verified withIP it would be first evidence of NHR-25

gene target.
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5.2 GFP pull down

As a first step of preparation for ChiIP directiywworms GFP protein pull down from
transgenicC. elegans strain was performed (Fig. 4.14). We used transgemrm strain
expressing MBF-1::GFP fusion protein under mbflnpoter. Protocol for ChIP directly in
worms was followed until the immunoprecipitationest and contained formaldehyde
crosslinking (Lee et al., 2006). Crosslinking stey only alters recognition of target protein
by antibodies, but also makes worm lysis more diffi Pull down of MBF-1::GFP fusion
protein with rabbit polyclonabGFP antibody was successful and with mouse monatlon
aGFP we detected two specific bands on westernitdpttight band corresponds with size
to MBF-1::GFP fusion protein (17 kDa + 27 kDa) dmecause protein-protein interactions
can be crosslinked with formaldehyde (Jackson, 19& GFP dimerizes, heavy band
probably represents dimer of this fusion proteiarfy et al., 1996). Presence of these bands
in negative control pull down can be explained witinspecifity to highly abundant protein
as mbfl promoter is highly active (Asahina, unpsteid data).

Following step for ChIP on worms is cloning of egfipr-25 with appropriate
promoter and preparation of transgenic worms. Ptemselection for ectopic nhr-25
expression irC. elegans is crucial step because overexpression of thig getethal (Asahina
et al., 2000). First attempts of worm microinjen8oto manage the technique were already
done (Fig. 2.3).

In this study we established ChIP with fusion prot&GFP::NHR-25 and SF-1
binding consensus sequences in transiently tralesfddEK293 cells. Immunoprecipitation
with both monoclonal and polyclonal antibody wascassful, although further optimizations
of ChIP procedure are necessary and once optinmalittens are found, transfections, ChiIP
and gPCR should be performed in triplicates. A®itrol of NHR-25 binding in ChIP we
have prepared construct for expression in mammaiéis containing mutant versianhr-
25(ku217). Allele of nhr-25(ku217) was obtained through mRNA isolation from mutant nvor
strain and RT-PCR and cloned. Mutation ku217 aff#8D of NHR-25 and disrupts its DNA
binding capability (Chen et al., 2004).

For genome-wide study of NHR-25 gene targets perifog ChIP on chip or ChiP-seq

in collaboration with ChiP-experienced laboratoryuld be the best choice.
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6. Conclusions

1. Chromatin immunoprecipitation with NHR-25 and Skihding consensus sequence

in transiently transfected mammalian cell cultusvestablished.

2. ChIP samples (ChIP I and Il) were amplified by cemyvonal PCR and multiplex PCR
and analyzed by gel band densitometry. ChIP Il @amwere also analyzed with
gPCR. Binding of NHR-25 to 2x sf-1 binding sitesstragher than binding to mutated
2x sf-1* version. Further optimization is needed lfawering the background level in
control samples.

3. Fusion protein MBF-1::GFP pull down from transgemiorm strain was successful
fulfilling the first step for preparation of ChlR C. elegans.
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8. Supplementary information

8.1 Plasmid constructs

Luciferase constructs containing 2 or 4 sf-1 bigdsites or its mutated versions sf-1* were
used for ChIP of NHR-25 (a gift from M. Van Gildtred Hutchinson Cancer Research
Center, Seattle, WA; Van Gilst et al., 2002; Asahah al., 2006).

The pEGFP-C2 plasmid (Clontech) was used for espmesof full-length NHR-25 N-
terminally fused with EGFP (Asahina et al., 2006).

Cye-1 promoter was cloned into the vector pGL3b&romega), construct pJR102 contains
2 potential NHR-25 binding sites and construct fIRtontains mutation in both sites
(Rynes, J., unpublished data).

Vector pK-Myc-C2 was obtained from V. Korinek (IMBrague).

8.2 Primers used for ChIP analyses

Negative control sequence primers (ctrl)

GAPDHrealf (FhRGAPDH#1198real): 5'- CACCACACTGAATCTCCCCT -3'

GAPDHrealr (RhGAPDH#1252real): 5'- CCCCTCTTCAAGGGGTCTAC -3'
Amplicon size: 54 bp

(Sequence provided by Fafilek B., IMG, Prague)

EGFPC2CtrIFw1; 5'- CGATTCCACCGCCGCCTTC -3
EGFPC2CtrIBw1: 5'- CTAGGGTGGGCGAAGAACTC -3
Amplicon size: 114 bp

NHR-25FW?7: 5'- CGCTTACGACTCACTACGGTA -3
Nhr25full-R: 5'- TTGGATCCTTATGATGCCATGTACGGCACA -3'
Amplicon size: 225 bp

Target sequence primers (prom)

sf-1 binding consensus sites

ChIPFw2: 5'- TTGTAAAACGACGGCCAGTG-3

ChiPBw2: 5'- CGGAATGCCAAGCTACTCG -3
Amplicon size: 218 bp (4x sf-1); 195 bp (2x sf-1)
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cye-1 promoter

CycEpromFw1: 5'- TCTAGAGACCATATGACGGAG-3'

CycEpromBw1: 5- GCACGATACTTTCTATCGCTTG -3
Amplicon size: 181pb

8.3 Sequences of binding sites

sf-1 bindind sites

2XTCT (2xsf-1¥) CCATGACCTIINANGATTATTAATIGACCBGAGA TCT------- =--meemmm =omee

GCTG

2XTGA (2xsf-1) CCATGACCTIIITICATTATTAATIGACCTCAGA TCT------- =--memmn -oee
GCTG

4XTCT (4xsf-1%) CCATGAC_TTATT_GA TC-TTAATA.
TAGGTCACTG

AXTGA (2xsf-1) CCATGAC_TTATTA_GA TC_TTAATA.
AAGGTCACTG

PCR Fragment amplified with ChIPFw2 and ChIPBw?2 pri mer pair

Chl PFW2 —
TTGTAAAACG ACGGCCAGTG CCAAGCTATA GCGGCEATGAICCTAGATTAT TAATGACCTA

GAGATETCTAIGETCATTAAT AATCTAGGTC ACTGCAGGTC GACEABAGATCTCGGTA

TTTAAGGAGC TGCGAAGGTC CAAGTCATGC ATTATTGTCT CAGAGGTCGTCAGTTGC
AGTTAGCAGA CGGGCTe®A AGTAGCTTGG CATTCCG
«— Chl PBwW2

cye-1 promoter

1 CGCGTCGATT GCCTGCGTCT CTGTGTCAAG AGGCACCCTC TCACTCT GGAGACGGCA

61 GAGAAACATG AGATCGTGGT AAGACCATCA GGGAGGACGQIBBLTCG GAGGGAACGC
CycEpronfFwl —
121 GCGAAATGAG CGCGCGATTT GABTAGAG ACCATATGAC GGAGGTTGTC TGTAGIERC
181 G TTCGGT TTTATCTGAA CTTTCACAGA TTGATTGCGT AGITCCACT AGACATTCGT
241 TATGGTATAA TTGATATTTC TTTATTAATT TTCATTAAAT ATAAGATATC AATCTCTAAA
«— CycEpr onBwl

301 TTT CAAGCAT AGAAAGTATC GTGCAAACAT GAACAGTTTC ATGAGCTCAG TTTATATTTT
361 AAATTCACAC CTAATTCAAA TCTTAAATAA TTTTTAATGG AARACTGCA AATCTAAATC
421 TAAAACCAAA ABIBEBII TCA TTCACTTGTA CCAAATCTTA TGATTTTA TGAATTTAAA
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481 ATCTTATTCT TCTTCACCTC TGACTGATAG TTTATGTTCT CABTTGTG TACACTCAAA

-468 -210 -47 -38

|
H luciferase

-646

—

pJR102

T/ NHR-25 binding site: TGACCTT

dmutated NHR-25 binding site: TGAAATT
UNHR-25 binding site: GACCTTCA

mutated NHR-25 binding site: GAAATTCA
D POP-1 binding site: TTTTGAA

tagttattaatagtaatcaattacggggtcattagttcatagcccatatat
cgttacataacttacggtaaatggcccgcctggctgaccgeccaacgacce
gacgtcaataatgacgtatgttcccatagtaacgccaatagggactttcca
atgggtggagtatttacggtaaactgcccacttggcagtacatcaagtgta
aagtacgccccctattgacgtcaatgacggtaaatggcccgectggceatta
catgaccttatgggactttcctacttggcagtacatctacgtattagtcat
catggtgatgcggttttggcagtacatcaatgggcgtggatagcggtttga
atttccaagtctccaccccattgacgtcaatgggagtttgttttggcacca
ggactttccaaaatgtcgtaacaactccgccccattgacgcaaatgggegg
acggtgggaggtctatataagcagagctggtttagtgaaccgtcagatccg

EGFP

e
N/
Fd :\_/: ! DD— luciferase

Fig. 8.1 Cye-1 promoter construct in pGL3basic eedffig. adapted from Hajduskova, M., 2009)

8.4 Sequence of pEGFP::NHR-25 construct with markegosition of control primers

ggagttccg
ccgccecatt
ttgacgtca
tcatatgcc
tgcccagta
cgctattac
ctcacgggg
aaatcaacg
taggcgtgt
ctagcgcta

ccggtcgecace  atggtgagcaagggcgaggagctgttcaccggggtggtgeccatectg

PVATMVSKGEELFTGVYV
gtcgagctggacggcgacgtaaacggccacaagttcagegtgtccggegag
VELDGDVNGHKFSVSGE
gatgccacctacggcaagctgaccctgaagttcatctgcaccaccggcaag
DATYGKLTLKFICTTGK
ccectggeccaccctegtgaccaccctgacctacggegtgcagtgcttcage
PWPTLVTTLTYGVQCEFS
gaccacatgaagcagcacgacttcttcaagtccgccatgcccgaaggctac
DHMKQHDFFKSAMPEGY
cgcaccatcttcttcaaggacgacggcaactacaagacccgcgecgaggtg
RTIFFKDDGNYKTRAEYV
ggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaaggag
GDTLVNRIELKGIDEFKE
atcctggggcacaagctggagtacaactacaacagccacaacgtctatatc
ILGHKLEYNYNSHNVYI
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P 1L
ggcgagggc
G EG
ctgceegtg
LPYV
cgctacccc
RYP
gtccaggag
VQE
aagttcgag
K F E
gacggcaac
D GN
atggccgac
M A D




aagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgag
KQKNGIKVNFKIRHNIE
gtgcagctcgccgaccactaccagcagaacacccccatcggegacggecce
VQLADHYQQNTPIGDGP
cccgacaaccactacctgagcacccagtccgecctgagcaaagaccccaac
PDNHYLSTQSALSKDPN
gatcacatggtcctgctggagttcgtgaccgecgecgggatcactctcgge

DHMVLLEFVTAAGITLG

ctgtacaagtccggccggactcagatctcgagcetcaagcttcgaatte

LYKSGRTQISSSSFEFM
gagaggatggttctgcgaccgaatcatgaaggcgagatgtgcceggtttgt
ERMVLRPNHEGEMCPVC
gtctctggatatcactacggccttctgacgtgtgaaagttgcaagggcttc
VSGYHYGLLTCESCKGF
actgttcaaaacaagaagcaatatcaatgctctgccgaagccaactgccac
TVOQONKKQYQCSAEANCH
acttgccggaagaggtgtccaagctgtcgattccagaagtgcectcacaatg
TCRKRCPSCRFQKCLTM
atggaagcggtgcgtgccgataggatgagaggtggacgaaacaagttcgga
MEAVRADRMRGGRNKFG
aagaaggatcgggctcatcgtatgcagagaaacgcaatgagagtgagcaca
KKDRAHRMQRNAMRYVST
ccagccgtccttggagcacaatcacaagcacaaacattctatcaacctcca
PAVLGAQSQAQTFYQPP
gtttcaagcagcacaactgaccagaacaaccaaatcaactattttgaccaa
VSSSTTDQNNQINYFDOQ
aaaactgaatatatcaaaactgagtatgatgcacatctccagagtccaaca
KTEYIKTEYDAHLQSPT
agcactaatcagcagctttctgtttccgattttatcatgagacctggatac
STNQQLSVSDFIMRPGY
ccacaagacagcttggcagtacttcttgggagcacaattgacgacccactt
PQDSLAVLLGSTIDDPL
accttcccagcagcttatcagttgaatgaagtcaaacaggagcecatttgac
TFPAAYQLNEVKQEPEFD
cagttcattcatcactcattgcacgactatccaacttataccagcaacact
QFIHHSLHDYPTYTSNT
gctacaatgatgccaatgacaactgtttccagcacacaatccttggtcact
ATMMPMTTVSSTQSLVT
tctacaacaactggccgaatgacagaagctagcagcacatcaccaattctc
STTTGRMTEASSTSPIL
ccagcaccaactgaaaaaacggtggaccacttttacaacagctcgatcgec
PAPTEKTVDHFYNSSIA
aaaacattacccgatgatgctcaaattgctcgaattttcacaagcgtaaaa
KTLPDDAQIARIFTSVK
aaacctgaaaagcacgcattttccattcaagtcgcagaggaaaatttgaaa
KPEKHAFSIQVAEENLK
atttgggcaaaaaatgatcaactattcagcaaattatcgttggatgaccaa
IWAKNDQLFSKLSLDDAQ
ttgcaaacatcgtggacaaccgttcatatcgttgatatcactaatgcaatg
LQTSWTTVHIVDITNAM
aatcttctttcgcagtataaaatgtcaaatggtgatgaagttcccgteggt
NLLSQYKMSNGDEVPVG
cttcttggcaatcaaacattcgtatcatcatggaatgatgttgttattcgg
LLGNQTFVSSWNDVVIR
atgggattcacgaatttcgattattgtgctttccgattcttageccttttt
MGFTNFDYCAFRFLALF
atggactctttcccagcagtctctactgctcgatctcgagtactccaatct
MDSFPAVSTARSRVLQS
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gacggcagc
DGS
gtgctgetg
VLL
gagaagcgc
E KR
atggacgag
M D E

NHR- 25

atgactgacgtc

TDV
ggtgatcga
GDR
ttcaaacgc
F KR
gtggatcgt
V DR
ggaatgaaa
G M K
tcgttttat
SFY
gtgcaagtt
VQV
gagcaccag
EHQ
actaaaatc
T K I
ttgtccagt
LSS
ttagttgac
LVD
ctcaggcat
LRH
tattcggag
Y S E
accaattat
TNY
tcgacttct
STS
ccactttgc
PLC
gaaatgtgc
EMC
ggaactagc
GTS
gatatcgtg
DIV
atgattctg
M I L
gtccacgga
V HG
cttgtagct
LVA
cttcgaaat
L RN
gaccaatca
DQS
tggcgtgaa
W R E



gtgagatgtactaccgcctttctggaaattttcgaacaaatcagacgact
VRCTTAFLEIFEQIRRL

t cact acggt acttatggaaccttcattcaaactgccccacgaactgggagcaattcttt

SLRYLWNLHSNCPTNWE
ccggaagcctccttggttcttgaaatgattcgcactactgtcaaccgateg

PEASLVLEMIRTTVNRS
agcgtcaccgcaatcactcaggtcccagcaatccaactgccaaccccacaa

SVTAITQVPAIQLPTPQ

«— Nhr25full -R

NHR- 25FW_ —
cgcttacgac

AYD

QFF
gctagcagt
ASS
gccacatac
ATY

actgc t gt gccgt acat ggcat cat aaggatccaccggatctagataactgatcataatc

VPYMAS-
agccataccacatttgtagaggttttacttgctttaaaaaacctcccacac
aacctgaaacataaaatgaatgcaattgttgttgttaacttgtttattgca
ggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttt
tctagttgtggtttgtccaaactcatcaatgtatcttaacgcgtaaattgt
tattttgttaaaattcgcgttaaatttttgttaaatcagctcattttttaa
cgaaatcggcaaaatcccttataaatcaaaagaatagaccgagatagggtt
tccagtttggaacaagagtccactattaaagaacgtggactccaacgtcaa
aaccgtctatcagggcgatggcccactacgtgaaccatcaccctaatcaag
gtcgaggtgccgtaaagcactaaatcggaaccctaaagggageccccgatt
acggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaagg
tagggcgctggcaagtgtagcggtcacgctgcgegtaaccaccacaccege
tgcgccgctacagggcegegtcaggtggceacttttcggggaaatgtgegegg
ttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaata
aatgcttcaataatattgaaaaaggaagagtcctgaggcggaaagaaccag
gtgtgtcagttagggtgtggaaagtccccaggcetccccagcaggcagaagt
atgcatctcaattagtcagcaaccaggtgtggaaagtccccaggctcecca
agtatgcaaagcatgcatctcaattagtcagcaaccatagtcccgecccta
atcccgeccctaactccgeccagttccgeccattetccgecccatggcetga
tttatttatgcagaggccgaggccgcctcggectctgagctattccagaag
ggcttttttggaggcctaggcettttgcaaagatcgatcaagagacaggatg
tcgcatgattgaacaagatggattgcacgcaggttctccggecgcttgggt
attcggctatgactgggcacaacagacaatcggctgctctgatgcecgecgt
gtcagcgcaggggcgceccggttctttttgtcaagaccgacctgtccggtge
actgcaagacgaggcagcgcggctatcgtggctggecacgacgggegttce
tgtgctcgacgttgtcactgaagcgggaagggactggctgctattgggega
gcaggatctcctgtcatctcaccttgctcctgccgagaaagtatccatcat
aatgcggcggctgcatacgcttgatccggetacctgcccattcgaccacca
tcgcatcgagcgagcacgtactcggatggaagcecggtcttgtcgatcagga
cgaagagcatcaggggctcgcgccagcecgaactgttcgccaggctcaagge
cgacggcgaggatctcgtcgtgacccatggegatgcectgcttgccgaatat
aaatggccgcttttctggattcatcgactgtggccggetgggtgtggegga
ggacatagcgttggctacccgtgatattgctgaagagcttggcggegaatg
cttcctegtgcetttacggtatcgecgctcecgattcgcagegceatcgectt
tcttgacgagttcttctgagcgggactctggggttcgaaatgaccgaccaa

EGFPC2Ct r | Fwl —

aacctgccatcacgagattt

atcgttttccgggacgccggctggatgatcctccagegeggggatctcatg

«— EGFPC2Ct r | Bwl

ctcceectg
gcttataat
tcactgcat
aagcgttaa
ccaataggc
gagtgttgt
agggcgaaa
tittttggg
tagagcttg
agcgggcege
cgcgcttaa
aacccctat
accctgata
ctgtggaat
atgcaaagc
gcaggcaga
actccgeec
ctaattttt
tagtgagga
aggatcgtt
ggagaggct
gttccggct
cctgaatga
ttgcgcagc
agtgccggg
ggctgatgc
agcgaaaca
tgatctgga
gagcatgcc
catggtgga
ccgctatca
ggctgaccg
ctatcgcct
gcgacgcecc

cgatt ccaccgccgcct t ctatgaaaggttgggettcgga

ctg gagttc

tt cgcccaccct agggggaggctaactgaaacacggaaggagacaataccggaaggaacc

cgcgctatgacggcaataaaaagacagaataaaacgcacggtgttgggteg
aaacgcggggttcggtcccagggcetggeactcetgtcgataccccaccgaga
ggccaatacgcccgcgtttcttecttttccccaccccaccecccaagttcg
ccagggctcgcagccaacgtcggggeggcaggecctgecatagectcaggt
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titgttcat
ccccattgg
ggtgaagge
tactcatat



atactttagattgatttaaaacttcatttttaatttaaaaggatctaggtg
tttgataatctcatgaccaaaatcccttaacgtgagttttcgttccactga
cccgtagaaaagatcaaaggatcttcttgagatcctttttttctgcgegta
ttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaa
actctttttccgaaggtaactggcttcagcagagcgcagataccaaatact
gtgtagccgtagttaggccaccacttcaagaactctgtagcaccgectaca
ctgctaatcctgttaccagtggcetgetgccagtggegataagtegtgtctt
gactcaagacgatagttaccggataaggcgcagcggtcgggcetgaacgggg
acacagcccagcttggagcgaacgacctacaccgaactgagatacctacag
tgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatceggta
gtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggtat
cctgtcgggtttcgeccacctetgacttgagegtegatttttgtgatgeteg
cggagcctatggaaaaacgccagcaacgcggcctitttacggttcctggec
ccttttgctcacatgttctttcctgegttatccectgattctgtggataac
gccatgcat
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aagatcctt
gcgtcagac
atctgctge
gagctacca
gtccttcta
tacctcgct

accgggttg
ggtthth
cgtgagcta
agcggcagg
ctttatagt
tcagggggg
tittgctgg
cgtattacc
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