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PUOLLON Kot EAEyXOC KATA TNV HETOdOopPA TWV
nAnpodopLwv and to DNA oti¢ mpwrtelveg



YrevOuvoc kat anapaitntoc ya:
Npocapuoyn
MowiAotnta

Awadpopomoinon
Avarnrtuén
OwKovouia EVEPYELAC

2NMAVTIKEC SLadOopEC LETAEU TTPOKOPUWTLKWV Kot
EUKOAPUWTLKWV OPYOAVIOHWV
2UVONKeC avamntuéng
Mopdoloyikéc dtadopec
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Fovidlakn Ekdppaon
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[[ovIOlaKN EKPpaon, mapadoaciakn arnoyn

Dimerization & activation of
fransmembrane recepior

) 0
SsM
0‘109\',‘ 7 I/va
[/

—— / &

factor
() s f* o

Protein folding

W—

Protein A

3

Tmnslatior\ “ - C
Nuclear «©
localization -
/‘ ‘ Nuclear ' lj
us pore 5
o
\nRNA export
Initiation Elongation Termination / 3
U AAR200
. | |
‘=== mRNA packaging
aEE
%@
Ti;anscr‘pt
cleavage
Chromatin Spidng I g
- 4-&.9»»{»
a . 3 polyadenylation l
5' capping @ y3
5 69\1'92:k

Orphanides and Reinberg, Cell,

2002; 108: 439



[CovIOlaKN EKPpaon, cuyxpovn arnoyn
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To KO.pB(')EU-;SMKC') AaKkpo TNng rmoAupepaonc Il tou RNA

Before transcription initiation, the CTD

is unphospherylaled and is associated

with the mediator and components of
the Initiation machinery.

Partial phosphorylation of the CTD during
transcription initiation recruits the capping
enzymes, which cap the &' end of the
nascent transcript.

RNAPII Furthar phosphorylation of the CTD upon
TATA Q promoter escape rocruits components
Y/ of the pre-mRNA splicing machinery.
-+ Vi
%
'y T
r
Q
i

RNAPII reaches termination signals and
factors required for cleavage and 3' poly-
adenylation of the transcript associate
with the CTD and recognize sequences
in the RNA. Same of thesa companants
may be recruited during inftiation
(s2e text for details).

Orpﬂﬁﬁides and Reinberg, Cell, 2002; 108: 439



5-KAAUpMa Kal evapén petaypadng
H cUleué&n tng mpooBbnkng tne KAAUTITpAC UE
TA TPWTA O0TAdLA TNC £EVAPENC TNC HETAYPAPNC
QO ...~ T I 2 : /

RNAPII
— DSIF binds to RNAPII soon
after initiation and recruits NELF.
v NELF arrests RNAPII.
CTD of J
=4
RNAPII %J o2 JJE» \

3
A
JzJ) 5' end of nascentJ 6

transcript NELF
@RNAPII
The repressive action of

RﬁAPII NELF is neutralized and Q 55 >
RNAPII resumes elongation. 5 ISP

S
Capping enzymes join the
complex via interactions with the
serine 5-modified CTD and DSIF.
P-TEFb is recruited by
the capping enzyme, 0
phosphorylates serine 2
of the CTD and DSIF.

A cap structure is
added to the 5' end of

-TEFD ’ 2 Q 5 ) A the nascent RNA
; JJ
2

@ Orphanides and Reinberg, Cell, 2002; 108: 439




fovidLakn Ekdppaon
ULKPOGUGCTOLXLEC

DOopilwv cDNA amno puikad Kuttapo Sivel orjpa oto yovidélo tTng puooivng

Muko kUttapo  mRNA puocivng ®Oopilwv cDNA Muwpoouototyia DNA AwaBacpévn «Scanned»
HIKpoouoToia
0000 ©O00O0O0
@00 00 ©O000O0
\Q]M W eeo0o0o0 0000
0000 @) © 0O
+ avtiotpodn X XXX O $ @00

petaypadaon

DOopilwv cDNA ano Aspdokitrapa divel oripa oto yovidio tTng avoooodoapivng

Muwpocouotolyia DNA AwaBacpévn «Scanned»

Aepdokitrapo mRNA ®Oopilwv cDNA MIKpOouoTOLyia
avocoaodalpivn 00000 00000
0000 O O ONO)
0000 O O ONO)
00 00 o O o O
00 00 o O ONO)
+ avtiotpodn Immunoglobulin

petaypadaon

Based on: http://www.cancer.gov/cancertopics/understandingcancer/moleculardiagnostics



H yoviblakn ekdppaon aAAA{EL LE TOV TUTIO KUTTAPWV

mRNA puooivng

Ta puka KUTTapa £Xouv W
Kol Tt SUo yovidia,

OMWG . ..

Ta HUIKO KUTTOPO TTOLPAYOUV

mRNA uvooivng, % Fovidio avocoodaipivng

aAAa oy avocoopatlpivng Kappia ékdppaon yovidiov avoocoodatpivng
Ta AE“d’PKUTta'pa gXouv o~ To mRNA g HUOGivNG 8ev ekdpdleTan

Kat Ta Vo yovidia, A

Fovidlo puooivng

OHWG...

Ta Asp@okuttapa napayouvv
mRNA avoocoopaipivng,
aAAd oyt pvoaoivng

mRNA avoocoodaipivng
Based on: http://www.cancer.gov/cancertopics/understandingcancer/moleculardiagnostics



2 OLKOMOL BOOLKA XOPOAKTNPLOTLKAL:

s*Evepyortointéc: DNA aAAnAovu)iec ot omoieg mop’0Ao mou 6gv €Xouv poAo
EKKWVNTA Kol Umopel va Bpiokovtol mMoAU paKPLA otd TNV apxn tou yovidiou
nai{ouv onNUOVTIKO PpOAO OTnNV MPOcdeon PUOLOTIKWV TIPWTEIVIKWY Hopiwv Ta
omoia ekPppalovral emIAEKTIKA Kat mai{louv poAo oto va gival mpoofBactipo
KAmoto yovidio mapd oto va kabodnyouv tnv RNA noAvpepaon

*Tponomnoinon Baocswv tov DNA: 70% twv C eival pebuAtwpévo, avaloya LLE TO
TUMO Ttou Kuttdpou. H katavoun twv MHeEBUVALwMpEVWY Bdacswv Sev eivan
opowopopdn kKot 6ev cuvavtAtal 6E OAOUG TOUC EUKAPUWTLKOUC OPYOVLIOHUOUC
(r.x. Ztnv Drosophila to DNA 6ev peBuAiwveton kaB@oAov)
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[foviblokn Ekppaon
Metaypadn: Aoknon eppnvetoc 6edopevwy

EYKEPAAOQC

Hmrap

Anopovwon MUpRVWVY arno Anap, LUES, eykEdalo.

Enwaocn toug pe a-32P-UTP yia oUvBeon RNA, mapoucio avaotoAéa Evopénc.

Anoupovwon onpacpévou RNA, uBpidonoinon oe aAAnAouyiegc DNA o€ LKPOOUOTOLYLEG,
onwg ¢aivetal otnv elkova. Kabe tetpaywvo avtiotoyei o€ pd aAAnAovyia DNA.
H évtaon tn¢ okiaong dnAwvel tnv moootnta tou RNA rtou npookoAdrto.

a) yiati dStadéper n Evraon tng vBpLdomnoinong;
B) eivaw n mponyoUEVN MOLEPATAPNON CNUOVTILKA;
V) Hepka yovidiLa ekppalovtal o€ OAouc Toug Lotouc. Mowa pnopet va eivat puon avtwv;
6) MNa oo Adyo npootifetal o avactoAéac Evapéng tng petaypodng oto
Hiypa avtidépoong;



SDS - PAGE

[[ovIOlaKn EKdpaon
MPWTELVEC

ISOELECTRIC FOCUSING

MASS SPECTROMETRY

http://biol.If1.cuni.cz/ucebnice/en/proteomics.htm
Based on http://research.lunenfeld.ca/techTransfer/download_box/seminars/2008-01-31.pdf



Katatoun (rmpodiA) yovidlakng EKdpaong

MW 4.0 L 7.0 > AN I
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B Metabolism [ Apoptosis EDNA replication
M@ Cytoskeleton O Proteolysis OCalcium-binding

EProtein sysnthesis BIRNA sysnthesis EADP reductase

Yamada M et al. http://www.omicsonline.com/ArchiveJPB/2009/January/03/JPB2.1 .php‘?Tmmport W Signal transduction ECell cycle

emaill= Based on http://research.lunenfeld.ca/techTransfer/downloa BRCkapesenginars/EiExracelirap matrix



MKpOOUOTOLYLEC MTPWTEIVWV

Zapwon yla:

° LLKPA LOpPLOL GTOXOUG

® METAUETAPPAUOTIKEG TPOTIOTIOLCELS
* AAANAedpAoEeLS MPWTEIVWV

* AAAnAerudpaosic DNA-pwteivwv
* EVIUULKEG BOKLMEG

* Xaptoypadnon entonwv




Cytokine Specific Microarray ELISA

o IL-6

e IL-10

e VEGF

o IL-1B . Mix
000000 000000 000000 000000 000000
®e0000O0 (oN NoNoNoNo] [ONoN NoNoNe [oONoNoNON Ne 000000
00000 (oN NoNoNoNo] [ONoN NoNoNe [oONoNoNON Ne 000000
00000 (oN NoNoNoNo] [ONoN NoNoNe [oONoNoNON Ne 000000
00000 (oN NoNoNoNo] [ONoN NoNoNe [oONoNoNON Ne 000000

Detection system

BIOTINYLATED MAB

ANTIGEN

l CAPTURE MAB

http://www.freepptdb.com/details-cancer-diagnostics-the-old-and-the-new-467023.html

o marker protein

e cytokine



Mass Spectrometry for Proteomic
Pattern Generation

o Serum analysis by SELDI-TOF
mass spectrometry after extraction
of lower molecular weight proteins

o Data analyzed by a “pattern
recognition” algorithm



Serum Fingerprint by Mass Spectrometry
l
‘_ | |
i | |

Relative intensity

Repeat 2

Repeat 3

Repeat 4

Repeat 5

Repeat 6

Repeat 7

Repeat 8

Repeat 9
10000 15000 20000

Mass/charge

Figure 2: Example of between-chip reproducibility of mass spectra

Serum from an unaffected female control was individually applied to a single bait surface region on 100 separate C18 chips and analysed by SELDI-
TOF. Nine randomly obtained spectra from the 100 used in the analysis are shown. The eight proteins with the highest consistent amplitudes
(arrows), were used as a surrogate for reproducibility by calculation of the coefficient of variance of the normalised peak amplitudes for each of the
eight.

Petricoin III EF, et al. Lancet 2002;359:572-577



2TOUC EUKOPUWTLKOUC OpYOVIGHOUC N dopun TG
XPWHATIVNC LELWVEL SPAMATIKA TO LEYEDOC TOU
YOVIOLWHOLTOC

2Tov avOpwro povo to 2% tou DNA KwoLKoToLEL
npwrtelvec
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2TOUC EUKOPUWTLKOUC OpYOVIGHOUC N dopun TG
XPWHATIVNC LELWVEL SPAMATIKA TO LEYEDOC TOU
YOVIOLWHOLTOC

2Tov avOpwro povo to 2% tou DNA KwoLKoToLEL
npwrtelvec



Mailel poAo n Sopun TNC XPWHOTIVNG 0TOV EAEYXO TNG
yovidLaknc Ekppoonc;

v'O £€AeyXoC TNG YOVISLOKAC €KPPpacNnC OTOUC EUKOPUWTIKOUC OPYOLVIOHOUC
artattel tnv avakatatagn tng xpwportivng (chromatin remodeling)

v'To “raketdpiopa tou DNA” o xpwpartivn Sev eivan opotdpopdo Ko auto yori
OE TEPLOXEC Ol OTOLEC TMPEMEL v HETAYPadOUV T VOUKAEOCWHATA £XOUV TILO
XaAopn opyavwaon, eival evaiodnta oe eneéepyocia pe DNase |, evw oL LOTOVEG
glval OKETUALWHEVEC Kat N H1 «umo-avtimpoowneveTaL»

v'OMAe¢ oL unepevaiodnteg eploxég tou DNA rtapouotdlouv e€LSikeuon we IPog
ToOVv TUMO TOU KUTtapou Kat mailouv MHeyaAo pPOAO otV TOopeia NG
ditapoponoinong



Napadsypa:

fovibia odaipvwv oe mnpodpoua epuBpokittapa omd £upBpua 20h obev
ennpealovtat oo tnv dpacn DNAse |

Otav ap)xilel n ouvOeon alpoodalpivng petd ard 35h TOTE oL MEPLOXEG YUPW aTto
T yovidia oautd eival TPOOPACLHEC OO TNV VOUKAEAON, YEYOVOC TOU
UTtOSNAWVEL TNV avakatataén tng XpwHativne ota Kuttapa, otav apyxilouv va
Sitapopomnolovvroal

AvtiBeta oe otoUC OnMwG o0 eykEPaAo¢ mou 6ev mapayouv oaipocdaipivn ot
TLEPLOXEC YUPW OITO TOL yOovidla auTtd MOPAMEVOUV AVOEKTIKA otnv Spacn tng
VOUKAEAONG

2YMNOEPAZIMA: H éopR ™G Xpwpotivne eivol esvteAwg OSiadopetikny otav
OUYKPLVOULE EVEPYA LE MR EVEPYA YOViSLOL






Nucleosome, DNA and Histones

H2B

http://nanobiologynotes.blogspot.com/2006/02/protein-formation-codones-histones-and.html



H doun tn¢ xpwpativng pUOULIETOL LEGW OHOLOTTOALKWYV

Histone
H3 tail

Ewdika Eviupa ta omtoia ovopalovral aketuhotpavodpepaoec twv Lotovwv (HAT)
€XOUV TNV LKOVOTNTA VO OLKETUALWVOUV TLG LOTOVEC OE CUYKEKPLUEVEG AUOIVEC



Moo To ATOTEAECHA TNE OLKETUALWONG;

Awyotepa doptia, apa Awyotepn enadny twv wotovwv HE to DNA, dpa
NeEPLOCOTEPEC TEPLOXEG Ttou DNA mpoofaocipeg yia oAAnAenidpoon Me
petaypadikouc mapayovteg, tTnv RNA moAuvpepdon Ko petaypadn

Histone H4 tail Acetyllysine



Kwoikag totovwyv: mpooBaocipotnto DNA, aAAnAemiidpAoeLc MPpwTEIVWVY

DNA accessibility

/ A Q‘ﬁ
‘{T N IR
EVE

Protein interaction interfaces
b Constitutive

Inactive

DNA accessibility

Protein interaction
interfaces

Regulation of :
cell-cycle / development+
stage \1

)

Katia Georgopoulos Nature Reviews Immunology 2, 162-174 (March 2002)



Kwdikac totovwv

Histone Modifying Enzymes Evlupa mou cuppeTEXOUV otnv Slapopdpwon
TWV LOTOVWV:

A“Mw\ ® AketuAdosc HATs kol Amo-aKeETUAAOEC
HDACs

® Mebulatpavdepaosc HMTs kol Amo-
pneBuAaocec HDMs

® Qwodopuldoeg

H2A ‘\%1(\
( ’\h

R- Mtthyicsrs S/ — ® Kwaoec
LL\

Luger of al., Nature 389, 251.260 (1997)

Eik.2: Tpomormotntika evivua



H yAwooa twv OOLOTIOALKWY TPOTTOTIOLCEWYV TWV LOTOVWV

N termini Modification Associated Function
Residue: state protein/module

14 91014 18 23 28
H3 N Unmodified  Sir3/Sird/Tup1  Silencing

NL Acetylated Bromodomain Transcription
r ?

Acetylated Histone deposition?

N
NM Phosphorylated i Mitosis/meiosis

Condensins?

N Phos/acetyl ? Transcription
N u Methylated ? Transcription?
N m Higher-order ? ?
E : combinations

H4 N : - Acetylated ? Transcription

N 5P+ Acetylated RCAF? Histone deposition
) (2
CENP-A N Phosphorylated ? Mitosis
7 17 27

Strahl BD and Allis CD Nature 403, 41-45(6 January 2000)
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Alternative splice detection and classification.

a Splice inference d Alternative splice pairs, by mode and coverage

Canonical

R Genomic Sequence D
RefSeq o — AT :
sequence Start top
Canonical (RefSeq) .@;i I

spliced EST 'Stop
Alteratively o — e i: T 1
spliced EST 'Stop
NMD-candidate 2500t % m ‘
alternatively Pairiating -
spliced EST s ﬁ /%. F
>50nt
SC35-like UTR spliced i_/\ﬂ:l\)j
EST (not considered) Premature’ [.—‘
s e : ‘

(not considered)

I I 1 1 J
500 1000 1500 2000 2500

Stop - not premature
Genomic sequence i I
Alignment to genomic sequence TOTAL =5|2.—I27 1
i RefSeq exon, canonical B EST exon, altenate 1000 2000 3000 4000 5000 6000 7000 8000
I EST exon, canonical [RefSeq exon, 0 g i 7
not observed in EST Number of alternative splice pairs
Noncoding regions are in lighter tones
b Splice mode classification € Alternative splice pairs generating NMD candidates,
Splice  Splice  Coding by mode and coverage
sites sites region Percent of alternative splices
introduced  lost  change at coverage 22 and 21 IE &1
Canonical generating NMD candidates

Intra-exon splice 2 0 - B I” 33%  32%

Imperfect exon skip 1 or 2 2 +&- -é:’//i II 38%  41%

2 alternate sites 2 2 +&- # .[ [ 0%  39%

0 + m l ﬁ 7%  21%

1 alternate site 1 1 +or- ﬂ/@ . li 28%  30%

Perfect exon skip 0 2 - % .‘ .1 25%  28%
0

I I I 1 1 )
100 200 300 400 500 600 700 800

TOTAL E . 2 ‘ 1 26% 28%
0

T I 1 L )
500 1000 1500 2000 2500

Exon inclusion 2

C Alternative isoform inference Number of alternative splice pairs
from splice pairs
Start Stop. . . .
;_ TRefseq f Isoforms of alternatively-spliced RefSeg-coding genes
f u ESTs
{ : : : indﬁcaling
I | ] I splice pairs 0 2000 4000 6000 8000 70000
nait 5‘°P}Exon inclusion NMD candidates ;1989 (35% of 5693)
infgrred '5‘0!0"“' Alternative isoforms } 5693
A A A A :]-Spuce pair junctions All isoforms, including canonical 18820
& coverage

Lewis B P et al. PNAS 2003;100:189-192

©2003 by The National Academy of Sciences




Alternative splicing and NMD.

Splice mode classification € Alternative splice pairs generating NMD candidates,
splce Sollos Coding by mode and coverage
sites sites region Percent of alternative splices
introduced lost  change at coverage 22 and 21 - }1
Canonical generating NMD candidates
Intra-exon splice 2 0 - 3% 2%
Imperfect exonskip 1or2 2 + &- w 38% 41%
2 alternate sites 2 2 +&- # 40%  39%
Exon inclusion 2 0 + m 17%  21%
1 alternate site 1 1 + Or - ﬂ/@ 28%  30%
Perfect exon skip 0 2 - % 25%  28%
' 300 400 500 600 700 800
TOTAL 1 26% 28%
1000 1500 2000 2500
Alternative isoform inference Number of alternative splice pairs

Lewis B P et al. PNAS 2003;100:189-192



Isoforms of alternatively spliced RefSeq-coding
genes

f Isoforms of alternatively-spliced RefSeq-coding genes

- - -

0 2000 4000 6000 8000 10000
 NMD candidates ;1989 (35% of 5693)
 Alternative isoforms ; 5693

 All isoforms, including canonical ;8820

Lewis B P et al. PNAS 2003;100:189-192




Alternative splicing and NMD

8820 total isoforms

5693 alternative isoforms

10000

:

6000

;

2000

35% of alternative isoforms
are NMD candidates

1

Alternative iscforms
NMD-candidates

.o

Alternative isoforms
Not NMD-candidates

o

Canonical isoforms

compbio.berkeley.edu/ people/ed/rust




Cracking the splicing code

CRACKINGTHE  ,=uwoi
SPLICING CODE

ARaraative (pdiing patterss Ataritn mova
predicied lrem ENA qoences ey

e
e

Pre-mRNA
1
b
Sphcmg RNA
microarray — ———-— > € ———— fastises
2 Pprotein Protein 2 profiling
mRNA 1 mRNA 2
: iAot e e g T IR i R R |
. _—— y v y v
~ Alternative - Embryonic ti
X b 0 : . yonic tissue/
S R splicing Y. = CNS Digestive system Muscle e
~ ~
Exon o TEMRNA G G ) aEy ) aEN
e —— ) 8 G I & = &= e e |

Tissue-specific alternative splicing predictions

Tejedor RJ and Valcarcel J. Nature 465, 45-46 (2010)
Y Barash et al. Nature 465, 53-59 (2010) d0i:10.1038/nature09000



The splicing code predicts a mechanism for
developmental regulation.

a
NMD
—p NO expression
Adult Embryonic
tissues tissues
—p EXxpression
N\
b W» c g
P © .Q§ \'g
ARSI R L - RN ) g
F f & Ve S K
& Q
E&I < W
. - - — —
Upf1| .

Xpo4 :
Xpod| S

Gapah | eees s S = SN SN

An alternative exon introduces a PTC in adults — inducing NMD-, but skipped in embryos |

Y Barash et al. Nature 465, 53-59 (2010) doi:10.1038/nature09000 nature



NMD and Muscular Dystrophy

Muscular dystrophy (MD)

A group of genetic disorders
major symptom is muscle wasting.

Major forms of MD

Duchenne muscular dystrophy
symptoms in early childhood and

quickly become debilitating

Becker muscular dystrophy
later onset and less severe.

Mutations in dystrophin gene
A group of genetic disorders
major symptom is muscle wasting



Muscular Dystrophies

M - b~ Collagen Vi
\/C% " > —-— P 28
Extracellular matrix Agrin S urmiln Carinin aD et
/\
2 7 T —
Glycans _ ¥
wsasesises
3 Laminin-o2
Sarcoghyoan Dystroglycan
complex complex
Sarcolemma Sarcospan )
)
N : J 3 ‘ m
Dystr in :
Golgi: FKRP, Fukutin, Syntrophins Integrins
POMGnT1, LARGE ANOS
' % ok elenoproteln N
E:d POMT; F-actin Citosol /

Fig 1. Schematic representation of the main proteins involved in congenital muscular dystrophies, their local-
ization and interactions: laminin alpha-2, integrin alpha-7, collagen V1, alpha-dystroglycan, glycosyltransferases
POMTI1, POMT2, POGnT], fukutin, FKRP and LARGE, and selenoprotein-N. Reproduced with adaptation from
Fig1 of Lisi & Cohn®. Abbreviations: see text; ER: endoplasmic reticulum.



Differential expression of the dystrophin gene

s BDpe27,

MDpd27 R-l')pzsti> B.lv(:l'Jr.ndiZl> S-Dpﬂﬁ) G/Dp7? .

» Te

4 T T T 1
0 500 1000 1500 2000 2500 kb
—’ _)
P/Dp4a2? G/Dpd5

b N-terminus Rod domain C-tarminus

Dp427?

Dp260 o O R O Ol oo

Dp:40 OO Ol oo

Dpt16 €0l oo
Cp71 « L1 oom

Differential expression of the dystrophin gene

Published in Expert Reviews in Molecular Medicine
by Cambridge University Press (2002)

Accession information: (02)00518.5a.pdl (shart coda: lig003dwl); 4 November 2002
ISSN 1462.3994 ©2002 Cambridge Universidy Press




NMD and Muscular Dystrophy

Dystrophin Gene - 2.6 Mb with 97 exons

LN Normal
oo W’ ( . _ )—L Becker
~_Large deletion, but reading frame is left intact_- (mild)

; {/___\\l
' Duchenne
.o A—’WWW(\;%— ol
Small deletion, but reading frame is changed

Both forms of MD are caused by mutations in the dystrophin gene

The dystrophin protein plays an important structural role as part of a large complex in
muscle fiber membranes.

When dystrophin is missing or non-functional, the entire complex 1s compromised, leading
to degeneration of muscle tissue. When the ability to regenerate the muscle 1s exhausted,
muscle wasting occurs.
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p(A): Boeig mohuvadevuliwong Neilson and Sandberg ExpCellRes 2010
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