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Osnova

" Funkéni vyznam specifickych interakci proteinu v
regulaci genové exprese
= Struktura chromatinu
" Regulace transkripce
" Lokalizace mRNA
= Stabilita proteinu
" Prenos signalu

" Metody analyzy proteinovych interakci in vivo
" Koimunoprecipitace
" Tandemova afinitni purifikace (TAP-tag)
= Kvasinkovy dvouhybridni test (Y2H)
" Bimolekularni fluorescencni komplementace (BiFC)
" Analyza zprostfedkované membranové vazby (MeRA)

" Praktické vyuziti metod pro studium Pl in vivo



Vyznam interakci
proteinu

Funkéni vyznam specifickych interakci proteint

VétSina proteini v burice existuje ve
formé komplexu, které mohou dale
navzajem interagovat

= Proteazom

proteinovy komplex zodpovédny za
degradaci nepotifebnych proteint v
burice

1fnt


http://www.rcsb.org/pdb/pv/pv.do?pdbid=1FNT&bionumber=1
http://www.rcsb.org/pdb/pv/pv.do?pdbid=1FNT&bionumber=1

Vyznam interakci
proteinu

Proteazom

. Sklada se z centralniho komplexu
oznacovaného jako 20S a regulacnich
casti (19S, nékdy také 11S)

Umoznuje cilenou degradaci proteinu
oznacCenych specifickou znackou, malym
proteinem (76 aa) - ubiquitinem

20S & 26S PROTEASOME
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Vyznam P|

" Funkéni vyznam specifickych inteakci proteind

= Struktura chromatinu

1a0i Nucleosome

1a0i Nucleosome



Short region
of DNA double
helix

|2nm

e g Regulation by histone
|11 nm  string” form of — acetyl transferases or
chromatin histone deacteylases

Core histones

C.

30-nm chromatin
fiber of packed
30nm  pycleosomes

D.
Condensed
g X0 section of
é-,g ( 700 nm chromosome
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Entire
mitotic
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DNA methylation in animals vs.

methylation status ‘

CpG

Cell-specific methylation allows maintain of
tissue-specific gene expression profiles

methylation status ‘

CpG or CpNpG

CpNpNp
I
v o Mechanism of transcriptional regulation by
Imprinting and “cell memory”  ——> pNA methylation mostly unknown
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Vyznam P|

#J 1i6h RNA Polymerase

" Funkéni vyznam specifickych inteakci proteind

- Regulace transkripce

lbh+lefa loc
Repressor

BB ais TWMbinding Protein/
o T 3o Transcription Factor I1B




Formation of transcription initiation complex
A.

TATA box

@ TFIE

RNA polymerase |l
= @ TFIH m

Transcription
can begin
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Formation of transcription initiation complex
Regulatory sequences

Positive TFs

General
transcription
factors

) Regulatory RNA polymerase
\ proteins
sl TATA box
<— Upstream ™ ~ J
Promoter Start of
transcription
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Mechanism of transcriptional
regulation by TAFs

Signal recognition

\
Dimerization > Scissors grip
DNA binding
and
transcription Leucine

activation every 7" aa

DNA double
helix
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“Microprocessor-like” acting promoters
ProENDO16:REPORTER (sea urchin)

Deletion

mutagenesis

Upregulation in the

Combinatorial control

Developmental specificity

Positive, interaction

Module function Boosts Shuts off expression Shuts off expression Promotes Basal
expression at ectoderm boundary at skeletogenic expression in promoter
of Aand B mesenchyme boundary vegetal half

Module G K E D C B A

»®

DNA sites H—HH—— - 00— H i

—-2300
Promotion (+) or — ~ ~ ~
suppression (-) At S =) —H——
@) @) ) Q ®©
_ , = = = S = 2
Tissues/regions o > o 5 o .
where active = = / = =
g % Primary or skeletogenic " c\i g
Q- idgut o
= B mesenchyme cells g =
Q
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Vegetal plate
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“Microprocessor-like” acting promoters

Order of LCR
activation

Regulation of -globin type of
hemoglobin chains expression

Development-dependent
activation by LCR
*Acetylation of H3?
*Involvement of other

genes? LCR
= /
Locus control region

o)

Cca 50 kbp
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Vyznam P|

" Funkéni vyznam specifickych inteakci proteind

= Lokalizace mRNA



Lokalizace mRNA

Vyznam lokalizace mRNA

Lokalizace proteinového produktu
genu v Case a miste

= asymetricke déleni béhem
vyvoe ASH1 mRNA
= polarizace embrya

BICOID mRNA

NANOS mRNA

Shahbabian and Chartrand, 2012
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Lokalizace mRNA

A

= Role lokalizace mRNA

= Omezeni exprese potencialné
toxickych proteinu
= |okalizace exprese
mRNA pro MYELIN
BASIC PROTEIN (MBP)
do oblasti myelinizace
nervovych bunék

Ainger et al., 1993
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Lokalizace mRNA

Mechanizmy
= Difuze a ukotveni mRNA

= Behem ranné oogeneze u drapatky je
Xcat-2 mRNA lokalizovana do tzv.
mitochondrialniho oblaku (MO,
Balbianiho télisko)

= Pohyb MO je CcasteCné zavisly na
depolymerizaci mikrotubult (tzv.
molekularni motor)

= Ukotveni na vegetalnim polu je dano
interakcia MO s ER

_— Xcat2 mRNA

@mitmhundrial cloud

Shahbabian and Chartrand, 2012
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Lokalizace mRNA

Mechanizmy

Shahbabian and Chartrand, 2012

» Lokalizovana degradace mRNA

V embryogenezi u Drosophila m.
dochazi k polarni lokalizaci Hsp83
MmRNA, podobné jako NANOS

MRNA
= Hsp83 mMmRNA je lokalizovana v
celém embryu, zde je vSak ® 5maug

-~ degraded Hsp83 transcript

destabilizovana prostrednictvim cis _
~—— protected Hsp83 transcript

elementu jak v 3’UTR (HDE), tak v
kodujici oblasti (HIE)

= HIE elementy jsou rozpoznavany proteinem SMAUG, ktery
zprostiedkovava vazbu degradacniho komplexu
CCR4/POP2/NOT

= V oblasti posteriorniho polu je Hsp83 mRNA chranéna pred
ucinkem SMAUG tzv. HPE elementem v 3 UTR; mechanismus
této ochrany je dosud neznamy



Lokalizace mRNA

Mechanizmy

= Aktivni transport mRNA

= ASH1 je represor HO u S
cereviseae; inhibice HO
endonukleazy v dcefinnych bunkach
zabranuje zméné parovaciho typu

= ASH1 MRNA je aktivne ASH1 mRNA
transportovana prostrednictvim
,,molekulérn I'Ch mOtOFCI“ Shahbabian and Chartrand, 2012

asociovanych s aktinem

=  ASH71 mRNA obsahuje 4 cis
elementy (3 v CDS a 1 ve

Actin

e PTG 3UTR), které jsou
2 rozpoznavany RNA vazebnym
@ She3 proteinem SHEZ2
A Myos = SHE2 umoziuje

prostfednictvim SHE3 vazbu
na ,molekularni motor”,

MYO4, ktery se vaze na aktin
a umoznuje transport ASH1
MRNA do dcefinné bunky

Shahbabian and Chartrand, 2012



Vyznam P|

" Funkéni vyznam specifickych inteakci proteind

" Sestfih hnRNA



Vyznam P|

" Funkéni vyznam specifickych inteakci proteind

" Stabilita proteinu



Auxin signalling,and its role in the embryo patterning

BDL/IAA12

MP/ARF5

Capron et a., Arabidopsis Book (2009)
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Vyznam P|

" Funkéni vyznam specifickych inteakci proteind

. Prenos signalu



Pl a prenos signalu

Pl a pfenos signalu

"  prostfrednictvim G proteinu
fosfolipasy C

a

- Signalni kaskady vyuzivajici CAMP

receptor
Phosphatidyl-

inositol
ol

Diacyl-
( glycerol
. .é@ 5

Inositol-
trisphosphate

€ Phospholipase C 6

Ca2+ Protein kinase C
Ca2+ release activation

——
@ G protein

s

Ca2+

Ca2+
Endoplasmic
reticulum

1

Downstream events:
Protein synthesis,
cytoskeletal rearrangement
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Osnova

" Metody analyzy proteinovych interakci in vivo
= Koimunoprecipitace



Pl in vivo

Koimunoprecipitace

-CK +CK
CKI1-myc CKI1-myc

zaloZzena na izolaci proteinovych komplexu + - - - 4+ - - - CKH-HA
pomoci protilatek rozpoznavajicich jeden z -+ - - = + = - CKimosaHA
interaguijicich proteinu - =+ - - - + - AHK3HA

= = = + = = = + AHK4-HA
princip k0|mu’n9pre0|p|’5ace vyuz.lv? metoclj'evl —— R PTER
pro potvrzeni interakci u proteinu, kde jiz - - -

Input

tuto interakci predpokladame pomoci tzv.
pull-down assay

— - Anti-HA




Osnova

" Metody analyzy proteinovych interakci in vivo
= Koimunoprecipitace
" Tandemova afinitni purifikace (TAP-tag)



Pl in vivo

Tandemova afinitni purifikace (TAP-tag)

izolace proteinovych komplex pomoci cell extract
rekombinantnich proteint, fuzovanych s dvéma
rdznymi vazebnymi doménami a

ﬂ_ csp@ ProtA || ProtA |

+

|

IgG Beads

First affinity purification

@

calmodulin-binding protein (CBP) TEV protease cleavage

IgG vazajici domény proteinu A (ProtA)

ﬁ Calmo

misto rozpoznavané specifickou
proteazou z TEV viru (tobacco etch

dulin Beads

(i

Second affinity purification

virus) ‘
. proteiny izolovanych komplexd jsou po rozdéleni Native elution|EGTA
na 1D ELFO identifikovany pomoci MS
. vyhodou je pouziti dvou nezavislych proteinovych ”‘_
domén pro afinitini purifikaci a tedy velka

specificita



Osnova

" Metody analyzy proteinovych interakci in vivo
= Koimunoprecipitace

" Tandemova afinitni purifikace (TAP-tag)
= Kvasinkovy dvouhybridni test (Y2H)



Pl in vivo
Dvouhybridni kvasmkovy test (Y2H)

Glll-

> -

izolace proteinovych komplexu pomoci | ‘Reporter gene (LacZ] |
rekombinantnich proteinl, kazdy z nich fuzovany s A Regulartranscrlptmn of the reporter gene
¢asti transkripéniho faktoru Gal4

D G.j,

c,aj.f

jeden z proteint (navnada, bait)
fuzovany s DNA vazebnou doménou R 3 . ,,,,,,,,,,,,,,
Gal4 (Gal4-BD) < . Gal4ED <
[ UAS Heporfer gene (JlLacd |
drUhy 4 proteinfj (kOﬁSt, prey) fl'Jzovany B. One fusion protein only (Gal4-BD + Bait) - no transcription

s aktivacni domeénou Gal4 (Gal4-AD)

&'
Interakce proteind umozni rekonstituci vazebné "% : £
domény s aktivacni doménou a spusteni = v
reportérového genu [T UAS ! Reporter gene Ulacs |

C. One fusion protein only (Gal4-AD + Prey) - no transcription

vizualni detekce (modré zbarveni, LacZ)

Galy
S“ -‘;“j Gald
auxotrofni selekce (rust na médiu bez - sk -0
histidinu, His) s > @
3‘ T EE Heporter gene (JLacZ |

umozniuje vyhledavani interakénich partnert v
expresnich knihovnach jednotlivych organismu

D. Two fuson proteins with interacting Bait and Prey


file:///export/packages/ooconv/tmp/20171124-0013-2_U9Qr/D:%5CTeaching%5CCG020%20Genomika%5CLessons%20presentations%5CCG020%20Lesson%2006%5Cvids%5Ctwo_hybrid.MOV

Osnova

" Metody analyzy proteinovych interakci in vivo
= Koimunoprecipitace
" Tandemova afinitni purifikace (TAP-tag)
= Kvasinkovy dvouhybridni test (Y2H)
" Bimolekularni fluorescencni komplementace (BiFC)



Pl in vivo

bimolekularni fluorescencni
komplementace (BiIFC) ¢

Proteinova interakce je detekovana na
zakladé reasociace fluoreskujiciho proteinu

- +

|

X
|
o

IRERN

I

LR

L
| o B
[ -
=
[ 3

-
et

(TIe

kazdy z potencialnich interakCnich b

partnert je fuzovan s jednou z

podjednotek fluoreskujiciho

proteinu, napf. YFP

pi interakci dOJ,de ke CKI1:YFP-Nme AHK1:YFP-Nme

znovuobnoveni fluorescence + £ sy
CKI1:YFP-CH CKI1:YFP-CH#

- Kromé identifikace vlastni interakce
umoznuje i lokalizovat interakci v burice

YFP

bright field




Osnova

" Metody analyzy proteinovych interakci in vivo
= Koimunoprecipitace
" Tandemova afinitni purifikace (TAP-tag)
= Kvasinkovy dvouhybridni test (Y2H)
" Bimolekularni fluorescencni komplementace (BiFC)
" Analyza zprostfedkované membranové vazby (MeRA)



Pl in vivo

Analyza zprostredkované membranove
vazby (MeRA)

" Umoznuje identifikaci interakci cytoplazmatickych
proteinl s membranovymi proteiny

A ERS1:RFP ER:RFP ERS1:RFP ERS1:RFP
* * * *

ATM-ETRZ:GFP GFP ATM-ETRZ:GFP ATM-ETRZ:GFFP ATMIMGAF-ERS1:GFP

membranovy protein je fuzovan s
fluoreskujicim proteinem

potencialni ineterakCni partner je £
fuzovan s jimym fluoreskujicim

proteinem, liSicim se svym emisnim B
spektrem

FP

v pfipadé interakce dojde ke zméneé -
lokalizace cytoplazmatického proteinu

na membranu (kolokalizaci s
membranovym proteinem)

GEP

Emission
oy TP

Excitation

or

Ibright field

MNormalized absorbance
Normalized fluorescence

04 8.4 ¥ ¥ T 7
05 W0 I 400 AT 450 45 500 5B m 415 4T a4 b4 7]
Wavelength {nm) Wavelength (nm)




Pl in vivo

Analyza zprostredkované membranove
vazby (MeRA)
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Pl in vivo

Analyza zprostredkované membranove
vazby (MeR

3

3.‘r,s::ERS1:RFP + P353::AT ETR2:GFP
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Osnova

" Praktické vyuziti metod pro studium Pl in vivo



Signal Transduction via MSP

Recent Model of the CK Signaling via Multistep Phosphorelay (MSP)
Pathway
E 100 =
g —&— ARRIS
- & = —o— ARRIS
S E —0— ARR3
S -
AHK sensor histidine kinases & Eiinia
* AHK2 g . @« ARR7
* AHK3 |
« CRE1/AHK4/WOL ‘% & e A
9 E “
1 1000
S_.f Time following cytokinin application
I_AI\I-ITIZE ErOtel n D’Agostino et al., Plant Phys, 2000
CK primary response genes
Response Regulators . Type-A ARRs expression
NUCLEUS m ARR% REGULATION OF TRANSCRIPTION
WW
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Is there any specificity in plant
MSP?

O Is there a signalling specificity of MSP in plants?
Pi

_ ATP Pi
Input signal lv%_\ / Output

Histidine Receiver HPt Response
kinase domain domain regulator

AtHK1
AHK2 -

AHK3
AHK4
CKi1
CKi2
ETR1

AHP1 =
AHP2 =
AHP3 Zmm)
AHP4
AHP5 T

ETR2/EIN4
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Specificity of CKI1 signalling

0 CKI1 interacts in vivo with only subset of AHPs
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Specificity of CKI1 Signalling

0 Specificity of CKI1 interaction was confirmed in vitro

AHP3: K, ~ 10,5 nM

AHP2: K, ~ 9,17 nM

AHP5: K, ~ 108 nM

Pekarova et al., Plant Journal (2011)
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Structure of CKl14,

o X-ray crystallography revealed conserved (a/B), structural fold

Pekarova et al., Plant Journal (2011) \
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Dynamics of CKI1 .,

o Mg?#binding leads to remodelling of active centre of CKl1.,

:\ F
|| Ser1082

Rekareva-etal; Plant Journal (2011)
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CKI1y, structural changes are
associated with its binding specificity

‘ o Mg?#*- and BeF,-induced structural changes fine-tune
binding specificity of CKI1,

AHPZ”  AHP3 | AHPS AHP3  AHP2 \ AHP5
I AHP2  AHP3 J AHP 5

Ligand

0 Mgt BeFy

Pekarova et al., Plant Journal (2011) AHPZ 9.17+0.49 0.2+ 0.98 11.6+2.0

E‘f AHP3 10.5 +0.73 129+0.7 8.0+ 0.42
LAt A el AHPS 108 + 18 152+ 26 119+ 32
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Model Suggestion

O YES, there is signalling specificity of MSP in plants.

Pi

_ ATP Pi
Input signal h / Output

Histidine Receiver HPt Response
kinase domain domain regulator

ALHKS
AHKZK
> AHP1 =

AHK3
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Shrnuti

" Funkéni vyznam specifickych interakci proteinu v
regulaci genové exprese
= Struktura chromatinu
" Regulace transkripce
" Lokalizace mRNA
= Stabilita proteinu
" Prenos signalu

" Metody analyzy proteinovych interakci in vivo
" Koimunoprecipitace
" Tandemova afinitni purifikace (TAP-tag)
= Kvasinkovy dvouhybridni test (Y2H)
" Bimolekularni fluorescencni komplementace (BiFC)
" Analyza zprostfedkované membranové vazby (MeRA)

" Praktické vyuziti metod pro studium Pl in vivo



Diskuse
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