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Fosfaty jsou obwvwykle pFipojeny

k hydroxwyvlowve skuping na uhliku C5 ribosy

nebo deoxyribosy., BE&Zne jsou mono-,
di- a trifosfaty.
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wvazrba fosfatu vnasi do nukleotidu
zapormny naboj

MNukleotid se sklada z dusikateée baze,
pé&tiuhlikatého cukerného zbytku a jedné
nebo wvice fosforylovych skupin.
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D-ribosa
v ribonukleovych kyselinach

CUKRY

vyskytuji se dva druhy

PENTOSA

pétiuhlikaty cukr
2-deoxy-p-ribosa

v deoxyribonukleovych
kyselinach

KaZdy &islovany atom uhliku v cukerném zbytku
v nukleotidu se oznaéuje znakem pro stopu (*),
tedy 5’ ; Cesky se fika "pét s darkou".
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~
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Bare je pripojernmna k tS&emu=
uhlikowermiwua atormua (1),
Jako pri spojowarsd
fednmnotliivyvoch cuakernyoch
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NAZVOSLOVI

BAZE NUKLEOSID ZKRATKA
adenin adenosin A
guanin guanosin G
cytosin cytidin c
uracil uridin U
thymin thymidin T

Nazvy mohou byt matouci, ale zkratky jsou jasné.

Nukleotidy se zkracuji tfemi
velkymi pismeny. Uvedme nékolik
priklad:

AMP = adenosinmonofosfat
dAMP = deoxyadenosinmonofosfat
UDP = uridindifosfat

ATP = adenosintrifosfat

.
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BAZE + CUKR = NUKLEOSID

BAZE + CUKR + FOSFAT = NUKLEOTID
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VAN DER WAALSOVY SIiLY

Na velmi kratké vzdalenosti vykazuji kterékoli dva atomy
slabou vazebnou interakci diky pohyblivym elektrickym
nabojam. Pokud se vSak atomy dostanou do velmi tésné
blizkosti, velmi silné se odpuzuji.

odpudiva

ENERGIE —

pritailiva

vzdalenost mezi ———
stfedy atoma

van der Waalsova styéna vzdalenost

chemi ck® vazby

Kazdy atom ma svij charakteristicky .rozmér”, tzv. van der
Waalshv polomeér; kontaktni vzdalenost mezi dvéma atomy
je souctem jejich van der Waalsovych polomeéra.

» ¢ & &

0,12 Nnm 0.2 nm 0,15 nm 0,14 nm

Dwva atomy se pfitahuji van der Waalsovou silou aZ do vzdalenosti
dané jejich van der Waalsovymi polomeéry. | kdyZ tyto interakce
mohou byt jednotlivé velmi slabé, van der Waalsova pfitaZlivost

se muZe stat vyznamnou silou, jestlize se dva povrchy makromoleku
dostanou do tésného kontaktu.

SLABE CHEMICKE VAZBY

Organické molekuly mohou interagovat
s jinymi molekulami nekovalentnimi

vazbami, pusobicimi na kratkou
vzdalenost.

VODIKOVE MUSTKY

Jak uZ bylo popsano v panelu 2-2, vodikoveé vazby &i muastky
se tvori, jestlize se atom vodiku dostane mezi dva

YXXBXXXXH KX K Katomy (obvykle kyslik nebo dusik).
el ektronegativn?

Vodikové mustky jsou nejpevnéjsi, jestliZze jsou
vSechny tFi atomy v jedné linii.
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Priklady nachazime v makromolekulach:

aminokyseliny v polypeptidovych Ffetézcich
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slaba
vazba

Slabé chemické vazby reprezentuji pfibliZzné& 5 % silné
kovalentni vazby. Jsou v3ak dostateéné silné, jestlize
se jich Gaéastni vice najednou.

VODIKOVE MUSTKY VE VODE

Kterékoli molekuly, jeZ jsou schopny tvofit vodikové mustky
samy se sebou, to mohou ¢€init i s molekulami vody.

Diky této soutéZi s molekulami vody jsou vodikové miuastky
mezi dvéma molekulami rozpusténymi ve vodé

pomeérneé slabé.

peptidova

vazba
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Sl ab® vazby

Voda nuti hydrofobni skupiny, aby se navzajem
spojovaly a minimalizovaly tak kontakt s vodou.
Hydrofobni skupiny, které jsou tak k socbé
tlaceny, jsou viastné odpuzovany nemoZnosti
interakce s okolim; pfesto se této ., pfFitaZlivosti”
Casto Fika hydrofobni interakce.

HYDROFOBNI INTERAKCE

IONTOVE VAZBY VE VODNYCH ROZTOCICH

Nabité skupiny jsou chrangny
svymi interakcemi s vodou.
Proto jsou iontoveé vazby

ve vodé velmi slabé.
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IONTOVE VAZBY HT H
lontoveé interakce se vyskytuji mezi piné
nabitymi skupinami (iontova vazba) nebo
= = - < = Podobné se dalsi ionty v roztoku shlukuji
13 nami s &a b :
SCUPS » steCmyan:nabgjena kolem nabitych skupin a dale oslabuji iontoveé vazby.
ﬂj@)ll | I[( h = S @ lil
O D .
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PfitaZliva sila mezi dvéma naboji. \O 0® @ H
>

3* a &, se prudce zmens3uje

se vzdalenosti mezi nimi. @%
Na @

V nepfFitomnosti vody jsou iontové

interakce velmi silné. Zodpovidaiji Pfes oslabeni vodou a solemi
'z:k';e;nrzf;ntwao':—o::g: :ce"_;gftu' jsou iontové vazby velmi daleZité
] 3 = v biologickych systémech. Enzym,

ktery vazZe kladné nabity substrat,
ma casto ve vazebném mistée
zaporné nabité aminokyselinové
zbytky.

krystal kuchyrské
soli NacCl




DNA a jej?2 stavebn?2 podjednotKky

stavebni kameny DNA ; Fet&zec DNA
fosfat

cukerny
fosfat

nuklieotid

dvoufetdzcovsa DMNA
=0

kostra cukernéhaoa
fosfatu

== .
==

Ppary bazi wazanvych

vodikowymi mastky



Dvougroubovice DNA

5' -konec
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Z8kl adn?2 konf or mace DNA




Sch®ma Wst Sedn2ho dogmat u

DNA S Zanskripce .. pNA translace  _ protein
4 zpitnd , A
transkripce
replikace ' replikace
v : v
DNA . RNA

Sipkou je znazornén smér prenosu genetické informace.
U vsSech prokaryotickych a eukaryotickych organizma, také u DNA-vird

probiha prenos genetické informace v plném rozsahu.
U RNA-virag probiha jen v rozsahu vyznacdeném obdélnikem,

mo |



Funkce DNA

Struktura DNA umogRuje uchovg8§n2 genetick® ir
(transkripce a translace).

Replikace DNA

Protodge oba d&wdWgrceu DANVAi i obsahuj?2 sekvence
pSesnhN komplement §rn2, mbhop(l nabtly ivcle8§)k npar os | soyt
kompl ement §rn2ho SetRzce. Pr eplikaee DA przome & j ¢
dvhD identick®dm®l pkudygnz. Tak | e umognmant epSke
buRky do dceSin®.

PSesto zde vzni k8 ot&8zka, jak mTge buRka zKkec
rozdNDlen2m. Kop2rovg&n2 mus?2 Dblt velice rychl
zkop2rovat cell syEdnoendtm pvPmAreRydami . Tt
proteinT, kterT dohromady vytvg§S2 replikaln?
dvougroubovic2m, kter® poch8§8zej2 z mateSsk®t
jedn2m pTvodn2m a jedn?2 msamivikdo wyd vwodSlkeind m? vi &
Dvougroubovice DNA je za norm8In2ch podm?2 nek
vod2kovIimi mTst koyd diklzein 2b §vzleSnkien Kloc h&Az2 PpRiud
vgak SetRDzec DNA fungovat jako templ §t, mu s ?
mohly p&uavebtsdy pSipojovanimi do nov®ho vl
i nici al n? kpreaot® isrey v8gou na DNA a rozv?2jej2z
pSerugovs&§n2m vod2kovich mTstkT. Al koliv vod?2
stabilitu, energie jednoho mTstku je velice
vel kT pS2sun ehedgcb8§aemTga komoci tRchto ir

teploty.



M2 st Tm, kde je struktura dvougromudmplvii lcael /DN Ap
kter® jsou urleny speci §lednhodukhéachi doaRagche
nebo kvasinky, jsou tyto replikaln? pol 8t Kky

tvoSena specifickT mi sekvencemi nukl eoti dT,

a nav2c zde smdadhloe 2o chigm$te ket DzxcMo ZT k|l adu
sT dvilDma vod2kovI mip&§mEStGkyqou zta$iz mcodavkov® mTs
vieplikaln2ch pol 8tc2chvtywmikd kny obyssikhyetmu jA2 as &
shadno rozpojit.

Bakteri 8 nktgehome obvykle tvoSen jednou kru
bg§zrg, jedinl repl iNaalrno?z dptkévioeokbakt eDi §2 m | i d:
naj 2t zhruba 10 00Qefjakdviveh kpolp®dleT umogRuU]

vegkerou DNA bDhem relativnhD kr8tk® doby.
Jakmile jsou inicialn?2 proteiny navg8§z8ny na
na replikaln?2 pol 8tek skupina proteinT, kter
Synt ®z ar &NIAI wal n2ch vidlil|l k§8ch

Pro zal 8tky replikace jsou typirck® i¥%tady aarry vv &
Vt Dchto replikaln?2ch vidlilk8ch jsou nav§8z8n
ve smBDru replikace a rozv?2jej? dvougr,oubovic
Vijednom replikaln?2m pol §tkttes® vetpos3yybdyP @
j e replikace bakteri 8l n2ho i oebuokuasrowidiioet&m 2 ho ¢

pohybuje velicerychlei z hr uba 1000 nukl eoti dIJO @ an slkelkamtdiud
sekundu u |l ovDihDka.



NejdTl egithRjg2m enzymeDhApeplyimkaRaah@ apat 8t u
vlI 8kno DNA podle pTvodn2ho SetRzce. TenEkonee n:
rostouc2ho SetRzcef DNADdEkéshanes skuphoudFD$le Sat Ez ¢
fosf8tovou skupinou pSidg&§van®ho nukl eoti du.

bohat®xynukl ecaidodg§Vvajisi Séepergii polymeral n2
hydrol T zfows fj edinebyveud Vv ® o s i dter idfoosstfa8ted n§ pr o

reakci , p Sin ukktl eero® i sdeo WMog8 gmeo vddmesy nt et i zovan®ho

uvol dihd ¢P)SDNA-pol ymer 8za vyug2v§g hydrpodIlyznoeur aul
reakci. Di f ojsd 8d81 e hydr ol yzov8nP)na camorzaa ruil aulf & fnc
nevratnost polymeraln?2 reakce.

DNA-pol ymer 8za se neoddhDluje od DNA po kagd®m
DNA a bRhem polymeraceDNA jpod®$i méj @omad ypbamaec 2

Asymetrilnost replikaln?z wvidlilky

Jelikog je DNA synteti3Bowm&Bmsa awtBu va |l vé smidddal !
Jeden novli SetNDzectegnep hs8tng ndd BB o@8 rSwnh Tp @ mhg dedS ¢ u

smNri3E5 Oba SetNzce vgak zd8&nlivhD rostou smir
tak se zd8&8, ge prvn?2 vl Ekits Jreé&yS® N3 et i zovsEno
DNA-pol ymer 8za vgak mTge kat al ) zawnatm irpTaddid §Svest I
podjednotky najehoEk onec. To Seg?2 synt @25t enrop/)®hsow gval k8§ k
ZzTst8vsE8 probl ®m Bk3ktpé mp/v &M o tpooidd en-be k y meu e a PN
dok8zal a pEkomktDNAOY amt 6 reseDNAD i skont i mw8lzm@ me n
jsou veErsmiPntebi zove&ny kr8tk® Wseky DNA, kte
vkontinug8§l n2 SethNzec. T@kazaklhckfrr§ag<r®eril/1syekyr esteDznea
tvoSen kont i nu¥3gn s e voea dsbrwirzy SBertutz@ cvl §kno, s
di skontinu8lopPgNsi¢ 2médzise8§ nebo v8&8znouc2 SetDz



DvDD f unkpoel yDiNeAr §z y

DNA-pol ymgre§aal ice pSesnh pracuj2c?2 enzyn, Kkt
zreplikovanich p8&8rT H8@€, dypi mehosdamCGpEadg
tyto interakce | sou aninyophi ecnk ®&miun [ 8srtoavb8inl2zn 2d.o ckh ¢
pokud by nebylo opravhwRae®, mhtromadi ktyge® 25y n
Hr omadn® f i xgaecnio nmou tj aec ézpavbarv8nnollin of u n k ¢ o Isyameort §1 z2®)
DNA-pol ymer 8za kateakywzeyet®edy DNA, al e m§ | 0 |
korektura (proofreading). DNA-pol ymer 8za m§8 tedy HSEPok §kmkadh
B3 5Enu k!l e§8zovou aktivitu (gtnhNp2c2 nukleov® ky

Synt ®z ar ©NIAI wal n?2 vidlil ce

DNA-pol ymer 8za mTge pSipojit novl nukleotid p:
zal 2?2t syntetizovat nov® vlI8kno. Mus? tedy ex
nukl eotidy a zal alnotvagk vs ygrktneot ipzoadv aet. | Zelenkods ed i
nevytv§8S2k rlBNA,T aVhseeTky tPFONA4seky dl ouh® pSiblign
stempl §tovim SethRNzcEkmnacp¢gakyt zjad c8l$ yerRgIpSrzoug P N
jako primerpr o synt ®zu DNA a enzym, k t RNA-primérge t v o S?2
syntetizovs8§n podle templ 8tu na z8kladnD kompl



PSi synt®ze vedouc2ho SetphBiamerjeSyfe®aapopde
vgak diskontinuitn?2 a vpyrgiadar . nkalmi8lle ge orr
posune a uvoln2 se novl ¥sek nesp&8&rovapmrhech n
DNA-pol ymer §8za pak pSi dgv §-kodee BNAY I ii m@em wk lae @triodl)

Set Dzec DNA, dokud nenaraz?2 na dal g2 pri mer.
Pro vytvoSen? souuvpelRbp2etB&naeDRAtPNDzce tvo
wseky (Okazakiho fr agmeRNAy)r ijnseaw nutoru® otdSit res
j sou nahrazeny DNA, cpglpmevigdaebp®PRat?B88gi DNAO
spojeny DNAl i g 8DNA-i g8za dokBgef Stpoyi tk&ned prvn2h
hydroxylovim koncem dal g2ho Yseku.

Repli kal n?2 apar 8t

Repli kace DNA vygaduje spoluprs8ci nhRDkoli ka d
hel i,k S8kztaer 8 rozv?2j2 dvougroubovicovou strukt:
] sou proteiny v8zaj?2c? sSé&Bngrjogdcenoawl §ksireavhagu |
binding proteins) , kter ® chr&§n2 jednoSetRNDzcovou DNA u
znovusps8iSoevgmtm. protein ()anjge idcaklyg 2s |siodu Ings tc2l
Tent o protei n -ppoelvynnik rv88zgue nDaNA e mp | 8t , na opogl
uvol Ruje po dokonlen2? synt®zy kagd®ho Okazak
kterT obemyk8&8 DNA a pakgbajpeuws &Npea B&Ilo un2v ei ss



Tok genetick® informace (DNAYRNAYprotei

Princip pSed8§8vEgn2 DN edtoi cRKNRA i|aRNAGognidetuefe Mk z
obecnl, ¢eVsbtyde dina2znv 8dnogmat em .mol ekul §rn2 gen
Mechani smus, kterTm buRky p Sreplrise(psS OmNiAs d,0 4
i nfor maceRNAKpyan®ze pr otteislacE( p®e lnlaad)v.§
Transkripce a translace jsou procesy, iku®@rTlr

geny. Podl e jednoho genu mTge vzni knout mnol
nNDkolika identickI m molbeukRuicle§ nb Tpvr§o tjeeinn u.e dPrao t
hapl oidn2 genom, tato amplifikace umogRuj e |
mnohem rychleji, nedg kdyby DNA byla sama ter
bTt pSepss&nr az pBwe | Wlgiemnesst 2, cog umogRuje bu
mnogstv2 rTznlch proteinT. Nav2c, buRka mTg:

pot Seby.



Replikace

dvou-
pocatek replikace retéezcowva
D
5| I 1 NA 3.
= 5

otevreni dvojsroubovice
pomoci iniciacnich
proteinua

5 3°
3" , 5

jednoretezcove DNA-templiaty
pripravene pro syntezu DNA

Obrazek 6-13 Rozvolnéni
dvojsSroubovicoveé struktury v pocatku
replikace. Iniciac¢ni proteiny replikace
rozpoznavajl sekvenci specifickou pro
replikac¢ni pocatky a lokalné oddali oba
Tfetezce. Vzniklée jednoretezcove useky
IDNA mohou byt vyuzZity jako templat pro
kopirovani IDINA.



Asymetri |l nost replikal n?2

\ 3B =

- smeér pohybu replikacni vidlicky

l templat vaznouciho retézce
templat vedouciho fetézce p— pravostranné vidlicky
levostranné vidlicky =

5' ) ; 3‘

templat vaznouciho rfetézce

levostranné vidlicky templat vedouciho retézce

pravostranné vidlicky

(Okazakiho fragmenty)



e Typy genT

Pojem gen se poug2v§g§ ve dwganynzug krbdotivajakoh v I zn
poj menovs8n2 pro konkr ®t n?2 %¥sek DNA

Genjakovilohaj e jednotkou informace, poferogp.kter ®
di ploidn2ch organizmT m§ Igomozygd)v Nn eabdl cenesrezyddd.ugh

Na %Yr ovni f enotognmanceée pebperewvmnygota se projev.
recesiviia( u heterozygota se funkce |jedn® eapellnyg ne
dominance a kodominanc pr oj ev obou al el soulasnhD). Geny

majorgeny( geny v el k ®@tnorgetyl( igrekny) mal ®ho %l i nku) .
Majorgenymaj 2 vel kT % Neekl| naRfijeaojky pddiji2v kwalsittSa
(barva hrachovich semen, barva o] 2, zbarven?
Minorgeny-geny mal ®ho %%l i nku maj2 obecnh mal Tl Yl i
vl astnost2 k-dovanlich mnoha geny a al da.ami (O
kvantit at Jejicmie zzinaalkeyl o vj® oiun tveerlankices| ogi t ®. Sam
nem§& valnl viznam. DPlinky jednotlivich al el
domi nantn??m Y% inkem podobn®ho typu (alely po
n8§sob?2.

Gen | ako jYes ekpoDNAnT za vytvsg§Sen2 funkl| n2
typlT genT:

Struktuipsdogenyg Yseky DNA, Kt enRM®A, | Kdoer ® &mh ki
matrice pro synt®zu polypeptidovich SetRzcT
Geny pro ri b@RNAMSI n2 RNA

Geny pro transferovou RNA(tRNA)

Geny pr o (smdl @auclddiNRNA, snRNA; small nucleolar RNA, snoRNA; mikroRNA,
MIRNA; small interfering RNA, siRNA; piwi interacting RNA, piRNA)



Organi zace eukaryontn2ho strukturn2ho g

Dsek DNA zahrnuj?2c?2 vgechny nukl eo{mestenger;kt er
medi 8t orov8 RNA)stsreulotznradafjekmp akjoe to pr v
pSekl §dg&§na do polypeptidukkangel mRN4, tfjanpBafg
sekvencgemBzfevps8§na jako ekvival eket3tkon® N& s e
rozd?2| o dt rraenpsl kirkiapccee, do RNAt Z re.r,h éegtePme tsreiganie & t |
pSepisov§gnwol §lloBedroal ovan® jako nebBPauh@®n?
(nepSepisovan®) vl §mBopbpomi stephpuksdkyyent)
kterT je ozpralnoSw8ir jtarkaons kr i pt

SBEé. TCAGTTACGTEADDG-p.0.z3i t i vn2z vl 8kno (k-duj2c2)
T
BEé. AGTCAATGCATING:-negati vn2 vl §kipSepamstoiviaen®u j

I
SBEé. UCAGUUACGWTEARNGTIpr.i3m8rn2 transkript



Funk|l n2 st rselkstt 8rviB2 zgerrhwmoes Wk rli §9,tn2?%k t jea &n artadvgauzl uaj|
oblast (promotor) ( vi z sch®ma genu) . Bez regul aln? obl
nefunkl| n2.

Transkripln2 jednotka je Wsek DNAprenRNERril | e
(het er og dimRNA).VRM®A ,0 t r anmekmRNAjoer ainM® or mace pr o
pol ypeptidov®ho SetRzce. Ale nejenom to. Tr a
kodonem (zal 8tkem k-dov8n?2 polypeptidu) a ko
ukon|l uje k- dov § mpk-mRBMVMAlj spmaip tascekk)y. kV daxgny c a P le ¥
nek: - dunfohyg.2 (

Takdgter aanskri plnz jednoticrei dIiDNIAD2 rmZzetzon §ivi@ane s k
polymerg8za |1 zal2n§ pSepi voavahitBONAzdEBhemols§
m2 s t asekyemci DNAsekvence ATG ¢ atgrt kpden (kodon pro aminokyselinu metionin)
T2mto kodonem zal 2n8 k- dak8n ySotwatrd c hk opdool rexgneThgt ¢
2, 3, nebo i dal g2ch. Je to specifick® pro k
start kodon s5BUTR GnalpSjed | j§alkadubtrarslatéd aegian). Nukleotid,

od kter®ho zal2n§ pSepisovs8§n2 trskenskappwhst p

dsl e) . Nukl eotidy | 2slovan® od startovac?2ho
znam®nkem +. Sekvence pSed inici ajipstreamm?2 st e
sequencégproti proudu) nebo 5Eflanking sequencg5Ep Si | e h | §( tsaetkor esieley en c
soul 8st? transkripln?2 jednotky). Prvn2 nukl e

oznallyj eme dal g2 nukleotidy doleva prot-( nsaml®r.L
-4-3-2-1 +1 +2 +3 +4¢é..)

Ur |l it8 | 8st k- -duj ?2c? sdgkwd mcie ,zead22eaddoev@2n SAT @
sign8l n2 peptid, k tterraln ssl ea | onc? get hfd yriuar dei df §i Ikea) cp? ocsht



Za stop kodonem (TAG nebo TGA nebo TAA) pokr
konl 2 trdaoaskinamee8togexonovs8 nek-duj 2c®UTRek v
(3En e p Se k| §d akuBtranslbtédaegion) D OEUKTER 3InTge bTt st ovky
b§z2. 10 ag 30 b§z2 pSed koncemolteadémalcal n7a

(sekvence AATAAA, pS2padnhN ATTAAA) , k t(Zznovlh | e
zdTrazRuji, ¢ge tr-mRBRrzaken®NAxdopemra kon] 2
DNA sekvence, Kktt6TRB, njge | @z gHdavasiaaB sefuankeo(po
proudu) nebo Fflanking sequence (B Si | ehl §. sekvence)

Dseky DNA, kter® o amns&ms lpdingcih dppavt§ch d§:
se oznal VDRNAexooy.jednotli v® exony od sebe o
(introny) . Eukaryontn?2 gealyt seexwdmBzOmNDKkt &r® vgen
tj. transkripln?2 jednotka nen? fragmentovansé
70 exonT (nap$S. gen pro dystrofin). Obecni,
e Xx on 3ekveriDNAna zal 8t ku i nt r canakongcietroaugdeksekeence AGIGT
kdyg existuj?2 nhRDkter® vijimky, tyto sekvence

poug?vsg Q@ZAG6 prhvela GT-AG rule).



Regul aln? oblast genu

Vregul aln2 oblasti se nach8aeajp2o SEelEnénod,.e cma
transkripln2ch faktorT a RNA polymers8§zy 11 d
Tat o sekvenmoeots.e nMejlwi§z namnj g 2promdioyupeclATA Isoe,k v
kterT je prvn2m rozpozn8§vanim m2stem promot o
i ni ci aln2ho kompl exu. Konsensu8l n?2 sekvence
ExXi stuj?2 vgak 1 jJin® motivy. M2 sto, ve kter
obvykle253 0 p8r T b8z2 za TATA boxem. Znaln® proc
76 %) neobsahuj TATA box. Soul SGAARDboxp GCoboxoat).o r u
Pol ohy regul al C

Transkripln?z aktory jJjsou proteinNej kREmI® ¢
TFI1T A, TFI 1B, FII D (soul 8st2z je podjvadrotsla
specificky na sekvenci TATA boxu), TFIIE, TFIIF a TFH.

2ch sekvenc? se |1 g2 gen od g

e
n
f
T

ZesilovalejéenhmAséamay) na kter8 se v8gou aki
Zesl|l aboval ¢ spui mé&isdt ar \DNA, na kter8 se v§8go
chromoz- mT) .

Zesilovale a zeslabovale mohou bilt ve vzd§l
promotoru a mohou blt |l okalizovg8&ny pSed nebo

| okali zov8ny i1 v intronech.



Sch®ma eukaryontn2ho strukt
— Regulaéni oblast i Transkripéni jednotka »
THminace
franskripce
5 Paly-A P
Zatdtek signal
kodovani ato (BATAAL)
7= Promotar iniciat arat ' ZrAEND" I«{denﬂ
mista kodan PPEN (TAG TGA,
franskripce (ATGE) TAA)
) Exon | Exorf 2 Exon 3 Exon 4 .
 S— ;;f = alln oT_ ad] r— ;’!f' 3
S gy u I O L ntron” b Y S— . ] HI R
Zesilovade-  Oktamer GO CAAT TATA
zeslabovate box  hox  box
(nekolik kb 00 -9 78 -3 SUTR  Signalni FUTR L
az nEl{Dl"{ {HDQ”ESSEW SEI'{'I,I'IEHEE ZES”WEEE:
desitek kb b zeslahovace
od zatatky
transkripce)
Transkripce je katalyzovan8 RNA polymer 8§zou
Jednoduch® stinekmbuyénpsgpopyj 2 se cel ®
Sl ogen® striskt §gdmj 2gsmy z exonT a intronT

Introny: 5SEGT é é A GE -3GT/AG pravidlo



G e n 0 msekveRce genlEEF1AL prasete

GTGGAGGTGG CGCGGGGTAA ACTGGGAAAG TGGTGTCGTG TGCTGGCTCC GCCTXIGAGGGTGG GGGAGGACC/AEUpstream
TATATAAEG CCGTGGTCCC CGCGAACGTTTTTTCGCA ACGGGTTTGC CGCCAGGAIMGTGAGTA CGGGTGTGGC Exon 1
CTCCGTCCGC ATGGCCTCCG CCGGTGGCCA CGGCCTTAGC GTGCCTCCCG GCCCCCCGCG CGTAGAGGGC TCTGERAE)T
GGTCCTGATT CCGAGCTGCG GGCGGGGGGA GGTGGAGAAC TCGAGGCCCT CCGCTCTCGC GGTTCCCTAC CGCGTGCCCG
GTGGCGGCCT GCTGGGGCGC CGTGGCCGCC GCGTGCGATC CGCGCCTTCG CGCCCGCCCC GTCTGTCTTC GCGCTCGAGT
TCGGCCGGCA GCCGCGTGTT ACTGCCAGGG CGGCCCAGCC GAGGCCGCCC AAGGTGGCCT CCGTGCCCGG CGGTCCCGGG
GCAGACGGCC GCGGCGGGGC GGGGCGGGLG GTCGGAGACC CAGCGCCLCCLG CCCGGGLGGG CTGCGAGCGC GGAAAGATGG
CCGCTCCCGG TCTCAAGATG GAGGACGCGG ACGGCGGGCG GCGCACAAAG GGCCGGGLGG TGLCTGLLLGL GeeaeTTeCe
GGGACTCGCG GCCCGGGTGG GGGAGGGGCLT GGGCGCCGGG GCGGCCCCGT TCGCTGGGTG TAGGCCGGGC AGGGCCCGCA
GGGCGCCGGT ACTAATGCTC CCTGGAGTTT GCCCTTGGCT GTTGGGGTTG TGCCTGAGTC TCCGGTCGTC GGGACAGTAG

TTTAAAGAAG GTTTTTGTCG TCTTAG GT CGTGAAAGCC ATCGCTAAAA GCTAAGCAMATGS GAAAGGAGAAGACT%5EUTR)
ACATCAACAT CGTCGTCATC GGACACGTCG ATTCGGGCAA GTCCACCACT ACTGGCCATC TGATCTACAA ATGCG
ATCGACAAAA GAACCATCGA AAAGTTCGAA AAAGAGGCTG CGTOGG TAAAGTAACG TCAGCAAATT AAGTGGTAGT
TCTCTAAAAC TAGTGTATAT CTGACTTGAA CTAGTACATT GCAAAGTTTG CTAAGTGGCT TAACTCCAGC CAAGTTTAGG
AGATGGAAGT GAAACCTAGC ATTGCTTCCA AGTGGGACTA AGGAGTTTAG TTACCGAGTA ACCCTTCTTA ATCCCTGCAG
ATGGGAAAGG GCTCCTTCAA GTATGCCTGG GTCTTGGACA AACTAAAGGC TGAACGTGAG CGTGGTATTA CCATTGACAT
CTCCCTGTGG AAATTCGAGA CCAGCAAGTA CTACGTGACC ATCATTGATG CTCCAGGACA CAGAGACTTT ATTAAGEX@A 3
TGATTACAGG CACTTCCCAGTTTGTAGGA TTAAGAACTC CTGAGAGTAA CATTTTGAGT TATCTATAAA TTGGCGAAAC
CATGGATCTG TCCTTTTTGG AGAGGTTTTC ACAGGGTGTG GCCTTTTTTT CTTTTTTARAIGACTGT GCTGTCCTGA
TTGTTGCTGC TGGTGTTGGT GAATTCGAAG CAGGTATTTC CAAGAACGGG CAGACCCGTG AGCATGCTCT TCTGGCCTAC
ACCCTGGGTG TGAAACAGCT CATTGTTGGC GTTAACAAAA TGGATTCCAC TGAGCCACCC TACAGCCAGA AGAGA Exarnd
AGAGATTGTA AAGGAAGTCA GCACCTACAT TAAGAAAATT GGCTACAACC CTGATACAGT AGCATTTGTG CCAATTTCTG
GCTGGAATGG TGACAACATG CTGGAGCCAA GTGMGRAAGTGGTTTT GATGAGTTCT CAAAACTTAA GTCTGGGAAG
GGATAAGTTT GAAAACACTA ATTGATGATC TTGTGTTTTATGCCTTGG TTCAAGGGAT GGAAAGTCAC CCGTAAAGA
GGCAATGCCA GTGGAACCAC ACTGCTTGAA GCTCTGGATT GCATTCTACC ACCAACTCGT CCAACTGACA Aeccmé’@('fbIS
CCTGCCCCTC CAGGACGTCT ACAAAATTG@TBAGTTG AACGTTACAC TCAGCTGGTA TGGGTTGCAG TGATGTTTGT
CTTCATACGA GATAATTATG CTGTGCTGTG AATACTTCAGATTGGTAC AGTCCCTGTG GGCCGAGTGG AGACCGGTGT
TCTCAAACCT GGCATGGTGG TCACCTTTGC TCCAGTCAAT GTTACAACTG AAGTCAAGTC TGTTGAAATG CACCATEXSA 6
CTTTGAGTGA AGCCCTTCCT GGGGACAACG TGGGCTTTAA TGTCAAAAAC GTGTCTGTCA AAGACGTTCG TCGTGGCAAT
GTGGCTGGTG ACAGCAAAAA TGACCCACCT ATGGAAGCAG CTGGCTTTAC AGTANCACTTCAGT GACAGGTTTT
TAAACTGCCA GAACCTTAAC TGTCTAAATG TCTAAAATGT GCTAAATGCA AATTTTCTCC GFABGT TATCCTGAAC
CATCCTGGCC AGATCAGTGC TGGTTACGCA CCTGTGCTGG ATTGCCACAC AGCTCACATT GCCTGCAAGT TTGCT%% T
GAAGGAGAAG ATTGATCGTC GTTCTGGGAA AAAGCTGGAA GATGGCCCCA AGTTCTTGAA ATCTGGTGAT GCTGC G
TCGATATGGT TCCTGGCAAG CCCATGTGTG TTGAGAGCTT CTCTGACTAT CCTCCTETARGAGTGC CTTTTTAGTG
TAATTAAGCT TCAGTAAAAA TGGAAAAGCA GTTATGTAGA GAAAGTGTTT CTCATGGTGA TTTAATTTTT GTTTTAATAG
GCCGATTTGC TGTTCGTGAC ATGAGACAGA CAGTTGCTGT GGGTGTCATC AAAGCTGTGG ACAAGAAGGC AGCTCEX®TS
GGCAAGGTCA CCAAGTCTGC TCAGAAAGCT CAGAAGGCTEAATATT ATCCCCAATA CCTGCCACCC CAGTCTTAAT ..
CAGTGGTGGA AGAACGGTCT CAGAACTGTT TGTCTCAATT GGCCATTTAA GTTTAATAGT AAAAGACTGG TTAATGASBATR)
CAATGCATCG TAAAACCTTC AGAAGGAAAG GAGAATGTTT TGTGGACCAT TTGTTTTTTG TGTGTGGCAG TTTTTAAGTT
ATTAGTTTTT AAAATCAGTA CTTTTTAATG GAAACAACTT GACCAAAAAT CTGTCACAGA ATTTTGAGAT DOAMA
AAGTTTAATGAGAAACCTGT GTGTTCTTTT GGTCAACAGA GTAACTTCCT ATGAAGGTAA AGGCTGGTCA TAACCTAERBWNStream
CTAGTGTTAC ATAGAAACAA GATTTGTGGA TGTTTTTTTC TGGGTATGAG CTTCATGTTT CTCAAGACTG TCTACAGAGA




Operon —35 region

lac ACCCCAGGCTITACAGTTTATGCTTCCGGCTCGIA
rac/ CCATCGAATGGCGCAAAACCTTTCGCGGTATGGEALG
galP2 ATTTATTCCATGLEACACTTTTCGCATCTT TGTiks
araB. A D GGATCCTACCTGAEGC

araC GCCGTGATTATAGACACTTTTGTTACGCGTTTT

trp

bioA

bioB T

tRINATYT CAACGTAACACTIEAS ARGA
rrnD7 CAAAAAAATACELGIGCAAAAAAT TGGGATCCCRARAA
rrnE7 CAATTTTTCTALLELGEGGCCTGCGGAGAACTCCCEAEAZ
rrnAZ2 AAAATAAATGCTELG TCTGTAGCGGGAAGGCGRAIR/

—35 region

General plan:

“% Frequency of
occurrence

84 79 64 54 as

A Figure 7-3 The nucleotide sequences in several promoter
sites that direct transcription by E. coli RINA polymerase
containing the major sigma facror, o”7°. Each sequence shown
belongs to a specific operon, that is, a cluster of genes that
are all controlled by the same promoter. The Pribnow box is
a strongly conserved region of six bases; a sequence around
the —35 position, which has a five- or six-base core, is also
conserved. The bases in red type are initiation sites. Usually
transcription starts at a single nucleotide; occasionally mulri-
ple, alternate sites are present (e.g., in the lac and 772zA2 op-

RS EEGRATEE ——— —15—20 bp———&

Pribnow box Initiation
(—10 region) site (+1)
BMEG TG TGGAATTGTGAGCGG

AEAGCGCCCGGAAGAGAGTC
NEGGCHATGGTTATTTCATACCAT

 TTTTTATCGCAACTCTCFAGIGETTCTCCATACCCGTTTTT

GGCTTTGGTCCCGCTTTG
AGTACGCAAGTTCACGTA
TGTAAACCTAAATCTTTT
TACAAGTCTACACCGAAT
GCGCCCCGCTTCCCGATA
GCGCCTCCGTTGAGACGA
GCGCCTCCATCGACACGG

TGECAL
T AACT

erons). The general plan of the promoters is shown at the
bottom of the diagram; the percentages below each base in-
dicate the frequency with which that base was present in a
comparison of 112 different promoters. Note that the initia-
tion site for bioB (a gene for the vitamin biotin) is at a thy-
mine (which becomes a uracil in the mRINA) and that the
site for 7772A2 (a gene for rRINA) has three cytosines; all of
the other initiation sites occur at an adenine or a guanine.
[See D. Hawley and W. R. McClure, 1983, Nucleic Acids
Res. 11:2237.)



Model kontrolybgkpbesevP®Phdsg®h:

regulaéni oblasti genu
zatatek RNA misto pfipojeni polyA
l__‘ll exony ‘ I_J_I -
1N B onA
- <
introny L
400

nukleotidovych péarl

CP1 \ B / OCTA\

GATA-1 GATA-1 GATA-1  GATA-1
+2200 +2400



Regul al n? sekvence typick®ho euk

regula¢ni sekvence genu

mezernikova DMNA,

obecné
transkripéni faktory

regulaéni
proteiny genu

RMNA-polymeraza

B e = - T AT A—box
e —

proti proudu | | zacatek
promotor transkripce




Transkripce eukaryotick®ho strukturn?2ho

P Simiciaci transkripce k at al yzoweonl & nRNAzou |1 se na Hoghn
Vyt voS2 aktkomperRNApOokymém8zy |11 a transkripln
pS2tomnosti volnich ribonukleotidT zah8jit t
pSechodnh rozvinut, zpS2stupnhBn regulaln2m ¢

| i nnost RNA polymer 8zy.

Prodl u@ong&pttansriptu: RNA pol ymer 8za syntetizuj e
pSedlohy, pSilemg asi 12 nukleotidJ] nov®ho v
Za t2mto segmentem se SetNDzec RNA oddRIluje o
do dvougroubovice.

Terminace transkripce; U eukaryont T je konec transkripc
kter8§8§ se ogmlayajdenylakloedosSi sngnalizuje, ge 1
sekvenc? se hnRNA bude gtRDpit a t2m se uvol
katalytick®hopddl y m&krug pw.l y(A)

Z tohoto pravidla jsou vgak i vyj2mky. Naps§s.
nem8 polyadenylaln2 sign8l. Takokk® nlrercRNA nuen
tvor bou vI 8senksyn RaNA ovz8ezzan &vc&®n slk7 Kk t ®t o hnRN

sekvenc?2.



Postt r ans kr i p(RMA%Pprocéssing)a v vy

Transkripln?2 jednotka se pSep-imBNA hm-RNA ) picod in§
i nicialn2ho m2sta transkripce ag po konec t
Yapr avami :

-PSipoj ensEklompeicl hnRNA se hned cph§io maeji2nm uvook
strukt ur o u’G%pp° M opNmp ém

(m = metylovsg skupaNa,p® =ngulanmebao, pWNri mi d
fosfee) y( 9 ua n o LbEifosfofiesrovou vazbouks ousedn2 mu me't
nukl eotidu). Tato strukthlcragp)sea ozxn aldSjug. ej =l
Kt omut o procesu obyl ejnhD docphr8Tzl?N hkuw ttrraanmsskkrri
- Polyadenylace BEkoncee hnRNA se gt NDp2 10 -Aac¢giPh & wkn eo |
ke3k onci hnRNA pSid§ 50 ag 200 zbytkT kysel.
pol ymer 8zou.

Tyto dvihD modifiklegi lkloamcd p&RINNA( A) pravdBDpod
RNA a pom8haj?2 pSjg&dep2notcghespbarsmyz PozdD

apar8tem syntetizuj2c?2m proteiny jako signs
kterou k-duje, jJje kompletn?2,

-SestSih:(¥Mtigéiinmg)lstrukturn2ch genT eukaryo
ale jsou pSerugovsg8§ny segmenty (introny), k t
vyst Sigeny, a exonov® sekvence jsou spojeny

do cytopl azmy, na ni pSisedaj?2 riboz-my a d



Podstatn® rysy genu a | ehdc

1
1
1
i
GC CAAT TATA Transcription sntion !
box box box initiation “l::mm::gz:
site
Codindg . W -75 -25 Intron:“Exon Intron 2 EXon  Intron 3 Exon 4 i
stran \\GC CAAT  TATA - |GT AGIL?,«;":, GT AGGT l

Template 3 CG GTTA ATAT ] CA TC | cA Tc| lca

A\Y
strand Babianier Enbancer
.Leader AUG  GU AG GU AG GU AG UAA  AAUAA ; Primary
. nce \ 7 p 3 mRNA
sequence N\ / Trailer sequence transcript
,/
/
/
/
/
/
/
&
/
/
,/
/ RNA splicing,
CAN L AAUAR AAALAAAT capping, an

polyadenylation

Intron 3

—— =
-

5 mG AUG UAA' AAUAA AAA..AAA T Mature mRNA

Translation Translation
start stop

Fig. 1.10 The cssential features of a gene and its mRNA.

Primary mRNA transcript = pre -mR N A hnRNA (heterogenn?

j aderng8 RNA)



Pprattkkorbce hnRNA | epil kou

SEkonec__hn__RNA se hned pSi~jej2m uvol Rovgn2 z chron
ve f oiGpp>gmpN.mpé. (koncovl metylguanozin se v8ge
5ESEt ri f osfodiesterovou vazbou k sousedn2mu metyl o\

| epia kvayj adSuj enGe zkratkou

Present in all caps \

CHg

Can be methylated in cap 1 /NH2
e |

. Present in cap 2




Chegnienay: @an intarrugted gene consists of albermating ewons and imrens; thee inkrons are remoed by splicing of
tha RMNA transcript, ganareting an mAMNA conaiating onby of exon sequences. The regulatory region inchudes the

promolbar at the B° and.

5 Aequbotory region Eroan 1 Irtron 1 Exars 2 Tvtron X Enem 3

R A R e A R A T A R s Y e T A T A A AN AT A v T AR T AT AN ANTANE S ST ST T A A ]

“rismary trarsoript e o e —— e e et i e et e ————
Erds af socns
are brought rogether -
e
vy -

- ) - -
Irtrens ans resrruorvsssd 5
& ewon functions ome
spiiced hogether

miR A a—r
P | alll
! a + x.! _1*“.-'



Velikostige n T

Yeast genes are fairly small, but genes in flies
and mammals have a dispersed distribution
extending to very large sizes.

= Per cent

y i

5. ceraevisiere
50

—_—
30
20
10

l 2. sryrryefammrogasiaer

50

MMoarrrrrrails

— =X -_— @ =5 =10 —_—s5 =50 — 100 — 100

Size of genes (kb)



Vel il kosti genT

The average lower eukaryotic gene is similar in size to the average mRNA, but the average size of the higher
eukaryotic gene is about 5 times the length of its mRNA product.

Specles Average exon number Average gene length (kb) Average mRNA length (kb)
S. cerevisiae 1 1.6 1.6
Fungi 3 1.5 1.5
C. elegans 4 4.0 3.0
D. melanogaster 4 11.3 2.7
Chicken 9 13.9 2.4
Mammals i 16.6 2.2



Pol| & ¥ 0vgdnech

Most genes are uninterrupted in yeast, but most genes are interrupted in flies and mammals. (Uninterrupted
genes have only 1 exon, and are totalied in the leftmost column.)

Per cent j

S. cerevisice

80

40

20
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20 1
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l.. 1 -

2 3 = S S 7 8 9 10 11 12 13 14 15 16 17 18 19 20 <30 <40 <60 >&
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Vel i

Exons coding for proteins tend to be short.

J percem ]
N

17 34 50 68 83 100 133

SR T
o

167 200 =300

i [ = =
30 | Fungi |
20
30 ! Insects
S
20 .
1 . . . . |
- il il il i
30 | Plants

30 ’
20
w l '

<50 <100 <1 50<200 <250 <300 <400<500 <600 =600

e Vertebrates

EA St SRR, |
Length of coding exons —~ Nucleotides ,,/’\’

k 0st

e

1y

exonJ] a I nt

Introns in vertebrate genes range from short to long.

<Ol<02<05 <1 <5 <10 <25 <50 <100
Lengths of Introns (kb)

r



Gen mTge k-dovat rTzn® RNA pr oc
n i I ace, ter mi nace, nebo s

Promoters Exon 1 Exon 2 Exon 3 Exon 4 Exon 5 Terminators

Use of alternative promoters

Use of alternative terminators

Alternative splicing



Al ternati vn? sest Si h

Myg2? hyaluroni dasa

A
A

417497 —1 I
=417 493 — —]

L

~417495 —

TSi typy:

Azachovg8&nzhamhdtroonnyst Si §gen2 intronu, tento e
transkriptu mRNA. |l ntron vgak mus?2 spr8g8vnhb k-
PS2padnl stop kodon nebo posun f8ze transl ace

bude nefunk]| n2.

Avystéigevnztomb(@inS:ZpadD nNDkter® exony jsou VY
ke zmBDnhD aminokyselinov® sekvence Vv exprimova
AAl t ernat i v n 2 (atenfatvetd@nor/scepsot site mdaa):

v tomto pS2padh jsou pr o EdBmisteax,ona viyou g2 vEna
m8 za n8sl edek posun f8ze transl ace nebo inze
V exprimovan®m proteinu.

(Rekordmanem v al t eDspaamDn o8 pnhisle .t Sk thair j em§ e n
38 016 variant sestSihu.)


http://upload.wikimedia.org/wikipedia/commons/9/94/Hyaluronidase3.gif

Name

LMNA-001
LMNA-002
LMNA-003
LMNA-004
LMNA-005
LMNA-006
LMNA-007
LMNA-008
LMNA-009
LMNA-010
LMNA-011
LMNA-012
LMNA-013
LMNA-014
LMNA-015
LMNA-201
LMNA-202
LMNA-203
LMNA-204
LMNA-205
LMNA-206

Transkripty genu LMNAu | | ov Dk a

(Dat ab8ze

Transcript ID
ENST00000368300

ENST00000368301

Protein ID
ENSP00000357283

ENSTO00000368298

ENSP00000357284

ENST00000368299

ENSP00000357281

ENST00000496/38

ENSP00000357282

ENST00000368294

ENSTO00000368297

No protein product
ENSP00000357277

ENST00000473598

ENSP00000357280

ENSTO00000469565

ENST00000495341

ENST00000478063

ENST00000470199

ENSTO00000470835

ENST00000498722

ENST00000459904

ENST00000292302

ENSTO00000347559

No protein product
No protein product
No protein product
No protein product
No protein product
No protein product
No protein product
No protein product
ENSP00000292302

ENST00000361308

ENSP00000292304

ENSTO00000392353

ENSP00000355292

ENSTO00000392355

ENSP00000376164

ENST00000448611

ENSP00000376165

ENSP00000395597

Ensembl)

Description
protein_coding

protein_coding
protein_coding
protein_coding
processed_transcript
protein_coding
protein_coding
processed_transcript
processed_transcript
processed_transcript
processed_transcript
processed_transcript
processed_transcript
processed_transcript
processed_transcript
protein_coding
protein_coding
protein_coding
protein_coding
protein_coding
protein_coding


http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000368300
http://www.ensembl.org/Homo_sapiens/Transcript/ProteinSummary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000368300
http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000368301
http://www.ensembl.org/Homo_sapiens/Transcript/ProteinSummary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000368301
http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000368298
http://www.ensembl.org/Homo_sapiens/Transcript/ProteinSummary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000368298
http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000368299
http://www.ensembl.org/Homo_sapiens/Transcript/ProteinSummary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000368299
http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000496738
http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000368294
http://www.ensembl.org/Homo_sapiens/Transcript/ProteinSummary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000368294
http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000368297
http://www.ensembl.org/Homo_sapiens/Transcript/ProteinSummary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000368297
http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000473598
http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000469565
http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000495341
http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000478063
http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000470199
http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000470835
http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000498722
http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000459904
http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000292302
http://www.ensembl.org/Homo_sapiens/Transcript/ProteinSummary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000292302
http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000347559
http://www.ensembl.org/Homo_sapiens/Transcript/ProteinSummary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000347559
http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000361308
http://www.ensembl.org/Homo_sapiens/Transcript/ProteinSummary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000361308
http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000392353
http://www.ensembl.org/Homo_sapiens/Transcript/ProteinSummary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000392353
http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000392355
http://www.ensembl.org/Homo_sapiens/Transcript/ProteinSummary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000392355
http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000448611
http://www.ensembl.org/Homo_sapiens/Transcript/ProteinSummary?db=core;g=ENSG00000160789;r=1:156052369-156109880;t=ENST00000448611
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Fig. 4.10 An example of a gene ‘nested’ within the intron of another gene. The Gart gene of Drosophila, transcribed and
translated from left to right, encodes a trifunctional enzyme responsible for three enzyme activities in the pathway of purine
biosynthesis, abbreviated to GARS, AIRS and GART. Gart exons and introns are shown as stippled and empty bars,
respectively. Because of a partially effective transcription termination sequence (poly-adenylation site, T1) in the fourth
intron, two messenger RINAs (mRNAs) are produced, the smaller one encoding only GARS activity. The long first intron
contains a gene for cuticle protein, shown as a hatched bar. It itself contains a small intron, and is transcribed and translated
from right to left. Thus Gart uses one DNA strand as template and the cuticle protein gene uses the other. P = promoter; T1,
T2 = transcription terminators. After Henikoff ez al. (1986).
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Geny pro rRNA

L8sti eukaryotick® chromozomov® DNA, na nich
se oznaluj?2 zkratkou rDNA. Zvl 8gtnost2z r DNA
transkripl n2ncihc hjge dknaogtde8k ,j ez-po$S eypries Bz HruarRRANA 4
Vtranskripln2 jednot ce -rRNAGBSIBNAGZ3Se RWAge Mg zpr

j ednot kami se nach8z2 dlouhlT mezern2k obsahu
mezern2kovIl promotor, zesilovale transkripce
startovac?2mu nukl eoti du. Cell W%sek mezern2ku
pol ymer8zou | (viz sch®empoltymeas&zy pl nd j ejdno
prer RNA obsahuje exony a introny, kter® podl ®]|
nejsou pSi sestSihu spojovgny. V ribozomech

dr geny prostSednictv2m ribozomovich proteinT

Rostouc?2 eukaryontn2 buRka mus2 syntetizovat

RNAvkagd® bunhRln® generaci, aby momua poy tSed$i
mnohon8§sobn® kopie rDNA genT, kter® k-duj 2?2 r
rDNA genT na haploidn?2 genom, kter® jsou roz
uspoSs§dandewmovich s®ri2ch.



Transkripce genT pro r RNA

geny pro rRNA mezernik geny pro rRNA
§18S 5.8S 28S B 1 i1 18S |
.
P pre-rRNA——» s i tlp pre-rRNA—
transkrip
mezerniku
P = promotor
T = gferminator
— = pezernik mezi geny pro rikRINA
w——

mezernik mezi skupinami gena (jednotkami repetice)

TJoto schema nepodava informace o velikostech genag a
mezernika. Zdaraznuje se v ném toliko jejich poradi.

Obr. 128

Transkripcni jednotka RNA-polymerazy | a jeji
primarni transkript

pre-RNA obsahuje exony a
|l ntrony jsou vygthDpovs8n
V ribozomech pTsob?2 jak
dr geny prostSednictv2m

i ntrony, kter® pod
y, ale exony nejso
O nespojen® RNA, k
ri bozomovlich prote



Ri bozomy jJjsou velk® ribonukl eopr
) . )
obsahuj?2 v2ce RNA neg proteinu a
podjednotky.
Ribosomes Subunits } rRNAs 7 ( Proteins
Bacterial 508
; 23S = 2904 bases i 31
70S 5S = 120 bases i
mass: 2.5x1OGD
66% RNA :«.
16S = 1542 bases 21
30S )
605
Mammalian ; .l ‘
28S = 4718 bases
5.8S = 160 bases §
80S : 58 = 120 bases ;': 49
mass: 4.2x10 D |
60% RNA
18S = 1874 bases i 33

408

28Sitranskripce RNA polymer 8za |
58Sitranskripce RNA polymer 8za |
18Sit ranskripce RNA polymer 8za |

5Sit ranskripce RNA polymer8za |11



Eukaryotick® ri bkknomye mRNAUK2 vad eb n
pro ribozom, kter® obsahuje inicialn

s mRNA has tTwo features recognlzed by = rlbosorne

e — ———ee e

o Sap— =
- . - ScocgcoecaAuaa

\ MVMiethvyiated cap ' F{ibosome—binding site

= Rlbosome binds to methylated cap
$ :
i E

£ = Rlbosome mlgrates to blhdlng site

3 If leadery is long encough, ribosomes may form queue




GenetickIl k- d
Tripletovl, nepSekrlTvaj2c?2 se, uni
(v2ce kodonT k-duje jJjednu aminokys

Crack the code with Trends is

First position Second position Third position
(5' end) — (3' end)
U C G

—

Phe (F) Ser (S) Cys(C)
U Phe (F) Ser (S) Cys (©)
Leu (L) Ser (S) Stop
Leu (L) Ser (S) Trp (W)

Leu (L) Pro (P) Arg (R)
Leu (L) Pro (P) Arg (R)
Leu (L) Pro (P) Arg (R)
Leu (L) Pro (P) Arg (R)

lie (I) Thr (T) Ser (S)
Ile () Thr«(T) Ser (S)
lie (D) Thr (T) Arg (R)
Met (M) Thr (T) Arg (R)

Val (V) Ala (A) Gly (G)
G Vvali(Vv) Ala (A) Gly (G)
val'(Vv) Ala (A) Gly (G)
Val (V) Ala (A) Gly (G)
e e — —— ———————— = R e e e S S

KodonUGA( | e i st op Kk osdenocysteif .ud ejuk atr glo®t T) . Pro jeho
rozligen2 jako kodonu pro Sec | &JTRablast.§Selenbpgoteiayn k o v i t
glutathion peroxid8za, selenoprotein P, selenoprot

U
C
A
G
U
C
A
G
U
C
A
G
U
C
A
G

KodonUAG (] e i st op k opdraysi) ( Ky Id)u.j eNutark® pS2t omno $iTRv | §s
obl asti. (Vyskytuje se u nhRkterlTch metanogenn2ch a




Geny pro tRNA

Geny protRNA(a55r RNA) se pSeopli gmeé e 8§ RNSRNA(abre-8So pr e
rRNA) , k @ &tromaqu strukturu. V- | i dsk®m genomu byl o
genT pro t RNA.

Promotory tRNAa5Sr RN A maj 2 pSed startovac2m nuk]I e

regul aln?2 | 8§st promotoru a za startovac?2m
Postt ranskriptahrmmpjavyystSigen2 intronT (za
endonukl e8zy a RNA |Iig8zy). Posttranskri p]|
za vIins kit i t w2 cshe kbv®m2ci t RNA (nej | ast NDji P S

uracil a thiouracil). Celkem je zn8mo nDhRko



Molekula tRNA

(transkripce transkripln? jednotky pr

pol ymer 8zou 1| 11)
pfipojena
aminokyselina
(Phe)
Al 3" -konec
c
c
A
5' -konec C
G
c
u
A
D-smycka A

antikodonova
smycka

antikodon trojlistek
{A) (B} (C)

5' GCGGAUUUAGCUCAGI A C
| ——
(D) antikodon

UGGAGGUCCUGUGT¥CGAUCCACAGAAUUCGCABEA 3



Geny pro mal ® RNA

Geny pro mal ® RNA (small nucl ear RNA,

snoRNA; mikroRNA, miRNA; small interfering RNA, siRNA; piwi interacting

RNA, piRNA)

Transkrip
u

to genT30domukt @ok ®d
asi 22 n ) .

Tyto mal ® RNA maj :



21 rTznlch aminokysel
kter® se nach8zej?2 Vv p

POSTRANNI POSTRANNI
AMINOKYSELINA RETEZEC AMINOKYSELINA RETEZEC
Asparagové kys. Asp D negativni Alanin Ala A nepoldrni

Glycin Gly
Valin Val
Leucin Leu
mis R pozitivai ~  Isoleucin lle nepoldrni
Asparagin Asn N polarni bez naboje Prolin Pro nepolarni

A

G nepolarni

Vv

L

|

P
Glutamin GIn Q polarni bez néboje Fenylalanin ~ Phe F nepolérni

M

W

C

U

nepolarni
nepolarni

Glutamové kys. Glu E negativni

-

Serin Ser S polarni bez naboje Methionin ~ Met nepolarni
Threonin Thr T polarni bez naboje Tryptofan Trp nepolarni
Tyrosin Tyr Y polarni bez ndboje Cystein Cys nepolarni

Selenocystein Sec nepolarni

-

L——— POLARNI AMINOKYSELINY ———

hydrofil n? L NEPOLARNI AMINOKYSELINY ——!
hydr of obn?



Struktura proteinT

Vgechny standardn?2 aminokyseliny m'&lg'-lzf(jenprd)llim2k,,
m8 NH) , kar boiﬁ@OOH,\yﬁ)délknlpyinak znaliRnlktsymb glSes
bol n2, postrann? SethRDzec. Ten ur |l uj SkupinddNig,i n u
na uhlj®ekm® ami reaguje seshupimyiCOOHna ulj i k®
aminokyseliny zavznikupept i doy®Rovatlenwtn?2 vazba) a
konec se povaguje za zal 8tek polN¥kgecpt i d
polypeptiduu. Zakonl en?2 karboxyl ovo@-kosekupi nou
polypeptidu.

Pri m8rn?2 jset rpuokltyupeapt i dovIi SetPDzec sest §\
peptidovou vazbou.

Sekund8r n2ijset rpulotsturor ov® uspoS8§ds§n2 poly
vazby, vod2kov® mTsbkrygub oyibtsty t ug o se j
Terci §r n2iasstyrmekttriirck ® trojrozmRrn® uspoS
vazby, vod?kov® mTstky, Van der Waal sov:
vazby, disulfidov® mTstKky).

Kvartern2iwspa%k8dgm?2 jednotlivich polyp:
proteinu. Zahrnuje vgechny vazby, kter ®
Podjednotky jsou spojeny vod2kovImi mTs
di sul fidovimi mTstKky.



Struktura |1 dsk®ho r Tstov®h

Obr. 20-26. Pravdépodobnd struktura lidského riistového hormonu. Cisla oznaduji residua aminokyselin podinaje od
N-konce molekuly. (Strukturu zjisfoval C. H. Li.)



TSI typy

nekoval entn2ch vazeb, k t

skl 8d8n2 proteinu

CH,

1
T
e

Jak se protein skl &8d8 do kompaktn
polarni nepolarni
postranni fetézec postranna fetézce =

nesloZeny polypeptid

van der Waalsova sila

\
|
T © hydrofobni - \
vnitfek vodikové muastky
polypeptidu se tvori mezi
obsahuje polarnimi
nepolarni aminokyselinami
aminokyseliny na powvrchu proteinu

kone<na konformace sloZeného polypeptidu ve vodé

e



Pravidel n® uspoS8§dgn2 polypeptido
pozoro&gn®ulbowbdisui a v

«-Sroubovice

postranni Fetézec
aminokyseliny

A) B) )

postranni fetézec ) —
aminokyseliny B-skladany list

peptidova
vazba == R

{(F)



Dva typy struktury b-listu

Obrazek 5-10 Dva typy struktury PB-listus.
(A) Antiparalelni PB-list (viz obrazek 5-91)).
(B) Paralelni PB-list. Obé tyto struktury jsou
v proteinech bézne.
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Postt ransl aln?2 modi fi kace pol ypept

1. Zkr8cen?2 a proteollza polypeptidov®ho Se
Odgt Dpen2 sign8ln2ho peptidu, proteollza inzulin

2. Chemi ck Rmmakyselif i kace
- (deformylacé u pr okaryot; formyl se v8&8ge na Met ag po
- hydroxylacepr ol i nu a |l yzinu (nhDkter® zbytky Pro a Lys
hydroxyprolin a hydroxylyzin v kolagenu)
-fosforylace serinu, treoninu a tyrozinu (nDhDkter
viznamnich pro pSenos signs§l T)
- acetylace lyzinu (v histonech)-Acetylace
- metylace lyzinu (v histonech)
- N-formylace Nt er mi n8l n2 ho gl ycinu v melitinu
- ubiquitinace
- S-nitrosylace

3. Glykosylace
- glykosylaces vazbowna N (vazba na asparagin)
- glykosylace s vazbou na O (vazba na serin nebo treonin)

4. Acylgce a myristylace (lipidace)

-pSi pojen2 postrann2ch |ipidovich SetRzcT (mastn
cyst,ein)
-pSi po

en2 kyséelii nujhlmykroivs§t onva® y(cledh 8 mastn8 kysel
T

J
koncov glycin (nDkter® proteinkin8zy zahrnut ®



5.

6 .

Postt ransl aln?2 modifi kace polypepti d:

Vytvg§Sen2 sekund§rn2 a tercigrn2 st
(spont 8§nnh, bNDhem synt ®zy nebo po uvol nBDn
VDt gi nou-tzah3shtgd ki NNl n2 | 8§8st se-zal 2n8g s\
termin8l n2 | 8st proteinu je st8le syntet.i
proteinT se pod?| eichapgopye c Uakbukavago®t pr pse
jako Aheat sh-BcHSRIY ot einy (HSP

Uhel ibbsha&eAfi struktury se vytvg§Sej2 rychle
i ntramol ekul 8r n2 mi vod2 kovTI mi vazbami. Te
kovalentn2 vazby ve formhR disulfidovich m
zbytky), l ontov® vazby, vod2kov® mTst ky,

Vytvg&§Sen2 kvartern2 struktury
Letn® polypeptidy se po transl aci Spoj uj ?
Waal sovTi mi si |l ami, hydr of obn?2imiz ninkt8 rkavkacret
stuktura (dimery, trimery, tetramery aj.).

PSipojen2 nhRkterTch dal g2ch prost et
Prostetick® skupiny enzymT a jinlch protei
ag po uvolnhDn2 z riboz- mT. PSipojen2 mTge
enzymovhD (rTzn® koenzymy, hem, kovov® i ont



A

APEPEPAPEPEAEADAEADPEAGIGAVLKVLTTGLPAL ISWI KRKRQQG

(B)

Signal
peptide

Figure 10.22 Post—tr{nslational proce

(A) Processing of promelittin, the bee-sting venom. Arrows indicate the cut sites. For the

C chain

<  Preproinsulin |

A chain
. Removal of the
1 signal peptide
. Disulfide bond
1 formation
—_—
—""

Removal of the
1 B chain

Insulin

ssing by proteolytic cleavage.

acids see Table 7.3, p. 155. (B) Processing of preproinsulin.

Proinsulin

one-letter abbreviations of the amino






