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Fovidlo

H @QuOIkn Kal AEIToupyIKn yovada Tng
YEVETIKNG TTANPOPOPIAC TTOU UTTOPEI VA EKPPAOCTEI

N
Mia trepioxr) Tou DNA 1Tou AgIToupyei wg uATPa

N EKMAYEIO YIa TTApAywYyn EVOC N TTEPICCOTEPWV
TTPOIOVTWYV (TToU pTTopPEi va gival RNA giTe TTeTTTidIO)

2TOUC TTEPIOCOTEPOUC OPYAVIOUOUG TO NEYOAUTEPO
TTooooTO ToU DNA 0gv atroteAciTal atro yovidla



H yovidlaKn EK@paon YiVETAl O€ dlAapopa
oTAdIO N ETTITTEOQ

[1pogToIpaaia Tou yovidiou

MeTaypagn Tou yovidiou

Emre¢epyaoia popiwv RNA

'ECodo¢ popiwv RNA o010 KUTTAPOTTAQC O
AvakukAnon (turnover) popiwv MRNA

2.0vBeon TTPWTEIVWV

® ® ® ® ® ® ©

OAokANpwaon O0UNC TTIPWTEIVWV,
LWETAKIVNOT TOUC OTO KATAAANAO KUTTOPIKO
dlauEPIOUA Kl
QVOKUKANON TWV TTPWTEIVWV



Movada petaypa@ng (transcription unit)

@ Movada peTaypa®ng:
H treploxr) Tou DNA tTou petaypagetal oe RNA

@ [1POKAPUWTIKOIi OPYAVIOHOI:
[MepiAapBavel TTepIcOOTEPA ATTO £va yovidia (OTTEPOVIO)

@ EukapuwTIKOi OpYyaVvIOUOI:
Mia povada petaypa@nc repIAaUBAvel Eva Jovo yovidlo
(ektOC opiopevwy rRNA kai tRNA)



Al10@QOPEC TTPOKAPUWTIKWY - EUKAPUWTIKWYV
OPYOVICHWV

Kuttapo-
TTAAOuQ
PiBoowpa PiBéocwua
NEa ]
TTPWTEIVN Nea
TTPWTEIVN
[TPOKAPUWTIKO EUKOapUWTIKO

KUTTOPO KUTTAPO



To ayyeAia@opo RNA (mRNA) givail To
KEVTPIKO MOPIO TNG METAYPAWPNGS

® To DNA [(Bpiokeral gTov TTUupniva

® H uerdppaon (TrpwreivoouvBOeon) yiveral oTo
KUTTAPOTTAQO MO aT1TO Ta pIfocwuaTta

® AuUTO onuaivel TTwS UTTApXEl EVOC opiou OTTOU
HETAPEPEI TNV TTANPOPOopiIa atro To DNA
OTNV METAQPACTIKI pNXavn

® To poplo auto cival To ayyeAlopopo RNA
(messenger RNA 1 mRNA)

® [evikd w¢ heTaypagr evvoeiTal n ouvleon

1000 MRNA, 600 kai piBoowuikoU RNA (rRNA)
kKal petagopikou RNA (tRNA)



Cis-OpaoTIKA OTOIXEIA,
Trans-0paCTIKOI TTAPAYOVTES

@ Cis-0paoTika oToixeia (cis-acting elements)
AAANNAouxiec voukAeoTidiwyv (gite oto DNA €cite 0T0 RNA)

® Trans-0paoTikoi TTapAyovTeG (frans-acting factors)
Mopia (TTpwTeivec aAAG Kai uépia RNA) tTou aAAnAeTTIOpOUV
ue To DNA kai puBpuifouv TNV EKQPAcn TwWV YOVIOIwV.

Ol trans-OpACTIKOi TTAPAYOVTEC TTOU puBuilouv TN HETAYPOAVN)
ovopadlovTtal HETaypa@IKoi TrTapayovTteg (transcription factors).



H peTaypaen vivetal o€ Tpia oTdoIa

® 'Evapén TnG METAYPOAPNG

® Empnkuvon tng aAucidag RNA

® TepupaATIONOG HETAYPOAPAS



H evapdn TnG HETAYPA®PNG



H xpwpaTtivi KOTA TN HETAYP AP
@ To OQ@IKTO TTAKETAPIONA TNG XPWHATIVNG EUTTOOICEI
TNV TTPOCEYYION frans-0paCTIKWY TTAPAYOVTWV

® H dooun 1NS XpwuaTivng EPVEI KOVTA CiS-OTOIXEIO

< EKATOVTAOEC BACEIC mmmp E
A




H xpwpaTtivi KOTA TN HETAYP AP

XNMIKEC TPOTTOTTOINCEIC TWV I0TOVWV: ATToTEAEO A
@ AkeTuAliwon XaAapwvel n doun 1nNG
@ Pwopopuliwon XPWHATIVNG KAl £TC1 JTTOPOUV
@ MeBuAiwon vVa TTPOCEYYIOOUV Ol

METAYPAPIKOI TTAPAYOVTEC.
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NoukAsoowpa

lNovidio X mRNA
PETAY pAPET

IopmAoko

RNA moAupepdong ' ) loToveg DNA
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NoukAsoowpa XnpIKa TPOTTOTTOINHEVES
10TOVES



H petaypa@n ¢ekiva o rpoaywyeic oto DNA

~35 ~-10 +1
5T TGACA TATAAT~Qfon £vapeng

‘Evapin
NMAaioio Prinbow HETAYPAPnS
-10 -5 -1 +1

(A)5-CGTATGTTGTGTGG A-3

(B)5-GCTATGGTTATTTCA-3

()5 GTTAACTAGTACGCA-3

(D)5 GTGATACTGAGCAC A3

()5 GTTTTCATGCCTCCA-3
TATAAT



KAwvoc eKpayeio Kot KwWOKEVWV KAWVOC

AACGUAGGGCUCACAUC. .. Meraypagiko npoiov RNA
.GCATACAACACACCTTGCATCCCAGTGTAG. .. KANOVOC-EKHAYEIO I} AVTIVONHATIKOG (-) KAWVOG
.CGTATGTTGTGTGGAACGTAGGGTCACATC. .. KwdikedwvKAOVOCH vonuAaTIKOC (+) KAWVOG

1142




H TtoAupepaon Tou RNA (RNA troAupepaon, RNAP)
gival To EVCUMO-KAEIOI TG METAYPAPRS

@ KartaAuouv Tnv idia avtidpaon
NTP + nXTP X235 NTP-(XMP),, + nPPi

@ NTP o TpwTto¢ TPIPWOPOPIKOSC VOUKAEOLITNG EVOWNATWVETAI OAOKANPOG,
XTP o1ro100dATTOTE TPIPUWOPOPIKOSG VOUKAEOLITNG

@ Ta ATP, GTP, CTP, UTP ¢ival Ta uttooTpwuata Twv RNAP

@ 2uvBETouv ATTO TNV APXN Kal ETTIUNKUVOUV Pia aAuaida RNA



Alagpopéc RNA kai DNA tToAupepacwy

RNAP Pol (DNAP)
2.UvBeon vEou KAwWvVoU NAI OXI
aTro TNV apxn (Mévo o€ TTpoUTTIGPYOVTa

uépia RNA j DNA)

EmidiopBwriknA NAI, pikpn NAI
IKAVOTNTA




Prokaryotic RNA polymerase Eukaryotic RNA polymerase



H RNA troAupepaon tnG E.coli

Y1tropovada Novidio Api1Buoég Mada (kDa)

a IPoA 2 37

B rpoB 1 151

B’ rpoC 1 155
o (079) rooD 1 70

Tetpapepng Tpwreivn a,pBR’
O 1mTapayovtag o avayvwpilel Tov TTpoaywyo
OAoévlupo: 1o cupTrAOKO a,BR’'0
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Quoalida petaypa@nig: ceTUAIypa Tou DNA

=eTuMiypévo DNA
(avoiypa 17 Baoewv)

RNA MNMoAuvpegpdon

H RNA ntoAuvpepaon EedumAwvel to DNA katd nepimov 2 otpodEC
NPV apxioel n cuvOeon tov RNA



Quoalida peraypang (Transcription bubble):
H RNA mroAupepdon ocuvOErel RNA pe gopda 5—3’

/ RNA tToAupgpaon

AvTIivONUATIKOG KAWVOG  KwIKEUWY KAWVOG
(KAWVOC eKpayEio) /

U

Nascent qulélKﬁ ENIKO @éonf
RNA RNA-DNA ETTINAKUVONG

EtravatuAiyua —€TUAIYUQ

Ad

®opd Kivnong
NG TTOAUNEPAONG

5" ppp

O aAuoidec tou RNA apxilouv pe pppG N pppA



Algpyaoiec Katd Tnv emipnkuvon tou RNA

® EmAoyn ammré Tnv RNAP 10U KataAANAOU (CUUTTANPWHATIKOU)
TPIPWOPOPIKOU PIBOVOUKAEOTIOIOU BACEl TNG
aAANAouxiag Tou avTivonuaTikou KAwWVOU.

® Evowpdrtwon Tou €TTIAEYPEVOU PIBOVOUKAEOTIOIOU OTNV
UTTO ouvBeon aAucida

® Merakivnon tng RNAP oT1o emmouevo (euyocg Bacewy
TOU EKJAYEiOU

® armrokartaoTtaon Twv dsouwv H twv Baoewv DNA 110U
TTAEOV PBpiokovTal £¢w (TTiow) atrd TN UOaAiIda
uETaypapnc Aoyw uetakivnong Tng RNAP



ANA polyme

JFOMOo!




H avtiépaon cuvBeonc tou RNA
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To evepyO KEVTPO TG MOAUpEpAaonc tou RNA
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H mpwtn Bdon oto 5 akpo
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EmipRkuvon petaypa@ng
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O punxaviopog entpnkuvong tov RNA

Evepyo kévtpo
(uera}\)\u(o t oop PP.
i |
KATIOV)
NA = %mm “ene re
Asopeuon ' MpooOnkn
VOUKA£0TISIOU voukAsoTiSiou




H petatomnion tov uBpiéiov RNA - DNA

PP
AN vy =
DNA | T -
Mpoo0nkn Metatorion

vouKkAeoTiSiou



O dlaxwpilopog tou uf l\5iOU RNA - DNA




Onwe0odpounon

t = e
OmoBodpdunon Yépo}\uon |

1 opaApa ava ~10% - 10° voukAeotidia



H cUuvBeon tou RNA, live

19&id=198

http://8e.devbio.com/article.php?ch



H cUuvBeon tou RNA, live

@® DNA;

® Qopa cuvOeonc;
® Apxn, Té€Aog;

® KAadua;

® AplOuoc evivpwy;

http://8e.devbio.com/article.php?ch=19&id=198



H cUuvBeon tou RNA, live

' ‘ l
http: //sandwalk blogspot.com 2008 01/ribosomal-rna- génAes -in-eukaryotes.html



O TEPUATIONOC TNGS METAYPAPNAG

® AvaoToAn Aoyw OeuTEpOTAYWYV OIAUNOPPUWOEWV
® Mapoucia oNUATWY TEPHATIOMOU OTO EKMAYEIO

@ ATTOKOTI| METAYPOAPNMATOG



O TEPUATIONOG TNG METAYPAPNGS
OTOUG TTPOKAPUWTIKOUC MNXOVIOHOUG

® AvaoToAn Aoyw OeuTEpOTAYWYV OIAUNOPPUWOEWV

® Mapoucia oNUATWY TEPHATIOMOU OTO EKMAYEIO



O TEPUATIONOC TNG METAYPAPNG

,U/C\C{
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/
G- C
O TEpUATIONOG TNG HETAYPAPNG AU
TTPOKAAEITAI ATTO M1 QO POUPKETAC
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O TEPUATIONOC TNG METAYPAWPNS ATTO TNV
TTPWTEIVN P

(// %
ATP Tf \
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H,0 RNA no}\upapdon
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+
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H mpwrteivn p (RHO) BonBa oTov TEPUATIONO TNG
METAYPOPNG OPICHEVWYV YOVIOIWV

Evap?,r] TepUATIONOG omouoia G p
YmooTpwua
DNA ﬂﬂj—
eaoalg 0
i 3’ ATttoucia p — lMpoidv 23S
- 5 . . .
MeTaypapa . [MpocBnkn p oTnv apxn Tng auvbeong —> [poidv 10S
RNA 5/ 3 [MpooBnkn p pyetd 30s —> [lpoidv 13S
5’ 3 MpocOnkn p PeTd 2min —> [poidv 17S:s







Garrett & Grisham: Biochemistry, 2/e
Figure 31.8

p Factor mRNA

Saunders College Publishing



H petaypa@n cToug
EUKAPUWTIKOUC OPYOAVIOHMOUG



EukapuwTikéc RNA TTOAUNEPAOTES

® 2uUvBeta Evlupa (atroteAouvTal atrd TTOANEC UTTOUOVADEC)

® KartaAuouv Tnv idia avTtidpaon
NTP + nXTP BNA_ NTP-(XMP), + nPPi

® OAa 1a mrpoidvTa Tou ouvTiBevVTal WS TTPOdPOUA HNOpPIa
TTOU KATOTTIV WPIMAZOUV Kal OivouVv TO TEAIKO TTPOIOV

@ Acgv TTEPIEXOUV UTTOPOVADA avaAoyn TOU TTAPAYoVTa O.
Apa xpeialovTal FonBnTIKOUC TTAPAYOVTEC,
ol o1Toiol avayvwpidouv Tov KAaTAAANAO TTpoaywyo

® Ta mpodpopa RNA ugicTavtal TPOTTOTTOINCEIS
TOOO0 KATA 000 KAl JETA TN METAYPAPI) KAl ETOI
wpIpalouv divovtag To TEAIKO TTPOIOV



MoAvpepacec RNA EUKOPUWTIKWY OPYOVIOHWV

TotTOG EvTomiono6g KutTtapika peraypaga
I [Mupnviokog 18S, 5.8S kai 28S rRNA
[ [TupnvotTAacua TTPpodpoua mMRNA kai snRNA

[ [MupnvotTAaoua tRNA ka1 5S rRNA



MoAupepaon | tou RNA
(RNA noAvpepaon )
® PiBoowpikd RNA (rRNA) ~ 80% ouvoAikou RNA
® H peTtaypaor) Tou yiveTal OTOV TTUPNVIOKO
® H RNAP | ouvBerel Ta:

5,8S Kkai 28S rRNA (peydAn piBocwHIKA UTTOMOVAdQ)
18S rRNA (pikpn pIBoCwIKR) UTTOPOVADQ)



MoAupepaon | tou RNA
(RNA toAvpepaon |)

Nontranscribed spacer Transcription unit

; A,
& -\

/ TS

(a) Tandem array of DNA 7 e O
transcription units b Transcribed el
A5 spacer T
(b) One DNA
transcription
unt _ N e
Transcription by
RNA polymerase |
(c) Pre-rBRNA (45S) 58S 28S
RNA processing
(cleavage) Transcribed spacers
degraded
(d) Mature rRNA
molecules
18S 5.8S 28S

rRNA rRNA rRNA



MoAuvpepaon Il tou RNA
RNA noAvpepaon Il, RNAP 1I

® 2uvbBértel (ueTaypagel) Ta TTpodpoua uopia MRNA (pre-mRNA)
® MeTtaypagel yeyaAn TroikiAia yovidiwv, apa

® H dcopeuon TNG OTO EKUAYEIO EAEYXETA:
aTTO NEYAAO APIBUO Cis-OPACTIKWYV OTOIXEIWV
(EKTOG TOU BaCIKOU TTpoaywyou)
aTTOé ONUAVTIKO ApPIOUO frans-TTapayovTwy JETAYPAPnC)



2TOLXELO Mpoaywyou eukapuwTtiknc RNAP Il

Garrett & Grisham: Biochemistry, 2/e
Figure 31.10

Adenovirus GGGGCTATAAAAGGGGGTGGGGGCGCGTTCGTCCTCECTC
late

Chicken GAGGCTATATATTCCCCAGGGCTCAGCCAGTGTCTGTCA

ovalbumin

Mouse 3 globin GAGCATATAAGGTCAGGTAGGATCAGTTCCTCCTCECATTT

major

Rabbit TTGGGCATAAAAGGCAGAGCAGGGCAGCTGCTGCTGCTAECACT
Bg‘lobin %

+1

T A T A A A A Transcription
82 97 93 85 63 83 50 start site
T T
37 37

Saunders College Publishing



2TOLXELO Mpoaywyou eukapuwTtiknc RNAP Il

q

) -200 £w¢ -100 > 29 +1
DNA _ CCAAT {7¢117¢111¢1151 GGGCGG $ii} TATA §ittit

5 TATA 3’
TATA box

5 GGNCAATCT 3
CAAT box

5 GGGCGG 3
GC box



(a)

(b) 1D @ D

DB complex
CcTD

Preinitiation
complex

" DBPol F complex



Garrett & Grisham: Biochemistry, 2/e
Figure 31.12

(a)

(b)

DNA,

Saunders College Publishing



TATA-box-binding protein




POAOG Cis-OpaOTIKWV OTOIXEIWYV

® Bpiokovral (oxedov) TavTta avoolka (upstream) KaTd EKATOVTADEG
N Kal XINGOEC BAoelC pakpid atrd Tn B€on Evapeng

® Evioxutéc (enhancers): evepyoTrolouv Tn METAYPAPN
® 21yaoTnpeg (atrooiwTroIiNTEC, silencers): rapeutrodilouv Tn PETAYPAPN

@ YT1apyouv mTpoaywyoi kal péoa (downstream) oto yovidio (RNAP 1)



HMG proteins Transcription

UAS TATA Inr
» | TBP
TFIID CTD RNA
polymerase 11
CO- Mediator complex

activators | T

/ DNA

Enhancers DNA-binding

transactivators

(a)



(———
G D

’
i ai

TATA
=~

>

TFIID Mediator

Enhancers

(b)



TBP

SRB

CTD

PC

NC

HM

UAS

TATA box binding protein

supressor of RNA polymerase Il
C-terminal domain of RNA polymerase Il
Positive cofactor

Negative cofactor

High mobility group proteins

upstream activating sequence



MeTaypa@IKOi TTAPAYOVTES

-50 =30 -10 +10 +30
D
TATAAA e
\ 14 14 I
DNA template [ 1AVW OE AUTEG TLG AAANAOUXLEG
D deopevovrtal toANoL pwTeivikol
TATAAA = , , ,
TIOLPAYOVTEC Ol oTtoloL KaAouvTal
- B TALPAYOVTEG HETAYPADNG
TATAAA o o
(transcription factors)
D B

TATAAA

A —

OL mapayovTeC avtol
SdleukoAUvouv tnv dEopevon TG
RNA mtoAvupepaonc KoL Tnv
QVaYVWPELON TWV TIPOAYWYEWV YL
TNV evapén NG petaypadng

RNA pol 1l



AAAnAentibpacn DNA-pwteivwv

3 kKUpLa dopka potifa:

» EAlKa-oTtpodn-EALKaL
»daktuAa Pevdapyupovu (Zinc fingers)

» peppovap Asukivng (Leucine zippers)



To DNA npénel va Avyilel yia va divetal n eukatpio o€ Stadopoug MPWTEIVIKOUC
napayovtec mov deopevovrtatl cto DNA va aAAnAermidpouv petalL Toug

H kapydn tou DNA eival Baoiko XapaKTnPLoTKO NG Evapéng tTng petaypodng Ko
NG S€O0HELONG TWV MOAUUEPACWY TOGO OTOUC TPOKAPUWTLKOUC aAAd KUpiwg
OTOUG EUKOLPUWTLKOUC LNXOVIOMOUG

TATA box Binding Protein
in yeast



EAka-otpodn-éAka (Helix-Turn-Helix, HTH Motif)

(a)



To potifo EAtka — otpopn — EAka
Helix-Turn-Helix Motif

Cro ko ¢l mpwtelvec-kataotoleic (repressor proteins), CAP
(catabolite activator protein)

npwrtelvn-evepoyomowntic kataBoAiopol, amnod tnv E. Coli.
Mpocdevovtal we SLUEP O OCUUUETPLKEC B€oelc oto DNA
(emouevn ewkova)
AUo aAda-EALkec ov cuvdEovtal pe Bpoxo B-otpodn
H kapBofu — teAikn EAlka TtpocdEVETAL OTN PEYAAN ALUAQKA TOU

DNA. H apwvo teAkn €Alka otaBepormolel pEocw vdpodofwv
aAANAETLOpACEWVY PE TNV KAPPOEL — TEALKN EALKAL.



Atovoc cuppetpioc duadag
(Dyad axis of symmetry)




To HTH motif eivoi to mpwto dopko potifo mou £xeL neptypodel LOTOPLKA KoL TOU
omoiou n KPUOTaAALK Soun o€ cUMAeypa pe to DNA givo yvwoti

XopaKTNPLOTIKO TOU HOTiBoU auToU Eival 0 MPOCAVATOALONOC HLOG O—EALKAC OTNV
HEYAAN avAaka tou DNA

Lac repressor

l

mRNA \ N \N\S">

I

(@) DNA |P;| 1 MY P ) Z Vil Y A




H neploxn tou kataotoA€a lac mouv aAAnAsemidpa pe to DNA sloXwpEL HE pia
o-EAlkat otn MeEYAAn avUAaka tou DNA. Mwa €€elbikeupévn enadn peTadl £voc
kortatAoirntou Arg kat €vog {evyouc¢ G-C eivatl umelOuvn yua thv KAtaotoAn tng
pHeTOYpadAC OTO OTLEPOVLO TNG AAKTOINC OTOV SECUEVETAL OTO XELPLOTNA.

Yriapyet KAl Kwvntikog Staxwplopog: O kataotoAéac lac Ssopevetal 4x10° popég

TILO LOXUPA oTnV O£0n Tou XELPLOTH aI'OTL 0€ AAAEG OVTAYWVLOTIKEG OE0ELC MAVW
oto DNA

Operator DNA

Arg

lac repressor
o helix




CH,OH CH,
O
OH
H S_?_H Repressor
OH H CHj Repressor
H H + IPTG
H OH

Isopropylthiogalactoside
(IPTG)



AAANAsTtidpaon HECW B-MTUXWTWV EMLPAVELWV
(E.coli Met) repressor, eukaryotic NFkB transcription factor)

B strands




Zinc fingers (6aktuAa Ypevdapyuvpou)

Ta CUYKEKPLUEVA SOMLKA HoTiBa meplAaBAvouV MEPLOXEC MIPWTEIVWYV OL OTOLEG
oAAnAenidpouv pe DNA (aAAd ko pe aAAa VOUKAEIKA oé€a), oL omoieg punopouv
kot deopevouv Pevdapyupo pe tnv Bondera katakoinwyv Cys kat His

Zinc-Cys2-His2
Zinc-Cys4
Zinc2-Cys6

O Yeudapyupog nailel poAo otnv otadBepomoinon TwV CUYKEKPLUEVWV SOUWV oL
omoiec Bpiokovtal péoa o€ a-EALKEG.

O a-€AKeG TWV MPwTEivwv aAAnAeridpouv pe to DNA, evw o Ppeudapyupog dev
EXEL Kappia emadn



Garrett & Grisham: Biochemistry, 2/e

Figure 31.37
(@ (b)

Saunders College Publishing



Zinc fingers (6aktuAa Yevdapylpou)

> finger loop

Flg. 2. A designed polydactyl zinc finger binds 18 bp of DNA. A
single zinc finger domain is highlighted. With this design approach,
we can construct more than a billion gene switches and use them
to specifically turn genes on or off in multiple organisms.



GALA4 (S. cerevisiae)




MoAAoi mupnviKkoi opoVIKoL UTTOSOXELC TTEPLEXOUV HAKTUAQL
Zn tovu BonBoulv otnv aAAnAenidpaon touc pe to DNA

DNA-binding Ligand-binding
domain domain



To potifo «peppovap» Aeukivne Leucine
Zipper Motif

BpéOnke yia mpwtn @opd otov C/EBP, uia npwtelvn rou
nipoodevetal oto DNA o€ mupnvec KUTTAPWYV NITATOC apoupaiou

e Bploketol oxedov o€ OAOUC TOUC OpYyaVIOUOUG
e XOpPOKINPLOTKA: 2€ pLot aAAnAouyia 28 apwvoéewy, To 7° elval
Leu Kot pla « ootk epLoxn»

e Ynowioostal apdutadn a-eAka kat dStpepec tumou coiled-coil
(coiled-coil dimer).



Garrett & Grisham: Biochemistry, 2/e
Figure 31.41
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Leucine zippers (peppouvap Asukivng)

S Regulatory = Amino acid sequence
ource Hrotein 6-Amino acid
DNA-binding region connector Leucine zipper
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Leucine zippers (peppouvap Asukivng)

Garrett & Grisham: Biochemistry, 2/e

Figure 31.42
Basic Basic
Protein region region Leucine zipper
A B
C/EBP 278-DEKNSNEYRY AKQRNVETQOKVLELTSDNDRLREKRVEQLSRELDTLRG-341
Jun 257-SQERITKAER LERTARLEEKVKTLEKAQNSELASTANMLTEQVAQLKO-320

Fos 233-EERRRIRR1 RELTDTLQAETDQLEDKKSALQTEIANLLKEKEKLE F-296
GCN4 221-PESSDPAAL LORMKOLEDKVEELLSKNYHLENEVARLKKLVGER-COOH
YAP1 60-DLDPETKQK ERKMKELEKKVQSLESIQQONEVEATFLRDQLITLVN-123
CREB 279-EEAARKREYV KEYVKCLENRVAVLENQNKTLIEELKALKDLYCHKSD-342
Cys3 95-ASRLAAEED TA KQREQALEKSAKEMSEKVTQLEGRIQALETENKYLKG-148
CPC1 211-EDPSDVVAMKRARNTL AQRLEELEAKIEELITAERDRYKNLALAHGASTE-COOH

HBP1 176-WDERELKKQ LSNRES 5 QAECEELGOQRAEALKSENSSLRIELDRIKKEYEELLS-239
TGAIl 68-SKPVEKVLRRLAQRNE KAYVOQOQLENSKLKLIQLEQELERARKQGMCVGGGVDA-131
Opaque2 223—MPTEERVRK.F.S RES $ AAHLKELEDQVAQLKAENSCLLRRTIAALNQKYNDANV-286
Consensus =~ ———————— - BB-BN--AA-B-R-BB------ LE_____ L---—--- L-—-—---- L-—----- L--
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Garrett & Grisham: Biochemistry, 2/e
Figure 31.43

Basic region
(DNA contact
surface)

Leucine zipper
(dimerization motif)
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Leucine zippers (peppouvap Asukivng)

(b)



Leucine zippers (peppouvap Asukivng)

The two helices of the leucine zipper, shown here in top (left) and front (right) views,

are outlined as yellow-striped ribbons. The ribbons gently wrap around each other,
apparent in the top view.

The stick figure represents the molecular structure -- oxygen (red), nitrogen (blue),
hydrogen (white) and carbon (green). The dotted surface shows the area of the molecule
that can come into contact with surrounding water. As seen in the top view, the surface
shields the interface between the helices so that water is not able to penetrate into this
area, where leucine and other hydrophobic amino acids form the "teeth" of the zipper.



RNA troAupepdon Il kai petaypaen
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H dopun Tng RNA troAupepaoncg Il (RNAP II)
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H dopun Tng RNA troAupepaoncg Il (RNAP II)

Zipper Rudder
Lid
Flap loop i
ey = W Spherical volume of a compacted CTD
R Wwall
ﬁb ¥ Linker
i " 4
)i i NEEVERRREENNENRES C1D
N ) A\ 18| o - SREENNNENNERNRNREY
\‘.‘y saddle. 020w 1\\280A\><\ 65'(;|A..l'lllllllll.lllllllllllllllll|||
NG TR >
\;\ (b —-
SO ~
S L
RS _ Free space in crystal packing
N Rpb1 Dock region

Fig. 9. RNA exit and Rpb1l COOH-terminal repeat domain (CTD).

(A) Previously proposed RNA exit grooves 1 and 2 (9). The two grooves begin at the saddle between the clamp

and wall and continue on either side of the Rpb1 dock region. The last ordered residue in Rpb1 (L1450) is indicated.
The NH2-terminal 25 residues of Rpb1 are highlighted in blue and correspond to an E. coli RNA polymerase
fragment that was cross-linked to exiting RNA (32, 47). The next 30 residues of Rpb1, which form the zipper,

are highlighted in green and likely mark the location of E. coli residues that have been cross-linked to exiting RNA
(47) and to the upstream end of the transcription bubble (32).

(B) Size and location of the CTD. The space available in the crystal lattice for the CTDs from four neighboring
polymerases is indicated. The dashed line represents the length of a fully extended linker and CTD.

The pink dashed circle indicates the size of a compacted random coil with the mass of the CTD.

Cramer P et al. Science 2001; 292:1863 - 1876



H dopun Tng RNA troAupepaoncg Il (RNAP II)
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Figure 10. Proposed path for straight DNA in an initiation complex.

(A) Top view. A B-DNA duplex was placed as indicated by the dashed cylinder.

Rpb9 regions involved in start site selection are shownin orange.

The location of mutations that affect initiation or start site selection are marked in yellow.

The presumed location of general transcription factor TFIIB in a preinitiation complex is indicated by a dashed circle.

(B) Back view. DNA may pass through the enzyme over the saddle between the wide open clamp (red) and the wall (blue).
The circle corresponds in size to a B-DNA duplex viewed end-on.

Cramer P et al. Science 2001; 292:1863 - 1876



RNA troAupepaon lil

® 2uvBeter 5S rRNA (é€va yovidio)
tRNA (ta yovidid Toug TTEPIEXOUV IVTPOVIQ)
snRNAs (Tpotrotroinoeic o€ Baocclg, kupiwg U)

® Tpeic KaTNyopiec TTpOaywWYwWV
KaBodIKA a1Td TO onuEio Evapeng

@ H diadikagia eAEyXETAl ATTO YEVIKOUG TTAPAYOVTEC
uetaypapnc (TFIA, B, C, KAT)
® TeppaTioyog avaloyog pe TrpokapuwTikn RNAP



O TeEpUATIONOC TNG METAYPOAPNG



BaoiKEG OI10POPEC HETAYPAPAG METAGU
TTPOKAPUWTIKWYV - EUKOAPUWTIKWYV OPYAVIOCHWV

NMpokapuwTIKOI

Mia RNA tToAupepdon

ATtreuBeiac déoueuon TNG
TTOAUEPAONG OTOV TTPOAYWYO

OTrepdvIa

ATTAN OXETIKA OOMN TTPOAYWYWV

EukapuwrTiKoi

Tpeic RNA rToAupepaces (RNAP)
RNAP |, RNAP II, RNAP Il

2.0vdeon RNAP oTtov TTpoaywyo pEéow
EVOC HEYAAOU aAPIOPOU PETAYPAPIKWV
TTAPAYOVTWV.

MovokioTpovika popia mMRNA
[TOAUTTAOKN doun TTpoaywywv/
CiS-OpaOTIKWYV OTOIXEIWV
AAAnAouyxia TATA (Béon -29)
AANnAouxiec GGGCGG/CCAAT

Qpipavan RNA



The Nobel Prize in Physiology or Medicine 1959

"for their discovery of the mechanisms in the biological synthesis of
ribonucleic acid and deoxyribonucleic acid"

Severo Ochoa

1/2 of the prize

USA

New York University,

College of Medicine New York, NY, USA

b. 1905 (in Luarca, Spain) d. 1993

Arthur Kornberg

1/2 of the prize

USA

Stanford University Stanford,
CA, USA

b. 1918 d. 2007



Roger D. Kornberg
Stanford University, USA
1947 -



Kornberg RD, Kornberg A

»
Roger D. Kornberg
Stanford University, USA
1947 -



The (re)discovery of mRNA
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The (re)discovery of mRNA

‘U now make viral ribosomes (which will not

Bacterium A\%‘U @ ‘U (3) If ribosomes have their own DNA, theyl
U . (\ U be "heavy" like the E. coll ribosomes).
@’.’.‘.;’q U @ SJ g‘/ Radioactive RNA precursor (*uracil) was
U

added and time was allowed for virus-

@ { %-u directed synthesis to proceed.



The (re)discovery of mRNA

bacterial Ribosomes
cells

No "light” band
of “viral ribosomes"

"Heavy" ribosome band
in CsCli — only original

bacterial ibosomes present.

@ Bacteria lysed and ribosomes
centrifuged on a CsCl gradient.

@ Only heavy ribosomes were
present after centrifugation,



The (re)discovery of mRNA

- ' < A @ Any newly synthesized RNA is
Qactenal < k ' detected because it is radioactive.
nb-osomes\> E New radioactive RNA is associated

< [:1 } /,j with old bacterial ribosomes.
Radioactive/‘-dx_“ oo
RNA \‘7\\.

@ New radioactive RNA i1s removed
from ribosomes. It hybridizes with
viral single-stranded DNA and not

& radioactive :_.'."‘-5 bactlenal single-stranded DNA.
& RNA
n'?,s : 3‘ g -~ f: ::‘L‘
“ viral DNA ¥ Bacterial DNA
(hybridizes) (does not hybridize)

Brenner S, Jacob F., Meselson M.
An unstable intermediate carrying information from genes to ribosomes for protein synthesis.

Nature 1961: 190: 576-581.



J. Mol. Biol. (1961) 3, 318-356
REVIEW ARTICLE

Genetic Regulatory Mechanisms in the Synthesis
of Proteins

Fraxcors JacoB anp JacQues Moxop

Services de Génétique Microbienne et de Biochimie Cellulaire,
Institut Pasteur, Paris

(Received 28 December 1960)

The synthesis of enzymes in bacteria follows a double genetic control. The so-
called structural genes determine the molecular organization of the proteins.
Other, functionally specialized, genetic determinants, called regulator and operator
genes, control the rate of protein synthesis through the intermediacy of cytoplas-
mic components or repressors. The repressors can be either inactivated (induction)
or activated (repression) by certain specific metabolites. This system of regulation
appears to operate directly at the level of the synthesis by the gene of a short-
lived intermediate, or messenger, which becomes associated with the ribosomes
where protein synthesis takes place.



DNA-like RNA, or The discovery of mRNA

Phosphorus Incorporation in Escherichia coli
Ribonucleic Acid after Infef:tion with
Bacteriophage T2

EvrvLior VoLKIN AND L. ASTRACHAN
(With the technical assistance of Martha Helen Jones)

Biology Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee

Accepted January 17, 1956

Incorporation of medium phosphorus into RNA of T2r+-infected Escher-
ichia coli has been demonstrated in a manner that reduces the contribution
from uninfected bacteria to an insignificant level, and which unambiguously
identifies such phosphorus with RNA phosphorus. In nutrient broth cultures
containing P30, accumulation of labeled RN A takes place very shortly after
infection with phage and then stops, whereas with P30, in synthetic medium
accumulation of labeled RNA continues almost linearly for at least 60 minutes
after infection. The unequal specific activities of the RNA mononucleotides
isolated from alkaline hydrolyzates of RNA requires a heterogeneous uptake
of the phosphorus with respect to the total RN A phosphorus. Possible mecha-
nisms to explain the data have been presented.

VIROLOGY 2, 149-161 (1956)



DNA-like RNA, or The discovery of mRNA

Metabolism of RNA Phosphorus in Escherichia coli
Infected with Bacteriophage T7

Eruior Vouxkin, L. AstracHAN, AND JoaN L. COUNTRYMAN

Biology Division, Oak Ridge National Laboratory,! Oak Ridge, Tennessee

Accepted July 9, 1958

Following infection of Escherichia colt B with bacteriophage T7, the ribo-
nucleie acid phosphorus of the host undergoes metabolie turnover in the ab-
sence of measurable net synthesis of ribonueleic acid (RNA), the T7-infected
cell being similar in this respect to the T2-infected host. The distribution of
izotope (PP*2) into the RN A mononucleotidez is not uniform, but i1s charae
terized by somewhat higher specific radioactivities associated with adenylic
and uridylie acids than with eytidvlie and guanylie acids. This pattern of
RNA nucleotide labeling differs from that observed with uninfected bacteria
or T2-infected bacteria. As in the T2 syztem, however, the speecific activity
ratios of the RN A mononucleotides bear a striking resemblance to the molar
composition of the analogous deoxynueleotides in T7 deoxyribonucleic acid
(DNA).

VIROLOGY 6, 545-555 (195R)
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