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The cell-specific expression of protein-coding genes (~20,000 
in humans) is central to many biological processes and is 
regulated primarily at the level of transcription. The earliest  

insights into the mechanism and regulation of transcription came 
from studies of bacteria and bacteriophages, and most of these had 
their origins in genetic studies, exemplified by the landmark Jacob 
and Monod publication on the lac operon in 19611. Complementary 
genetic and biochemical studies then led to the biochemical iden-
tification and characterization of both negative and positive gene-
specific regulatory factors that included the classic lac repressor, 
lambda repressor, araC and CAP proteins. Given the rapid pace 
of bacterial transcription studies relative to eukaryotic transcrip-
tion in the 1960s, it is relevant to note that the first true RNA poly-
merase activity, showing incorporation of all four nucleotides from 
nucleoside triphosphates, was discovered by Sam Weiss in rat liver 
nuclei in 1959 (ref. 2) and later characterized as a derived aggregate 
(likely chromatin)3. However, most of the immediately following 
studies were focused on newly reported bacterial RNA polymerase 
preparations that, unlike the liver enzyme, were soluble, far  
more abundant and showed a clear DNA dependence4. Remarkably, 
despite the importance and relative abundance of the single bac-
terial RNA polymerase, it was not until 1969 that it was finally  
purified to homogeneity by Richard Burgess and then shown to 
execute specific transcription initiation dependent on the disso-
ciable sigma subunit5.

In contrast to the progress in understanding bacterial tran-
scription, we had only a primitive understanding of eukaryotic 
transcription by the late 1960s, with a basic appreciation of three 
general classes of RNA (rRNA, tRNA and mRNA), as in bacteria, 
but little else. Having gotten interested in transcription in animal 
cells as a graduate student with Bill Rutter, whose lab was focused 
on problems other than transcription, the big question to me was 
whether eukaryotic transcription would be fundamentally different 
from prokaryotic transcription with respect to the enzymology and 
regulatory factors. An initial and surprising answer came in 1969, 
with my discovery of three chromatographically distinct nuclear 
RNA polymerases that later proved to have distinct subunit struc-
tures and functions in the synthesis of the major classes of RNA6. 
This was, at least to me, the ‘big bang’ that immediately generated 
a broad surge of interest in eukaryotic transcription mechanisms.  
In the following sections, I provide a historical perspective on sub-
sequent transcription studies that, at least in my laboratory, empha-
sized a reductionist biochemical approach based on the Feynman 
philosophy of “what I cannot create [build], I cannot understand,” 
and revealed an unexpected, ever-increasing complexity of the basic 
transcriptional machinery and of the associated regulatory proteins 

and mechanisms. These biochemical approaches were instrumen-
tal in setting the stage for the large number of later (for example, 
genomic, genetic, biophysical/structural and imaging) approaches 
by identifying the major components of the transcriptional and reg-
ulatory machineries used as key reagents in these analyses and by 
providing initial insights and concepts regarding their mechanisms.

RNA polymerases: diversity, structure and general functions
After the seminal Weiss discovery of the rat liver RNA polymerase 
activity, and despite several reports of a soluble DNA-dependent 
mammalian polymerase activity, most studies of eukaryotic RNA 
polymerase focused on RNA synthesis from endogenous templates 
in isolated nuclei (nuclear ‘run-on’ assays). In this regard, Widnell 
and Tata7 reported two enzyme ‘activities’ based on the levels and 
base compositions of the RNAs synthesized by endogenous RNA 
polymerase in isolated nuclei at drastically different salt and metal 
ion conditions. However, these analyses did not distinguish the 
function of distinct enzymes on different chromosomal templates 
from the function of a common enzyme on distinct chromosomal 
templates that were differentially sensitive to salt and metal ion 
affects. In my early graduate studies, I too had been using isolated 
nuclei to study levels of RNA synthesis during hormonal responses 
in rat liver and during sea urchin development. However, an inabil-
ity in that pre-cloning era to adequately study the synthesis of spe-
cific RNAs, in particular mRNAs, led me to think about getting to 
the heart of the matter—the RNA polymerase. Careful consider-
ation of the 1960 Weiss paper, as well as other mammalian RNA 
polymerase studies that reported only trace amounts of soluble 
enzyme following the standard low-salt extraction procedures used 
for bacteria, led me to suspect (correctly) that most of the mamma-
lian polymerase was chromatin-bound. After the systematic devel-
opment of methods for the complete high-salt solubilization of the 
nuclear RNA polymerase activity, and separation from DNA and 
histones, I was able to identify three chromatographically distinct 
RNA polymerases (in sea urchin embryos, rat liver and yeast8) that 
exhibited different metal ion and DNA template preferences. This 
was a truly ‘eureka’ moment for me—both assuring me a respect-
able thesis and swelling my mind with many future experiments. We 
reported this exciting discovery at an international meeting in April 
1969 (ref. 9) and later in a 1969 Nature article6 that, remarkably and 
memorably, was originally rejected on the grounds that it was not of 
general interest! In subsequent studies further indicative of distinct 
enzymes, the laboratory of Pierre Chambon reported two forms of 
RNA polymerase that, respectively, were insensitive (Pol A) and 
sensitive (Pol B) to a low concentration of the mushroom toxin 
α-amanitin10,, and the Rutter lab similarly showed that Pols I and III 
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The landmark 1969 discovery of nuclear RNA polymerases I, II and III in diverse eukaryotes represented a major turning point in 
the field that, with subsequent elucidation of the distinct structures and functions of these enzymes, catalyzed an avalanche of 
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Major discoveries  https://en.wikipedia.org/wiki/Robert_G._Roeder

1969-1977: In 1969, as a graduate student at the University of Washington, Roeder 
discovers the three enzymes called RNA polymerases.

1977-1979: Roeder develops cell-free systems to better study transcription.

1980: identification of complex sets of proteins called accessory factors that are 
essential for each individual RNA polymerase 
1980: Roeder identifies the first mammalian gene-specific activator, called TFIIIA 

1990s: discovery of coactivators, large protein complexes that provide a bridge 
between the activators and repressors 

1992: Roeder's laboratory demonstrates that coactivators can be ubiquitous, 

1996: Roeder's laboratory discovers the major conduit for communication between 
gene-specific activators and the general transcription machinery in animal cells: a 
giant coactivator (TRAP/SMCC) that consists of about 25 different protein chains and 
is referred to as the human mediator after its counterpart in yeast.

2002: Roeder and colleagues show that a single component of the mediator is 
essential for the formation of fat cells —



We reported this exciting discovery at an international meeting in April 1969 
and later in a 1969 Nature article that, remarkably and memorably, was 
originally rejected on the grounds that it was not of general interest!

Roeder, R. G. & Rutter, W. J. Multiple forms of DNA-dependent RNA 
polymerase in eukaryotic organisms. Nature 224, 234–237 (1969)

REVIEW ARTICLE | FOCUS NATURE STRUCTURAL & MOLECULAR BIOLOGY

transcription studies, a surprise was our discovery that cell-specific 
genes, including the adenovirus ML31 and β-globin64 genes, could 
be accurately and robustly transcribed (as histone-free DNA tem-
plates) by the basal (ubiquitous) transcription machinery. But on 
careful reflection, it appeared to me that these genes simply had 
common, widely used core promoter elements and, most impor-
tantly, that there must be both a general repression mechanism to 
suppress the promiscuous transcription machinery and gene- and 
cell-specific transcription factors to reverse this repression—both 
of which were ultimately demonstrated (see below). Fifth, relative to 
my earlier rationale for the evolution of structurally and function-
ally distinct RNA polymerases, biochemical and genetic analyses 
have revealed general regulatory factors and modifications, as well 
as underlying mechanisms, for the different transcription systems. 
Examples include: (i) for Pol I, the growth state-related regulation 
of SL1/TIF-1B and the tumor-suppressor-mediated repression of 
UBF65,66; for Pol III, the nutrient-regulated regulation of the MAF1 
repressor that acts through inhibitory interactions with TFIIIB and 
Pol III67, as well as tumor-suppressor-mediated repression through 
interactions with TFIIIB66; for Pol II, the Pol II-binding repres-
sor Gdown1 that we demonstrated to act by occlusion of TFIIB 
and TFIIF binding sites on Pol II and to elicit a strong Mediator 
requirement for transcription68,69 and factors (MOT1, NC2) that 
show context-dependent repression (or activation) through inter-
actions with basal initiation factors (TBP, TFIIA) that alter PIC 
assembly44,70 (Fig. 2).

Recent years have seen an explosion of structural studies reveal-
ing remarkable structural and mechanistic detail related to the 
function of macromolecular assemblies, and nowhere has this 
been more apparent than in the transcription field. With respect 
to Pol II transcription, early (1992–1996) crystallographic studies 
in the labs of Stephen Burley (in collaboration with my lab) and 
Paul Sigler revealed intriguing structures for the TATA-binding 
TFIID subunit TBP, the TBP-TATA DNA complex (with TBP bind-
ing in the minor groove and inducing a 90° bend in the DNA), the 
TBP-TATA-TFIIB complex and the TBP-TATA-TFIIA complex 
(reviewed in ref. 71), all of which confirmed interactions established 
in the biochemical analyses and revealed further insights into the 
initial steps of PIC assembly. Building on these initial studies, vari-
ous crosslinking studies to map positions of PIC components72 and 
the RNA Pol II structural studies mentioned above, several groups 
have provided high resolution cryo-EM structures for the complete 
TBP-containing yeast73–75 and human76,77 Pol II PICs. While con-
firming the biochemically established interactions and PIC assem-
bly pathways, these analyses have provided additional insights into 
core promoter recognition, transcription initiation and interactions 
(notably those of TFIIB) involved in the initiation-to-elongation 
transition. Highly informative cryo-EM structures for the yeast Pol 
I78,79 and Pol III80 PICs have also been reported. More recently, sin-
gle-molecule approaches are being applied to the study of transcrip-
tion factors both in vivo and in vitro, of special importance for an 
understanding of the dynamics of transcription factor interactions 
and functions. With respect to Pol II-related PICs, one interesting 
in vitro analysis confirmed the stability of promoter-TFIID-TFIIA 
complexes but showed a surprising and highly dynamic interaction 
of TFIIB, a key regulator of Pol II functions whose stable association 
with the early stage complex was found to depend on interactions 
with the Pol II-TFIIF complex81. Future emphasis on such studies, 
coupled with structural information, should provide profound new 
insights into the dynamics of PIC formation and function in con-
junction with transcriptional activators and coactivators.

Gene- and cell-specific transcriptional regulatory factors: 
key determinants of gene control
Identification and characterization of site-specific DNA-binding 
regulatory factors in bacteria and bacteriophages in the late 1960s 

and 1970s raised the obvious possibility that eukaryotic genes might 
be similarly regulated. However, the presence and rapid turnover of 
heterogeneous nuclear RNA82 and the discovery of RNA splicing 
raised the possibility that cell-specific RNAs may be derived largely 
from global transcription followed by selective splicing and stabi-
lization of specific RNAs rather than gene-specific transcription. 
Although this possibility seemed unlikely82 and indeed was unap-
pealing to me, it was something I did think about in the absence 
of any identified gene- or cell-specific factors. But fortunately, bio-
chemical studies in 1979 led to our discovery of the 5S RNA gene-
specific TFIIIA, the first-established gene-specific transcriptional 
activator in eukaryotes83. Mechanistically, TFIIIA was shown to 
bind specifically to the gene-internal promoter83 that had just been 
defined84 and to facilitate recruitment of general initiation factors 
(TFIIIC and TFIIIB) that in turn recruit Pol III47,48 (Fig. 1, right). 
This again indicated a paradigm shift from the bacterial mecha-
nism in which transcriptional activators interact directly with the 
polymerase. Notably, these studies were the first to establish the 
fundamentally important paradigm of gene-specific transcription 
through a gene-specific activator in eukaryotes, and also the first 
to establish the mechanism of action of a eukaryotic transcriptional 
regulatory factor (enhanced recruitment of an initiation factor 
that in turn recruits RNA polymerase). Our cognate cDNA clon-
ing of TFIIIA in 1984 (ref. 85) also represents the first cloning and 
sequence identification of an established eukaryotic transcription 
factor and led to the deduction by Aaron Klug of the zinc-finger 
motif86, the most common DNA-binding motif in eukaryotic tran-
scription factors87.

These seminal observations on TFIIIA gave me confidence 
that there must also be gene- and cell-specific factors for Pol 
II-transcribed genes and prompted subsequent studies in many 
laboratories that led to identification of gene-specific promoter/
enhancer-binding factors for the more numerous Pol II-transcribed 
genes. The earliest-described Pol II activators that were shown to 
bind and/or act through specific promoter sites include glucocorti-
coid receptor88, Sp1 (ref. 89), HSF90, USF/MLTF53,91 and Gal4 (ref. 92); 
and all were eventually cloned and shown to function as recombinant 
proteins. Our studies of USF, showing cooperative interactions with 
promoter-bound TFIID53, also provided the earliest example of a tar-
get and mechanism of action of an activator for Pol II target genes, 
again reinforcing the paradigm of activator function through a gen-
eral transcription factor rather than through the RNA polymerase. 
Our later studies of other activators extended these results implicat-
ing TFIID as an activator target, and indicated a mechanism (vali-
dated later by other groups) involving an activator-induced TFIID 
isomerization on the promoter93. Although more recent studies have 
focused on coactivators as primary targets of transcriptional acti-
vators (discussed below), it seemed to me perfectly logical, in view 
of the complexity of the Pol II initiation factors and the precedent 
established for TFIIIA interactions with Pol III initiation factors, that 
some activators would directly target Pol II initiation factors. Indeed, 
there are many early reports of activator-initiation factor interac-
tions that in some cases (for example, refs. 94,95) have been strongly 
implicated in activator function. My expectation is that many more 
examples will be uncovered as the actual mechanisms of action of 
the many Pol II transcription factors are established. Although not 
emphasized here, site-specific DNA-binding repressors are also an 
integral part of eukaryotic transcriptional regulation, and an early 
biochemical analysis of the viral SV40 T antigen in the laboratory of 
Bob Tjian established a direct repression of active SV40 promoters 
that was dependent on site-specific binding96.

Notably, beyond the early identification of transcription factors 
based largely on in  vitro binding/transcription assays and subse-
quent biochemical purification and cloning, many approaches have 
been used to identify the large number (~1,600 in human) of estab-
lished or predicted transcription factors (activators and repressors)87.  
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I was able to identify three chromatographically distinct RNA polymerases (in sea 
urchin embryos, rat liver and yeast) that exhibited different metal ion and DNA 
template preferences. This was a truly ‘eureka’ moment for me—both assuring 
me a respectable thesis and swelling my mind with many future experiments. 



Nel 1974 Roeder e coll. hanno dimostrato che la a-amanitina
ha effetti diversi sulle tre RNA pol



RNA polimerasi degli eucarioti
• Tutte le RNA polimerasi eucariotiche hanno ~ 12 subunità e sono 

complessi di > 500 kD.
• Alcune subunità sono comuni a tutte e tre le RNA polimerasi.
• La più grande subunità dell'RNA polimerasi II ha un dominio carbossi-

terminale (CTD) costituito da ripetizioni multiple di un eptamero.





Struttura della RNA polimerasi

• Pol batteriche ed 
eucariotiche. 

• In verde le 
sovrapposizioni. 

• La pol batterica ha 5 
subunità, pol II ha 12 
subunità 

• Il sito catalitico contiene 
ioni metallici 



Fattori generali della trascrizione

• L’inizio della trascrizione necessita dell’enzima RNA 
polimerasi e dei fattori generali della trascrizione (GTF) 
(svolgono la funzione di sigma nei procarioti).

• Un GTF è una proteina che è necessaria per l’inizio della 
trascrizione, ma che non è parte della  RNA polimerasi.

• Il test definitivo per definire se appartiene all’apparato di 
trascrizione è funzionale: la proteina deve essere 
necessaria affinché la trascrizione  avvenga ad un 
promotore specifico o ad una serie di promotori.



Promotore

• L’iniziazione ad un promotore eucariotico 
coinvolge un gran numero di fattori  che si 
legano a diversi cis-acting elements.

• promotore è definito come la regione di 
DNA che contiene tutti questi siti di 
legame, cioè che inizia la trascrizione con 
efficienza normale e controllo appropriato



Promotori

Le tre RNA pol hanno strutture differenti, trascrivono differenti 
classi di geni e riconoscono differenti promotori.

Promotori di classe II
Sono presenti due parti: un promotore principale e un 
elemento a monte. Il promotore centrale è generalmente 
definito come il tratto di DNA minimo sufficiente per dirigere 
l'inizio accurato della trascrizione da parte dell'RNA pol II. Gli 
elementi a monte sono indipendenti dall'orientamento e 
potenziano la trascrizione (GC box, CCAAT box).

Core promoter



Sequenze consenso di RNA pol II
Sequenze consenso trovate in prossimità dello start point di Pol II. 
Di solito ne sono presenti 2 o 3
La più comune è TATA-box, che è talvolta sostituita da una forte 

sequenza Inr
Quattro siti canonici del promotore di base (core promoter): 

BRE (TFIIB Recognition Element)
TATA (TATA box: lega TBP)
INR (Initiator)
DPE (Downstream Promoter Element)
DCE (Downstream Core Element)
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Introduction

Diversity in rates of gene expression is essential for basic cell func-
tions and is controlled through several intricate mechanisms. 
Major contributors to gene expression rates are DNA cis-regula-
tory elements that vary between promoters of individual genes. 
Two types of DNA regulatory sequences control transcription of 
protein-encoding and non-coding genes in eukaryotes. The first 
type is gene specific enhancer elements that serve as the binding 
sites of transcription regulatory factors and can be divided into 
two classes: those that function independently of their position 
relative to the transcription start site (TSS) and those that can 
activate transcription only when located proximal to the TSS. 
The second type is the core promoter, which consists of sequence 
elements that surround the TSS. These elements serve as a dock-
ing site for general transcription factors (GTFs) and RNA poly-
merase II that assemble into a pre-initiation complex (PIC).1,2 The 
core promoter has a crucial role in transcription as it serves as the 
acceptor site for the effects exerted by enhancer-bound transcrip-
tion factors; it contributes to the overall transcription level and it 
determines the site of transcription initiation. Thus, the informa-
tion encoded in the core promoter ensures proper regulation of 
gene expression. This review summarizes the current knowledge 
about core promoter types and their mechanism of action and 
focuses on several traits associated with the core promoter, some 
of which run beyond transcription initiation.
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Submitted: 06/27/11; Revised: 07/20/11; Accepted: 07/21/11
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The core promoter of eukaryotic coding and non-coding genes 
that are transcribed by RNA polymerase II (RNAP II) is composed 
of DNA elements surrounding the transcription start site. These 
elements serve as the docking site of the basal transcription 
machinery and have an important role in determining the 
position and directing the rate of transcription initiation. 
This review summarizes the current knowledge about core 
promoter elements and focuses on several unexpected links 
between core promoter structure and certain gene features. 
These include the association between the presence or 
absence of a TATA-box and gene length, gene structure, gene 
function, evolution rate and transcription elongation.

The unexpected traits associated  
with core promoter elements

Rivka Dikstein

Department of Biological Chemistry; The Weizmann Institute of Science; Rehovot, Israel

Key words: core promoter, TATA-box, TATA-less promoter, gene length, transcription elongation

Core Promoter Elements

The first core promoter element to be described in eukaryotes 
was the TATA-box.3 The TATA-box is a highly conserved ele-
ment, strictly located between -35 to -25 relative to the TSS (des-
ignated +1) in most eukaryotes. The TATA-box, which was once 
thought to be a universal element, is present in a smaller fraction 
of RNAP II genes than initially estimated (Table 1): between 
20–46% in yeast (depending on the definition of the TATA-
box sequence),4,5 ~30% of Drosophila genes6 and up to 35% 
of human genes.7-10 The major core promoter-binding factor is 
TFIID, a large complex consisting of the TATA-binding protein 
(TBP) and 13 associated factors called TAFs. The TATA-box is 
directly recognized and bound by TBP, while the TAFs interact 
with sequences upstream and downstream to the TATA-box.11-19 
In certain promoters, the TATA-box cooperates with one or 
more elements to direct efficient transcription initiation (Fig. 1). 
For example, two TFIIB recognition elements (BRE), which 
are located either upstream (BREu) or downstream (BREd) of 
the TATA-box20,21 function only together with the TATA-box. 
Similarly, the contribution to promoter strength of the TAF1 
recognition element DCE that is located downstream relative 
to the TSS is also dependent on the presence of a TATA-box.22 
The presence or absence of a TATA-box in core promoters has 
been linked in yeast4,5,23-25 and humans26 to two pathways of pre-
initiation complex assembly, one being TFIID dependent (weak 
TATA or TATA-less) and the other TFIID independent and 
SAGA dependent.

The initiator (INR) is a metazoan conserved element, strictly 
located around the TSS, with a consensus of YYANWYY. 
The INR can be weakly bound by RNAP II itself27 and more 
strongly by a complex consisting of TFIIB, TFIID, TFIIF and 
RNAP II.27,28 Within TFIID the subunits that form direct 
and specific contacts with the INR are TAF1 and TAF2.12,29,30 
The INR can function alone, together with the TATA-box or 
in conjunction with two specific core promoter elements, the 
DPE and the MTE (Fig. 1). The DPE and the MTE are mostly 
found in Drosophila promoters and both have a strict down-
stream location at +28 and +18, respectively, relative to the 
TSS, and both are recognized by TFIID through the TAF6 and 
TAF9 subunits.31-34 Following computational analysis of a large 
number of mammalian TSSs, the INR consensus in mammals 
was recently suggested to be composed of only YR, where R cor-
responds to the TSS.35,36 On the other hand, another study has 

Gli elementi  possono essere presenti in 
diverse combinazioni



Promotori di classe I
Solo un gene è riconosciuto da RNA pol I: rRNA
(presente in centinaia di copie in ogni cellula).
L'architettura generale del promotore è ben conservata:
1) Un elemento centrale che circonda l'inizio della 
trascrizione, ricco in AT (rINR);
2) Elemento promotore a monte (UPE) a circa 100 bp

Linker scanning mutagenesis



Promotori di classe III
1) L'RNA pol III trascrive i geni che codificano per i piccoli RNA:
Geni "classici" di classe III (rRNA5S), geni per i tRNA,
Geni RNA VA da adenovirus (con promotori interni) (a, b);

2) Geni di classe III scoperti di recente (snRNA U6, RNA 7SL) 
simili ai geni di classe II (c).



Inizio della trascrizione 
negli eucarioti: pol II

• La trascrizione negli eucarioti è più 
complessa perché il DNA è 
compattato nella cromatina e 
nucleosomi.

• Per iniziare la trascrizione le pol 
eucariotiche necessitano l’aiuto di un 
gran numero di proteine “general 
Transcription factors” (GTF). 

• Quelli di pol II sono TFII



L'apparato basale si 
assembla in corrispondenza 

del promotore
Il legame di TFIID alla TATA-box 

è il primo passo nell'iniziazione

· Altri fattori di trascrizione (TFIIB
e TFIIA) si legano al complesso 
in un ordine definito, 
estendendo la lunghezza della 
regione protetta sul DNA

· Quando l'RNA polimerasi II 
viene reclutata sul complesso, 
tramite TFIIF, avvia la 
trascrizione



L'inizio è seguito dalla 
liberazione del promotore
· TFIIE e TFIIH sono necessari 

per il melting del DNA per 
consentire il movimento della 
polimerasi.

· La fosforilazione del CTD
sembra sia necessaria per 
iniziare l'allungamento.

· Il CTD può coordinare il 
processamento dell'RNA con 
la trascrizione.



Caratteristiche dei fattori generali 
della trascrizione

• TFIID: TBP si associa a circa 13 TAF (TBP-
associated factors) diversi per legare il promotore, ed 
altro 

• TFIIB e TFIIA: stabilizzano il legame di TBP
• TFIIF il suo legame con Pol II è necessario per 

reclutare TFIIE e TFIIH
• TFIIE- TFIIH. TFIIE recluta TFIIH. Questo è molto 

grosso (9 subunità) induce la formazione del 
complesso aperto, ha attività elicasica (coinvolta 
anche nel mismatch repair) e chinasica (fosforila 
CTD).  



Trascrizione accoppiata alla riparazione del DNA (NER!!)

• Quando la RNA polimerasi trova un 
mismatch, si ferma. 

• Recluta il sistema di riparazione per 
escissione nucleotidica (NER) e si 
distacca. 

• Al sistema partecipa TFIIH che fa parte 
dei fattori generali di trascrizione

• XP G eucariotica taglia un frammento di 
24-32 nt



Riparazione per escissione di nucleotidi
Gg NER e Tc NER



TATA-Binding protein (TBP)
• TBP è una subunità di TFIID. E fatto 

da due domini simili. Lega TATA box 
(tramite regione  a foglietto beta) e 
ripiega il DNA;



TATA-Binding protein (TBP)
• TBP è una subunità di TFIID. E fatto 

da due domini simili. Lega TATA box 
(tramite regione  a foglietto beta) e 
ripiega il DNA;

• TBP lega il DNA nel solco minore 
come una sella e lo piega di ~80°
(due coppie di Phe che si intercalano 
fra le basi del DNA), provocando una 
locale denaturazione ;

• TFIID, è costituito da TBP e 13 TAFs
• TBP è altamente conservato in specie 

molto diverse ed è coinvolto anche 
nella trascrizione di RNA polI e RNA 
pol III



TBP binds to the TATA box

TBP binds with all the TAFII in TFIID

TBP binds with a subgroup of TAFII

A model for the interaction between TBP and TATA box 
containing promoters 



A model for the interaction between TBP and TATA-less promoters
with initiator and DPE

TBP by itself cannot bind to the promoter

TFIID  is competent, through the interactions  
of TAFII250 and TAFII150,for the binding of 
TBP to the promoter

TAFII250 and TAFII150 are sufficient to
recruit TBP 

DPE

DPE

DPE



A model for the interaction of TBP with TATA-less promoters 
containing GC box

Goodrich,J.A. et al. Contacts in context: promoter specificity and 
macromolecular interactions in transcription. Cell 84:826, 1996

TBP cannot bind by itself to the promoter

TFIID can bind to the promoter through the 
interaction of Sp1 bound to GC box 

TAFII250, TAFII150 and TAFII 110 are
sufficient to associate to Sp1 - bound
to GC box – and allow the interaction of TBP 
to the promoter



TSS classes in mammalian promoters



Several eukaryotic genes (in particular class II) are
associated with cis elements that strongly influence 
transcription.

Enhancers
The first enhancer discovered was in SV40, it stimulates 
transcription even though inverted or in a different position in 
the genome. 
They are found at the 5’ but sometimes also within the gene.

Silencers
Induce condensation in chromatin. Sometimes the same 
element on DNA can function as enhancer o silencer depending 
on the factors that bind to it.

Enhancers e silenziatori



Promotori ed enhancers



Inizio della trascrizione in eucarioti

Trascriptional 
activators aiutano 
l’inizio della 
trascrizione

Il mediatore (oppure 
altri coattivatori) 
aiuta a comunicare 
gli attivatori con 
pol II e GTF 

La RNA pol si associa 
ad elongation 
factors



Fattori che stimolano 
l’allungamento e la correzione

• Nell’allungamento la PolII si libera di molti 
GTF e recluta fattori di allungamento
(TFIIS e hSPT5) 

• TFIIS stimola l’allungamento e facilita la 
correzione (editing idrolitico).



La terminazione della trascrizione è associata alla 
distruzione dell’RNA da parte di una RNasi altamente 

processiva



Video trascrizione eucarioti
https://www.youtube.com/watch?v=vVDDV8jH1Wc

Zanichelli
Struttura degli enzimi – L’RNA polimerasi II
Struttura delle proteine – La proteina che lega la TATA box

https://www.youtube.com/watch?v=vVDDV8jH1Wc


RNA pol I sintetizza gli 
rRNA 18S, 5.8 S e 28S 
partendo da un unico 
RNA precursore, che 
viene modificato 
chimicamente e poi 
tagliato 

L’rRNA 5S è 
sintetizzato da RNA Pol 
III

RNA Pol I



RNA Pol I

• Il core promoter 
da –45 a +20, 

• Il fattore che si 
lega al core 
promoter è fatto 
da 4 proteine.

• Uno di questi 
componenti è 
TBP,



RNA pol III usa elementi sia a valle che a 
monte del TSS



Pol III
• TFIIIA e TFIIIC si legano alle sequenze consenso e permettono a  TFIIIB

di legarsi  allo startpoint.
• TFIIIB ha TBP come subunità e permette alla RNA polimerasi III di legarsi.


