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INTRODUCTION 



➢ 3 nuclear RNA polymerases orchestrate the process 

 

 

 

 

 

 

➢ Pol-II controls cell identity, differentiation and stress response processes 

 

➢ 3 steps are required to produce RNA 

 

 

 

 

➢ Initiation is the starting point, and integrates most of the transcriptional regulation 

 

 

➢ The mechanism is supposed to be highly conserved across eukaryotes 

Pol-I Pol-II Pol-III 

rRNA mRNA tRNA 

Initiation Elongation Termination 

Transcription initiation is the start of gene expression in eukaryotes 



OVERVIEW OF THE PROCESS 



Transcription initiation requires the assembly of the General Transcription Factors (GTF)  

TAFS 

TBP 

TFIID 

Promoter DNA 

TFIIB 

TATA-box 

Upstream promoter 

complex  

1. TFIID binds and bends DNA around the TATA region 

2. TFIIB joins the complex 

DNA bending 

Complex 

stabilization 

Integrate transcriptional 

regulation 



TFIIF 

Pol II 

Core Preinitiation 

Complex (PIC) 

Transcription initiation requires the assembly of the General Transcription Factors (GTF)  

3. Pol II and TFIIF join the complex 

Complex 

stabilization 

Catalytic unit 



TFIIH 

TFIIE 

Closed PIC 

Transcription initiation requires the assembly of the General Transcription Factors (GTF)  

4. TFIIE and TFIIH join the complex 

Complex 

stabilization 

DNA 

unwinding 

 

Pol-II 

activation 



ATP 

Open PIC 

Transcription initiation requires the assembly of the General Transcription Factors (GTF)  

5. DNA melts around the transcription start site (TSS) 



NTPs 

Initially transcribing 

complex 

Nascent RNA 

Transcription initiation requires the assembly of the General Transcription Factors (GTF)  

6. Transcription starts 



The architecture of the complex is not fully understood at atomic resolution 

Historical highlights on the advances in the anatomical comprehension of transcription initiation 

Gnat 2001. 

Core PolII 

X-ray 

3.3 Å 

Kettenberger 2003. 

X-ray 

3.8 Å 

 PolII 

Kostrewa 2009. 

 PolII-

TFIIB 

X-ray 

4.3 Å 

He 2016. 

 

Cryo-EM 

3.9 Å 

 Whole-

complex 

Cryo-EM 

7.9 - 10.0 Å 

TFIID 

TFIIH 

Cryo-Electron-Microscopy (Cryo-EM) is key 
Cryo-EM 

>10.0 Å 

Most subunits are characterized in yeast (S. cerevisiae) and humans (H. sapiens) 



AIM OF THE PROJECT 



Our project aims to review the... 

➢ Architecture of the initiation complex  

 

 

 

➢ Relevant interactions to understand the sequential assembly of factors 

 

 

 

➢ Molecular mechanisms beyond the structure 

 

 

 

➢ Evolutionary conservation across eukaryotes 

 

 

 

➢ The  current structural knowledge about transcription initiation 



Promoter recognition:  

 

TFIID binds and bends DNA around the 

TATA region 

 

 TAFS 

TBP 

TFIID 

Promoter DNA 

TATA-box 



Promoter recognition: TFIID binds and bends DNA around the TATA region 

TBP-associated factors  

TATA-binding protein (TBP) 

 (339 aa) 

 

 

 

 

 

 

Disordered N-

term domain 

Transcription factors 

Activators 

Repressors 

Integrate 

Core C-term 

domain 

Two 88 aa 

repeats 

 

Saddle-shaped 

structure 

Cristalized part 



G 

A 

T 

C 

TBP has two modules that bind AT-rich sequences 

Promoter recognition: TFIID binds and bends DNA around the TATA region 

TBP also binds promoters 

without TATA 

C-term repeat  N-term repeat  



Promoter recognition: TFIID binds and bends DNA around the TATA region 

H bonds and electrostatic interactions are required  

The N-term repeat 

binds T 



Promoter recognition: TFIID binds and bends DNA around the TATA region 

H bonds and electrostatic interactions are required 

The C-term repeat 

binds A 



Promoter recognition: TFIID binds and bends DNA arround the TATA region 

The C-terminal domain of TBP is conserved across eukaryotes 



Promoter recognition: TFIID binds and bends DNA arround the TATA region 

The C-terminal domain of TBP is conserved across eukaryotes 

S. pombe S. cerevisiae 

D. melanogaster C. elegans 

D. rerio 

X. tropicalis 

G. gallus 

M. musculus 

B. taurus 

H. sapiens 

Fungus 

Invertebrates 

Lower vertebrates 

Mammals 



Promoter recognition: TFIID binds and bends DNA arround the TATA region 

The C-terminal domain of TBP is conserved across eukaryotes 
N-term repeat 

C-term 

repeat 



Promoter recognition: TFIID binds and bends DNA arround the TATA region 

The C-terminal domain of TBP is conserved across eukaryotes 
N-term repeat 

C-term 

repeat 



Upstream Promoter Complex formation:  

 

TFIIB joins the complex 



Upstream Promoter Complex formation: TFIIB joins the complex 

TFIIB 

TFIIB 

TBP 

Transcription Factor II B (TFIIB) (316aa)  Zinc Finger 

Domain 

N-term Cyclin like  

domain 

N-term 

C-term 

C-term Cyclin like  

domain 

112aa 

to 

316aa 

C-term 

Core 

Zn 



Upstream Promoter Complex formation: TFIIB joins the complex 

The Zn-Finger domain is ubiquitous in transcription initiation (10 domains in the whole PIC)  

Zinc ribbon fold 
Beta-harpins forming 

two structurally similar 

zinc-binding sub-sites 

Stabilize the fold 
Interaction with other 

proteins 



Upstream Promoter Complex formation: TFIIB joins the complex 

The Zn-Finger domain in TFIIB 

His 18 

 Cys 15 

Zinc 

Cys 34 
Cys 37 

Sequence motif: Cys-Xaa2-His/Cys-Xaa15-

Cys-Xaa2-Cys  

Cys 15 

His 18 
Cys 34 

Cys 36 

The motif is conserved across eukaryotes 



Upstream Promoter Complex formation: TFIIB joins the complex 

TBP recruits TFIIB to the complex  

TFIIB cyclin like domains 

interacts with  

TBP C-term domain 

TFIIB 

TBP 



Upstream Promoter Complex formation: TFIIB joins the complex 

TFIIB C-term core interacts with TBP C-term domain 

Tyr 165 ARG 169 Phe 177 Lys 188 Asp 243 TFIIB 

Lys 337 Glu 286 Glu 284 

TBP 
Interacting residues 

mostly conserved 

across eukaryotes 



Upstream Promoter Complex formation: TFIIB joins the complex 

TFIIB C-term core interacts with TBP C-term domain:Electrostatic Interaction 

TFIIB 

TBP 

Arg 169 

Glu 284 

Interaction preserved 

across eukaryotes 



Upstream Promoter Complex formation: TFIIB joins the complex 

TFIIB C-term core interacts with TBP C-term domain: Salt bridge 

TFIIB 

TBP 

Asp 243 

Lys 337 

Interaction preserved across metazoans 



Upstream Promoter Complex formation: TFIIB joins the complex 

TFIIB C-term core interacts with double-strand  DNA 

TFIIB 

Most of the interacting 

residues are Lys or Arg 



Upstream Promoter Complex formation: TFIIB joins the complex 

TFIIB C-term core interacts with double-strand  DNA 

Lys 152 Lys 178 Lys 189 

TFIIB 

TFIIB 

Arg 248 Lys 272 

Residues mostly 

conserved across 

eukaryotes 



Upstream Promoter Complex formation: TFIIB joins the complex 

TFIIB C-term core interacts with double stranded DNA: Salt Bridge 

TFIIB 

Arg 248 mostly preserved across 

eukaryotes 

Arg 248 



Upstream Promoter Complex formation: TFIIB joins the complex 

TFIIB C-term core interacts with DNA: Salt bridge 

Lys 178 TFIIB 

Lys 178 mostly preserved across metazoans 



 

 

 

 

 

 

 

 

 

 

 

Core PIC formation:  

 

TFIIF-Pol II join the complex  



Core PIC formation: TFIIF-Pol II join the complex  

Joining of RNA pol II and TFIIF  

Rpb1 

Rpb5 

Rpb4 

Rpb3 
Rpb6 

Rpb8 

Rpb11 

Rpb7 

Rpb2 

Rpb9 

Rpb12 

Rpb11 

Rpb3 

Rpb10 Rpb9 

RNA pol II subunits: 

TFIIF subunits and domains: 

𝛃 

α 

Winged helix 

domain (WH) 

Triple barrel 

domain 

Pol II contains 12 subunits and TFIIF has an α and a 𝛃 subunit with several domains   



RPB1 subunit (1970 Aa) RPB2 subunit (1174 Aa)  

 

Bridging helix 

 

CTD 

 

 

Clamp domain 

 

 

Core region 

 

 

 

Clamp domain 

 

 

 

Wall 

 

 

Core region 

 

Core PIC formation: TFIIF-Pol II join the complex  

Rpb1 and Rpb2 subunits are the ones forming and stabilizing the core or the active center 



Core PIC formation: TFIIF-Pol II join the complex  

RPB3 subunit (275 Aa) 

RPB4 subunit (142 Aa) 

RPB11 subunit (117 Aa) 

RPB7 subunit (172 Aa) 

Residues 

interacting with 

Rpb6 subunit 

Core 

region 

There are other subunits limiting the core and others acting as a wedge-lock or a blocker  

Rpb3 and Rpb11 

mark the limits of 

the core 

Rpb4 and Rpb7 

maintain the 

closing state 



Core PIC formation: TFIIF-Pol II join the complex  

RPB5 subunit (210 Aa) 

RPB10 subunit (67 Aa) RPB8 subunit (150 Aa) RPB12 subunit (58 Aa) 

RPB9 subunit (125 Aa) 

Forms part of the Clamp Form part of the Jaw lobe, changing its conformation 

There are subunits forming the Pol II structural elements  and other have a role in its architecture  

RPB6 subunit (127 Aa) 

Have a role stabilizing the Pol II complex 



Core PIC formation: TFIIF-Pol II join the complex  

𝛃 

α 
Mostly hydrogen bonds 

maintain the Triple 

barrel domain 

TFIIF𝛃 TFIIFα Phe31 Thr92 

TFIIF subunits interact through the triple barrel domain 

Conserved across metazoans 



Core PIC formation: TFIIF-Pol II join the complex  

TFIIF interact with different subunits of Pol II and with the DNA 

Rpb2 

Rpb9 

Winged helix 

domain (WH) 

Triple barrel 

domain 
TFIIF is mainly interacting with Rpb2 subunit 

TFIIF𝛃 

TFIIFα 

TFIIFα 

TFIIF𝛃 



Core PIC formation: TFIIF-Pol II join the complex  

TFIIF has two winged helix domains which are important for the interaction with the DNA 

Winged helix 

domain (WH) two wings 

three beta-sheets  

 three alpha helices  

TFIIFα 

TFIIF𝛃 

H2 

H1 H3 

W1 

W2 

S2 
S1 

S3 
His229 TFIIF𝛃 

Conserved across metazoans 

W2 

S2 

S3 

Specific DNA contact 

Non-specific DNA contact 



Core PIC formation: TFIIF-PolII join the complex  

Triple barrel 

domain 

TFIIF𝛃 

Rpb2 

Conserved across eukaryotes 

There’s an important electrostatic interaction between Rpb2 and TFIIF𝛃 in the triple barrel domain 

Glu555 

Lys22 



Core PIC formation: TFIIF-PolII join the complex  

Rpb2 

TFIIF𝛃 

 

 

There is also a salt bridge interaction between Rpb2 and TFIIF𝛃  

TFIIF𝛃 

Rpb2 
Glu89 

Arg 140 

Residues conserved across chordata 



Core PIC formation: TFIIF-PolII join the complex  

Rpb2 

TFIIFα 
TFIIF𝛃 

TFIIFα 
Rpb2 

TFIIFα is interacting lower than TFIIF𝛃 with Rpb2  

 

 

An electrostatic interaction between Rpb2 and TFIIFα is required 

Residues conserved across eukaryotes 

Lys332 Glu158 



Core PIC formation: TFIIF-PolII join the complex  

TFIIB recruits the TFIIF-PolII assembly to the PIC 

TFIIB 

RNAPOL II 

TBP 
TFIIF DNA 

RPB 1 

RPB 2 

TFIIB C-

term core 

TFIIF 

𝛃   RPB 1 and RPB 2 are the RNA Pol II subunits 

involved in the interaction with TFIIF-𝛃 

TFIIB Zn 

finger 

domain 

 

 

 



Core PIC formation: TFIIF-PolII join the complex  

TFIIB recruits the TFIIF-PolII assembly to the PIC: TFIIB interacts with Rpb1  

TFIIB Zn ribbon 

domain interacts with 

RPB1 

RPB 1 

TFIIB 

TFIIB Zn 

finger 

domain 

 

 

 



Core PIC formation: TFIIF-PolII join the complex  

TFIIB recruits the TFIIF-PolII assembly to the PIC: Zn Ribbon and RPB1 (H bonds) 

Leu 39 Asp 43 TFIIB 

Asp 428 
Asn 77 RPB1 

RPB1 

Interaction preserved across 

metazoans 

Interaction preserved across 

eukaryotes 



Core PIC formation: TFIIF-PolII join the complex  

TFIIB recruits the TFIIF-PolII assembly to the PIC: Zn Ribbon and RPB1 (Electrostatic Interactions) 

Asp 31 Asp 26 TFIIB 

RPB1 Arg 426 

Arg 430 

Both interactions are 

mostly preserved 

across eukaryotes 



Core PIC formation: TFIIF-PolII join the complex  

TFIIB recruits the TFIIF-PolII assembly to the PIC: TFIIB interacts with RPB1  

TFIIB 

RPB1 

Asp 26 
Asp 31 

Leu 39 
Asp 43 

Arg 70 

Asn 77 

Thr 79 
Tyr 418 

Arg 426 

Asp 428 

Arg 430 



Core PIC formation: TFIIF-PolII join the complex  

TFIIB recruits the TFIIF-PolII assembly to the PIC: TFIIB interacts with Rpb2  

TFIIB Zn ribbon and 

N-term cyclin like 

domains interacts 

with RPB2 

TFIIB 

RPB 2 

TFIIB Zn 

finger 

domain 

 

 

 

TFIIB C-

term core 



Core PIC formation: TFIIF-PolII join the complex  

TFIIB recruits the TFIIF-PolII assembly to the PIC: TFIIB N-term cyclin like domain interacts 

with Rpb2 (Hydrogen bond) 

TFIIB Arg 175 

RPB2 Arg 101 

Interaction conserved across 

metazoans 



Core PIC formation: TFIIF-PolII join the complex  

TFIIB recruits the TFIIF-PolII assembly to the PIC: TFIIB Zn-ribbon domain interacts 

with Rpb2 (Electrostatic Interaction) 
TFIIB 

RPB2 His 842 

Glu 25 

Interaction conserved 

across eukaryotes 



Core PIC formation: TFIIF-PolII join the complex  

TFIIB recruits the TFIIF-PolII assembly to the PIC: TFIIB interacts with Rpb2  

TFIIB 
Glu 25 Arg 28 Trp 52 Arg 53 

Asp 126 Arg 132 Asp 136 Arg 175 

Most residues conserved 

across eukaryotes 

TFIIB residues relevant for Rpb2 interaction 



Core PIC formation: TFIIF-PolII join the complex  

TFIIB recruits the TFIIF-PolII assembly to the PIC: TFIIB interacts with Rpb2  

Arg 841 His  842 Asp 863 Asp 891 Gln 913 - Tyr 916 

Arg 101 Asp 102 

RPB 2 

Most residues conserved 

across eukaryotes 

Rpb2 residues relevant for TFIIB interaction 



Core PIC formation: TFIIF-PolII join the complex  

TFIIB recruits the TFIIF-PolII assembly to the PIC: TFIIB interacts with TFIIF  

TFIIB cyclin like domains 

interacts with  

TFIIF 𝛃-domain 
TFIIF 𝛃  

TFIIB 

TFIIF 

TFIIB C-

term core 



Core PIC formation: TFIIF-PolII join the complex  

TFIIB recruits the TFIIF-PolII assembly to the PIC: TFIIB cyclin like domains interacts 

with TFIIF𝛃 (Hydrogen bond) 

TFIIB Lys 188 

Val 156 TFIIF𝛃 

Interaction conserved 

across metazoans 



Core PIC formation: TFIIF-PolII join the complex  

TFIIB recruits the TFIIF-PolII assembly to the PIC: TFIIB N-term cyclin domains interacts 

with TFIIF𝛃 

Val 156 

TFIIF 

Thr 151 

Tyr 153 

TFIIB 

Cys 181 Lys 188 Asn 221 Gly 279 

Most conserved interaction are those between 

TFIIB residues and TFIIF Val 156 



Core PIC: 

  

Is structure conserved? 



TBP RMSD = 1.49 

SC = 7.99 

TBP and TFIIB are conserved across eukaryotes  

TFIIB 

RMSD = 2.07 

SC = 5.19 

Core PIC: Is structure conserved? 

Highly conserved 

Structural conservation  

is uncertain 



All relevant residues of TBP are conserved 

Interaction with DNA 
Interaction with TFIIB 

All the important residues involved in TBP’s interactions are conserved at structural level 

Core PIC: Is structure conserved? 

Structure and sequence alignments match 



Core PIC: Is structure conserved? 

TFIIB-mediated Pol-II recruitment and DNA assembly might be conserved  

TFIIB Zn-

finger 

domain 

TFIIB C-

term 

core 

Interaction with TBP 

Interaction with DNA 

Interaction with RPB1 

Interaction with RPB2 

Interaction with TFIIF𝛃 

Residues relevant for TFIIB 

interactions with Rpb1, Rpb2 and 

DNA are the most conserved.  

* 

(*) Residues for which sequence and structural alignment do not match 

There is one disagreement with 

the sequence alignment 



RPB1 RMSD = 1.49 

SC = 7.99 

RPB2 

RMSD = 1.32 

SC = 8.05 

RPB1 and RPB2 are highly conserved across eukaryotes  

Core PIC: Is structure conserved? 

Highly conserved Highly conserved 



The relevant residues of RPB1 are conserved 

Interaction with TFIIB 

Core PIC: Is structure conserved? 

Most of the important residues involved in Rpb1 

interactions are conserved at structural level 

Structure and sequence 

alignments match 



The relevant residues of RPB2 for TFIIB binding are conserved 

Interaction with TFIIB 

Interaction with TFIIF𝛃 

Interaction with TFIIFα 

Core PIC: Is structure conserved? 

Residues relevant for Rpb2 interactions with TFIIB 

are the most conserved.  

Structure and sequence alignments match 



TFIIF may not be fully conserved across eukaryotes 

TFIIFα  

RMSD = 2.00 

SC = 3.51 

TFIIF𝛃 

RMSD = 2.64  

SC = 1.38 

Core PIC: Is structure conserved? 

Structural conservation  

is uncertain 

Structural conservation  

is uncertain 



The relevant residues for TFIIFα assembly are conserved 

Interaction with TFIIF𝛃 

Interaction with Rpb2 

The important residues involved in TFIIFα interactions are conserved at structural level 

Core PIC: Is structure conserved? 

Structure and sequence alignments match 



The relevant residues for TFIIF𝛃 interaction are generally not conserved 

Interaction with TFIIFα 

Interaction with DNA 

Interaction with Rpb2 

Interaction with TFIIB 

* * 

* 

Residues relevant for TFIIF𝛃 interactions with 

Rpb2 are the ones more conserved.  

There is some disagreement with the sequence alignment 

(*) Residues for which sequence and structural alignment do not match 

Core PIC: Is structure conserved? 



Closed PIC formation: 

  

TFIIE joins the complex 



Closed PIC formation: TFIIE joins the complex  

TFIIB 

TBP 

TFIIF 

PolII 

TFIIE 

TFIIEα (439 aa)  

N-term WH domain  

Zn-Finger domain 

C-term acidic domain 

TFIIE𝛃 (291 aa)  

N-term WH domain  

C-term basic domain  

TFIIE is an α/𝛃 dimer 

Core WH domain  



Closed PIC formation: TFIIE joins the complex  

N-term WH domain  

TFIIEα and TFIIE𝛃 assemble  through two WH domains  

Core WH domain  

N-term WH domain  
Zn-Finger domain 

TFIIE𝛃  

TFIIEα  



Closed PIC formation: TFIIE joins the complex  

Interactions with PolII, TFIIF and DNA are required  

TFIIF 

Zn-Finger domain 

Rbp4 
Rbp7 

Rbp1 

Rbp2 

PolII 

N-term WH domain  
N-term WH domain  TFIIF𝛃 



Closed PIC formation: TFIIE joins the complex  

The N-term WH domain of TFIIEα is important for DNA  binding   

Rbp1 

TFIIF𝛃 

Lys 169 

Conserved across 

eukaryotes 

Electrostatic interaction 

with DNA 



Closed PIC formation: TFIIE joins the complex  

The core WH domain of TFIIE𝛃 is important for DNA  binding   

TFIIF𝛃 

Core WH domain  

N-term WH domain  

Rbp1 

Conserved across 

metazoans 

Electrostatic interaction 

with DNA 

The binding occurs at 

the 𝛃-hairprin 

Lys 198 



Closed PIC formation: TFIIE joins the complex  

The TFIIE𝛃 anchores to the complex through RPB1 binding   

TFIIE𝛃  

Rbp1 

TFIIE𝛃  
Rpb1 

Conserved across 

metazoans 

Electrostatic interaction 

with Rpb1 

Glu230 
Arg220 



Closed PIC formation: TFIIE joins the complex  

The N-term WH domain of TFIIE𝛃 stabilizes the complex through TFIIF𝛃 binding   

TFIIF𝛃 

N-term WH domain  

Core WH domain  

Rbp1 

N-term WH domain  TFIIF𝛃 

Conserved across 

metazoans 

Salt bridge with TFIIF𝛃  

Glu 238 Lys 140 



Closed PIC formation: 

  

TFIIH joins the complex 



Closed PIC formation: TFIIH joins the complex  

TFIIH4 

(462 aa) 

TBP 

TFIIF 

PolII 

TFIIE 

TFIIH 

XPB 

(782 aa) 

XPD 

(760 aa) 

TFIIH5 

(71 aa) 

TFIIH2 

(395 aa) 

TFIIH3 

(308 aa) 

TFIIH1 

(548 aa) 

TFIIB 

Poor structural 

characterization 



Closed PIC formation: TFIIH joins the complex  

TFIIH4 

TBP 

TFIIF 

PolII 

TFIIE 

TFIIH 

XPB 

XPD 

TFIIH5 

TFIIH2 

TFIIH3 

TFIIH1 CDK7 

MAT

1 CYCH 

NO STRUCTURE  

TFIIB 

Helicase 

module 

Kinase 

module 



Closed PIC formation: TFIIH joins the complex  

TFIIH assembles to the PIC through the C-term domain of TFIIEα  

TFIIH 

TFIIF 

PolII 

TFIIEα  TFIIE𝛃  



Closed PIC formation: TFIIH joins the complex  

TFIIH assembles to the PIC through the C-term domain of TFIIEα  

TFIIH 

TFIIF 

PolII 

TFIIEα  TFIIE𝛃  

C-term 

domain 

TFIIH1 

C-terminal domain of TFIIEα 

Contains an acidic region 

(Asp and Glu rich) 

N-terminal domain of TFIIH1 

Pleckstrin-homology  

2 𝛃-meanders  

capping α-helix 

We don’t know the architecture of these domains 



Closed PIC formation: TFIIH joins the complex  

TFIIH assembles to the PIC through the C-term domain of TFIIEα  

Phe387 and Val390 are 

essential for the interaction 

in humans 

PHE387 

VAL390 

BIOCHEMICAL STUDIES 

STRING-like contact by 

electrostatic and 

hydrophobic  interactions 

Asp and Glu interact 

with many Lys of TFIIEα 

The hydrophobic 

interaction occurs in 

two pockets of TFIIH1 



Closed PIC formation: TFIIH joins the complex  

TFIIH assembles to the PIC through the C-term domain of TFIIEα  

ILE55 

LYS93 GLN97 

GLN53 

The interaction between Val390 of 

TFIIEα with TFIIH1 as an example  



Closed PIC formation: TFIIH joins the complex  

TFIIH assembles to the PIC through the C-term domain of TFIIEα  

  

ILE55 

LYS93 GLN97 

GLN53 

VDW and hydrophobic interactions 

The interaction between Val390 of 

TFIIEα with TFIIH1 as an example  



Closed PIC formation: TFIIH joins the complex  

TFIIH assembles to the PIC through the C-term domain of TFIIEα  

PHE387 

VAL390 

The hydrophobic pocket for PHE387 

is conserved across metazoans 



Closed PIC formation: TFIIH joins the complex  

TFIIH assembles to the PIC through the C-term domain of TFIIEα  

PHE387 

VAL390 

The hydrophobic pocket for VAL390 

is conserved across metazoans 



Closed PIC formation: TFIIH joins the complex  

TFIIH assembles to the PIC through the C-term domain of TFIIEα  

Most lysines are conserved across 

metazoans 



Closed PIC formation: TFIIH joins the complex  

TFIIH assembles to the PIC through the C-term domain of TFIIEα  

Most lysines are conserved across 

metazoans 



Closed PIC formation: TFIIH joins the complex  

TFIIH assembles to the PIC through the C-term domain of TFIIEα  

PHE387 

VAL390 

Glu386 is the only acidic residue “conserved” 

The hydrophpbic Val390 is just shared across mammals 



Closed PIC formation: TFIIH joins the complex  

TFIIH assembles to the PIC through the C-term domain of TFIIEα  

PHE387 

VAL390 

STRING-like contact by 

electrostatic and 

hydrophobic  interactions 

Some electrostatic interactions might 

be preserved across metazoans 

The hydrophobic  

interaction of Val390 could 

be  important in mammals 



Closed PIC formation: TFIIH joins the complex  

XPB is a helicase that binds upstream of the transcription start site (TSS)  

TFIIF PolII 

TFIIE 

TFIIH 

TFIIB 

TBP TFIIH4 

XPB 
XPD 

TFIIH5 

TFIIH3 

ATP binding 

domain C-terminal domain 



Closed PIC formation: TFIIH joins the complex  

XPB is a helicase that binds upstream of the transcription start site (TSS)  

 

 

 

 
ATP binding site 

Flexiblle linker 

ATP binding domain 

 

RecA-like topology  

⍺/β fold 

8 central β-strands 

6 surrounding ⍺-helix 

C-terminal domain 

 

Rec-A like topolopgy 

⍺/β fold 

7 central β-strands 

8 surrounding ⍺-helix 



Closed PIC formation: TFIIH joins the complex  

XPB is a helicase that binds upstream of the transcription start site (TSS)  

C-terminal domain 

The C-terminal domain 

establishes a salt bridge with 

the DNA strand  

The interaction is preserved 

across eukaryotes 

Lys 609 



Closed PIC formation: TFIIH joins the complex  

XPB is a helicase that binds upstream of the transcription start site (TSS)  

The ATP-binding domain 

establishes electrostatic 

(up) and hidrogen bonds 

(down) with DNA 



Closed PIC formation: TFIIH joins the complex  

XPB is a helicase that binds upstream of the transcription start site (TSS)  

ATP binding domain 

 

 

Most residues important for DNA interaction of the ATP-binding domain are conserved across eukaryotes 



Closed PIC formation: TFIIH joins the complex  

XPB requires ATP for unwinding DNA, from yeast to humans 

ATP binding domain 

 

 

ATP binding motif 

 

 



Open complex formation:  

 

DNA melts around the transcription start 

site (TSS) 



Open complex formation: DNA melts around the transcription start site (TSS) 

XPB is the main articulator of promoter opening 

TBP 

XPB 

TSS 

Fix and unwind DNA 



Open complex formation: DNA melts around the transcription start site (TSS) 

XPB does not change its conformation upon opening 

TBP 

OPEN CONFORMATION 

CLOSED CONFORMATION 

XPB 

Conventional DNA helicases 

change conformation for 

unwinding 



Open complex formation: DNA melts around the transcription start site (TSS) 

DNA is pushed towards the TATA-region complex by XPB 
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Open complex formation: DNA melts around the transcription start site (TSS) 

OPEN CONFORMATION (OC) 

CLOSED CONFORMATION (CC) 

Pol-II AS 

XPB translocates ~15 bp of DNA from the inital 

anchorage towards the TATA region    

DNA torke  and unwinding 
The resulting complex positions the TSS 

close to the Pol-II active state (AS)  

DNA is pushed towards the Pol-II complex by XPB 

TSS region OC 

TSS region CC 



Open complex formation: DNA melts around the transcription start site (TSS) 

XPB probably acts as a SWI2/SNF2 translocase 
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Adapted from Fishburn et al 2015  

A model for XPB-mediated promoter opening  
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 Pol-II is rearranged to allow transcription 

initiation 



Open complex formation: Pol-II is rearranged to allow transcription initiation 

In parallel, the kinase module of TFIIH induces the rearrangement of Pol-II   
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Open complex formation: Pol-II is rearranged to allow transcription initiation 
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Open complex formation: Pol-II is rearranged to allow transcription initiation 

The jaw lobe is linked to the CTD of Rpb1, relevant for the conformational change 
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Open complex formation: Pol-II is rearranged to allow transcription initiation 

The jaw lobe is linked to the CTD of Rpb1, relevant for the conformational change 

Extracted from  Srivastava et al 2015  
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Closed state Open state 

The N-term of Rpb6 changes massively  
This change produces the 

rearrangement of Pol-II 

Open complex formation: Pol-II is rearranged to allow transcription initiation 

A huge CLAMP movement triggers the Pol-II rearrangement 



The mobility of the clamp is restricted by the presence of Rpb4/7 in the closed state 
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Open complex formation: Pol-II is rearranged to allow transcription initiation 
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Open complex formation: Pol-II is rearranged to allow transcription initiation 
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All components are arranged to allow the start of RNA polymerization  
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CONCLUSIONS 



Conclusions and future directions 

➢ Although Pol-II is the catalytic part, the GTFs are essential for 

 
○ Pol-II recruitment to the promoter 

 

○ Pol-II reordering for transcription initiation 

 

➢ Transcription initiation is a process conserved across metazoans 

 

➢ TBP, Rpb1, Rpb2 and TFIIB are highly conserved across eukaryotes 

 

 

➢ The current data is limited for understanding transcription initiation 

 
○ What happens with TATA-less promoters (90% of human promoters)? 

 

○ There is not high resolution structures for TFIIH and TFIID 

 

○ CTD is not characterized, so that we don’t know how it induces Pol-II rearrangement 

 

○ Large complexes as the PIC are still challenging to resolve 
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Multiple Choice Questions 

About TBP, choose which of the following statements is FALSE. 

a) TBP’s C-term domain is formed by two repeated “shadle-shaped” structures. 

b) TBP is the first factor that binds to the promoter region. 

c) TBP is the last factor that binds the complex. 

d) TBP mainly binds DNA through electrostatic interactions and hydrogen bonds. 

e) TBP’s N-term domain is not conserved. 

 

TFIIB interacts with… 

a) TBP 

b) DNA 

c) RNA polymerase II 

d) TFIIF 

e) All are correct   

 

Regarding to TFIIB. It is true that: 

a) It has a Zinc finger domain 

b) It has two cyclin like domains 

c) a) and b) are correct 

d) It has a winged helix domain 

e) Non of them are true 

 

  



Multiple Choice Questions 

Regarding TFIIE. It is true that: 

a) There’s a string-like interaction between its α subunit and TFIIH. 

b) It has no importance in recruiting TFIIH. 

c) It phosphorylates Pol-II to allow transcription initiation. 

d) Transcription can occur without TFIIE. 

e) It forms up the core of the RNA polymerase. 

 

About TFIIH, choose which of the following statements is FALSE. 

a) It cointains two modules with helicase and kinase activity. 

b) It phosphorylates Pol-II to allow transcription inititation. 

c) The electrostatic interaction between it’s LYS387 and ARG137 of TFIIE is key for the assembly to the pre-inititation 

complex. 

d) It has not been charachterized yet at high resolution. 

e) We do not have structural information about some of it’s subunits. 

 

Regarding the events following promoter opening: 

a) Jaw lobe, clamp, wall and core are the parts of Pol-II relevant for function. 

b) The phosphorylation of the CTD of  Rpb1 is on several His and Asp residues. 

c) The  CTD of  Rpb1 is a very structured motif. 

d) The  CTD of  Rpb1 is not important for integrating regulatory inputs. 

e) Promoter opening is not important for transcription initiation. 

 

 

 

 



Multiple Choice Questions 

About the RNA polymerase II, choose which of the following statements is FALSE. 

  a) It is a complex formed by 7 subunits. 

  b) Rpb1 is the bigger subunit of the complex. 

  c) Rpb2 is in contact with the magnesium ion of the core.  

  d) Rpb1 is in contact with the magnesium ion of the core. 

  e) Rpb6 forms part of the clamp element. 

 

About TFIIF, choose the CORRECT answer: 

a) It is formed by 2 subunits (alpha and beta).  

b) Has a triple barrel domain. 

c) Has a winged helix domain. 

d) Its interacting mainly with Rpb2 subunit of the RNA polymerase II. 

e) All are correct.  

 

Rpb7 has an important role in… 

a) interacting with the core. 

b) the elongation process. 

c) binding the DNA in the closed state. 

d) locking the clamp in the initiation process.  

e) the termination process. 

 



Multiple Choice Questions 

Regarding the Core PreIniciationComplex (PIC), is formed by: 

a) TBP 

b) TFIIF 

c) TFIIB 

d) RNA polymerase II 

e) All are correct 
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