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Structure of 
yeast 

spliceosome  

PDB code: 3JB9
Resolution: 3,6 A



Catalytic core

● Intramolecular stem–loop (ISL) of U6 snRNA

● helix I of the U2–U6 duplex

● Mg2+ ions
● loop I of U5 snRNA 

Shi Y, et al. 2017



U5 snRNP

Will CL, et al. 2011



Prp8

Galej, et al. 2014 

Shi Y, et al. 2017



Jab1/MPN

RNase-H like

Endonuclease

N-terminal

RT-like

Thumb/X

Linker

Prp8

PDB code: 3JCM
Resolution: 3.8A



Prp8

Class Alpha and beta proteins

Fold
Ribonuclease H-like motif 

(3 layers: a/b/a; mixed beta-sheet of 5 strands, order 32145; strand 2 is 
antiparallel to the rest)

Superfamily Ribonuclease H-like

Family Prp8 beta-finger domain-like

Protein Pre-mRNA-splicing factor 8

Species Saccharomyces cerevisiae



Prp8
ConSurf Color Coded MSAHMMalign from PFAM (of each domain) 



Prp8

Variable ConservedPDB code: 4I43
Resolution: 2A



Electrostatic surface potential in the cavity 

Negative Positive

Electrostatic surface potential

PDB code: 5GAM
Resolution: 3.7A

Prp8  

U5 snRNA

U6 snRNA

https://docs.google.com/file/d/1uXSbay_c5tFvXbvcip8eY_5_8hGtOqXS/preview


N-terminal domain



PDB code: 3JCM
Resolution: 3.8A

N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

N-terminal 



PDB code: 3JCM
Resolution: 3.8A

Prp8 NT 

U5 snRNA

N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

The N-domain recognises the U5 snRNA...

...and harnesses it with a polypeptide loop!

N-terminal 



PDB code: 3JCM
Resolution: 3.8A

N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Closed-up view of the hidrogen bonds between the 
α-helix and the minor groove

N-terminal 

https://docs.google.com/file/d/1flt31fpFmDZjqrqhYjsNmNQ-fuvnuZdS/preview


N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

N-terminal 

Sequence alignment based on PFAM domains

Negatively charged               

Positively  charged

Non-polar

Polar



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

N-terminal 

STAMP VALUES
Sc 6.53 
RMS 1.58

PDB code: 3JCM
Resolution: 3.8A

PDB code: 3JCR
Resolution: 7A

yPrp8 NT 

hPrp8 NT 



U5 snRNA

U6 snRNA

Prp8 NT

PDB code: 5GAM
Resolution: 3.7A

N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

N-terminal 

https://docs.google.com/file/d/1vzdKR5jXEJN97brqnehQLiIx_qUxVmcU/preview


PDB code: 5GAM
Resolution: 3.7A

Prp8 NT

Snu114

GTP

N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

 Snu114

Snu114

In most GTPases the glutamine residue hydrolyses the 
phosphate ester...

...but in Snu114 the glutamine is replaced by histidine, 
which is hydrogen bonded to tyrosine. 

3.437A

8.117A

Tyr 403

His 218



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

 N-terminal
Tyr 403

Negatively charged               Non-polar

Positively charged Polar

Clustal Sequence alignment  



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Prp8 

N-terminal - Snu114

PDB code: 5GAM
Resolution: 3.7A

U5 snRNA

U6 snRNA

Snu114

Snu114

Prp8 



Reverse Transcriptase (RT)



Reverse 
transcriptase 

(RT)

Palm

Thumb/X

Finger

N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

PDB code: 4I43
Resolution: 2A



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

α9

α13β8
β7 β4

β9

α6

α12

α10

α11

RT palm

PDB code: 4I43
Resolution: 2A



Motif C 
(β7-8)

Motif A 
(β4)

Motif B 
(α9)

Motif D 
(α13)

N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

RT palm

Prp8
PDB code: 4I43

HCV
PDB code: 1NB6

ARG 1167

ASP 319

ASP 318

ASP 220

ASP 1166

THR 1053



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

RT palm

Negatively charged               Non-polar

Positively charged Polar

Motif A 
Thr 1053

Clustal Sequence alignment  



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

RT palm

Negatively charged               Non-polar

Positively charged Polar

Motif C 
Arg 1167

Clustal Sequence alignment  

Asp 1166



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Thumb/X

PDB code: 4I43
Resolution: 2A



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Thumb/X - Linker

PDB code: 4I43
Resolution: 2A

Asn 1336 Trp 1335

Met 1399
Ile 1400

Leu 1397

Gly 1396

Gly 1395

Linker Thumb/X

Pro1391



Negatively charged               Non-polar

Positively charged Polar

N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Trp 1335 Asn 1336

Sequence alignment based on PFAM domains

Thumb regionThumb/X - Linker



Negatively charged               Non-polar

Positively charged Polar

N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Pro 1384 
Pro 1385 
Pro 1391

Gly 1395  
Gly 1396 
Leu 1397

Sequence alignment based 
on PFAM domainsLinker regionThumb/X - Linker

Gly 1398  
Met 1399 

Leu/Ile 1400



PDB code: 5MQF
Resolution: 5.9A

STAMP VALUES

Sc 7.21 

RMS 1.65

Reverse 
transcriptase 

(RT)

N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

PDB code: 4I43
Resolution: 2A

yPrp8 RT 

hPrp8 RT 



Linker



Linker

N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

PDB code: 5GAM
Resolution: 3.7A



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Linker- Jab1/MPN

Asn 2323

Ser 2326

Gln 2327

Asn 1472

PDB code: 4I43
Resolution: 2A

Linker

Thumb/X Endonuclease

Jab1/MPN



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Negatively charged               Non-polar

Positively charged Polar
Sequence alignment based on PFAM domains

Asn 2323 
Ser 2326

 Glu 2327

Jab1/MPN regionLinker- Jab1/MPN



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Negatively charged               Non-polar

Positively charged Polar

 Asn 1472

Clustal Sequence alignment  

Linker regionLinker- Jab1/MPN



Linker

N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

STAMP VALUES

Sc 8.43 

RMS 1.42

PDB code: 3JCM
Resolution: 3.8A

PDB code: 3JCR
Resolution: 7A

yPrp8 L

hPrp8 L



Endonuclease



Endonuclease

N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

PDB code: 4I43
Resolution: 2A

https://docs.google.com/file/d/1Tl5nXNZK2YKM5oUJIMm9mmJLcL_1Qtie/preview


N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Prp8
PDB code: 4I43

Influenza Virus
PDB code: 2W69

Endonuclease

Glu 1684

His 1658

Asp 1700

Asp 1735
Glu 80

His 41

Asp 108
Glu 119



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Lys 1690

Tyr 1767

PDB code: 4I43
Resolution: 2A

Endonuclease

Glu 1684

His1658

Asp 1700

Asp 1735



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Endonuclease

Negatively charged               Non-polar

Positively charged Polar

His 1658

Sequence alignment based on PFAM domains



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Endonuclease

Negatively charged               Non-polar

Positively charged Polar

Lys 1690

Clustal Sequence alignment  

Glu 1684 Asp 1700



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Endonuclease

Negatively charged               Non-polar

Positively charged Polar

Clustal Sequence alignment  

Asp 1735 Tyr 1767



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Endonuclease

Clustal Sequence alignment  

Loops sequence highly conserved:

- Residues 1685-1699

- Residues 1762-1771  



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

STAMP VALUES

● Sc 9.12
● RMS 1.19

Endonuclease

yPrp8 EN

hPrp8 EN

PDB code: 3JCM
Resolution: 3.8A

PDB code: 3JCR
Resolution: 7A



RNase-H like



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

PDB code: 4I43
Resolution: 2A

RNase-H 



Closed 
conformation

Open 
conformation

N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

PDB code: 4JK7
Resolution: 1,4A

RNase-H 



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

closed
open

PDB code: 4JK7
Resolution: 1,4A

RNase-H 

STAMP VALUES    Sc 7.40    RMS 0.93



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

RNase-H 

Negatively charged               Non-polar

Positively charged Polar

Clustal Sequence alignment  

Asp 1781
Asp 1782

Tyr 1783



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

RNase-H 

STAMP VALUES
Sc 7.11
RMS 1.24

PDB code: 3JCM
Resolution: 3.8A

PDB code: 3JCR
Resolution: 7A

yPrp8 RNAse 

hPrp8 RNAse 



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Aar2 stabilizes the β-hairpin...

...in order to make it stay in the 
pre-catalytic conformation 

(closed)PDB code: 4I43
Resolution: 2A

RNase-H 



Jab1/MPN domain



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Jab1/MPN 

PDB code: 4I43
Resolution: 2A



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Jab1/MPN domain 
interacts with the linker 

and the RT domain

Jab1/MPN 

PDB code: 4I43
Resolution: 2A

Linker

Reverse transcriptase

Jab1/MPN



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Jab1/MPN 

PDB code: 4I43
Resolution: 2A

ASP2175

THR909

Jab1/MPN

RT



Jab1/MPN 

N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

PDB code: 4I43
Resolution: 2A

ARG2165

GLU2020

Jab1/MPN

RnaseH-like



Jab1/MPN 

N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Negatively charged               Non-polar

Positively charged Polar

Glu 2020

RNAseH-like  region

Sequence alignment based on PFAM domains



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Jab1/MPN 

Negatively charged               Non-polar

Positively charged Polar

Thr 909

Clustal Sequence alignment  

RT  region



N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Jab1/MPN 

Negatively charged               Non-polar

Positively charged Polar

Clustal Sequence alignment  

 Jab1/MPN region
Arg 2165 Asp 2175



STAMP VALUES
Sc 8,02
RMS 1.29

N-domain RT fingers/palm Thumb/X Linker Endonuclease RNase H-like Jab1/MPN

Jab1/MPN 

PDB code: 3JCM
Resolution: 3.8A

PDB code: 3JCR
Resolution: 7A

yPrp8 Jab1 

hPrp8 Jab1 



Aar2 
Interaction along the Prp8 platform



Aar2

RT fingers/palm

Thumb/X

Linker

Endonuclease

Aar2

RT                                         Aar2 

Jab1/MPN                                         Linker                                          Endonuclease



PDB code: 4I43
Resolution: 2A

Asn 290

Leu 317

Arg 928

RT fingers/palm                     Aar2

Aar2

Aar2 - RT



Arg 928

Negatively charged               Non-polar

Positively charged Polar
Clustal Sequence alignment  

Aar2

RT  region

Aar2 - RT



PDB code: 4I43
Resolution: 2A

Linker                                         

Aar2

Asp 1628

Ser 53

Ser 52

His 48

Asp 50

Ser 53

Asn 51
Lys1642

Aar2

Aar2 - Linker



PDB code: 4I43
Resolution: 2A

Linker                                         Aar2

Arg 1650
Arg 1604

Gln 1647

Gly 235

Gln 149

Asp 281

Aar2

Aar2 - Linker



Negatively charged               Non-polar

Positively charged Polar

Sequence alignment based on PFAM domains

Arg 1604

Aar2

Linker  regionAar2 - Linker



Arg 1650Gln 1647

Negatively charged               Non-polar

Positively charged Polar

Sequence alignment based on PFAM domains

Linker  region

Aar2

Aar2 - Linker
Lys 1690Asp 1628



Jab1/MPN

Aar2

RNaseH-like domain PDB code: 4I43
Resolution: 2A

Aar2



RNaseH-like 
domain

Aar2
Jab1/MPN

PDB code: 4I43
Resolution: 2A

Aar2                                         RNaseH-like 

Jab1/MPN                                         

Aar2

Aar2 - Jab1/RNase



PDB code: 4I43
Resolution: 2A

Aar2                                         RNaseH-like 

Jab1/MPN                                         

Aar2

Aar2 - Jab1/RNase



PDB code: 4I43
Resolution: 2A

Aar2                                         RNaseH-like 

Jab1/MPN                                         

Aar2

Aar2 - Jab1/RNase



Negatively charged               Non-polar

Positively charged Polar

Jab1/MPN region Leu 2341

Sequence alignment based on PFAM domains

Aar2



Negatively charged               Non-polar

Positively charged Polar

Clustal Sequence alignment  

 Jab1/MPN region

Ser 2172Val 2171

Aar2



Negatively charged               Non-polar

Positively charged Polar

Clustal Sequence alignment  

 Jab1/MPN region
Lys 1864

Aar2



Interaction of the hydrophobic residues

PDB code: 4I43
Resolution: 2A

RNAse-H Aar2

Aar2

Aar2 - RNase



Negatively charged               Non-polar

Positively charged Polar

Val1946Trp1911

Sequence alignment based on PFAM domains

 RNaseH-like  region

Aar2



Transition Aar2-Brr2



Brr2

Jab1/MPN

RNaseH

Aar2

Transition Aar2-Brr2

PDB code: 4I43 and 4bdg
Resolution: 2A and 2,38A

https://docs.google.com/file/d/1sevt3X0wLrmKiLjNo8w7xGkLJCEm9KlY/preview


PDB code: 4I43 and 4bdg
Resolution: 2A and 2,38A

Brr2                                         Aar2 

Jab1/MPN                                         RnaseH-like                                          

Transition Aar2-Brr2



PDB code: 4I43 and 4bdg
Resolution: 2A and 2,38A

Brr2                                         

RnaseH-like                                          

Transition Aar2-Brr2



Brr2 
Interaction along the Prp8 platform



PDB code: 4BGD
Resolution: 2,84 A

Brr2

https://docs.google.com/file/d/1IefvTE203tpt0SgplBZjXyN9fVzY7agq/preview


N-terminal

HLH

RecA-2

RecA-2

Ratchet

Ratchet

FN3

FN3

RecA-2

RecA-2

HLH WH

WH

PDB code: 4bgd
Resolution: 2,84A

Brr2



RNA passage
PDB code: 4bgd
Resolution: 2,84A

Brr2



PDB code: 4bgd
Resolution: 2,84A

Brr2                                         

Ratchet                                            

FN3                                         

Jab1/MPN                                          

Brr2



ASP2249

ASN1309

ASN1287

ASN2348

ASP1247

ASN2188

ASN1283

ARG2344

HIS1279

PDB code: 4bgd
Resolution: 2,84A

Interaction Between Prp8 and the FN3 domain

FN3                                         

Jab1/MPN                                          

Brr2



Negatively charged               Non-polar

Positively charged Polar

Sequence alignment based on PFAM domains

Asp 2343 Arg 2344 Jab1/MPN region 

Brr2



ASP1249

LYS2192

ASP1247

ASN2188

PDB code: 4bgd
Resolution: 2,84A

Interaction Between Prp8 and the FN3 domain

FN3                                         

Jab1/MPN                                          

Brr2



Asp1247

Asp1249

Asn2188

Lys2192

PDB code: 4bgd
Resolution: 2,84A

Interaction Between Prp8 and the FN3 domain

FN3                                         

Jab1/MPN                                          

Brr2



Negatively charged               Non-polar

Positively charged Polar

Asn 2188

Clustal Sequence alignment  

 Jab1/MPN region Lys 2192

Brr2



LYS1060

ASN2150

ARG2388

PRO1062

GLU2385

GLN1028

PDB code: 4bgd
Resolution: 2,84A

Ratchet                                         

Jab1/MPN                                          

Brr2



HIS1123

GLU2381

TYR2163

HIS1025

PDB code: 4bgd
Resolution: 2,84A

Ratchet                                         

Jab1/MPN                                          

Brr2



PRO1062

ILE1063
ARG2388

PDB code: 4bgd
Resolution: 2,84A

Ratchet                                         

Jab1/MPN                                          

Brr2



Negatively charged               Non-polar

Positively charged Polar

Arg 2388

Sequence alignment based on PFAM domains

Glu 2381
Glu 2385

*
Jab1/MPN region 

*RP13

Brr2



Negatively charged               Non-polar

Positively charged Polar

Asn 2150

Clustal Sequence alignment  

 Jab1/MPN region

Brr2



B
➢ Prp8 represents a fundamental platform for the splicing reactions. Its 

conservation through species is the first prove of its important role in cells. 

➢ Nevertheless, further studies are needed to fully understand the whole 
spliceosomal protein complex. 

➢ Although its complicated nature makes it proper difficult to understand. 

➢ The transition from Aar2 to Brr2 is crucial in order to finally form the catalytic 
complex. 

➢ Interaction of Brr2 with Prp8 plays a key role in the formation of the catalytic 
centre of the spliceosome. 

Conclusions
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B
1.  The proteins Aar2 and Brr2 of the spliceosome:

a)   Are mutually exclusive
b)  Interact in the spliceosome
c)   Doesn’t exist
d)  Are not important
e)  All the others

 
2. Regarding Brr2 protein in the spliceosome, which of the following is wrong:

a)   It only interacts with the Jab1/MPN domain
b)  Brr2 is disassembled when Prp8 gets inside the nucleus. 
c)   It’s the only ski2-like helicase in the spliceosome
d)  It is a very large protein
e)  Aar2 is not longer needed once the Prp8 complex goes inside the nucleus. 
 

3. Regarding Prp8:
a)   It’s one of the most conserved proteins in the spliceosome
b)  It is not important for the spliceosome
c)   The last two ones
d)  It only has one domain
e)  All the others

Questions



4. Which one of the following domains is present in S.cerevisiae Prp8?

a. N-terminal
b. RNAse-H like 
c. Thumb/X
d. Jab1/MPN
e. Tots  els anteriors. 

5. What type of residues interact better with RNA?

a. Non-polar
b. Negatively charged
c. A and C
d. Positively charged 
e. RNA doesn’t interact with proteins.

6.  Which of the following proteins contains a GTP ligand?

1. Snu114
2. Brr2
3. Aar2
4. U1 snRNA



 7. Which of the following snRNP is the first to recognise the 5’-splice site (5’-SS)?

1. U1 
2. U2
3. U3
4. U4

8. In U5 snRNA recognition, which of the following Prp8 domains is crucial?

1. N-terminal domain
2. Jab1/MPN
3. RNAse H like 
4. None of them

9. Regarding the RH domain of Prp8, which of the following is true:

a. Suffers a conformational change so it offers a Mg2++ ion to the splicing active site. 
b. In the close conformation the RH domain forms a loose loop. 
c. Is in the close conformation when the RH domain can host a Mg2++ ion. 
d. RH doesn’t suffer any conformational change at all, that’s why it’s called RH-like. 
e. None of them is true.



 10. Which part of Aar2 allows the different domains of Prp8 to interact?

a) The tail
b) N-terminal
c) Betta domain
d) Zing domain
e) The loops
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