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Structure of the yeast spliceosomal
postcatalytic P complex
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The spliceosome undergoes dramatic changes in a splicing cycle. Structures of B, B>, C, C¥,
and intron lariat spliceosome complexes revealed mechanisms of 5'-splice site (ss)
recognition, branching, and intron release, but lacked information on 3'-ss recognition, exon
ligation, and exon release. Here we report a cryo—electron microscopy structure of the
postcatalytic P complex at 3.3-angstrom resolution, revealing that the 3’ ss is mainly
recognized through non-Watson-Crick base pairing with the 5' ss and branch point.
Furthermore, one or more unidentified proteins become stably associated with the P
complex, securing the 3’ exon and potentially regulating activity of the helicase Prp22. Prp22
binds nucleotides 15 to 21 in the 3' exon, enabling it to pull the intron-exon or ligated exons in
a 3' to 5' direction to achieve 3'-ss proofreading or exon release, respectively.

ntrons are spliced out through two sequen-
tial transesterification steps catalyzed by the
spliceosome, a huge RNA-protein complex
made of five small nuclear RNAs (snRNAs)
and over 100 proteins. Spliceosomal remodel-
ing by adenosine triphosphate (ATP)-dependent
DExD/H box helicases during each splicing cycle
generates at least seven distinct states known as
the B (1), B** (2), B*, C (3, 4), C* (5, 6), P, and intron
lariat spliceosome (ILS) (7) complexes. After the
first transesterification reaction (also referred to
as the branching reaction) catalyzed by B*, the C
complex emerges, encompassing the newly freed
3'-OH group of the 5’ exon and a lariat interme-
diate. The C complex further rearranges to form
the C* complex, primed for the second trans-
esterification reaction (also referred to as the li-
gation reaction). In the ligation reaction, the two
exons join, forming the postcatalytic P complex
that contains the ligated exons and the lariat. The
exons are then released through the action of the
DEAH-box helicase Prp22, generating the ILS
complex, which only contains the lariat.
High-resolution cryo-electron microscopy (cryo-
EM) structures of almost all of the above complexes
have been determined (I-7), leaving two missing
pieces of the puzzle—atomic descriptions of the
B* and P complexes. Several important questions—
all related to the P complex—remain to be answered
to fully understand the molecular mechanism of
splicing, including how the 3’ splice site (ss) is
recognized and docked to the proximity of the
5’ exon, how exon ligation is catalyzed, and how
Prp22 promotes 3’-ss proofreading and exon
release.
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Here we report a cryo-EM structure of the
Saccharomyces cerevisiae (yeast) P complex at
3.3-A resolution. Our atomic model of the P com-
plex reveals that the 3'-ss recognition is driven by
its interaction with the 5’ ss and branch point (BP),
likely facilitated by a stemlike structure formed
between the intronic regions close to the branch
site and 3’ ss. Our structure reveals that one or
more unidentified proteins become stably asso-
ciated with the core components of the P complex
around splicing factor Prp8 and Prp22, securing
the 3’ exon and potentially regulating the activity
of Prp22. The structure demonstrates that Prp22
binds nucleotides 15 to 21 in the 3’ exon, enabling
it to pull the intron-exon spanning the 3’ ss or the
ligated exons in a 3’ to 5’ direction to fulfill its
function in 3'-ss proofreading or exon release,
respectively. By providing insights into the mo-
lecular mechanism of 3'-ss recognition, exon
ligation, and the action of RNA helicase Prp22,
the atomic model of the P complex fills a major
gap in our understanding of the splicing cycle.

Results
Overall structure

We purified the P complex using a protein A tag
on splicing factor Cefl and a calmodulin-binding
peptide (CBP) tag on Prp22 from yeast carry-
ing the Prp22"6°A mutant (H606A, alanine res-
idue substituted for histidine at position 606),
a mutant in the DEAH box that blocks exon
release after ligation at nonpermissive temper-
ature (8). We observed a substantial accumula-
tion of ligated ACTT (actin) exons in spliceosome
purified from the Prp22H%°%2 strain under non-
permissive temperature compared to that in the
wild-type (WT) strain, whereas intron lariats
were observed at similar amounts in both strains
(fig. S1A). We determined the cryo-EM structure
of the P complex to an average resolution of
3.3 A on the basis of the “gold-standard” Fourier
shell correlation 0.143 cutoff criterion (9, 10). We
built models for ligated exons [21 nucleotides
(nt) downstream of the exon-exon junction] and
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interacting splicing factors, including Prp22,
Prp8, Slu7, and Prpl8 (figs. S1 to S4 and table
S1). We also modeled U2, U5, and U6 snRNAs,
the intron lariat, and other proteins that are nearly
identical to those in the C* complex structures
(5, 6), though with clearly better-resolved density
features. In addition, there are well-defined den-
sities for multiple helices around Prp22 and
Prp8, although the identity of their corresponding
protein(s) cannot be established based on possible
sequences, known spliceosomal structures, and
Prp22- or Prp8-interacting partners. We will refer
to this unidentified protein as UNK, noting that
these helices can belong to multiple proteins or
be connected to a known protein in the P com-
plex through a flexible linker.

The overall architecture of the P complex is
similar to the structure of the C* complex (5, 6)
(Fig. 1 and movie S1), but with several major
differences. Of the two near-atomic-resolution
structures of the yeast C* complex, one (6) was
assembled using a precursor mRNA (pre-mRNA)
substrate with the 2-OH group of the G nu-
cleotide at the 3' ss removed, which inhibits exon
ligation (1), whereas the other (5) was based
on computational classification of WT spliceo-
some complexes. We therefore will make most
of our detailed structural comparisons with the
former structure. First, the most notable
difference between the two complexes is that
the 3’ intron-exon (see below for definition) is
not visible in the C* complex, whereas exons are
clearly ligated and the 3’ intron (see below for
definition) remains docked in the active site in
the P complex (Fig. 2, A and B). To facilitate our
description, we refer to the intron region upstream
of the BP as the 5’ intron, the region downstream
of BP as the 3’ intron, and the 3’ intron covalent-
ly linked (at the 3’ ss) to the 3’ exon as the 3’ intron-
exon. Second, the 1585 loop of Prp8 [residues 1576
to 1599, also referred to as the o finger] (12-14)
and the C-terminal tail of Prp22 (residues 1106
to 1145) become ordered in the P complex and
interact with both the 3’ intron and 3’ exon.
Third, several regions in the Slu7-Prp18 hetero-
dimer (residues 30 to 165 and 241 to 292 in Slu7
and residues 189 to 221 in Prpl8) are ordered
in the P complex, but absent in the C* complex
structure. Finally, an unknown protein, or pro-
teins, made of mostly helices interacts with Prp22,
Prp8, and nineteen complex (NTC) components
Cefl and Syfl in the P complex.

RNA components in the active site

Comparison of the RNA components in the ac-
tive site of the C* and P complexes reveals how
the 3’ intron-exon is loaded. In the C* complex,
the 3’ intron-exon spanning the 3’ ss is not docked
to the active site yet and is, in fact, entirely miss-
ing in the structure. The region that would accom-
modate the presumably disordered 3’ intron-exon
is exposed, consistent with biochemical obser-
vations that the 3' intron-exon is susceptible to
ribonuclease H (RNase H) cleavage after DEAH-
box RNA helicase Prpl6-mediated conformational
changes but before exon ligation (i.e., the C* com-
plex) (15). In the P complex, the 3’ intron-exon is
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docked into the active site through the rec-
ognition of both the 3’ ss and 3’ exon (Fig. 2, A
and B).

The 3’ ss is recognized through two main struc-
tural features. The first is the interaction between
the 3’ ss and 5’ ss (enlarged view in Fig. 2B). The
3’ ss is in close proximity to the 2'-5' linkage formed
between the 5’ ss and the BP A nucleotide in the
P complex. The last nucleotide in the intron (the
underlined G in the UAG sequence of 3' ss) forms
a G-G non-Watson-Crick base pair with the first
nucleotide in the intron (GU in the 5’ ss), con-
sistent with previous biochemical and genetic
analyses that indicate the existence of an essen-
tial non-Watson-Crick interaction between the
first and last nucleotide of the intron (16). The
second to last nucleotide in the intron (UAG in
3’ ss) forms an A-A non-Watson-Crick base pair
with the BP A nucleotide, as well as a n-n stack-
ing with the 5’-ss G nucleotide. The third to last
nucleotide in the intron (UAG in the 3’ ss)
forms a n-n stacking with the BP A nucleotide
(enlarged view in Fig. 2B). In addition, the last
nucleotide in the intron (UAG in the 3" ss)
interacts with nucleotides A51, C58, and A59 of
U6 snRNA. Furthermore, the last several nucleo-
tides in the intron interact extensively with the
1585 loop of Prp8, which likely facilitates the rec-
ognition of the 3’ ss. For example, nucleotides
U (-2) and A (-1) (UAG in the 3’ ss) both form
hydrogen bonds with Prp8 GIn****, The fourth to
the last nucleotide in the intron also forms a n-1t
interaction with Phe'®®! of Prp8.

A second structural feature that could facilitate
3'-ss recognition is a stemlike structure formed
close to the BP and 3’ ss (Fig. 2C). The density of
the stem is relatively weak and not defined enough
for individual-base assignment, potentially because
multiple introns with different sequences form a
similar stemlike structure around this region. An
examination of yeast intron sequences indicates
that many of them could form stemlike secondary
structures close to the BP and 3' ss (fig. S5). These
stemlike structures could bring the 3’ ss close
to the BP and the active site, facilitating the rec-
ognition of the 3’ ss through interactions with
the 5’ ss.

The 3’ exon is recognized through interactions
with U5 snRNA. In the C* structure, the 5’ exon
forms Watson-Crick base pairs and additional
hydrogen bonds with loop 1 (nucleotides 96 to
100) of U5 snRNA. In our structure of the P com-
plex, the 3’ exon mainly interacts with U5 snRNA
through n-n stacking between the first nucleotide
in the 3’ exon and nucleotide U96 in U5 snRNA,
consistent with previous studies that suggest
that U5 loop 1 interacts with both the 5’ and 3’
exons and facilitates the alignment of both
exons (17, 18).

In the P complex, the 3’ ss is close to the
ligated exons (Fig. 2D) even though the second
transesterification reaction has already occurred,
allowing us to envision how exons are ligated
(Fig. 2E). The last nucleotide of the 5’ exon is in
close proximity to the 3’ ss. The catalytic Mg>*
(M1) ion is coordinated by G78 and U80 of U6
snRNA as well as the first nucleotide of the 3’
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exon and is in close proximity to the 3'-OH at
the end of the 5’ exon. M1 is in a perfect position
to activate the 3-OH group for nucleophilic attack
on the 3’ ss, ligating the two exons and cleaving
off the 3' intron, as suggested by biochemical
analyses (19, 20). Another Mg>* jon, M2, that is
proposed to stabilize the leaving group in exon
ligation (19) is absent in the P complex, which
could be reflective of a postcatalytic state.

Protein UNK, Prp8, Prp22, and Slu7-Prpl8
jointly stabilize the 3' intron and 3' exon

The major differences in protein components
(UNK, Prp22, Prp8, and the Slu7-Prp18 hetero-
dimer) between the C* and P complex structures
are found around the 3’ intron and 3’ exon. Pro-
tein UNK is composed mostly of helices and is
located near Prp22 and Prp8 (Fig. 3). Helix A in
protein UNK is positioned like a “door bolt” be-
tween the linker domain of Prp8 and RecA2
domain of Prp22, locking the 3’ exon in place
(Fig. 3). Helices B and C in UNK start from the
RecA2 domain of Prp22, contact the RNase H

v@ U2 snRNA

A%
= Prp8 J[é

domain, go under the stemlike region of the 3’
intron, and end around the reverse transcriptase-
like (RT) domain of Prp8, securing the 3’ intron
(Fig. 3) [helices C and D of UNK are present in
the C* complex, but with less-well-defined densities,
and were not connected (6)]. Therefore, protein
UNK likely plays a major role in ensuring the
correct positioning of the 3’ intron and 3’ exon,
potentially for both exon ligation and release.
Prp22 wraps around the exon and contacts the
intron together with Prp8 (Fig. 3). The 1585 loop
of Prp8 and the C-terminal tail of Prp22 both
become ordered in the P complex. The 1585 loop
of Prp8 interacts with U2 snRNA, the 3’ exon, the
3' intron, and the C-terminal tail of Prp22. The
C-terminal end of Prp22 inserts into the cavity
formed by the RT domain of Prp8, the 1585 loop
of Prp8, U2 snRNA, the 3’ intron, and the 3’ exon,
and interacts with all of these components. Both
the 1585 loop of Prp8 and the C-terminal tail of
Prp22 are likely important for stabilizing the con-
formation of the 3’ intron and 3’ exon for exon
ligation and/or release. As a consequence, the
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U2 snRNA U5 snRNA
Msi1 Prp8
Leat Snul14
SmB SmB
SmD1 SmD1
SmD2 SmD2
SmD3 SmD3
SmE SmE
SmF SmF
SmG SmG
Prp19 Prp45
Snt309 Prpa6
Ceft SLT11
CIf1 Cwc2
Syf1 Bud31
Syf2 Ccwc15

Fig. 1. Overall structure of the P complex. (A to C) Three different views of the P complex, with
each subunit colored according to subunit identity. Sm, Sm ribonucleoproteins. The view orientation
in (C) is the same as those used in (5) to facilitate comparison with the structures of other
spliceosomal complexes. The inset in (C) depicts the RNA elements only and is used as a landmark
to orient subsequent figures. (D) List of modeled subunits in different functional subcomplexes.
NTC, nineteen complex; NTR, NTC-related complex.
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Fig. 2. RNA components in the P complex. (A) Pre-mRNA (ligated exons
and intron lariat), U2, U5, and U6 snRNAs in the P complex, with each

RNA colored differently. Gray represents pre-mRNA, U2, U5, and U6
snRNAs in the C* complex, noting that the 3’ intron and 3’ exon of pre-mRNA
are not present in the C* complex. The inset shows the orientation of the
figure. (B) A different view of the RNA components in (A). The enlarged view

3’ exon in the P complex makes extensive inter-
actions with Prp8 and extends all the way to the
core of Prp22, interacting with its C-terminal do-
main (CTD) and the two RecA domains. This is
consistent with biochemical studies demonstrat-
ing that the 3’ exon is completely accessible to
RNase H digestion in the C* complex; however,
more than 20 nt of the 3’ exon are protected im-
mediately after exon ligation, but before exon
release (15).

Several regions of Prp18-Slu7 (residues 189 to
221 in Prpl8 as well as residues 30 to 165 and 241
to 292 in Slu7) become ordered in the P complex
(Fig. 3). Loop 189 to 221 in Prpl8 inserts deeply
into the N domain and RNase H domain of Prp8
and interacts with the nucleotides close to the
3’ ss. Slu7 directly interacts with the 3’ intron
through residues Arg®®” and Arg?®, consistent
with cross-linking observed between Slu7 and the
3’ ss (21). In addition, the region from residues 30
to 165 and 241 to 292 in Slu7 wraps around mul-
tiple domains of Prp8 (including the linker
domain where the 1585 loop resides) (Fig. 3), po-
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tentially helping the 1585 loop become ordered
in the P complex. The combined effect of protein
UNK, the 1585 loop of Prp8, the C-terminal tail of
Prp22, as well as the loops in Prpl8 and Slu7,
help secure the 3’ intron and 3' exon in the right
position for nucleophilic attack of the 3’ ss by
the 3'-OH group at the end of the 5’ exon.

The structural basis of Prp22-mediated
exon release and 3'-ss proofreading

Prp22 plays at least two distinct roles in the splic-
ing cycle. The first is to release ligated exons in an
ATPase- and helicase-dependent manner (22).
The second is to proofread the 3’ ss for exon liga-
tion, allowing for alternative 3’ ss choice through
an ATP-dependent mechanism (23, 24). There have
been some discrepancies about whether Prp22
plays a third, ATP-independent role in facilitating
the ligation reaction (22, 25).

Our structure illustrates how Prp22 partici-
pates in exon release. In the P complex, Prp22
attaches to the spliceosome at the periphery
through interaction with Prp8, protein UNK,
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before exon ligation (proposed model)

L{ \\G (@'ss) e

intron lariat

shows the interaction between the 3’ ss and the 5" ss with non-Watson-Crick
base pairing and n-r stacking. (C) The intron forms a stemlike structure

that brings the 3" ss close to the 5" ss. This panel is in the same orientation
as (A). (D) The structure of the active site in the P complex. (E) A model

of the active site right before exon ligation, illustrating the mechanism of

and the 3’ exon (Figs. 1 and 4A). Prp22 binds to
nucleotides +15 to +21 in the 3’ exon [upstream
(+) with respect to the exon-exon junction]
through its two RecA domains and the CTD. It
can perceivably use a winching motion to pull
the exon out of the spliceosome, consistent with
previous biochemical observations (24). This also
explains why at least 18 nt are required for effi-
cient exon release, even though only 3 nt in the
3' exon are required for exon ligation (15). The
interaction between Prp22 and the 3’ exon is
likely important for Prp22 to stay on the spliceo-
some, so that when the exon is pulled out, Prp22
consequently falls off the spliceosome. There-
fore, Prp22 binds to single-stranded RNA, and
RNA translocation, rather than unwinding, drives
the release of the ligated exons, consistent with
the observation that exon release by Prp22 is a
less-demanding requirement than unwinding
(8). The ligated exons are mostly surrounded
by the N, RT, thumb, and linker domains of Prp8,
with additional interactions with helix A of pro-
tein UNK, the C-terminal tail of Prp22, and aloop
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Fig. 3. Protein UNK, Prp8, Prp22, and Slu7-
Prpl8 jointly stabilize the 3' intron and 3' exon
in the P complex. The bulk of the proteins are
shown in surface models. Four helices (green,
labeled A to D) in protein UNK and regions in
each of the other proteins that are present in the
P complex structure, but absent in the C*
complex structure, are shown in ribbons,
including the 1585 loop of Prp8, the C-terminal
tail (designated as C-tail) of Prp22, the residue
189-to0-221 loop of Prpl8, and residues 30 to 165
and 241 to 292 of Slu7. The enlarged view better
illustrates the relationship among the 1585 loop
of Prp8, the C-tail of Prp22, the residue 189-to-
221 loop of Prpl8, the 3" intron, and the 3" exon.

region from Prp18. The Prp8 domains are highly
modular and are connected by linkers, which pre-
sumably allow the domains to loosen up and let
the exon pass.

The structures of Prp22 bound to the 3’ exon in
the P and C* complexes also shed light on how
Prp22 proofreads the 3’ ss. Although the 3’ intron-
exon is not visible in the C* complex, there is den-
sity for 3 nt that is likely part of the 3’ exon in the
center of Prp22 (6). This suggests that Prp22 could
pull the 3’ intron-exon after the 3’ intron-exon is
docked close to the end of the 5’ exon, but before
exon ligation. This pulling destabilizes the 3’ ss
and spliceosome interaction, which competes
against the exon ligation event, and provides
an opportunity to discard suboptimal 3’ ss or to
select alternative 3' ss (24). The branch formation
at the intron lariat, the interaction between the 5’
ss and U6 snRNA, and the interaction between
the BP sequence and U2 snRNA, together with
the proteins that stabilize these interactions,
potentially make it hard for Prp22 to completely
pull out the 3’ intron-exon. In addition, our
density of the CTD of Prp22 is much-better
defined than its density in the C* complex (6),

Liu et al., Science 358, 1278-1283 (2017)
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Fig. 4. Structure and function of Prp22. (A) Prp22 attaches to the spliceosome through its
interaction with Prp8, protein UNK, and the 3’ exon. (B) Prp22 has a similar structure as Prp43; both are
DEAH-box helicases involved in splicing. (C) The structure of Prp22 resembles DNA helicase Hel308
(left). The ratchet helix of Hel308 superimposes well with the helix composed of residues 988 to 1006 of
Prp22 (right), and multiple residues (labeled) on this helix may be important for the translocation
activity of Prp22 that is critical for exon release and 3'-ss proofreading. R, arginine; F, phenylalanine;

K, lysine.

suggesting that Prp22 is more stably associated
with the core components in the P complex than
with those in the C* complex. Indeed, helices A
and B (absent in the C* complex) in protein UNK
both serve to fasten Prp22 onto the P complex
by binding to Prp22 at one end of the helices
and binding to Prp8 at the other (Fig. 3). An ad-
ditional short helix-loop-helix from protein UNK
binds to the oligonucleotide-binding (OB) do-
main within the CTD of Prp22. Protein UNK
may stimulate the helicase activity of Prp22, just
as two G-patch proteins (Spp2 and Ntrl) stimu-
late the helicase activity of Prp2 and Prp43, pre-
sumably by binding to their OB domains (26-30).

The well-defined density of Prp22 in our P com-
plex structure allowed us to compare Prp22 with
other helicases. The structure of Prp22 is similar
to that of Prp43 (Fig. 4B), both of which resemble
DNA helicase Hel308 (31, 32) (Fig. 4C). Nucleo-
tide strands in all three structures go into the
same channel formed by the two RecA domains
and the CTD. The crystal structure of Hel308 in
complex with a partially unwound DNA duplex
and biochemical analyses revealed a ratchet
helix (residues 586 to 611) critical for DNA trans-
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location (32) (Fig. 4C). Residues Arg®®? and Trp®*®
on the ratchet helix interact with single-stranded
DNA, whereas the N terminus of the ratchet helix
interacts with motif IVa of RecA2. ATP-dependent
movement of RecA2 is therefore thought to modulate
the position of the ratchet helix and facilitate
strand translocation. The residue 987-to-1006
helix in Prp22 is well superimposed with the
ratchet helix in Hel308 (Fig. 4C). Prp22 Arg®®” is
equivalent to Hel308 Arg®2. Although there is no
tryptophan equivalent to Hel308 Trp®®°, Prp22
Phe'®®* may form a comparable n-t stacking
with the RNA strand. There are several other basic
residues (Prp22 Arg”®®, Lys'°%, and Lys'°*®) on the
ratchet helix. The residue 987-t0-1006 helix and
multiple residues on this helix (Prp22 Arg®®?
Arg8, Phe'® Lys'%%, and Lys'*%) are likely
important for Prp22-mediated exon release and
possibly 3'-ss proofreading.

Discussion

Our structure of the P complex reveals that the
3' ss is recognized mainly through non-Watson-
Crick base pairing between the 3’ ss and the 5’ ss,
as well as between the 3’ ss and the BP (Fig. 2B),
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Fig. 5. A schematic representation of the splicing cycle from the
C* complex to the P complex stage based on our structure and the
structures of the C* complex. In the C* complex (left), the branching
reaction has occurred, but the 3’ intron-exon has not been loaded to the
active site. In the spliceosomal complex immediately before ligation
(middle), protein UNK and several other proteins help load the 3" intron-

which is further stabilized by their interactions
with surrounding proteins. Although Watson-
Crick base pairs are crucial for RNA structures,
non-Watson-Crick base pairs are often involved
in protein-RNA or RNA-RNA interactions (33, 34).
For example, non-Watson-Crick base pairs are
used for ss recognition in self-splicing group I
introns (35). The 5’ ss (GU) and 3’ ss (AG) are con-
served among all species, testifying to the impor-
tance of non-Watson-Crick base pairing in 3'-ss
recognition.

Conversely, what brings the 3’ ss close to the
5’ ss and BP to form these non-Watson-Crick
base pairs has remained elusive. It is usually the
first YAG sequence (where Y is any pyrimidine)
after the BP that is recognized as the 3’ ss,
leading to the scanning hypothesis, which
assumes that the spliceosome reads the intron
from the BP in a 5'-t0-3’ direction until it en-
counters the first YAG. However, the only moving
part in the preligation C* complex is the pulling
of the 3’ exon by Prp22 in a 3'-to-5" direction.
Therefore, the YAG further away from the BP
(instead of the first YAG) would have been en-
countered by the spliceosome active site first.
Instead, the stemlike structure we observed close
to the BP and 3' ss (Fig. 2C) suggests that second-
ary structures formed within the 3’ intron play
an important role in bringing the 3’ ss close to
the active site for base pairing with the 5 ss.
This is consistent with previous bioinformatics
and experimental observations (36-38). The pres-
ence and stability of these secondary structures
can potentially be a way to modulate splicing
efficiency at the 3’ ss. The observation of the
stemlike structure also implies that intronic
secondary structures may play a much more
prevalent role in 3’ ss recognition and alternative
splicing in higher eukaryotes than has been pre-
viously appreciated.

The Prp22 structure bound to the 3’ exon in
our structure (made possible by the high-quality
map in this region), together with the C* complex

.

'-.-"

structure, provide a vivid image of how Prp22 ful-
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fills its function in exon release and 3'-ss proof-
reading (Fig. 5). Prp22 binds to nucleotides +15
to +21 (with respect to the exon-exon junction,
Fig. 4A), enabling it to pull on the 3’ intron-exon
(in C*) or ligated exons (in P) through a winch-
ing motion from this remote location, achiev-
ing 3'-ss proofreading or exon release activity,
respectively, in agreement with previous bio-
chemical data (24).

Our structure reveals a yet to be identified
protein, UNK, mostly made of helices that is
likely important for the function of Prp22 (Fig. 5).
None of the known second-step factors present
in our sample fit the density. The density sug-
gests that UNK could be composed of multiple
proteins that await further experimental confir-
mation, including the N-terminal domain of Prp22
and FYV6, a protein with unknown function. UNK
provides a door bolt between Prp22 and Prp8 to
lock the 3’ exon in position (Fig. 3). It also con-
tacts the OB domain of Prp22 and potentially
stimulates Prp22 activity similar to G-patch pro-
tein stimulation, offering a possible way to regu-
late Prp22 activity so that it efficiently pulls out
the ligated exons, but not the 3’ intron-exon. With
the atomic models of nearly all other major com-
plexes already in the literature, the P complex
structure reported here highlights the exciting
prospect that a full mechanistic understanding
of the entire splicing cycle may just be around the
corner.
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Understanding splicing from the 3' end

The spliceosome removes introns from eukaryotic mMRNA precursors and yields mature transcripts by joining
exons. Despite decades of functional studies and recent progress in understanding the spliceosome structure, the
mechanism by which the 3’ splice site (SS) is recognized by the spliceosome has remained unclear. Liu et al. and
Wilkinson et al. report the high-resolution cryo-electron microscopy structures of the yeast postcatalytic spliceosome.
The structures reveal that the 3 'SS is recognized through non-Watson-Crick base pairing with the 5'SS and the branch
point, stabilized by the intron region and protein factors.
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