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Abstract

RNAATPases/helicases remodel substrate RNA–protein complexes in distinct ways.

The different RNA ATPases/helicases, taking part to the spliceosome complex, reshape

the RNA/RNA-protein contacts to enable premature-messenger RNA splicing. Among

them, the Bad Response to Refrigeration 2 (Brr2) helicase promotes U4/U6 small nu-

clear (sn)RNA unwinding via ATP-driven translocation of the U4 snRNA strand, thus

playing a pivotal role during the activation, catalytic and disassembly phases of splicing.

The plastic Brr2 architecture consists of an enzymatically active N-terminal cassette

(N-cassette) and a structurally similar, but inactive, C-terminal cassette (C-cassette).

The C-cassette, along with other allosteric effectors and regulators, tightly and timely

controls Brr2’s function via an elusive mechanism.

Here, microsecond-long molecular dynamics simulations, dynamical network the-

ory and community network analysis are combined to elucidate how allosteric ef-

fectors/regulators modulate the Brr2 function. We also unexpectedly reveal that U4

snRNA itself acts as an allosteric regulator, amplifying the cross-talk of distal Brr2

domains and triggering a conformational reorganization of the protein. Our find-

ings offer fundamental understanding into Brr2’s mechanism of action, and broaden
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our knowledge on the sophisticated regulatory mechanisms by which spliceosome AT-

Pases/helicases control gene expression. This includes the allosteric regulation exerted

by client RNA strands, a mechanism that may be broadly applicable to other RNA-

dependent ATPases/helicases.
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Present in all domains of life, RNA-

dependent ATPases/helicases take part to

many key aspects of RNA metabolism, from

transcription and processing to translation

and decay. At the functional level, RNA he-

licases promote rearrangements of RNAs and

RNP particles by coupling nucleic acid bind-

ing and release with ATP hydrolysis. Struc-

tural and biochemical studies pinpointed the

plasticity of RNA ATPases/helicases as a

fundamental and instrumental property to

control their timely activation in the cell.1

Among the key cellular processes in which

RNA ATPases/helicases play key role is pre-

cursor messenger RNA (pre-mRNA) splicing,

a process which produces functional protein-

coding mRNAs and long non-coding RNA.2,3

The spliceosome, a complex ribonuleoprotein

(RNP) machinery, composed by five small

nuclear RNAs (snRNAs) and hundreds of

proteins, catalyzes pre-mRNA splicing.5 To

perform this process with high precision the

spliceosome assembles de novo at each cy-

cle and undergoes substantial conformational

and compositional changes, forming different

intermediates (A, B, Bact, B*, C, C*, P,

ILS) (Figure S1A).6 Its progression through

these states is fueled by eight distinct RNA-

dependent ATPases/RNA helicases.7 Among

them, Brr2 contributes to spliceosome acti-

vation by promoting U4/U6 small nuclear

(sn)RNA unwinding. Namely, Brr2 couples

ATP hydrolysis to U4 snRNA translocation,

thus allowing U6 snRNA to form the RNA-

based catalytic site of the spliceosome.5 Thus,

Brr2 plays a key role in splicing metabolism

by timing the RNAs and protein/RNA struc-

tural changes and by proofreading the RNA

strands (Figure S1A). Besides tacking part

to pre-mRNA splicing, Brr2 is involved in

other cellular processes such as RNA degra-

dation, viral defence, regulation of circa-

dian rhythm, DNA repair.13 Belonging to the

Ski2-like subfamily of RNA-dependent SF2

ATPase/helicase, Brr2’s has an almost dupli-

cated architecture as compared to the other

spliceosome DExH/DExD-box helicases,8,9

being composed by two structurally simi-

lar N-termimal and C-terminal cassettes (re-

ferred hereafter N-cassette and C-cassette, re-

spectively). Each cassette is made of two

RecA-like domains (RecA1 and RecA2), a

widget helix (WH) and a Sec63 homology

unit, which contains a helix bundle (HB), a

helix-loop-helix (HLH), and an immunoglob-

ulin (IG) domain (all domains belonging to

N-Cassette and C-cassette are hereafter re-

ferred with an initial N or C letter, respec-

tively) (Figure 1).

Its unique and striking architectural com-

plexity makes Brr2 function amenable to

be controlled via intra- and inter-molecular

regulatory mechanisms. Allostery is a

fundamental concept in biochemistry de-

scribing the communication between distant

sites in a protein, which leads to a func-

tional response.10–12 This phenomenon al-

lows proteins to adapt to their environ-

ment and carry out complex biological pro-

cesses under the action of ligand-effectors and

protein-regulators. Allosteric regulation is

a pervasive principle in RNA helicases, be-

ing paramount to Brr2 function.13 Indeed,

in Brr2 only the N-cassette exhibits AT-
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Figure 1: (A-D) Structure of Brr2 ATPase/helicase (PDB code 4KIT and 5O9Z for Brr2
and RNA coordinates, respectively) in frontal (A), back (B) and two sides view (C-D). In
N-terminal-cassette N-loop, NRecA1, NRecA2, NWH, NSec63 domains are depicted in light-
green, cyan, blue, grey, magenta new-cartoons, respectively. In C-terminal-cassette CRecA1,
CrecA2, CWH, CSec63 domains are shown in red, yellow, lilac and orange new-cartoons, re-
spectively. The Jab1 domain of Prp8 protein and U4 snRNA are shown in light-blue and
red, respectively. The Mg2+ ion and the ATP molecule are shown in balls and colored by
atom name. Each cassette is indicated by the black box.

Pase/RNA unwinding activity, while the C- cassette is enzymatically inactive, but it al-
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Figure 2: (A) View of Brr2 ATPase/helicase with highlighted the distances selected
to monitor the Longitudal Opening-closing motion (LOC),Tranversal OC motion (TOC)
and the TOC motion within the N-cassette (NcTOC), respectively D1 (distance be-
tween Glu578@Cα@NRecA1 and Glu1864@Cα@CSec63, blue arrow), D2 (distance between
Lys1244@Cα@NSec63 and Arg1869@Cα@CSec63, cyan arrow) and D3 (distance between
Gly788@Cα@NRecA2 and Met1078@Cα@NSec63, green arrow). (B-E) Simplified cross-
correlation matrices bases on the Pearson correlation coefficients. Density Correlation Scores
(DCSs) (top half-matrix) and Absolute Density Correlation Scores (ADCSs) (bottom half-
matrix) are shown for Brr2 in complex with (B) two ATP molecules (Brr2ATP), (C) two
ATPs and Prp8-Jab1 domain (Jab1Brr2ATP), (D) two ATPs, Prp8-Jab1 and U4 snRNA
(U4/Jab1Brr2ATP), (E) two ADPs and Prp8-Jab1 (Jab1Brr2ADP). Correlation-scores are re-
ported in the range −0.6 to 0.6 and the absolute CSs in the range from 0.1 to 0.6 for clarity
reasons. Each domain is labelled with the same color of Fig 1.

losterically stimulates the binding of ATP

and the catalytic activity of N-cassette.13 Ad-

ditionally, it acts as binding platform of dis-

tinct protein-regulators.7,8 Among the pro-

teins regulating Brr2 function is Prp8. Its

Jab1 domain14 can in fact inhibit Brr2 func-

tion, by inserting its C-term tail into the

Brr2 RNA binding tunnel or enhance Brr2

function via the binding of globular part to

Brr2.15 Moreover, U4 snRNA binding was

shown to increase the interactions between

the two cassettes (Figure S1B) and to acti-
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vate ATP hydrolysis, similarly to other RNA-

dependent ATPase/helicases.8,16

The pivotal importance of the Brr2 al-

losteric regulation for proper function and

for splicing fidelity maintenance is remarked

by the fact that Brr2 mutations placed along

at the RNA binding channel and mutations

of the Prp8-Jab1 domain tail, which, in the

spliceosome complex, faces the N-cassette,

are associated to RP3317 and RP1318 forms

of Retinitis pigmentosa, respectively, an in-

herited disease associated with progressive

degeneration of the retina.19

Despite its importance for splicing, the di-

verse molecular mechanisms underlying Brr2

allosteric modulation remain elusive. Brr2,

therefore, appears as an appealing target sys-

tem to extricate the hierarchy of sophisti-

cated regulatory mechanisms underlying gene

expression and regulation.

To this end we performed µs-long molec-

ular dynamics (MD) simulations combined

with Network Theory (NWA) and Commu-

nity Network Analysis (CNA). These tech-

niques, applied to the analysis of MD simu-

lation trajectories, allow to trace signaling-

paths taking place within a protein and

to identify densely connected sub-networks,

representing functionally-related groups of

atoms that act in synergy to perform spe-

cific biological functions. These methods

have been successfully applied to other pro-

tein/RNA machines.20–22

Briefly, to extricate the interconnection

of Brr2 domains under the stimulus of dif-

ferent effectors/regulators we build different

model systems: Brr2 in complex with: (i) two

ATP molecules, hereafter named as Brr2ATP;

(ii) two ATPs and Prp8-Jab1 domain, here-

after named as Jab1Brr2ATP; (iii) Prp8-Jab1,

two ATPs and U4 snRNA, hereafter named

as U4/Jab1Brr2ATP; (iv) Prp8-Jab1 and two

ADPs, hereafter named as Jab1Brr2ADP. Fi-

nally, to understand the possible influence

of the catalytically-inactive C-cassette on N-

cassette, which has ATPse function, we also

considered the N-cassette alone in the pres-

ence of ATP, hereafter named as NCBrr2ATP

(See Method section in the Supporting Infor-

mation (SI) for details).

MD simulations of all explicitly-solvated

models were done with the Amber ff14sb23

force field and the OL3 correction for

RNA.24,25 All systems reached structural

stability within 1 µs (Figure S2-S3), but

(Brr2ATP), whose MD simulation was ex-

tended due to larger fluctuations of the two

cassettes (Figure S4). Further analysis as-

sessing the dependence of the calculated

properties on the length of the MD simula-

tions are shown in Figures S5-S7. To inspect

the dynamic coupling of Brr2 domains we ini-

tially computed the cross-correlation matrix

(CCM) of all systems in its original (Figure

S8) and simplified variants (Figure 2 B-E, up-

per diagonal). The latter is calculated by

summing the cross-correlation scores (CCs)

of each couple of Brr2 domains and by av-

eraging it by the number of residues belong-

ing to each couple of domains. The result-

ing density correlation scores (DCS) provide

a first simplified glimpse on the dynamical

coupling tacking place in the system.4 Addi-

6



tionally, we also computed the absolute DCS

by summing of the absolute values of the CCs

of each couple of BBr2 domain to monitor

the effect of the coarsening procedure (Fig-

ure 2 B-E, lower diagonal). Although the

simplified CCM provides a coarser picture of

the internal dynamical coupling, here no ma-

jor differences were observed with respect to

its original counterpart.

Similarly to a previous study,13 we ob-

served an intra-cassette negative-correlation,

involving NWH and NRecA2. This dynami-

cal coupling is common to all ATP-containing

systems, but it vanishes after ATP hydroly-

sis. An inter-cassette negative-correlation

between NRecA1 and CSec63 domains and

between NRecA2 and CRecA2 domains was

instead shared by all systems. Additionally

we complemented this analysis by calculating

the energetic coupling between different do-

mains (see Supporting Result section of SI).

This supplies a picture of the interaction en-

ergy strength between the couple of domains

and between the each domain and the effec-

tors, which is compatible with that obtained

from the CCM (Figure S9). Notably, the

U4 snRNA is establishing strong hydropho-

bic and electrostatic interactions with Nsec63

domain of Brr2 and the Jab1 domain of Prp8.

As well, strong interactions are present be-

tween Nsec63 and Jab1 domains.

We next performed the Principal Compo-

nents Analysis (PCA)(Figure S10), which

allows to gather the most relevant functional

motion hidden within a MD simulation tra-

jectory. In Brr2ATP the essential dynamics

under the stimulus of ATP effectors corre-

sponds to (i) a longitudinal opening-closing

(hereafter referred as LOC) movement be-

tween NRecA1/2 and CSec63, (Figure 3A,

PC1); (ii) a transversal opening-closing (here-

after referred as TOC) motion of NSec63

and CSec63 (Figure 3B, PC2); (iii) an intra-

cassette opening-closing motion of NRecA1

and NSec63 (hereafter referred as NcTOC,

PC3) (Figure 3C). While the TOC and LOC

may be functional to RNA translocation, the

NcTOC motion underlies an opening-closing

of the RNA binding tunnel and may be func-

tional to RNA loading. Instead, the PCA

of NCBrr2ATP reveals that PC1 corresponds

to the NcTOC (Figure 3D) motion, while

PC2 describes a type-writer-like rotatory mo-

tion between NSec63 and NRecA1-2 domains

(Figure 3F). This movement was observed

and suggested to promote RNA translocation

in Prp2 ATPase/helicase.26–28 Remarkably,

in the complete Brr2 structure, the C-cassette

hinders this movement and it is only the co-

ordinated effort of the N- and C-cassettes

that drives RNA translocation (Figure 3E).

Notably, all Brr2 models have qualita-

tively the same internal motions. However,

to better inspect how these movements are

influenced by different cofactors/effectors, we

monitored the distribution of selected dis-

tances (Figure 2A) accounting for the ampli-

tudes of each of these movements.

We initially analyzed the distance

(D1) between Glu578@Cα@NRecA1 and

Glu1864@Cα@CSec63 (Figures 3G and S6),

which accounts for the LOC movement (Fig-

ure 3A). In Brr2ATP D1 shows a bimodal
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Figure 3: (A)-(F) Protein motion along Principal Components (PC) (A) along PC1
for Brr2ATP; (B) along the PC2 for Brr2ATP; (C) along the PC3 for the Brr2ATP; (D)
along the PC1 for the NCBrr2ATP, (E) along the PC3 for the Brr2ATP and (F) along
the PC2 for the NCBrr2ATP. (G)-(I) Histograms of selected distances. (G) D1: dis-
tance between Glu578@Cα@NRecA1 and Glu1864@Cα@CSec63 accounting for the longitu-
dinal opening-closing (LOC) movement, (H) D2: distance between Lys1244@Cα@NSec63
and Arg1869@Cα@CSec63 accounting for transversal opening-closing (TOC) movement and
(I) D3: distance between Gly788@Cα@NRecA2 and Met1078@Cα@NSec63 accounting for
transversal opening-closing of the N-cassette (NcTOC) movement.

distribution peaked at 20 − 30 Å . This per-

sists, although with reduced amplitude, when

Jab1 binds, suggesting that Jab1 increases

Brr2 compactness. A shift at larger values

is, instead, observed in the ADP-containing

model, suggesting that ATP hydrolysis also

regulates this movement. Conversely, when

the U4 snRNA is present, the LOC mo-

tion is damped since the RNA strand phys-

ically connects the two cassettes. For the

TOC motion we instead inspected the dis-

tance (D2) between Lys1244@Cα@NSec63

and Arg1869@Cα@CSec63. We observed a

bimodal distribution of D2 in Brr2ATP, which

becomes monomodal and shifts at lower val-

ues in all other systems containing Jab1 (Fig-

ures 3H and S6). This suggests that Jab1

markedly influences the TOC movement. For

the NcTOC motion we analyzed the dis-

tance (D3) between Gly788@Cα@NRecA2

and Met1078@Cα@NSec63 (Figures 3I and

S6). We observed that D3 has again bimodal

distribution in Brr2ATP. This shifts to smaller

values in NCBrr2ATP, while shifts to larger
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values in Jab1Brr2ATP. Finally, after ATP

hydrolysis becomes monomodal and reduced

(Jab1Brr2ADP). Hence, the NcTOC motion

appears to be stimulated by C-cassette, Jab1

and ATP, while being damped upon the RNA

binding (Figure 3I).

Next, aimed at tracing the cross-

communication paths underlying the ob-

served functional motions, we performed

NWA (see the Supplementary Methods and

Results in the SI for a detailed descrip-

tion). In NWA the protein is represented

as correlation-based weighted network, in

which nodes (corresponding to residues’ cen-

ter of mass), are connected by edges. Each

edge is then associated with a weight, which

accounts for the amount of correlation for

each pair of residues. Namely, small/large

weights indicate highly/poorly correlated mo-

tions. By computing cross-correlations be-

tween residues along a MD trajectory, NWA

finds the optimal and sub-optimal signaling-

paths, through these weighted-edges which

connects a user-selected source and a sink

residue. The resulting paths have lengths,

defined in network-space, which are in-

versely proportional to the amount of cor-

relation existing among the constituent

nodes. Firstly, we inspected the inter-

cassette signaling-paths, underlying the LOC

motion, by selecting as source and sink

the Lys509@NRecA1 and Lys1356@CRecA1

residues, which hydrogen-bond to ATP (or

ADP) in the N-cassette and C-cassette, re-

spectively. We observed that four do-

mains (NRecA1, NWH, CRecA1, CRecA2)

are crossed by these communication-routes

with the inter-cassette bridging-point being

located at the NRecA1 and CRecA2 inter-

face (Figure 4A) in all systems except for
U4/Jab1Brr2ATP. Interestingly, the RNA di-

verts inter-cassette signal-exchange point to

the NWH/CRecA2 interface (Figure 4A).

Indeed, U4 snRNA binding remod-

els hydrogen-bond pattern, reducing their

formation at NRecA1/CRecA2 interface

(Table S4), while inducing a persistent

hydrogen-bond at the NWH/CRecA2 inter-

face (i.e. Val906@NWH-Ser1541@CRecA2)

(Tables S6-S9).

We next inspected the degeneracy (i.e.

the number of times a residue is present

in the signaling-paths) of the residues tak-

ing part to these communication-routes. In-

deed, residues with high-degeneracy score

are essential conveyors of information-

exchange along the optimal/sub-optimal

paths and it has been shown they most of-

ten correspond to experimentally validated

residues for protein function.29–31 Consis-

tently, among the highly-degenerate residues

we identified Arg603-Arg637@NRecA1 and

His1548@CRecA2 (Figure S11A), which were

demonstrated to decrease the Brr2 RNA

unwinding activity in mutagenesis studies,

thus, supporting our results.8 We also ex-

plored optimal and suboptimal paths along

NcTOC and TOC, choosing as source

residues in NSec63 the most conserved

highly-degenerated residues over different

selected paths from Jab1 to the respec-

tive ATP site of NC and CC (Figure

S13-S14)(see Supporting Result section of

SI). To identify the communication-routes
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Figure 4: (A)-(C) Signaling-paths underlying Brr2 essential dynamics. Paths are traced by
considering the residues having node-degeneracy larger than 0.20. The cross-communication
paths underlying the LOC, TOC and NcTOC functional motions are depicted in (A), (B),
(C), respectively. In (A), (B) and (C) a back and side-view of Brr2 are shown, respec-
tively. The paths belonging to Brr2ATP , Jab1Brr2ATP and U4/Jab1Brr2ATP are shown as
green, blue and black spheres, respectively. (D)-(G) Protein Community Graph for (D)
Brr2ATP (E) Jab1Brr2ATP (F) U4/Jab1Brr2ATP and (G) Jab1Brr2ADP. Circles represent com-
munities, whose size accounts for the number of residues belonging to the community, and
whose edge-thickness accounts for communication-flow strength occurring between the com-
munities. The communities have the same color of the Brr2 domain to which have largest
similarity score . (H)-(K) Vertex Betweeness of the first 25 residues of (H) Brr2ATP (I)
Jab1Brr2ATP (J) U4/Jab1Brr2ATP and (K) Jab1Brr2ADP.

underlying the TOC (PC2) motion we,

instead, traced the signalling-paths be-

tween Pro1267@NSec63 (source-residue) and

Lys1356@CRecA1 (sink-residue). Here, the

routes convey through NSec63, CRecA1,

CRecA2 and CWH domains (Figure 4B)

and, again, U4 snRNA binding redirects

these paths. Indeed, NSec63 interacts mainly

with CRecA1 through the link-loop when U4

snRNA is absent. However, upon U4 snRNA

binding, this route is diverted (Figure 4B)

due to an increased number of contacts be-

tween residues of CRecA2 and NSec63 (Fig-

ure S12), as revealed by the node-degeneracy

matrix (Figure 4B), and to an increased

number of hydrogen-bonds (Table S10-S13).

Among the highly-degenerated nodes of

this signaling-path are Ile1193@NSec63 and
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Thr1194@NSec63 (Figure S11B), which lie in

the vicinity of Arg1195@NSec63, a residue

implicated by mutagenesis studies as key

in modulating Brr2 helicase activity.8 Fi-

nally, we analysed the signaling-paths un-

derlying the NcTOC (PC3) motion by se-

lecting Lys509@NRecA1 (source-residue) and

Glu1097@NSec63 (sink-residue) (Figure 4C).

We found that in all ATP-containing systems

the communication-routes travel on NRecA1,

but, when snRNA or ADP are present, the

routes divert on NWH (Figure S11C). Hence,

in the ADP-containing system NSec63 is not

directly connected to NRecA1 and its signal-

ing to the catalytic site travels a longer path.

Remarkably, besides identifying nodes that

have been already pinpointed by mutagene-

sis studies, this analysis also supplies infor-

mation for future experimental studies as it

identifies experimentally unexplored residues

(such as Pro1192-Thr1194, Lys1199-Val1200)

as high degeneracy nodes. Mutagenesis stud-

ies of these residues can further support to

our findings.

Ultimately, to gather a more complete

picture of the Brr2 allosteric-signaling, we

also performed Community Network Anal-

ysis (CNA). This allows identifying groups

of residues (“communities”, i.e. cohesive

structural units with synchronized dynam-

ics), which establish a dynamic cross-talk

with each other, and allows computing the

strength of correlation between them us-

ing the ‘edge-betweenness’ (EB) measure.

Differently from optimal/suboptimal paths

identified before, CNA is a coarse graining

procedure of the protein and the resulting

community-graph allows to understand how

a protein responds to the stimulus of differ-

ent effectors/regulators.32

The CNA of Brr2 reveals a similar size

of the communities in all systems, but the

number of the communnities and the thick-

ness of their connecting edges change in the

different models. In short, Jab1 binding

splits NRecA2 in two communities, while

reinforcing a communication short-cut via

NSec63 and CRecA2, thus enhancing their

cross-talk. The communities fragmenta-

tion further raises upon U4 snRNA binding,

which, nevertheless, increases the commu-

nication strength between NSec63, NRecA2

and CRecA2. As such, RNA binding rein-

forces the allosteric cross-talk between dis-

tal Brr2 functional sites, similarly to what

observed in other spliceosome proteins.26,33

Hence, upon RNA/Jab1 binding the intra-

cassette communication is weakened, but

a stronger communication-channel is estab-

lished between N- and C-cassette (Figure 4D-

G). In all systems the links to the commu-

nity located on CSec63 are weak, indicat-

ing this domain is not strongly linked to the

rest of Brr2 and, therefore, that this cassette

may act as landing-pad mediating the binding

of other spliceosome proteins, which regulate

Brr2 function.

We finally calculated the Vertex-

Betweeness (VB) for each residue, defined

as the percentage of shortest (i.e. most-

relevant) signaling-paths traveling through

that residue, regardless of the sink and

source residues. Hence, high VB score al-

lows identifying residues that act as bridge
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in the communication-flow between any

pair of nodes of the network (see Support-

ing Information for details) (Figure 4H-

K). This information is complementary to

NWA, which instead privileges continuous

optimal/suboptimal paths between a user-

selected source and sink residue, even when

they cross low-VB-score residues. In the VB

analysis we observed that most of the high-

VB residues identified by CNA are placed on

NSec63, CRecA2 and NRecA2. Among them

are His1548@CRecA2, Arg637@NRecA2,

Arg603@NRecA2, similarly to what observed

from the node-degeneracy of NWA detailed

above, and Arg1090@NSec63. These residues

were found to be critical for Brr2 function by

mutagenesis studies and to be involved in Re-

tinitis Pigmentosa.17 These findings support

the functional significance of these hot-spots

and further underline the relevance of func-

tional movements and the cross-talk of the

two cassette for Brr2 function.

Collectively, our findings offer a funda-

mental advance in understanding the molec-

ular terms of Brr2 mechanism and its con-

trol by allosteric effectors/regulators. We

reveal that the C-cassette alters the intrin-

sic essential dynamics of the isolated N-

cassette and that the two cassettes coop-

eratively act to promote RNA binding and

translocation. Surprisingly, U4 snRNA ex-

erts the largest impact on conformational dy-

namics and allosteric cross-talk of Brr2, by

creating a stronger communication-channels

between the two cassettes. This knowledge

broadens our understanding of the subtle

regulatory mechanisms underlying eukaryotic

splicing, disclosing that even RNA molecules

can act as allosteric regulators of spliceosomal

proteins to control the time, amount, degree,

and rate of gene expression. We also sup-

ply information for future mutagenesis stud-

ies to establish their relevance in allosteric

signaling in Brr2 thus further supporting and

complementing results. We remark that this

study does not allow us to formulate hy-

pothesis on Brr2 translocation mechanism

due to the lack of structural information

on the snRNA binding to the C-cassette.27

This lack of knowledge also prevents to un-

ravel the molecular basis of RNA-driven al-

losteric regulation of Brr2 ATPase activity

and compare it with that observed in other

DExH helicases.16 RNA-dependent helicases,

which play key roles in distinct aspects of

RNA metabolism. Allosteric regulation is

widespread phenomenon in RNA-dependent

NTPase/helicases. The architectural sophis-

tication of Brr2 makes it suitable to dis-

tinct and subtle intra- and inter-molecular

allosteric regulatory mechanisms, which may

be operative in related dual-cassette helicases

involved in many other key cellular processes.
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