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S1: Exemplary raw helicase activity data of ctPrp43 mutants and calculation of k. (A) Typical curve
progressions for the fluorescence-based helicase assay of an individual measurement of each mutant (red: ctPrp43;
yellow: ctPrp43-CL2; blue: ctPrp43-HL2; green: ctPrp43-CL2HL2). All mutants were measured in triplicates. The
fluorescence signal for dsRNA (black) and unwound ssRNA forming a hairpin (white) is shown. (B) Exemplary

calculations of ko for ctPrp43 und ctPrp43-CL2.



S2: Ligands bound to ctPrp2 in the complex structure with ADP-BeF; and RNA. mF,-DF. electron-density omit
maps of poly-U ssRNA (A), ADP-BeF; (B), magnesium (C), water molecules coordinated by magnesium (D), relay
water (E) and catalytic water (F) are displayed as black meshes at 3c.
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S3: Overview of sequence and structure motifs movements between different catalytic states. Differences of psi
and phi angles for single residues of the helicase core of all available Prp2 structures are plotted onto the Prp2 structure.
Motifs III,V and VI as well as the B-hairpin and the linker connecting both RecA-like domains show movements of the
mainchain. An overview of conserved sequence motifs spread over the two RecA-like domains is given in the right
panel.



S4: Omit maps of motif III, C-terminal loop and hook-loop. mF,-DF. electron-density omit maps of motif III from
ADP-bound ctPrp2 crystal structures CF1 (PDBid: 6fac) (A), CF2 (PDBid: 6faa) (B) and CF3 (PDBid: 6fa5) (C) as
well as motif IIT (D), C-terminal loop and hook-loop (E) from the RNA- and ADP-BeF3-bound structure are displayed

as black meshes at 30.



S5: Cross section of Prp2 with bound ADP (PDBid: 6fac). A cross section of one of the ADP-bound structures of
Prp2 reveals a direct connection of y-phosphate binding site with protein surface. This channel might serve as an exit
passage for the y-phosphate after ATP hydrolysis. The ADP-BeF3- from the ATP-bound Prp2 structure was modeled into
the active site of the ADP-bound Prp2 structure in order to visualize the close position of the y-phosphate to the channel.
The ADP moiety is depicted as balls and sticks and the BeF3" is shown as green spheres. The surface representation of
Prp2 is colored as described in Figure 1.




scPrp28
scDbp5

scPrp28
scDbp5

motif I

motif Ia

@ i1 o3 B2

20..2 .2 , TT Q080000..0000 . Lo -f 20000280 .

DAl. .ViK . . EYQVLI LR GETCS[EITROIPQ. .fLHEAGYTKG. . .. .......N.RKTA....... TOJRRVAAMS fiA.

O .[IK. . KNOVLI IffGETCS[SITNOLPO. .Y LVEDGFTDQ. . .........GKLQA. ... ... TORIRRVAATIS Al

Al .|1a. . NHOVILIIRGETGSEHITROIPO. .YLFEEGYTNK. ... .......G.MKIA. ... ... TOIIRRVAAMS Al

DLf. .[¥H. . NNOILVEffGETCS[HITNOIPO. .Y VLYDELPHQ. . .........TGKLIA. ... ... TOIJRRVAAMS Al

KL|. .[¥lo. . NNOIMVFGETCS[HITNOIPQ. .FVLFDEMPHL. . ........ .ENTQVA. ... ... TORIRRVAAMS Al

pfi|. .[LV. . RHOSFVLEGETCS[HITNOIPQ. .WCVEYMRSLPG. . ... .....PKRGVA. ... ... TORJRRVAAMS A

RV|. .|[IR. .DNOVVIVEGETGSEHITHOLTO. . FLYEDGYGK . MIG. ... ... TOIJRRVAA al.

si. IR . . ENQVVVIRGE[TGS/SITROLAQ. .Y LYEEGYAND . ... ....... RGKS[IV. . ..... TOIJRRVAA TS Al

Tfr|. .[IR. . DNSIvIVRGETCS/SITROLTO. .Y LHEDGYTD. ... ... ..... YG.MIG. ...... TORIRRVAAMS Al

oA/, . VK. .DNQILIVEGETGS[HITHOVITQ. .Y LAEAGFT. ... ......... 1G....... TOIIRRVAAV(S Al

O/, .VR. .DNOFLVINGETGS[HITHOITQ. .YLDEEGFS. ... ......... IG....... TOIIRRVAAV(S Al

ofl. . V. .DNOILIVEGETGS[IITHOITO. .[YLAEAGYT. ... ......... 1 ....... TOIJRRVAAMS Al

av. .plo. . sYQVAHRLEAPTGSEYS L LNsvaATLGNG. AYM

S[Al. .WI..SHRPVVLEGG|TGV/SIT SLERIALVRLMS|. NT|T

YH. .[LE. . 0GD/sVE Vi AH/T SAISNT T s31kALSNONF . RDF

sic|. .|Ip . . RGE/S|VL VAT SA/FIT TsEJTRALSNOfY I

NVICNMK . . QYRDF LGl Als/T G s[giT LARTRELVIQONQ . KE[TOKVTKIWS

P/, .LLENPPRNMIARS|OlscTlFaT lLARsRELARONL EVV. . ... ...
motif Ib motif II

......... 200 —pre— TT | L TT—3> 200 -2

......... D] STRFED CTE|. EKTI[] .TS.PDEAD L

......... (D) QI RFEDKT(TP NKTVL| TD . SKIL[SKY| LT

......... AR S[IIRFEDCT]S|. ERTVIL| .SE.PDILA .F

......... D) SIIRFENKT]S|. SKT|LIL| .HD .RDMSRY M

......... E S[IIRFENKT|S|. NKTI[L| > .ED.HD[LSRY| M

......... (D) S[IRFEDCS|S|. AKTI[L| 3 .ND.PLILERY M

......... IE| AIRFEDCT|S . KETV[I] D .NE.PDLDRY| M

......... [NYe S|[IRFEDVTD|SE C[TKL| D .LD.DTLDKY| L

......... SE| AIRFEDCT|S . ENTL{I] D .RE.AD[LDHY| .F

......... IAE T{IRFEDVT|S|. PATK]T D .MD .PD[LKR .F

......... AE T|{IRFEDVTG|. PD[TR[T D LD.PEMSKY .F

AAAAAAAAA SE| T[IRFEDCT]S|. PE[TV[T D ID.PDLTQY .F

......... SK ..|.TI[T. TG)SIP[T] Y| ...csGeA I

......... LK SILRYGSIPE|. ELINK] Y| .SL.TKLFSY I

......... KE| oI PDAN(C| 7| _RGADL[IRD v

......... hE ITI PDAG(] T _RGSEVMREV] v

xzsnyncxvxs SiB. ... s.scﬁnx P HL.LVMKQ T

......... PDSFEKNKYQ|. INAQ| P RKLMOQILIOK|T D

llQLlQ.lﬂg

a8

£0...0000000. ... ... 20
ALl . VEVFQEH................... AT
ATl . . TPIFQEH................... TT
Cll- = - VIO - - ciicici s 5 s i vT
AN RENTOWME . . o oo i i v i Ac
AN . REENTOMM . . o oo o 01 v o s AT
AN . REENTOMME . . . csssm s s s mie s MC
AR...oNILARH. .................. vs.
AV...SRAVKIH. .................. LA.
AV. . .KQSLOVH LS
ALl. . . TTVMQ[!
AlLl. . .DCV/ID[T
sftf. . . IjTVMQ[T
AlL. ..S[TTGE[T
EKRNLV|TATQM
NE|. . . RKHKE[I
AH...GDGIY[L
KF .. .KKLKP[I

. DVLTEL

SRGAGAIESNKRKFETQDGPSKKIWPEIVNYLRKRELL
AKG DIYKIVKMIWKKKY]

ALTKD[L|. TRARPE| F|
GLLKD[I|. LPQRET| F
GLIKDV|. ARFRPE| F
LLKQL . SERRKD| F|
G|LLKQ[V|. VKRRPD F|
GIVLKE[V- VRQRSD| F|
GLFKK[I|. LORRRD| F
GFFKIL/. LARRRD| F|
GLLRE[V|. VARRSD| F|
ALLKK| VKRRPD| F|
LLKKA . AIKRPE F|
GLLKK[T|. VOKROD i
GrVLDOAETAGARLTV. L. .ATfl . Pes.|. ... .| .|..
AVARKH . HTKIDS L
VWEEV|T|. IMLP QH| I
VWEE[T|T. ILLPDK| 5
KVDINA[. DSA. VN
QCIRVK. RFLPKD|

=

HHHHO B EEE

.Q..P.
.Q..SL.
.Q..P.
_E..P.
_E..E.
.EE.E.
.K..P.
.NDCS.
.G..A.
.E..P.
_E..G.
_E..P.
I K.
.P..D
B

Q.

=

M.

RACERV|

RTKTK|
EIEAACEM|

DACRR|
DAVRK|
EACKR|
DIEVTCEL
TTEDT,
DIEVTSDO
TACEI
SCCEI
TACEI
ELA.

oCHEYKSY,
EYADW|
ELALK

FEEHE A A

e

EGIN
KLD

R EEEEEEEEEEL)
™
H
o

TADWLAEKF|
TANVLYG.|.

al0
,Qeo0000 TT
MPSEMQAKIFEPTP.PG....... AR|
1Tl I YANLPQEQQLKIFQP TP zn ....... CR
LPP IYANLPSDMQARIFQPTP .PG. . ... .. AR
erYGTLPPHQQQRIFEKAP.QPFRPGGRPGR
YPLY/GS/LPPHQQQRIFEPAP .ESH. . NGRPGR|
||vLYSTLPPQQQQRIFEPPP.PKKQ NGAIGR|
LPIYSQMPADLOAKIFDRAP.PG....... VR
1L I Y|SALPADLOFKIFQDLE GT ....... KR|
LPIYSQLPSDLOAKIFQKAP.DG....... VR
ILPIYSALPSEMQSRIFEPAP.PG....... SR|
ILPVYSALPSEIQSKIFEPTP .KG....... SR|
ILPVYSALPSEMQTRIFDPAP .PG. ... ...
AVAYYRGL B
YT THGK
DRDLPQILKTRSLLERGIAVHHGGILLP I VKE[L|
DRELPQIKHILPLLRRGIGIHHSGLLE ILKE
.................... TNMKV|T|I LHGSK
(-3 N P |.[EVislz LHGDILOTOERDRLIDDFR .EG. . . . ...
....YNSK.
VDFSLDPT.
PAPF

QoK

2000
SAP........ E.Ss| A
LQP........ E.Al A
KAP........ E.A A
PEA........ E.R A
PEF........ Q. R s
PEP........ E.R A
RSP........ V.E o
SNP........ V.9 A
[RTP . .coocue Q.E A
REP........ E.P) A
QTP .. ...... Q.M A
KEP........ E.T A
Jovel ool a.p
L M E
AKKELIPVINQN s A
........ -9 P
vi ,,,,,,,, A D
KQ..LYMDCKNE. A

SAKGAPSKTDNGRGGSTARGGRGGSNTRDGRGGRGNSTRGGANRGG

IGDDPNSTDSRGKKGQTYKGGSAKGD

FCNNKBKSQIHMFIEKSITRL
FNSDDEKEALTKIFNNAIAL[L
................... E|.
................... KL
13 pi4
——
INIAETSLTI [VYVID|. .SGYVKENT
INIAETSLTIDG@RYVID|. . PGFVKENS
INIAETSLTIEG@IYVLD|. . PGFCKIQKS
INIAETSLTIDG@VYVVD. . PGF| QKI
IAETSLTIDG| YWVVD|. . PIGF|SKQKV
IAETSLTIDG| FVID|..PGFAKQKV
IAETSLTVDG YVVD|. . CIGY|SKLKV
INIAETSLTIKG@RYVID . .CGYSKLKV
INIAETSLTVDG@MFVID|. .SGYCKLKV
IAETSITIDY@YYVVD|. . PGF| ONA
IAETSITIDGEYY D|. .PGFAKINI
DG@YYVVD|. . PGF|
DF|@DSVID|. .CNTC]|
HN/@THIYD . .MGRV]
PT@TVIIFSSIR]
PAQTVVFTSVR]
PN@SLVVN|. . F
[NVLARGIDI MVV . Y|

KCFRLYTKY
KCFRIFTKW
KCFRLYTAW
KCFRLYTEE
KCFRLYTEE
[KCFRLYTEK
QAYRLYTEK
TAYRLYTED
IQCFRLYT|QS
KCFRLYTEA
KCYRLYTES
KCYRLYTER
I.YRFVTPG
YFYDL
- YTy

Coooo0eo00a0aq

DRLDSAFHLGYNMILNLMRVEGISP
VSFVS.A

Ev... .

S6: Sequence alignment of
SF2  helicases.  Sequence
alignment of DEAH-box
ATPases (Prp2, Prp43, Prpl6
and Prp22), NS3/NPH-II
helicases (hepatitis C virus
[HCV] NS3 and variola virus
[VARV] NPH-II), Ski2-like
helicases (Ski2 and Mtr4) and
DEAD-box ATPases (Prp28
and Dbp5). Conserved
sequence motifs are
highlighted in blue boxes and
labeled accordingly.



motif III

S7: MD simulations of y-phosphate exit. (A) Exemplary trajectory of y-phosphate exiting through the ATP binding
site in Prp2. (B) Exemplary trajectory of y-phosphate through exit channel between motif I and III of Prp43. (C)
Example of y-phosphate leaving complex through the ATP binding site in Prp43. (D) Motif I and III need to undergo
only minor movements in order to enable exit of y-phosphate.



ctPrp2+ADP-BeF;+RNA ctPrp43+ADP-BeF;+RNA ctPrp22+RNA
(PDBId: 6zm2) (PDBId: 5lta) (PDBId: 6i3p)
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S8: Electrostatic potential of RNA-bound Prp2, Prp43 and Prp22 structures. Prp2 (A), Prp43 (B) and Prp22 (C)
are depicted as surface representation and colored based on their electrostatic potential. The RNA is displayed as a
cartoon model. The region of interest close to the 5° RNA region kink is highlighted with a circle. The helix-bundle
domain was omitted for clarity reasons. Prp2 exhibits the strongest positive charge of this region and likely influences

the conformation of the 5’ region.



@ ctPrp2+ADP-BeF;+RNA (PDBid: 6zm2)
@ ctPrpa3+ADP-BeF,+RNA (Ppgid: 5ita)
. ctPrp22+RNA (PDBid: 6i3p)

S9: Comparison of the C-terminal loop of Prp2, Prp43 and Prp22. Due to the insertion in the Prp2 C-terminal loop,
the helix proceeding this loop is significantly longer and the loop itself has a unique conformation.
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S$10: Sequence conservation of Prp2 C-terminal loop and hook-loop in different organisms. Sequence alignment of
the Prp2 C-terminal loop (A) and hook-loop (B) in Chaetomium thermophilum, Saccaromyces cerevisiae,
Saccaromyces pombe, Neurospora crassa, Ustilago hordei, Armillaria ostoyae, Rhizopus microsporus, Homo sapiens,
Mus musculus, Danio rerio, Xenopus laevis and Caenorhabditis elegans.
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S11: ATPase activity measurements of ctPrp43 mutants. All measurements were performed with 2 mM ATP. In
addition to the basal ATPase activity, all ctPrp43 constructs were analyzed as well in the presence of either 5-fold molar
excess of the G-Patch motif of ctPfal or 10-fold molar excess of A,-ssRNA or both. ks values are depicted in the right
panel table. All measurements were performed in triplicates and the standard deviation is highlighted as error bars in the
bar plot or stated as +/- in the table.



' ctPrp2+ADP-BeF;+RNA (PDBid: 62m2) . ctPrp43+ADP-BeF;+RNA (PDBid: 5ita)

S12: Overview of hook-loop residues from ctPrp43 and ctPrp2 with respect to the C-terminal loop and bound
RNA. Superposition of ctPrp2 and ctPrp43 via the RecA2 domain. C-terminal loops, hook-loops and ssRNA are
highlighted.
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@ ctPrp22+RNA (Dsid: 6i3p) @ ctPrpa3+ADP-BeF;+RNA (pDBid: sita) @ MLE+ADP-BeF4-+RNA (pDBid: 5a0r)
(O dmDHX36+RNA (posid: 5n04) @ btDHX36+RNA (PDBId: 5vhe) @ ctPrp2+ADP-BeF,+RNA (pDBid: 6zm2)

S13: Overview of different RNA-containing DExH-box ATPase complexes. All complexes were superimposed via
the RecA2 domain and only ctPrp2 is displayed as a semi-transparent cartoon model. The 3’ stacked region of the
ssRNA shows a highly similar conformation in the different complexes, but the 5’ region strongly differs.





