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Figure S1:
A, Multiple sequence alignment of Cdc48/p97, Drg1, and Rix7/NVL over the D1 and D2 AAA-ATPase domains. The alignment
was generated with ClustalW [76] and displayed with Jalview [77]. Secondary structure elements {a-helices and B-strands) are
according to the crystal structure of p97 (pdb 3CF2) [20]. In the D2 domain, the positions of a-helix 8 and of the last a-helix are
according to secondary structure prediction {(PSIPRED) [78]. Numbering of a-helices and -strands as well as nomenclature

of sequence elements is according to [17]. Elements of the ATPase core are coloured in red {a-helices) and green (3-strands),
the lid domain and its a-helices are depicted in light blue. The additional a-helix of classical clade AAA-ATPases and the post
helix7 insertion are indicated in dark blue. Specific ATPase elements are labelled. The classical Walker A (K>A, defective
nucleotide binding) and Walker B mutations (E>Q, impaired ATP hydrolysis) are also indicated [11]. Unique features of the
classical clade are highlighted: (i) replacement of the generally conserved sensor-Il arginine at the base of a-helix7 by an
alanine; (ii) short insertion within the arginine finger region leading to the occurrence of two conserved arginines that are
usually separated by proline and glycine. B, Representation of the secondary-structure distribution within each ATPase domain
with the o/ domain depicted in green (B-strands) and red (a-helices) and the a-helical elements of the a-helical lid domain
depicted in light blue. The classic-clade-specific additional a-helix and the post helix7 insertion are shown in dark blue.
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Figure S2:

A, The N-terminal domain of Drg1 is composed of two sub-domains: a double-p B barrel Nn-domain and a four-stranded
B-barrel Nc-domain. A, Multiple sequence alignment of Drg1 (S. cerevisiae, amino acids 31-249), Cdc48 (S. cerevisiae,
amino acids 33-218) and p97 (M. musculus, amino acids 23-208). The alignment was generated with ClustalW [76] and
displayed with Jalview [77]. Secondary structure elements (a-helices in red and B-strands in green) are derived from
secondary structure prediction (PSIPRED) [78], a Drg1 structure model, or crystal structures of p97 (pdb 3CF2, 1R7R,
and 1E32) [20, 22, 23]. Numbering of a-helices and (-strands is according to [22]. Note that the alignment was refined
in order to properly position the predicted 3-strand 10 of Drg1. B, Structure model of the N-terminal domain of Drg1. The
structure model was calculated, based on HHpred alignments [79], by the MODELLER software from a p97 reference
structure (pdb 3CF2) [20]. The PyMOL program was used to display the structure [80]. As in A, the structural elements
of the Nc-domain are distinguished from the ones of the Nn-domain by the use of darker colours.
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Figure S3:
Structural analysis of the N-terminal domain of Rix7. A, Schematic representation of the N-terminal domains of Rix7 and NVL.

The distinct N-terminal regions are denoted by N1, N2 and N3 and they are followed by a bipartite nuclear localization signal
(NLS). Relevant predicted a-helices are indicated. The two glycines (GG) indicate the start of the AAA-domain D1. B, Multiple
sequence alignment of the N-terminal domains of fungal Rix7 proteins (S. cerevisiae, C. glabrata, A. gossypii and S. pombe). The
alignment was generated with ClustalW [76] and displayed with Jalview [77]. Secondary structure elements (a-helices in red

and p-strands in green) are derived from secondary structure prediction (PSIPRED) [78]. The conserved a-helix at the end of the
N2 region is underlined in blue. C, Multiple sequence alignment of the N1 regions of fungal Rix7 (S. cerevisiae and S. pombe)
and mammalian NVL (M. musculus). Secondary structure elements are derived from secondary structure prediction (PSIPRED)
[78], a Rix7 (S. cerevisiae) structure model, or an NMR structure of mouse NVL (pdb 2RRE) [29]. D, Structure model of the N1
region of Rix7 (S. cerevisiae amino acids 1-113). The structure model was calculated, based on HHpred alignments [79], by the
MODELLER software from a mouse NVL reference structure (pdb 2RRE) [29]. The PyMOL program was used to display the
structure [80]. The colour of the a-helices is as in A. E, Multiple sequence alignment of the conserved a-helix at the end of the
N2 region of fungal Rix7 (S. cerevisiae and S. pombe) and mammalian NVL (H. sapiens and M. musculus). The position of this
a-helix (red) is derived from secondary structure prediction (PSIPRED) [78].
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Figure S4:

Effects of mutational inactivation of Rix7 on the fate of Nsa1-containing pre-60S particles. In wild-type
cells (RIX7, upper green pathway), Rix7 releases Nsa1 from late nucleolar pre-60S particles. Upon
mutational inactivation of Rix7 (rix7, lower red pathway), the majority of pre-60S particles do not further
evolve and are degraded (1), while a fraction of pre-60S particles gain an earlier composition and are
retained in the nucleolus (2). Nsa1 remains associated with pre-60S particles that have escaped from
disassembly or nucleolar retention, and accumulates over time on ‘aberrant’ cytoplasmic 60S subunits
(3). [15, 19]. For simplicity, the Rea1-mediated release of the trimeric Ytm1-Erb1-Nop7 sub-complex
has been omitted.
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Figure S5:

Multiple sequence alignment of the Rea1 ATPase domains was done with ClustalW [76] and displayed with Jalview [77]. Secondary structure elements are depicted below
(see also Figure S6). Elements of the ATPase core are coloured in red (a-helices) and green (B-strands), the lid domain is depicted in light blue and clade-specific insertions
are indicated in dark blue. Specific ATPase elements are labelled.



S.cerevisiae 1 MSQDR[IL DVVNB@RLE | EFINSAFP/SDATE -APFHFSNKES TSENEDNLAGTIEHS R-S | TGHVF L FRH A K---DSKKKDFVLMI EKLASTI VEMENED - - - - - - - - - - - YLDKENDHF I THLQN- - - - - PSTQKD
K.lactis 1MSSALY TAAEENFTINMQKAFMQQHLS -DNYRFDAKES TDENLSNLAFSSLKED- LI PHLY | ¥IN S L---QHDSKKEVTMLHALGRIA E ---FLLRNGDYFNALLQT----- YQAHDP
C.albicans 1 -MNNHI TS FNQGEELNSEYKSFYTLKKLPN KFNKSLLS I DE/| LNQLSILLALDHT---LPHYYC A NNSIELESQYNKSKSETRKI LFABS RBLH----------- ISTEYLNLFELFELSHNAFWDNIEIEV
N.crassa 1----- MA v RAS LI 1QDHQSTKFLDAIASAALVST-AMDRIFTH A LSSPKLDTRVEAAFARILPF VFLVSHLREGS FGGEVNGENHNDKSNDNDASSKLKPILDSLDLAS I RP
S.pombe e e e T e e MDVL
M.musculus 1 --MEH[ES VSGPLRL I AAKNEKB|SCGELNRFLAKS VWTPQDRECILDSEA LDKDYMLLEGR ERNAKA | KTGGQVNHDLHERLS VSMS K SHPD FALR------ YFKDTYPVFQRLFEESSDANPVRYGRRR
H.sapiens 1 --MEHFL AAAPLRLIAAKNEKSIRSELGRFLAKQVWTPQDRECMLSTLA LDKDCMVLVGR ERNAEA | KAGGQINHDLHERLCVSMSK NHPD FALR------ YFKDTSPVFQRLFLESSDANPVRYGRRR
2ndary structure 8 o o g Ju o

S.cerevisiae 130 KTLNDMLED THIIKS RDS - L L EGDSE! KECANFSKLP----- SNPECFTIHEKKES Y
K.lactis 130 HACELVMVQNQLKLSTEPRILSVFEGASDYV KRIL SNYHS LPNEINELVS YPKNFRPTGKS
C.albicans 136 I SKNKMIDT RNKN-LESNMEG-ETVN| KRLSMFLSLP----- KMEYNSNP-EKEKS
N.crassa 145 VKIEALLEK KDTS - - L VAELDGREA DSRREDIQSSR---- -S$KSQQTSAVED
S.pombe 5 EIRETCKVK ETKT=-==-mmmamaaao NERVFSOQLHRLFVS - - === - - R
M.musculus 143 EHKLSFLRKIFSSDEL- —V.RLRLLE EKALVLANPEVSLWHKEGEE QYIS.LVSA L
H.sapiens 143 EHKLSFLKKIFNSDEL---IHFRLRLLE EKALVLANPEVSLWRKQKELQYL LVSEBL
2ndary structure = o . - > ! B
S.cerevisiae 274 KVHT I H- DKMF HKTMSSER T
K.lactis 275 RISEA DGAKLA \%
C.albicans 276 HLN | SKS|ES N AIEV \%
N.crassa 280 “KTVL R TMEN T
S.pombe 117 GGNVFFNSH KS[TQEN T
M.musculus 285 QAS -DREISSLEQELALK VIKN C
H.sapiens 285 LIGG -NRS|SSREQELALR| VEKS C
2ndary structure DA B= x 8
S.cerevisiae 418 AAN NEDHQKDSSNKIYNLN P KNJJK = === =-cccccacanaaa LN H KNN
K.lactis 420 AAN DEHTSHGG | T--HESD (€] [T —— LN Ql EAN
C.albicans 424 AKN SNDSKKDS IP----- D ; NE LN HP, MV E
N.crassa 428 ATE LLEMNDKENLE----5S P DA LGRMVF ERP RAS
S.pombe 259 AKGSFOMFATS SMKT - - - - = = - - - = - - = K | KD D QRSFLATSHK--1Y HKFM
M.musculus 434 MAPT SWYRPM-NSHA[IML D F lELTEEKHCCP---SVAYDKAPQEVMSEAERENRRVVILE
H.sapiens 434 MAP R NWYRPL-NSHA IQLTGEKHHSWSDS SVGCEQAPEEVMSEARRENKRPTLE
2ndary structure o R-Finger B oL o o Sensor-l o o
S.cerevisiae 550 ASS ---EKLNIQKKSMN--STL N
K.lactis 550 Vs ---PKSTIHKKSAN--TT| N
C.albicans 551 TS TAQDKALYNKRSSNNNNT N
N.crassa 556 ERVERYLTS¥VPOLEDNESRLTIGRVSFAR- - -- - - BRKTSREBAKNKR m
S.pombe 375 E-KA NL ~=-==----LSTIRSCSTN S
M.musculus 571 KK.E VI NELDVOVGRVRLLE- - - - - KQSEVVRIQKEKC R
H.sapiens 574 RKEAE VI NELDLOVGRVRLLE- - - -- KQSEAVHLQREKF R
2ndary structure o ﬂ= D2 B «a Walker A
S.cerevisiae 695 L N KITNTENENBINAK------coooooooo KKKRRLNHE KK NDSWMKK
K.lactis 695 L N KKDSNE-KEJADK == -=c-cmcmcmnnan KKKRKLDPHES K RQTVMES
C.albicans 701 | E N SEEeSEHEE@ODEER- - ------------ RKKRKLKSIFEKS ENKIKE
N.crassa 700 K A E AKFESMQAAKTVEAEVAEENQEQGPAKRRKTESSKLERLRD 5QSLD
S.pombe 516 H s T DEQQELENEEKRQK----=-cccoeemeeaa oo RLSNQVE EKEMED
M.musculus 716 R K HDBEEEM L HONA S K- - - ---------------—-----c----- IEQ“- LRLNH
H.sapiens 719 R K H OSSR O H VA VNKD - - - - == == - cm e e e e e mmmemaoooo KDSETGL LRLNH
2ndary structure ﬂ= o o o Helix2 Insert o B o B
S.cerevisiae 829 N
K.lactis 828 N
C.albicans 836 N
N.crassa 850 RLSD
S.pombe 645 HV | R
M.musculus 832 NT
H.sapiens 836 NKNT
2ndary structure \i!"alkerB 2 B=; PSl Insert B=. B Sensor-| o R-Finger B o o gthor-ll o
S.cerevisiae 977
K.lactis 976
C.albicans 985
N.crassa 996 KNTNKDH
S.pombe 792 AFCH
M.musculus 976 EIK RLIQ E
H.sapiens 980 g ERK RLIQ E

2ndary structure @

D3 B o B WalkerA o B

r
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S.cerevisiae 1118 D S H K IE
K.lactis 1117 D S H K VN|
C.albicans 1129 \ H K \i

N.crassa 1141 Eﬂ K R R RL
S.pombe 936 S K A LR
M.musculus 1115 C \" R S K LDLQSY
H.sapiens 1119 Vi P K 4 F P S K LDLQSY!

2ndary structure Helix2 Insert o B Walker B o B=PSI Insert B B Sensor-| o R-Finger B o o

S.cerevisiae 1267 AS EAI -
K.lactis 1266 AN DPALLNLNTD
C.albicans 1278 AN EA
N.crassa 1291 DH; P P TAPEFRGT
S.pombe 1085 SIFARLRDLFRWAFR- - - - - - - - - EN SME | FQDMS LKEG- - - - - P
M.musculus 1264 ERYRLAEQTQE ND! P NVL K LIKSITQTTVLESKFSH
H.sapiens 1268 ERYRLAEPTEK ND! I NMLKLLGKLSTQISTLECNFGH
2ndary structure _____ Sensor-ll o a x o & D4 %

S.cerevisiae 1396 Al NRSEIQYKLIKSLKTALNIANDQ------- SKSDNKNIAE E KLRDSLNV
K.lactis 1396 A KBSEIQSALTS I EQKVEKVVDVD--=------ DKQTKEDV TSLRDSLKI
C.albicans 1408 A NEYETQSSLFNHLLELFAKLGIETATATTASLT NKITVPEEYKELVE IEKKNLSL
N.crassa 1382 - AlILD LRSLEQAATILGQETE----DIDH TADDLAKLPE KVK SDAARSKA

S.pombe 1221 @D A HS CEKENVQESLDS EKLSSSEKNDNLSNL RQI I KYRS
M.musculus 1414 L NM: S LEP VR ORPNDKD - - - = - = = == = = - — - o s o m o s o s e e e e s e e m e mmmmm - mm— - m - ELDT-
H.sapiens 1418 LHMETS [ [ (o] | e] e e e R EIDTSR

o Helix2 Insert o o

o

B B Walker B«

2ndary structure B_.
S.cerevisiae 1533 NMI VS KFSEWFGEKLCGGGNATSCGVISILIRD | LAWVEF | NKV-------
K.lactis 1532 El S K - -
C.albicans 1552 S E K --
N.crassa 1504 HD \ N - -
S.pombe 1357 LK E E ---
M.musculus 1510 NHNLR LSLA HKGA A SMAEDAAVKRP
H.sapiens 1515 SHNLR LCLGR-I1DPKGSD D KM.EEAALKR :
2ndary structure Sensor-| o R-Finger o o g‘Lsor_” o
S.cerevisiae 1659 AENENDLKEIL -DBLELQQIETN H N A
K.lactis 1658 AANETWLKE -CBLTPLFDEKV R E F
C.albicans 1675 AENESR I D-Y TEFLNNQF K S S
N.crassa 1634 AVDPRT -5 AHHYFQE u R T
S.pombe 1477 SN.LAS E -SNIMASKSADIS L R S
M.musculus 1656 REECLK K RQKDELKI¥DRLRHK KILN K A
H.sapiens 1661 RKECLK K QKNELKI¥DRMKAK] KILK K A P |
2ndary structure o B B B= D5 o B Walker A o B o Helix2 Insert § o
S.cerevisiae 1803
K.lactis 1803 TR-
C.albicans 1822 KR-

N.crassa 1781
S.pombe 1624
M.musculus 1806
H.sapiens 1811

KR-
KA-
Qv i L
Qv > P L
PSllnsert B Sensor-ll [+
M
T---KEN

KF
EIMS---RDK

ElIlE---RDN
QRAP THS

o000
ITILwmmm

2ndary structure

S.cerevisiae 1952 Y-S5 1
K.lactis 1952 A-S |
C.albicans 1971 @-N1
N.crassa 1930 DNAL

o0 m

NNNBo00
e
SoOwvw=spZz0O

= Ere T rE<

I

S.pombe 1773 A-PK DIDYE RTI HS
M.musculus 1956 D-QS ASNIM YIITR YS
H.sapiens 1961 D-QS SNSINPYMGTR YS 4 :

2ndary structure o o B B D6 o B Walker A o o
S.cerevisiae 2098 NATA LNNIVTPEKFQDFRNRFNRFFEHLEGH- -PLEKTMSMN | EK IIEKEAS YV H
K.lactis 2098 DTEA KKSSVSSIENFTDF VHLLF QKF Y H--ST NME | QDL S[EHMK KPAA YV H
C.albicans 2117 NAE | ENHNS VBINDS|S FFGHFCT I LSDESINMHS | PE VNAAE I LFAKLNETAS Y, N
N.crassa 2077 PHREMQANLARMK QAL QDQIL QALPAP - - - - - - - - oo oo oo - - MALSG- DILRMIENLLPEAG- ---- LSETAELLRKPLTLEN A
S.pombe 1920 I SIKAS EEF TBLS QQLLNFV I KYRNEDN- - - - == - - - - oo - = | FRET! SEKTHSQAFTLLQKVVDQLDQLK I HELMH- - -5 HEKARKLLAEFBIASPA H
M.musculus 2105 NSVDTEVVLQAWSHFLLIYKIK VIRTIE | VNKL VILL QR NNKIN KADFAKL RSFIVK LIS RSH D
H.sapiens 2110 SADDAEVVLRAWSHFLLEYKPK | ME | VNKLEAVLLLMQRLNNKINSY¥CKAEFAKL RSFGVKLTAL HSH D

2ndary structure & Helix2 Insert o o o B o B Walker B o
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S.cerevisiae 2230

K.lactis 2230
C.albicans 2252
N.crassa 2201
S.pombe 2052
M.musculus 2255
H.sapiens 2260
2ndary structure
S.cerevisiae 2285
K.lactis 2285
C.albicans 2307
N.crassa 2257
S.pombe 2107
M.musculus 2404
H.sapiens 2409
2ndary structure
S.cerevisiae 2418
K.lactis 2417
C.albicans 2437
N.crassa 2355
S.pombe 2218
M.musculus 2554
H.sapiens 2559
2ndary structure
S.cerevisiae 2565
K.lactis 2564
C.albicans 2586
N.crassa 2494
S.pombe 2364
M.musculus 2704
H.sapiens 2709
2ndary structure
S.cerevisiae 2696
K.lactis 2694 N
C.albicans 2721 S
N.crassa 2633
S.pombe 2498 K
M.musculus 2854 K
H.sapiens 2859 K
2ndary structure
S.cerevisiae 2758
K.lactis 2758
C.albicans 2783
N.crassa 2697
S.pombe 2565
M.musculus 3001
H.sapiens 3009
2ndary structure
S.cerevisiae 2867
K.lactis 2870
C.albicans 2890
N.crassa
S.pombe
M.musculus 3151
H.sapiens 3159
2ndary structure
S.cerevisiae 2968
K.lactis 2971
C.albicans 2994
N.crassa 2936
S.pombe 2805
M.musculus 3301
H.sapiens 3309
2ndary structure

1- QE WL [ o B e e e e T e e T e
T- LT \% -——- B T -
T LE \% —— B e -
R PR | -—— B T -
H Vv TE B T I < [ . [N | | - — — — — = = = = = = = = = = = = = == - = e e me e emememeemamemememememmemememeemememememmmsemememmmmmemem—m=a=

\% MV aj SGEEDGS | QDNLDLKVLLHSLGLVEDSVCNILLALHTEIQSLVRGSPASSVSTLSHTAILIVQYLQRGLSLHKAFFEACWEVYVCSQHSAANQKLV
\% M1 PT 3 EGDASTPDNLDLKVLLHSL NSVCDILLALHTETRSTVV TSSVSTLIQTAILIVQYLQRGLSLDRAFSEACWEVYVCSQHSPANRKLV
B PSl Insert B B Sensor-1 o B
S—
------------- HSRSTAEDRLT P ] SDEEPIEESLAAMIPISH KWANNMLNCTEYSE--KK LEKINN
-- VRASTQDRKI | YLMSTINMNAIYLLN---BWNRNVMRNSQLFDE--VD FSEVEA
--- EQRATEIERQI ----- EELDISDKRMVP ASALWSEVQLKN ASVMFSSSEFAQTSKS VDISSS

------------- EAKN QRFHTA RILNGA-ENADVLA| A ALRQA

------------- EALTE I DKKQMS A D LASINTSY / e D (XA BTN 4 CABYFN

QDLLESHTASLQARETxIHS RLSV J DDLTFNAIEVDTCIVDE-LATIVKLLIERATNQD LESVR E

QALLEKHVSSLRAHET HLST | Qs ENLKFNAMEVNTYWIDE LVMAVKLL I ERATNQD L E

o o o o
NLKFQKALGLHDKQLTEET P| SSERLIELNSLNA NEK THIKID KT--ES -SN AVTK
NRIMQNTLSNGKEFCYSQS | WYVLEAKEK QKK VNGK I N T KN--1 - E KM¥|N
YMIANNIVMQKKIDFI1ESQNFHFL KEIVELNDT ESNAMDKKVH A LNSFKTD F -@v
SAPNKMLMP- - - - - - - - - L QSAQSA EAQL.K NVS KPS R DKVAS SETINE RA -KERRA

KASREMD | MEYPVQLREVYV QT LDLTEE AVS SN----5 KSAS HNVS SANSNI S YDMIR

ISAT LRK YSTSLSE.VSN Kl pPQs FAL ESVANKT REKR[IIFTEAN ENYHS VANLAA
SAASILRNEYSHSLSGAVSNVMEK I LQPNETDE FALLESAANKT TEAN ESYHTL VVNLAA

o o o o o

- - - -PEHARLRVEKBL | DSWIASVKBKSD- - - - -~ T §---nonn P MD Vv NDDMEN--NKLS

-— SCSIL---- N NS---=--- SET FMDILN--NNTA

---=-N Lr ----- D A----n- YS D YKSI11|SGDYQRD

NAKF LSV - nj S--mmm- PEP QEA YTV RS—-—.R

--DCBI SIRFYCHMTKMLGEWMF TLTEKTK-- -~~~ F H------ TS NKV N-—EV

VPDAHIN IVTVDAEILAL ALH LVNQENKYYKE NRA EQL

VSDASAN VKVDAPGLALLALH LMN.EDKYYKE NKV A REQM

o o o

EL SNK ———
ssr ———

SMDT--AELTKE AS SIEA
NDF EETKKTIHA NS S VA

S -—- - TGDEN KEMNCSDRS
EARI -——— - - QVTED L SDIDV
VIR ENLM- - - - - - - - - - - - - - - oo oo KYTTSSFEBTODEVR FERMCFIMRESENL - - - - - - - - - - - - - — oo m e
L A NILEDVNLDELKNLVSTQCSELKSRILSRIFLEKAH-DASS;: P AA A QYR CLRRSSKHD--QMDEEISHHIAFCLKHTIIA QKLWNLWSLLHIEMLSAQE
L@A NILEDVSLDELKNFVHAQCLELKAKGLSLGFLEKKHDEASS AM RYK CLRRCSKNQQPQINEEISHLISFCLYHTPVTPQELRDLWSLLHHQKVSPEE
o o o
DVEWTEKNAKLTBIFTSTI RKSNNLKS N KC K
LLWKKENGKFVSHTKAV KS 5
DSLWKDKK----8SRVSPIL EH! s ELV DkEEEs FBP---------------
LQLVDCLLAQD-SEVR HSLET KS D CK.VVVEFFH.LMNEM.N——-VQVAELA EQETNFADETOWR---------------
DS|TKAVAPVLTYFDFCSLT, NIFEHARLA DH 1 DQGKCEKAN------ DLITKLSLPYEELAENFVE | LEACKAFLVANE---------------
E TSTFlsswlsIVTT I SKCC i EWVERAQQLQDISSLLWTNMAV&SVAE RREDSRLQ ILTELLEAHQRQEY
ELFENSMFMSFWSSTVTTN SELK N SKCCEE P! | EWVERTQQLQDISSMLWTNMAISSVAE RRADS LAELLPESRRQEY
o o o
---------------------------- ESSK-------SLEELGE [ LKTKTFS@NLMKEWRNNVRK - —--------DEEIFTEKL ersml---
---------------------------- A DSSR-------SLQNLGK [ VAHKSLT S 1 I/HNWK 5 —----------DMDSMTQKLVMPEVSSE---
---------------------------- D VVNAS----ELSLGELGK [ RKVF NL s ESARR -----------DKEMBELESTHKHLIDL---
-—- K AAAEKG- -LQPREAYTSV F IYESL EAFEL ----QHAG-LRCKLLMEEVAGL
---------------------------- REF I H] KDSWLSSNQQKM KNQGM P P RHYLESLYK ENAES m-—--------KVNSVMMRRLMSTEISNTENI
MQNCEHLLLINTQAFHHVDQTM T I IE.KQNLE ARRGR F ELRQL K RNLLSH RDLEDDI! I TSHSHPHIKLL QRISQLISLVH
MQNCEQLLLGSSQAFQHVGQTLGD Ly ESKRSL AQRGS ELHQL KERNLES RDLEDEVVVSYSHPHVRLLRQRMDRLEBNLTC

o o o

A
E
A

SCAENVLS HELSR KKE
TREKSILS SRLNK KNQ
TSLKSVER svab KTV
LSETVWDAEAK--5SL RSL

> =000

D VD SSFARSL DDVSNLIEQI
S LQALHTDGPKSAQVLEGNLLK MAVLAF FPTYHARADA
H LQALHIDGPRSAQVAGSLLK TALLAF FPTYYARADT

o o o o
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S.cerevisiae 3106 DMEDTS | [EK Ve e e e e SR VRRFR EN NBNS ----YEA RK LVTNEKD.SS E----NLDDIYFK
K.lactis 3109 NVGSHDVEE Il--- YRWS/L RRMKS A NBNS ----1BABEKA S SL SPVEESSAT----SLIDTYYE
C.albicans 3130 S|IDSSAA AM- - - YRWSILRR I KEEKENL NEPDEE- - - - | TTNANTLKKNNASFESIYES
N.crassa 3072 EFLSFVQA VE === EEWSKKLEADRKAE SLEDEEAFDQE F M DD EQDADA KKKKQIPRGNRDLS I L
S.pombe 2945 KMLDLNDSIREFEl - - - - = = = = - o o o e e e e e e oo oo - EKQ-HSSDTHS IHNAKIKQKEL IEEKNRLYIRQREFNFB- - - - - VE EMVIERK---RFLQLQFA
M.musculus 3451 LCSVNAA RS KLMVKRAARKE-EAKSQQAYPTREQL HVLCKGELDQR NEWDEQERIA KA RSRSGRTALSE KBFADILMEPTLEEKKKVSDGREEEA
H.sapiens 3459 LESVKSE R KLILKRS-KELE.K.QKAC TREQL HVLCKGELDQR SEWDEQERIA KA RSRNSRTALSE EEREFRKQFPL KBFADILV TLEENK.TSD QEEEA
o o o o
2ndary structure

S.cerevisiae 3213 DK-DHDAN KSGA LSEDLKN DAETQS KNTE.F. VLK--SVLK
K.lactis 3216 ED-ASN RKGSE SV LLRSCSD / SEKTNSFKDSSNTE N--NVNT
C.albicans 3249 LE HQGS E LNQYENN M ANTHTKEN--QAVS YN--LSIKK
N.crassa 3182 LS LTQV RRI RAERNAAP EDQIKARSANYD------c-cm e e e e e e e e e e e e e e - - - KKRFQEL
S.pombe 3059 SEKMNV NT.S AKKI KVKNED KSTNERQYWT PP - - - - - - — — o o m o e e e e e e e e e e e e e - ES--RAIS
M.musculus 3600 LC- HQQL IRSLWYQ QT ASL THFY LM VELNDQLLISQLLACTLSSNTLCIEATSDLMMRa SE--ANS
H.sapiens 3609 LS~ HQQL NFARSLWYQQ QT ASL THFYPLMGVELNDRLLGSQLLACTLSHNTLF EAESDLMVK SE--ANMSH
o o o o
2ndary structure
S.cerevisiae 3323 N RKS K N
K.lactis 3326 KA KT N AN
C.albicans 3357 \i KS EKNIGK T
N.crassa 3295 SR HBDAKS i
S.pombe 3168 NN RVYPR KPFFENSKFTKQN---- Q
M.musculus 3747 E E NTM I KSTK EKHMQE RT. SIDD KQMT H
H.sapiens 3756 NTMK EKHMQEQT DDKQMT H
2ndary structure

S.cerevisiae
K.lactis
C.albicans
N.crassa
S.pombe
M.musculus
H.sapiens

2ndary structure B

3466 L - - -RSSKIA SNENKLKLHTLKO_HF EDPNLEABIKNEWVKE | STW--------cooonon
ALPVTKQFERVTISHERSIDVSGAKS TNIP-——-

SSSSSSSSALIN QI VAGNER QS I PS

----- KAA QADQE ALViQL SLESQQ----

3497 ----KTH
3442 VDEPQLSV
3311 ----1ICH

3893 QVE-IKDS
3902 QVE -GKDS

DWDSLLDT NNS AKK NLSPSYWEKMDTEl == =--cmmmmmm oo
TEEATM NNALRETLLAQPVEWKPSGTEQCQDAS -PLSV
TD.AAS LSS QN NR LAQPAAGQATIPEWCQBAARSE- L

A A M mm <

o o o

S.cerevisiae 3592 - - - SMEARPLRN I DVA S NMD ERER- - NFRED QK VESETTT . ASNPS - -
K.lactis 3594 - - -ESRSKSLKDI Y1 TQKNLS SK NFRED RK I VVS IAFPT--
C.albicans 3629 - - - IDRPKRLQNLNMI ENNLK S| SSRSDILATAKSVNL VSTBITST
N.crassa 3573 - - -QWTRIFTNLPGVL KMMGKF SRNL.TT LDRAKSAHA 1 TFEMN--
S.pombe 3434 - - -MKLVPVRFSNTPTTLREM FANVEK M- - RVKA EENLSNLRN - AGHQHN -
M.musculus 4041 EIELLI RLSKRMRKMCLYV Qs LKVD S ARSKSPQEL L QKYIYRS
H.sapiens 4050 EGELL KLRKR QS LKVE S RK QKYEYRS
2ndary structure g x X .

S.cerevisiae

3732 - - === === - - - - [PV A ANERGMAFA Qs [IMF S0 T vEEPEE £ FENOFC K INGMM L BEBHFTCLK- - - - - - - B I VHS SLKANJJIDN- === === = - = e em e e e e e e mmmmemmmmm e e

K.lactis 3734 = - ------------PBI PVS YLERGMAMBENL I FSLIASROQPLS I FVHTMS KIESLRLDLESMSLDC------- HVLKHFDLSYN ----
C.albicans 3771 ANLNNLSATLABVSVKDS | KLNIIDN = = = = = = o o oo e e e e o e e e e mcmmcmccaoooo
N.crassa 3716 KEMSEREEEVAIQ-------- LN 4] | L Tt
S.pombe 3577 VNGSPLESFNNS----- SFNEVS SILEY - == == = = = = = oo o e e e e e e e oo oo
M.musculus 4191 LARHTRLTAALAT VYPVAFPPQDS VOQOWTERLQHLAMQSQ! LLEQF SWLFQCCPSAEPTVGHRDAQVQEHPSASHLENID-FKET 1 AGVMP
H.sapiens 4200 LARHARLNAALAT Q VAFPPQDEVQ TERLQHLAMQCQI LLEQLSWLLQCC HENVQVLE CLEGPELSKEQLCGVVL
2ndary structure -
S.cerevisiae 3799 ~m - e e e SAflSEQ----- LBAKS TESBIFFVHFNSS - -RIFFDSBIFTES ENAKETEN--A I KANKGGP - - | KKEQKRG -
K.lactis 3801 ~=---m-mmmmmmmmmeeaoaoooo EVPRST----- YSSKQK L[JFL QS EMF - - Rl YBIDIETEN | SAMNGTNS - -F LQQALS----HEBDVIFDTI
C.albicans 3849 ~= - - -m e e e eemeemeoo-o 15 FNDTN--VIV KNKLNE SINDENMV--V TKWK L EHKEFA I INNSNTINTIESSTSLTF
N.crassa 3782 DIISNDQVR L.TFAT KQES i SSLLLER A TSAQTVAIl - == -~
S.pombe 3645 SSISPTASFQS ELSRFAD RKKRTEL 5 QSLKSISR-
M.musculus 4340 DLLSSDLSYES VESQL&SACRMRRQD DK RQQSCEIL EIFEVC LSQVSAHL ESIDYLR 3 KARLFVAHK—-QEINQMVE
H.sapiens 4350 DLIPISNLSYPSPIPGSQLPSGCRMRKQDH DKIIIRQQSCEML KBIFEVC SALS LSQVSVHL ESLEYVR 3 KTHLLTSDS - - NQMLD
2ndary structure - N
S.cerevisiae 3910 TTTER ----- ERIRIY TNSBEM Y
K.lactis 3911 TAEREE- - - - - NTHS ENYF KFSISTY
C.albicans 3968 VE NQ DKVRLNYYDLSATF
N.crassa 3899 BT S AQYADLHREECRLEY
S.pombe 3762 NDE DKMBICQ- - DYF INVHNSNLBSLSK
M.musculus 4488 BIS F RNNKKAEDSAVDKRLQEEDGGKEEEASFKEIL R CSEDI TVILAT RSTA LLSI
H.sapiens 4498 EGF EERKNEKAEENTDQASPQED------ YA YGEDGTAAKHLFFSQSCS TMSILATHR LLS
o o o o
2ndary structure
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S.cerevisiae 4031 LE|T1 VDD----- KN DAGNENKEQ@- - n RPBE N i KASHEINS K
K.lactis 4033 FS8|NM TED----- NN D KDQRN- DDEE K NN- - A SK
C.albicans 4092 LS[s s KDDN----TN EENKEK EEEEEN EEASDQEK DEDHS VKIEB K K
N.crassa 4023 KSHE--- ID D NKN N- N EED| SD- KD AE
S.pombe 3880 KSNS---- NEEDTAN §—------ SE---- | N LL
M.musculus 4638 I IATQFHDY QEKDEEDLDSK EL KS-- ED
H.sapiens 4642 [ ATEFHDY KGQEKDKEDPDSKS EL KS - - DE

2ndary structure

S.cerevisiae 4170 TDQNL KNQ- QAAENDEQQRENK [ i
K.lactis 4174 K SENMPEKSNA- - QAS[EEQAEDDVKPE-DHQQN Sz

C.albicans 4237 SDKLPENSNNN EAM DEI KDNNDN -—-

N.crassa 4167 KDQK.ENNS KQDE AAE KKEQ SEEAVGEEEE KKEKKEGEEENEDEEEGEP - - - - GREQEGDAQP QEEL NNQBQNVQEQDTLALPBOMQID I S--DEEDEEEDNL DD LEBDGE KPQDGEME- - EEQAPNGVE---------

S.pombe 4014 QKSNE SA NN VS KEDDNKAL RQEKED PRIQEN--------------------NS@PPPENEDHLBLPEDL KLBE KEGD VS KDSD L BBvDVEAADENKEEADABKDEPMBDFED---------

M.musculus 4782 D D.RAE T DSELVAK DSL A NLNKNKKH KIN . IYDEI - - -GA@aDE

H.sapiens 4789 DNKTEET DSELVAK DNLBSGNSNKDKS D KIN- YDEME V AGHEAEERGETETDQNE
2ndary structure

S.cerevisiae 4302 WA--- NT -IL VEEKADT

K.lactis 4307 TNIDEESBABENRE P KGEDVE-GLBGL E

C.albicans 4378 DDHQQDNEMD! ) NDEDEEPTAEGVE

N.crassa 4300 KDAEK ADBDNAAPSBVKT

S.pombe 4134 1 QQDDF FASAEADEENTDK

M.musculus 4925 MBTEAD RDTS ATI IHATC

H.sapiens 4935 | MBI TGAD DAAQH HASC
2ndary structure

S.cerevisiae 4420 GGSETTONTYEEO@EDYTKNNEE-------- EEATAA NLEKNNER- -~

K.lactis 4430 GSSGNAQSQSQENNB--EEI TBT-------- KDA -PEGSNQK---

C.albicans 4504 EEDKSVQDDA EKAN KEEENSAKNTK

N.crassa 4422 APGS|KGEQS RTEQOEGPNEDQET----- - - NQR QQKPDVDMAK - -V,

S.pombe 4260 ANR DLTESQSQAFDDS L

M.musculus 5072 ISFK ------- TQ---AQVEDA--FA A IIDILMIT- AVQSE

H.sapiens 5075 NFIAQLASQ@KHTRKNTESFK-~------ LRT DTDSHAE > AQQPQAQVEDA- - DA A 1EDTLMBT EIKSE
2ndary structure = x a L5 o

S.cerevisiae 4558 NDVDSKKiIF K KSEEDFEN--—ELSNEHF1D.EDDS QSLIENIEDNPPDASASL-TPERS AD

K.lactis 4566 ENNIKSK AF N---ALENSG-ALWDQNDIMSD--EN DQILNIV NEVMSEENSVA-V NE

C.albicans 4654 EAKSAF KI TONLDDDDDMMI SNELNDEBE EEHEMEDDASEDDBL | PME QE

N.crassa 4558 -KEDRKDGRSGVATHQGAFEDBDDE -DSDARKABAKEGDLDEAI NEESSTALSAIH Qs

S.pombe 4376 %EF SN SEKVFEL EDE----------o--2momaaoo DI LEDYN K

M.musculus 5209 TAATSGSSEMEVDMQTLKTKEDQDPRTTT HQETEN ERSRD TIHTLRQFLVD. ILK.SELR M RaET QNYLVLTAS

H.sapiens 5216 TTAPLGFDEMEVE IQTVKTEEDQDPRTDKAHKETEN ERSRESTIHTAHQF LMD FLKDVNELRQELERQLEM QSYLI LA

2ndary structure

S.cerevisiae 4686

K.lactis 4691 N
C.albicans 4786 KANGS S S.S TTNN
N.crassa 4689 | v A RLESIASQ--SGGE
S.pombe 4487 v | | NT HHR
M.musculus 5359 A y : QK QNV

H.sapiens 5366 v | A Q! QN1

2ndary structure

S.cerevisiae 4820 - -HEBRTcKDVERARBENEPMEVEYIBEIT - - - -------------
K.lactis 4825 - -HETLVRLVRRARENEIMLYFVYVIDGIN- - - - - - - - - o o oo - =
C.albicans 4930
N.crassa 4835 QBA---------KKGSQSVLDLKEARFGSDG- - - - -
S.pombe 4625
M.musculus 5497 EGK
H.sapiens 5504 EGK
o B B B B o

2ndary structure

Figure S6:

Multiple sequence alighment of Rea1 full-length was done with ClustalW [76] and displayed with Jalview [77]. Secondary structure prediction of S. cerevisiae Rea1, done with
PSIPRED [78], is depicted below and ATPase specific elements are labelled (a-helices are shown in red, p-strands in green, the AAA-ATPase specific lid domain is indicated in
light blue and the clade-specific helix2 insert and pre-sensor-l insert (PSI) are indicated in dark blue. A red line marks the MIDAS domain.
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