Supplemental Materials and Methods:

The following yeast strains were used in this study:

Strain
RDY 385
RDY 597
RDY 690
RDY 1377
RDY 1716
RDY 1721
RDY 1735

RDY 1832
RDY 1835

RDY 1914
RDY 1915
RDY 1916
RDY 1917
RDY 2096

RDY 2097

Genotype
MAT a, cdc4-1, his7, ural

MAT a, cdc34-2, his3A, ura3-52, GAL+

MAT a, ura3, trpl, ade2, cdc53-1

MAT a, canl-100, ade2-1, leu2-3,-112, trpl-1, ura3-1, skpl-12

MAT a, ubcl2::KanMX, his3A1, leu2AO, metl 5A0, ura3A0

MAT a, his3A1, leu2AO, met1 SAO, ura3AO

MAT a, rril::KANMX, his3Al, leu2 AO, met15A0, ura3 A0

MAT a, RRI1::KanMX, canl-100, leu2-3,-112, his3-11,-15, trpl-1 ,ura3-1, ade2-1
MAT a, rril::KanMX, canl-100, leu2-3,-112, his3-11,-15, trpl-1, Ura3-1, ade2-1,
pep4::TRP1, barl::LEU2, skp1::HIS3, SKP1::Myc9

MAT a, rril::KanMX, ura3, trp1, ade2, cdc53-1

MAT a, rril::KanMX, cdc34-2, his3A, ura3-52, GAL+

MAT a, rril::KanMX, cdc4-1, his7, ural

MAT a, rril::KanMX, canl-100, ade2-1, leu2-3,-112, trpl-1, ura3-1, skpl-12
MAT a, pci8::KanMX, his3Al, leu2AO, met15A0, ura3A0

MAT a, YOL117W::KanMX, his3A1, leu2AO, met15A0, ura3A0
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Source
(S1)
(52)
(83)
(54)
(85)
(85)
(85)
This study
This study

This study
This study
This study
This study
(85)
(85)

The following S. pombe strains were used in this study: csnSA (RDY 1712)(S6); Pcul™<"* (RDY 1568)(S7); csn5A, Csnl™* (RDY 2092)(S8); csnsA,
Csn2™? (RDY 2093)(S8).



The following Plasmids were used in this study:

Plasmid RDB number
pREP41 1549
pREP41-FLAG-Csn5 1469
pREP41-FLAG-Csn5 (H118A) 1487
pREP41-FLAG-Csn5 (H120A) 1488
pREP41-FLAG-Csn5 (D131N) 1489
pEG(KT) 1572
pEG(KT)-Rril 1471
pPEG(KT)-Rril (H179A) 1478
pEG(KT)-Rril (H181A) 1491
pPEG(KT)-Rril (D192A) 1494

Fission Yeast Extracts: Cells were grown to mid-log phase in complete media (YES),

pelleted by centrifugation, and washed in ice cold STOP buffer (50mM NaF, 25mM

TRIS pH7.2,0.02% Sodium Azide). Cells were resuspended in an equal volume of lysis

buffer (25mM TRIS pH 7.2, 150mM NaCl, 0.3% Triton X-100, 50mM NaF, ImM

EDTA, ImM DTT, ImM PMSF, and 1X protease inhibitor cocktail (Sug/mL of

Aprotinin, Chymostatin, and Pepstatin A, lug/mL Leupeptin)). An equal volume of Glass

Beads (average 500 microns, Sigma) was added and cells were vortexed for ten invervals

of 40 seconds at max (cell suspension was incubated on ice for one minute between each

vortex interval). Lysates were cleared by centrifugation (12Krpm).



S. cerevisiae native extracts and Cull™*®/Cdc53™®® conjugate purification: Cells
were grown to mid-log phase in complete media (YPD) and processed exactly as
described above for S. pombe lysates. For deneddylation assays, clarified Skp1™< rril A
lysates were incubated 1 hour in the presence of protein A beads conjugated to o-myc
(9E10) antibody. Beads were washed 3 times in buffer A (20mM TRIS (7.2), 150mM
NaCl, and 0.3% Triton X-100) and 10uL of beads were used per reaction. psCSN was
added to the beads and volume was brought to 10xL with Buffer A. Beads were

incubated for 60 minutes at 30°C.

S. cerevisiae denatured extract: Cells were manipulated as described in the text,
pelleted by centrifugation, and washed in ice cold STOP buffer. Cell pellets were frozen
in liquid nitrogen (LN,) and stored at —80°C. Pellets were thawed and an equal volume of
SDS lysis buffer (25mM TRIS pH 7.5, 1% SDS, 1mM EDTA, ImM PMSF, and ImM
DTT) and Glass beads (average 500 microns, Sigma) were added. Cells were briefly
vortexed (2 seconds) and than boiled for three minutes. Cells were vortexed 3 minutes,
boiled 2 minutes, than vortexed 2 minutes. Lysates were cleared by centrifugation (12

Krpm) in a microfuge.



Drosophila Larvae Extracts: Third instar larvae were frozen in LN, and ground to a
powder with a pestle. 20uL of lysis buffer (25mM TRIS (7.2), 150mM NaCl, 5mM DTT,
ImM PMSF, and 2mM MgCl,) was added and mixed briefly. Extracts were cleared by

centrifugation and seperated by SDS-PAGE followed by western blot analysis.

Drosophila Heat Shock Rescue: Heat shock rescue of lethality was performed by mating
w;CSN5"/TM6C to w;P[w+,hs-CSN5] line 2/+; Df{3R)RK6-3/TM6C. The transgene was
followed by eye color. While the cross was maintained at 25°C, heat shocks were at 37°C
for 30 min every 12 hr. Rescue of lethality was assessed by comparing white eye and
red/orange eye progeny of each genotype raised with and without heat shock. The
genotypes of adult progeny with red/orange eye color (with the transgene) were as
follows: (with heat shock) CSN5"/TM6C, 35 (36.8%); Df{3R)RK6-3/TM6C, 31 (32.6%);
CSN5"/Df(3R)RK6-3,29 (30.5%); and (without heat shock) CSN5"/TM6C, 42(51.2%);
Df(3R)RK6-3/TM6C, 40 (48.8 %); CSN5"/Df(3R)RK6-3,0 (0%). The genotype of
progeny with white eye color (without the transgene) were as follows: (with heat shock)
CSN5"ITM6C, 27 (49.1%); Df(3R)RK6-3/TM6C, 28 (50.9%); CSN5"/Df(3R)RK6-3,0
(0%); and (without heat shock) CSN5"/TM6C, 43 (55.1%); Df{3R)RK6-3/TM6C, 35

(44.9%); CSN5"IDf(3R)RK6-3,0 (0%).



Similarly, heat shock rescue experiment was carried out with hs-CSN5 (D148N).
w;CSN5"/TM6C was crossed to w;P[w+, hs-CSN5 (D148N)] line 2/+; Df{3R)RK6-
3/TM6C. The transgene was followed by eye color as described above and the condition
of heat shocks was same as described above The genotypes of adult progeny with
red/orange eye color (with the transgene) were as follows: (with heat shock)
CSN5Y/TM6C, 65 (53.7%); Df(3R)RK6-3/TM6C, 56(46.3%); CSN5"/Df(3R)RK6-3,0
(0%); and (without heat shock) CSN5"/TM6C, 39(52.0%); Df{3R)RK6-3/TM6C, 36
(48.0%); CSN5"/Df(3R)RK6-3,0 (0%). The genotype of progeny with white eye color
(without the transgene) were as follows: (with heat shock) CSN5"/TM6C, 61 (47.7%);
Df(3R)RK6-3/TM6C, 67 (52.3%); CSN5"IDf(3R)RK6-3,0 (0%); and (without heat shock)
CSN5Y/TM6C, 37 (51.4%); Df(3R)RK6-3/TM6C, 35 (48.6%); CSN5"/Df(3R)RK6-3,0

(0%).



12654695 Csnba_Hsa
7300154 _CH5_Dme
17538322 CE06722_Cel
15219970_At1g22920_Ath
6319985 Rrilp_Sce
17483211 FLJ14981 Hsa
7297828_CG4751 Dme
15620889 _KIAA1915 Hsa
1168719 C6.1A Hsa
15231308_At3g06820_Ath
7243127 _KIAA1373_Hsa
14043382 _AMSH_Hsa
7301945 _Amsh_Dme
11499780_AF2198 Afu
20093654 _MK0214 Mka
20090588_MA1736_Mac
15678989 _MTH971 Mth
3257912_PH1488_Pho
14590365_PH0451_ Pho
16554503_VNG1818a_ Hsp
15789943 _VNG0778C_Hsp
15897071_Ss00111_sSso
14600889 _APE0681_Ape
18313041 _PAE2024_Pae
7514470_aq_1691 Aae
1652702_s110864_Ssp
17230399 _all2907_Nsp
15805429 DR0402 Dra
7479881 _SCE19A.13c_Sco
15608474 Rv1334_Mtu
16082790 _YPMT1.08c_Ype
11347692 _PA0639_Psa
15597298 _PA2102_Psa
17546414 RScl695_Rso
15640211 _VvC0181_Vch
16519909_Y4gB_Rsp
17546377_RScl1658_Rso
17158696_alr7560_Nsp
16131509 _RadC_Eco
16079856_YsxA Bsu
20090827_RadC_Mac
15965481 RadC_Sme
17547163 _RadC_Rso
17935503_RadC_Atu
16331325 _RadC_Ssp
15894524 RadC_Cac
5606726_RadC_Aae
15801143 _Yk£fG_Eco
17547339_Yk£fG_Rso
15641789 _Yk£fG_Vch

consensus/80%
Secondary structure

58-175
55-172
58-175
62-179
89-216
274-392
286-405
477-594
15-140
2-131
259-368
262-371
255-364
4-101
10-110
27-133
16-126
26-140
6-104
5-113
4-120
1-84
1-97
1-102
5-114
7-112
6-106
6-114
5-110
14-123
14-111
4-104
7-123
2-101
21-138
8-132
124-231
58-166
105-205
111-212
109-209
143-223
105-145
113-213
116-216
110-210
112-212
39-139
40-139
40-139

SALALLKMVMHARSG--GNLIJVMGLMLGK-VDGE----TMIIMDSFAL-29-GHLENAIGWY)3ISEIPGYGCWLSGIIM
SALALLKMVMHARSG--GTLIXVMGLMLGK-VEDN----TMIVMDAFAL-29-GRMEHAVGWYI3ISEIPGYGCWLSGI
SATIALLKMTMHAKRG--GNLIXIMGLLQGR-IDAN----SFIILDVFAL-29-GRKEKVVGWYISEIPGYGCWLSGIMVSTQTLNQKFQEPWVAIVIDPLR
SALALLKMVVHARSG--GTIIyIMGLMOGK-TEGD----TIIVMDAFAL-29-GRLENVVGWY}:ISEIPGYGCWLSGINVSTOMLNQQYQEPFLAVVIDPTR
SKLSCEKITHYAVRG--GNIIJIMGILMGF-TLKD----NIVVMDCFNL-29-GAKLNVVGWFjzISEIPGYDCWLSNINIQTQODLNQRFQDPYVAIVVDPLK
VSSNVLFLLDFHSHL--TRSI#VVGYLGGRWDVNS---QMLTVLRAFPC-22-LRGLSLVGWYIzISEIPHSPALPSLQIDAQMD-9-NGFQPCLALLCSPY
VNSSALLLADFHCHL--TVRI#VCGYLGGTWDMNT---HTLSITKTYPC-22-QDQLLLVGWYIzISEIPKFQAEPTLRICDAQLD-10LTYTPCVSLIISPY
VASEALLIMDLHAHV--SMAIMVIGLLGGRYSEVD---KVVEVCAAEPC-22-VRGEFSVIGWYIISEIPAFDPNPSLRINIDTQAK-6-RGGAKFIGMIVSPY
ESDAFLVCLNHALST--EKEIMVMGLCIGELNDDT-23-RIVHIHSVII-32-GRPMRVVGWY:ISEPHITVWPSHVIBVRTQAMYOMMDQGEVGLIFSCE I

STOMLNQQFQEPFVAVVIDPTR
STOMLNQTYQEPFVAIVVDPVR

SEDVWLTCLTHALST--ETEIMIMGLLLGDIEYSK----NGESATAMIW-39-GRTTRVIGWYIISEIPHITVLPSHVIIVRTQAMYQLLDSGFIGLIFSCFS
DLCHKFLQLAESNTV--RGIIYTCGILCGKLTHNE-———--— FTITHVIV-24-QHDLLTLGWIEITEPTOTAFLSSVILHTHCSYQLMLPEATIAIVCSPKH
RLCPQFLQLASANTA--RGVI¥TCGILCGKLMRNE---—-— FTITHVLI-24-QQGLITLGWIEITEPTOTAFLSSVILHTHCSYOMMLPESVAIVCSPKE
DTMEVFLKLALANTS--KNIIYTCGVLAGH-LSQN-——--— QLYITHIIT-24-QMOLITLGWIEITEPTOTAFLSSVIILHTHCSYQIMMPEALAIVCAPKY
SRGLLKTILEAAKSA--HPDI#FIALLSGS-KDVMD----ELIFLPEFVS-16-PIGMKVFGTVIzSEIPSPSCRPSEENLSLETR---FGKYHIIVCY-PYD
DARLLDSLLEASDKN--HPDIJFFAMLGGS-IDAE----TITIDSLIVV-15-VHTCDVIGTFI;ISizIPYGDPVPSEDMLMLFKRLG---AVHATIAAY-PYT

LLYMOIKGIARDTLD--FILIJASKSMAPE-EFAGL-LQODGIITEVLIL-15-MPNVKAVGSVEISEIPGANRRPSKANLRLEFSKTG---NCHITIAGR-PYG
FKPVRRVVVDSEVMD--EVLIXIARRSHPH-EFAAL-LEVLHVTGLIFL-16-PPFTGAVGSVIsSEIPGPVNLPSAABLHFFSKNG---LFHLIIAH-PYT

LPKNIIEEIITRSRE--SKIIICGFIFGT-KNG--——--— ERFIGKEVF-25-RKGLEVVTIFlISELNCPPYPSKKIIKGMENWR---IPWLIVSLKGD-
RRELLEYLLELAKSF--YPRI¥VAGFLRMK-DGVFE---EVLIVPKGFF-12-PHDESIKGTFj:ISEIPSPFPYPSEGNLMFFSKFG---GIHIIAAF-PYD
TREGYDSVLDHAQAD--TPRIJACGVFVGE-RDGDL~----RRVTAVRRV-26-AVGREVVGFY:ISEIPVGPGRPSATINREHAQ-————— WPDRVYVVASLA
GGRPSVLGIAEDALE--FARYAAQDSHPD-EYLGL--DGYVVTDVLVI-17-PNDMRNVGSIEISEIPNGVLAPSDAMRSME-GKG---QLHIILGH-PYG
NRYFKINCWSRREFMD--NLKI¥KCGIICNN-TFY-—----- ELKNISRTE-15-KCSDDIQAIVEITEIEES-CEPSYKIMSMKIWN---IPWIIISKKCIK
ASIGPLRQVLKLMAL--AHNIHEAGLVIGA-RRGDT---VYAYILYRTD-24-KLGLEVVGVYEITEITTCPPSPSGKIVEGMKR-—— -~ WPGVWLIACPGE
MPKAFLEEARKKCA---PEAIMCVALIFGI-SDTAL---SWRWMKNVAA-20-ERGEELLAIFEITEIPGP-PTPSWERVRHMRL-—— -~ WPVTWIIA-NVF
KKEVLEKMIKQAERD--YPYI¥TCGLLIGK-SEG----— GIRIAYEAFE-28-SKGMEIVGVYISEIPDHPDRPSQFILORA-—————— FPDLSYIIFSVQ
SQVHODQIYRHGERC--YPEIMCCGLLLGK-ILIGE-HRHWQVVEVQPT-39-QKGLSIIGIFIISEIPHGOPIPSEFIIRATA-——————~— WPEYIYLIASGE
IANGVKTVVEVIPTANAWETI¥ADNFTQEI-NKTNI---TSPTSSLKRR-16-DKSLNIIGIY)sISEIPDHPAIPSECMRLYA-—————— WAGYSYIIVSVQ
PAPLRRALWAQVRRE--LPRIXCVGALGG--WVRGE---QVQAHALYPL-27-REGLDLVALYI:ISEIPHGPAAPSASMRRLAA-————— YPVPYLIADPAA
TQALYDQIVAHARED--HPDIJACGVVAGP-AGEGR---PERFIPMLNA-32-DRDEEPVVIYiISEITATEAHPSRTINVTYAN-————— EPGAHYVLVSTA
RADLVNAMVAHARRD--HPDI¥ACGVLAGP-EGS----—-— DRPERHIPM-25-DADEVPVVIYjISEITATEAYPSRTINVKLATEPDA--HYVLVSTRDPHR
MOEIYLTAIKR--—-—--- YPNIXACGFLVRT-TG--———-— EKYRFMEAR-20-EDAGDVVAIW;ISETDESADASDABRAGCEATE---VPWLILAV-RKN
SRSLORAIAAHAARE--HPRIYCCGLIVRG-VRQ-—---- RRYVACRNA-18-EDQGEVLAIV;SEIPDVPATPSMABRVSCELHG---LPWVILSW-PEG
TEHALSVIYRHACRT--YPRIJCCGFVLAD-AKVKE---GTNIQDELHM-28-KTCSPVSVIYiISEIPDVGAYFSRENIDKALYAGEPMLPVDYLVVDVAA
QETTLDAARRHAARE--HP CGLVVVV-RGR--——--— 1zISiIPNASAEPSEAMRVACEASG---LPWHIIAW-PAD
GHVVTRLLSYRQLHH--LTPIJSAGVLIGE-RRGQ----HLVVCDISEP-29-AGTHLYLGEW:ITEPEDRPFPSATRHSWRRNIVSDESMLLLIVGRKD

IzIPSGCAEPSKABKLITERI----IKSCQFMDLRVL
IzIPSGDPTPSREBIEVTRRL----FECGNLIGIELL
IzIPSGDPSPSREBIMVTEKL----VEGGKLLGIDIL
IzlIPSGDPTPSRABIDMTKLI----AEAAKPLGIALH
Iz[PTGHVEPSESBLVLTREL----CRALALLDVRVL
IzIPSGDPTPSRABIEMTKTI----IDTAKPLGITVH
IzIPSGGLEPSPEBIRLTEFL----LOGAQYLQIPVL
IzIPSGDPKPSNEBILNITKRL----YECSKFIGIELL
IzIPOGEPSPSNEMLNFTERL----KKACELLGFELL
IzIPSGEVTPSKABRLITERL----VQALGLVDIRVP
IzIPSGNPEPSGABRALTQRL----KEALGLVDVRVL

RTENTTEYLRCKLAG--YEHIFAVLFLD-NQH-----— ZIPSGDPEPSQABRRITQORL----KDALSLVDIRVL
........ h...........B.h.bh......... ............. ......1..h@sfPs..s..s..8..............h.hh.. ...
HHHHHHHHHHHH HHHEEEEEEE E EEEEEEEE EEEEEEE HHHHHHHHH EEEEEEE



Figure S1: Alignment of predicted active JAMM domains.

The multiple alignment was constructed using the T-Coffee (§9) program and modified

manually to ensure the correct superposition of the conserved motifs. The alignment

includes all detected human JAMM proteins predicted to possess metal-dependent

protease activity and their orthologs from the fruit fly Drosophila melanogaster,

nematode Caenorhabditis elegans, and budding yeast Saccharomyces cerevisiae,

whenever detectable. Additionally included are predicted active JAMM proteases from

archaea and a representative set of bacteria, and a subset of bacterial RadC proteins. The

sequences of Rpnl1 and its orthologs are not included and neither are proteins containing

apparently inactivated JAMM domains. For each protein, the position of the aligned

region in the sequence is shown by numbers; poorly conserved spacers are not shown and

are designated by numbers. The consensus includes amino acid residues conserved in

80% of the aligned sequences; | indicates aliphatic residues (A,I,L,V; yellow shading), h

indicates hydrophobic residues (F,Y,W, A I.LL,V M; yellow shading), and s indicates

small residues (G,A,C,S,D,N,V P; blue). The predicted metal-chelating and catalytic

residues (see text) are shown in yellow against a dark-blue background. Secondary

structure prediction was made using the PHD program with the multiple alignment

submitted as the query (S70); E indicates extended conformation (f3-strand) and H

indicates a-helix. Each protein is denoted by the GenBank identifier (GI) followed by the



gene name and an abbreviated species name. Species abbreviations: Hsa, Homo sapiens,

Dme, Drosophila melanogaster, Cel, Caenorhabditis elegans, Ath, Arabidopsis thaliana,

Sce, Saccharomyces cerevisiae; Afu, Archaeoglobus fulgidus, Mka, Methanopyrus

kandleri, Mca, Methanosarcina acetivorans, Mth, Methanothermobacter

thermoautotrophicus, Pho, Pyrococcus horikoshii, Hsp, Halobacterium sp., Sso,

Sulfolobus solfataricus, Ape, Aeropyrum pernix, Pae, Pyrobaculum aerophylum

(archaea); Aae, Aquifex aeolicus, Ssp, Synechosystis sp., Nsp, Nostoc sp., Dra,

Deinococcus radiodurans, Sco, Streptomyces coelicolor, Mtu, Mycobacterium

tuberculosis, Ype, Yersinia pestis, Psa, Pseudomonas aeruginosa, Rso, Ralstonia

solanaraceum, Vch, Vibrio cholerae, Rsp, Rhizobium sp., Eco, Escherichia coli, Bsu,

Bacillus subtilis, Sme, Sinorhizobium meliloti, Atu, Agrobacterium tumefaciens, Cac,

Clostridium acetobutilicum (bacteria).
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Figure S2: Deletion of PCIS8 and YOLI117W in S. cerevisiae alters Cdc53 neddylation

pattern. Cell lysates (see supplemental methods) from the indicated strains were

evaluated by western blot using antibodies specific for Cdc53.
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