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Ube2W conjugates ubiquitin to «-amino groups of protein N-termini
Michael H. TATHAM, Anna PLECHANOVOVA, Ellis G. JAFFRAY, Helena SALMEN and Ronald T. HAY'

Wellcome Trust Centre for Gene Regulation and Expression, Sir James Black Centre, College of Life Sciences, University of Dundee, Dow Street, Dundee DD1 5EH, UK.

PROTEIN SEQUENCES

Ube2W

GAMGSMASMQTTGRRVEVWFPKRLQKELLALQNDPPP-
GMTLNEKSVQNSITQWIVDMEGAPGTLYEGEKFQLLFK-
FSSRYPFDSPQVMFTGENIPVHPHVY SNGHICLSILTEDW-
SPALSVQSVCLSIISMLSSCKEKRRPPDNSFY VRTCNKNP-
KKTKWWYHDDTC

Pep.6His-SUMO0-2, 4

MSYYHHHHHHDYDIPTTENLYFQGSEEKPKEGVKTEND-
HINLKVAGQDGSVVQFKIKRHTPLSKLMKAYCERQGLS-
MRQIRFRFDGQPINETDTPAQLEMEDEDTIDVFQQQTGG-
GSEEKPKEGVKTENDHINLKVAGQDGSVVQFKIKRHTP-
LSKLMKAYCERQGLSMRQIRFRFDGQPINETDTPAQLEM-
EDEDTIDVFQQQTGGGSEEKPKEGVKTENDHINLKVAGQ-
DGSVVQFKIKRHTPLSKLMKAYCERQGLSMRQIRFRFDG-
QPINETDTPAQLEMEDEDTIDVFQQQTGGGSEEKPKEGV-
KTENDHINLKVAGQDGSVVQFKIKRHTPLSKLMKAYCE-
RQGLSMRQIRFRFDGQPINETDTPAQLEMEDEDTIDVFQ-
QQTGG

RNF4

GAMDHVEFGSMSTRNPQRKRRGGAVNSRQTQKRTRETTS-
TPEISLEAEPIELVETVGDEIVDLTCESLEPVVVDLTHNDS V-
VIVEERRRPRRNGRRLRQDHADSCVVSSDDEELSKDKDV-
YVTTHTPRSTKDEGTTGLRPSGTVSCPICMDGY SEIVQNG-
RLIVSTECGHVFCSQCLRDSLKNANTCPTCRKKINHKRYH-
PIYI

SUMO-2 (used to create Isopep.SUMO-2,,)

GSEEKPKEGVKTENDHINLKVAGQDGSVVQFKIKRHTPLS-
KLMKAYCERQGLSMRQIRFRFDGQPINETDTPAQLEMEDE-
DTIDVFQQQTGG

6His-UBE1

MSYYHHHHHHDYDIPTTENLYFQGAMGSSSSPLSKKRRVS-
GPDPKPGSNCSPAQSVLSEVPSVPTNGMAKNGSEADIDEGL-
YSRQLYVLGHEAMKRLQTSSVLVSGLRGLGVEIAKNIILGG-
VKAVTLHDQGTAQWADLSSQFYLREEDIGKNRAEVSQPRL-
AELNSYVPVTAYTGPLVEDFLSGFQVVVLTNTPLEDQLRVG-
EICHNRGIKLVVADTRGLFGQLFCDFGEEMILTDSNGEQPLS-
AMVSMVTKDNPGVVTCLDEARHGFESGDFVSFSEVQGM V-
ELNGNQPMEIKVLGPYTFSICDTSNFSDYIRGGIVSQVKVPK-
KISFKSLVASLAEPDFVVTDFAKFSRPAQLHIGFQALHQFCA-
QHGRPPRPRNEEDAAELVALAQAVNARALPAVQQNNLDED-

LIRKLAY VAAGDLAPINAFIGGLAAQEVMKACSGKFMPIMQ-

WLYFDALECLPEDKEVLTEDKCLQRQNRYDGQVAVFGSD-
LQEKLGKQKYFLVGAGAIGCELLKNFAMIGLGCGEGGEI-
IVIDMDTIEKSNLNRQFLFRPWDVTKLKSDTAAAAVRQM-
NPHIRVTSHQNRVGPDTERTYDDDFFQNLDGVANALDNV-
DARMYMDRRCVY YRKPLLESGTLGTKGNVQV VIPFLTE-
SYSSSQDPPEKSIPICTLKNFPNAIEHTLQWARDEFEGLFK-
QPAENVNQYLTDPKFVERTLRLAGTQPLEVLEAVQRSLVL-
QRPQTWADCVTWACHHWHTQYSNNIRQLLHNFPPDQLIT-
SSGAPFWSGPKRCPHPLTFDVNNPLHLDY VMAAANLFA-
QTYGLTGSQDRAAVATFLQSVQVPEFTPKSGVKIHVSDQE-
LQSANASVDDSRLEELKATLPSPDKLPGFKMYPIDFEKDD-
DSNFHMDFIVAASNLRAENYDIPSADRHKSKLIAGKIIPAI-
ATTTAAVVGLVCLELYKVVQGHRQLDSYKNGFLNLALPF-
FGFSEPLAAPRHQY YNQEWTLWDRFEVQGLQPNGEEMT-
LKQFLDYFKTEHKLEITMLSQGVSMLY SFFMPA AKLKER-
LDQPMTEIVSRVSKRKLGRHVRALVLELCCNDESGEDVE-
VPYVRYTIR

Ubiquitin
MOQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQ-
QRLIFAGKQLEDGRTLSDYNIQKESTLHLVLRLRGG

UbcHba

GAMALKRIQKELSDLQRDPPAHCSAGPVGDDLFHWQAT-
IMGPPDSAYQGGVFFLTVHFPTDYPFKPPKIAFTTKIYHPN-
INSNGSICLDILRSQWSPALTVSKVLLSICSLLCDPNPDDP-
LVPDIAQIYKSDKEKYNRHAREWTQKYAM

Pep.6His-SUMO0-2,,-SUMO0-2-(12-92), 3 (also used for N-terminal
mutational analysis at the underlined residues)

MSYYHHHHHHDY DIPTTENLY FQGSEEKPKEGVKTEND-
HINLKVAGQDGSVVQFKIKRHTPLSKLMKAYCERQGLS-
MRQIRFRFDGQPINETDTPAQLEMEDEDTIDVFQQQTGGG-
STENDHINLKVAGQDGSVVQFKIKRHTPLSKLMKAY CER-
QGLSMRQIRFRFDGQPINETDTPAQLEMEDEDTIDVFQQQ-
TGGGSTENDHINLKVAGQDGSVVQFKIKRHTPLSKLMKA-
YCERQGLSMRQIRFRFDGQPINETDTPAQLEMEDEDTIDV-
FQQQTGGGSTENDHINLKVAGQDGSVVQFKIKRHTPLSK-
LMKAYCERQGLSMRQIRFRFDGQPINETDTPAQLEMEDE-
DTIDVFQQQTGG

Pep.6His-Ub-SUMO-2,.,~SUMO0-2-(12-92) .5

MSYYHHHHHHDYDIPTTENLYFQGAMGMOQIFVKTLTGK-
TITLEVEPSDTIEN VKAKIQDKEGIPPDQQRLIFAGKQLED-
GRTLSDYNIQKESTLHLVLRLRGGGSEEKPKEGVKTEND-
HINLKVAGQDGSVVQFKIKRHTPLSKLMKAYCERQGLSM-
RQIRFRFDGQPINETDTPAQLEMEDEDTIDVFQQQTGGG-
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STENDHINLKVAGQDGSVVQFKIKRHTPLSKLMKAYCERQ-
GLSMRQIRFRFDGQPINETDTPAQLEMEDEDTIDVFQQQTG-
GGSTENDHINLKVAGQDGSVVQFKIKRHTPLSKLMKAYCE-
RQGLSMRQIRFRFDGQPINETDTPAQLEMEDEDTIDVFQQQ-
TGGGSTENDHINLKVAGQDGSVVQFKIKRHTPLSKLMKAY-
CERQGLSMRQIRFRFDGQPINETDTPAQLEMEDEDTIDVFQ-
QQTGG

CHIP

GPLGSKGKEEKEGGARLGAGGGSPEKSPSAQELKEQGNRL-
FVGRKYPEAAACYGRAITRNPLVAVY YTNRALCYLKMQQH-
EQALADCRRALELDGQSVKAHFFLGQCQLEMESYDEAIAN-
LQRAYSLAKEQRLNFGDDIPSALRIAKKKRWNSIEERRIHQ-
ESELHSYLSRLIAAERERELEECQRNHEGDEDDSHVRAQQ-
ACIEAKHDKYMADMDELFSQVDEKRKKRDIPDYLCGKIS-
FELMREPCITPSGITYDRKDIEEHLQRVGHFDPVTRSPLTQ-
EQLIPNLAMKEVIDAFISENGWVEDY

Peptide-linked poly-SUMO proteins

Peptide-linked poly-SUMO constructs were cloned and the
proteins were expressed and purified essentially as described
previously [1]. Previous work showed that Pep.6His-SUMO-2,,

Table S1 No sites of SUMO or ubiquitin lysine ubiquitination were detected
in reactions containing Ube2W

Sites of lysine residue ubiquitylation detected by MS analysis of gel sections shown in
Supplementary Figures S2(B) and S2(C). It is noteworthy that peptide intensities are shown as
logyo values, and anything lower than approximately x10° is essentially undetectable in this
system. Also, peptide intensities are indicative of the abundance of the same peptide among
different slices, but not necessarily of abundance of the different peptides in the same slice.

Ubiquitylation site  Peptide intensity (x 10°)
Slice1  Slice2  Slice3  Sliced  Slice5  Slice 6

SUMO-2 (Lys'") - - 791 767 7.74 6.58
SUMO-2 (Lys®) - - 7.78 7.68 7.88 762
Ubiquitin (Lys®) - - - 7.07 - 741
Ubiquitin (Lys") - - - 8.68 6.81 8.65
Ubiquitin (Lys®) - - 6.85 8.54 - 8.62
Ubiquitin (Lys®®) - - 6.50 8.38 - 8.34

(Figure 1A of the main text) behaved in a similar manner to
the native isopeptide bond-linked polymer (Pep.SUMO-2, ,) in
RNF4-dependent in vitro ubiquitin conjugation reactions [1]. It
was used in initial screening studies because large quantities can
be readily obtained by standard procedures in comparison with
enzyme-synthesized isopeptide polymers, and it was assumed to
be a functional mimetic of the native SUMO polymer.
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Figure S1 Anti-ubiquitin antibody Western blots of samples shown in Figure 1(B) of the main text

Anti-ubiquitin antibody Western blots showing the conjugated forms of ubiquitin detected for the samples shown in Figure 1(B) of the main text for E2 enzymes displaying RNF4-dependent
poly-SUMO-2 ubiquitylation activity. Multiple species reactive to the ubiquitin antibody can be seen in the Hisg-Ube2W reaction which are predicted to be mono-ubiquitinated forms of Hisg-Ube2W,

RNF4 and a breakdown product of Hisg-Ube2W (indicated by *). It is worth noting that the polycl

onal rabbit anti-ubiquitin antibody (DAKQ) appears to have lower affinity for mono-ubiquitylated

forms of conjugates than other forms, so disproportionately reacts to ubiquitin depending on its conjugation state. Ub, ubiquitin.
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Protein N-terminal ubiquitylation by Ube2W
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Figure S2 Ube2W and RNF4 are N-terminally ubiquitinated in vitro

(A) Ube1 (0.1 M) and ubiquitin (20 ..M) were incubated at room temperature either in the presence or absence of RNF4 (0.55 .«M). Samples were taken at the indicated time points and analysed
by reducing SDS/PAGE, followed by staining with Coomassie Blue. (B) MS/MS spectrum of the Ub-Ube2W peptide detected by in-gel digestion from similar experiments. (G) MS/MS spectrum of
the peptide indicative of N-terminally ubiquitinated RNF4 detected by in-solution digestion of the reaction products shown in Figure 3, lane 2, in the main text. Ub, ubiquitin.
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Figure S3  Ube2W has low activity at alkaline pH

Coomassie Blue-stained SDS/PAGE images of in vitro conjugation reactions containing ubiquitin, UBE1, RNF4 and either UbcH5a (upper panels) or Ube2W (lower panels). The reactions were
buffered to different pH levels and were monitored at 0, 15, 30, 60 and 120 min.
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