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Table S1: Interproton distancesa (Å) in the crystallographic monomer of MuRF1 B2 (i), the

non-crystallographic dimer in the asymmetric unit (ii) and a crystallographic lattice dimer (iii).

Distances correlate with the NOE data shown in Figure S8.
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Qδ1 I132 - - - 10.7 4.4 28.4

QQγ V156 11.2 4.6 28.2 11.9 2.6 28.9

Qγ2 I132 10.9 4.5 26.7 11.4 2.3 28.0

Hγ P158 15.7 3.7 28.7 15.5 3.6 29.2

Hβ P158 15.6 4.5 26.7 15.6 3.9 27.9

Qδ  P158 16.2 3.8 27.7 16.4 3.0 28.7

Hα P158 14.8 5.1 26.3 15.1 3.3 27.5

Hα A157 16.0 4.4 28.6 16.5 2.4 29.5

QQγ V147 3.3 - - 3.5 - -

Hβ1 M144 4.6 - - - - -

Hβ V147 3.2 - - 3.6 - -

Hβ2 M144 2.9 - - - - -

Qε M144 2.6 - - 2.4 - -

Qγ M144 4.7 - - - - -

Hβ2 F148 2.7 - - 4.8 - -

H β1 F148 2.3 - - 4.6 - -

HA M144 3.2 - - 4.2 - -

HN V147 4.7 - - - - -

HN F148 3.3 - - - - -

aAtom groups of methylenes, methyls and phenylalanine ring protons, for which individual

protons are not assigned individually, are denoted as pseudoatoms “Q” (1). For methylene

and methyl groups the shortest distance is given between either of the methylene/methyl

protons and either of the two equivalent tyrosine ring protons.



Figure S1: Sequence alignment of B2 boxes

Boxes of known structure are shown in bold; TRIM63 corresponds to MuRF1, TRIM18 to

MID1, TRIM1 to MID2 and TRIM29 to ATDC.

                          ------TTTTTT------TTTT---------TTTTT---------

                          1        10        20        30          40
TRI63_HUMAN/117-159      -GSHPMCKEHEDEKINIYCLTCEVPTCSMCKVF-GIHKACEVAPLQS 45
NF7B_XENLA/219-260       -RPLEKCSEH-DERLKLYCKDDGTLSCVICRDS-LKHASHNFLPI-  42
TRI29_HUMAN/220-260      -FEARKCPVHGKTME-LFCQTDQTCICYLCMF--QEHKNHSTVTV-  41
A33_PLEWA/233-274        -KPKEKCDEH-DERLKLFCKDDGTLACVICRDS-LKHSNHNFLPI-  42
MEFV_HUMAN/370-412       -QPLPQCKRHLKQVQLLFCEDHDEPICLICSLS-QEHQGHRVRPI-  43
RFP2_HUMAN/89-131        -PKMPVCKGHLGQPLNIFCLTDMQLICGICATR-GEHTKHVFCSI-  43
RO52_HUMAN/87-128        -TQGERCAVH-GERLHLFCEKDGKALCWVCAQS-RKHRDHAMVPL-  42
TIF1A_HUMAN/218-259      -QRPVFCPFHKKEQLKLYCETCDKLTCRDCQL--LEHKEHRYQFI-  42
TIF1B_HUMAN/204-245      -ERTVYCNVHKHEPLVLFCESCDTLTCRDCQL--NAHKDHQYQFL-  42
TIF1G_HUMAN/271-312      -QRPVFCPVHKQEQLKLFCETCDRLTCRDCQL--LEHKEHRYQFL-  42
TR50B_HUMAN/84-125       -PEPKVCVHH-RNPLSLFCEKDQELICGLCGLL-GSHQHHPVTPV-  42
TRI10_HUMAN/94-135       -GEEDVCQEH-GEKIYFFCEDDEMQLCVVCREA-GEHATHTMRFL-  42
TRI11_HUMAN/87-128       -VPQGVCPAH-REPLAAFCGDELRLLCAACERS-GEHWAHRVRPL-  42
TRI14_HUMAN/24-58        ------CPEHGDRVAELFCRRCRRCVCALCPVL-GAHRGHPV----  35
TRI15_HUMAN/78-119       LG-ETYCEEH-GEKIYFFCENDAEFLCVFCREG-PTHQAHTVGFL-  42
TRI16_HUMAN/126-165      -HNWRYCPAHHSPLS-AFCCPDQQCICQDCC---QEHSGHTIVSL-  40
TRI17_HUMAN/94-135       -QKQDLCQEHHEPLK-LFCQKDQSPICVVCRES-REHRLHRVLPA-  42
TRI18_HUMAN/170-212      -IRGLMCLEHEDEKVNMYCVTDDQLICALCKLV-GRHRDHQVAAL-  43
TRI22_HUMAN/92-133       -QKRDVCEHHGKKLQ-IFCKEDGKVICWVCELS-QEHQGHQTFRI-  42
TRI26_HUMAN/97-138       -QDAKLCERH-REKLHYYCEDDGKLLCVMCRES-REHRPHTAVLM-  42
TRI27_HUMAN/91-132       -GEMGVCEKH-REPLKLYCEEDQMPICVVCDRS-REHRGHSVLPL-  42
TRI31_HUMAN/90-131       -RKEATCPRH-QEMFHYFCEDDGKFLCFVCRES-KDHKSHNVSLI-  42
TRI34_HUMAN/92-134       -KKRDLCDHH-GEKLLLFCKEDRKVICWLCERS-QEHRGHHTVLTE  43
TRI35_HUMAN/96-137       -RFSRVCRLHRG-QLSLFCLEDKELLCCSCQAD-PRHQGHRVQPV-  42
TRI36_HUMAN/207-249      -PKILMCPEHETERINMYCELCRRPVCHLCKLG-GNHANHRVTTM-  43
TRI37_HUMAN/90-132       -NEKDKCENH-HEKLSVFCWTCKKCICHQCALWGGMHGGHTFKPL-  43
TRI38_HUMAN/88-129       -DQEMSCEEHGEQFH-LFCEDEGQLICWRCERA-PQHKGHTTALV-  42
TRI39_HUMAN/102-143      -RDESLCPQH-HEALSLFCYEDQEAVCLICAIS-HTHRAHTVVPL-  42
TRI40_HUMAN/66-107       -GTGYICPNHQKRVC-RFCEESRLLLCVECLVS-PEHMSHHELTI-  42
TRI41_HUMAN/222-263      -TDQGICPKH-QEALKLFCEVDEEAICVVCRES-RSHKQHSVVPL-  42
TRI42_HUMAN/285-326      -QDEKICIHHPSSRIIEYCRNDNKLLCTFCKFS--FHNGHDTISL-  42
TRI43_HUMAN/88-129       -SEKQICGTH-RQTKKMFCDMDKSLLCLLCSNS-QEHGAHKHHPI-  42
TRI44_HUMAN/174-215      -VAKRKCPDHGLDLST-YCQEDRQLICVLCPVI-GAHQGHQLSTL-  42
TRI45_HUMAN/186-222      -GKPILCPVHPAEELRLFCEFCDRPVCQDCVV--GEHREH------  37
TRI46_HUMAN/222-263      -PKGLMCPDHK-EEVTHYCKTCQRLVCQLCRVR-RTHSGHKITPV-  42
TRI47_HUMAN/177-217      -LEESLCPRHLRPXE-RYCRAERVCLCEACAA--QEHRGHELVPL-  41
TRI48_HUMAN/88-129       -SEEQMCGIH-RETKKMFCEVDRSLLCLLCSSS-QEHRYHRHCPA-  42
TRI49_HUMAN/88-129       -SEEQMCGTH-RETKKIFCEVDRSLLCLLCSSS-QEHRYHRHRPI-  42
TRI50_HUMAN/84-125       -PEPKVCVHHRN-PLSLFCEKDQELICGLCGLL-GSHQHHPVTPV-  42
TRI52_HUMAN/222-263      -NDQGMCFKH-QEALKLFCEVDKEAICVVCRES-RSHKQHSVLPL-  42
TRI54_HUMAN/121-163      -EQHLMCEEHEEEKINIYCLSCEVPTCSLCKVF-GAHKDCEVAPL-  43
TRI55_HUMAN/119-161      -SDQPMCEEHEEERINIYCLNCEVPTCSLCKVF-GAHKDCQVAPL-  43
TRI56_HUMAN/164-205      -RQAAQCPQHPGEALRFLCQPCSQLLCRECRL--DPHLDHPCLPL-  42
TRI66_HUMAN/60-101       -DFTLYCPLHTQEVLKLFCETCDMLTCHSCLV--VEHKEHRHVEE-  42
TRIM1_HUMAN/170-212      -LRGITCLDHENEKVNMYCVSDDQLICALCKLV-GRHRDHQVASL-  43
TRIM2_HUMAN/113-154      -GKPLSCPNHDGNVMEFYCQSCETAMCRECTE--GEHAEHPTVPL-  42
TRIM3_HUMAN/110-151      -GRPFSCPNHEGKTMEFYCEACETAMCGECRA--GEHREHGTVLL-  42
TRIM4_HUMAN/82-123       -VPPGLCGRH-WEPLRLFCEDDQRPVCLVCRES-QEHQTHAMAPI-  42
TRIM5_HUMAN/90-132       -QKVDHCARH-GEKLLLFCQEDGKVICWLCERS-QEHRGHHTFLTE  43
TRIM6_HUMAN/92-133       -LKAVLCADH-GEKLQLFCQEDGKVICWLCERS-QEHRGHHTFLV-  42
TRIM7_HUMAN/125-166      -AAAARCGQH-GEPFKLYCQDDGRAICVVCDRA-REHREHAVLPL-  42
TRIM9_HUMAN/224-266      -RKVSTCTDHELENHSMYCVQCKMPVCYQCLEE-GKHSSHEVKAL-  43
                               *  *        *       *  *      *           

 1  2        3  4    5  6      7  8
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Figure S2: Comparison of crystallographic and NMR models of MuRF1 B2

a. Family of NMR conformers (PDB entry 2D8U); b. Superposition of the three molecular

copies in the asymmetric unit of the crystal. It should be noted that non-crystallographic

restraints were not applied to the refinement of these models; c. Superimposition of the

crystallographic models (red) and the NMR family of conformers (grey). Although the

overall agreement of the models in good, there are small displacements in the relative

position of structural elements. Fitting of solution RDC data to the crystal structure

indicates a clearly improved coordinate precision (Q=0.2) relative to the lowest energy

conformer of 2D8U (Q=0.7).
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Figure S3: Interface residues

Stereo plots of the (2Fobs-Fcal)αcalc electron density map contoured at 1.5σ level for several

hydrophobic (a) and polar (b) interacting groups at the dimer interface.
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Figure S4: Relaxation data

{1H}-15N NOE, as well as 15N T1 and T2 values of MuRF1 B2 recorded at a field strength

of 14.1 T. Large-amplitude ps to ns dynamics is absent in the folded core between residues

121 and 159. Slower dynamics on the µs to ms timescale (Kex, bottom left) is observed for

several residues in the dimer interface (right), independent of assuming isotropic or

anisotropic rotational diffusion tensor models. The interactions mediated by these residues

(E128, K129, I132, M144 and F148) in dimerization are described in the main text.



Figure S5: HSCQ NMR data

1H-15N HSQC spectrum of 15N labelled MURF1 B2. One set of signals is obtained. 1H and

15N relaxation times show a correlation time of 6.4 ns, corresponding to a molecular weight of

~12 KDa and strongly indicative of a dimeric state in solution. Residues N-terminal of M121

are broadened beyond detection due to intermediate exchange on the chemical shift time

scale.



Figure S6: Comparative HSQC data on a diluted B2 sample

Superimposition of 1H-15N HSQC spectra of MuRF1 B2 at 3 mM and 0.3 mM (10-fold

dilution) shows only minor changes in spectral appearance, suggesting that the sample

remains predominantly in its dimeric state upon dilution.



Figure S7: Dimeric forms of MuRF1 B2 in the crystalline lattice

a. The asymmetric unit of the crystal contains three polypeptidic chains of MuRF1 B2: chain

A (cyan), chain B (green) and chain C (magenta); b. Chains A and B in the asymmetric unit form

a non-crystallographic dimer, while chain C forms an equivalent dimer with a crystallographic

copy of itself that obeys the crystal symmetry; c. The dimers formed by chains A-B and chains C-

C’ are identical. The presence of this dimeric form in solution has been confirmed using extensive

NMR experiments.

The crystallographic lattice, which by definition implies

interactions across molecules in 3D, contained one other set of

potential dimers. In this second form, each molecular copy in

the asymmetric unit generates a dimer by packing against

other crystallographic copies, namely chain A packs against a

crystallographic copy of chain C and vice versa, while chain B

packs against a crystallographic copy of itself (d). In this case,

a. b. c.

d.



no dimer exists within the asymmetric unit of the crystal. This dimeric form could not be observed

in solution using NMR measurements.



Figure S8: NOE data

Section of the NOESY spectrum recorded from a MuRF1 B2 sample at 3 mM

concentration with a mixing time of 100 ms. NOEs to the δ and ε protons of phenylalanine

148 are shown. NOEs in red are explained by the crystal structure of the dimer as found in

the asymmetric unit. Such NOEs cannot result from groups within the monomer alone

since all corresponding distances are above 10.7 Å and, thus, would not lead to a detectable

signal in NOESY spectra.



Figure S9: RDC data

Superimposition of 1H-15N IPAP segments for the measurement of RDCs in MURF1 B2.

The domain was weakly oriented to give a maximal 1DNH-RDC of 12.6 Hz upon the addition

of Pf1 phages to a final concentration of 15 mg/ml and NaCl to a final concentration of 75

mM. A fit of RDCs obtained in this way strongly indicates that the dimeric arrangement of

this domain in solution agrees with that present in the asymmetric unit of B2 crystals.



Figure S10: Comparative overview of RING-like motifs

a. Superposition of representative RING-like folds structurally characterized to date, namely

MuRF1 B2, MID1 B1 (2FFW), U-box (2BAY), FYVE (1HYI), ZZ (1TOT), RING (1CHC),

PHD (1F62), RING2 (1WD2). The shared structural core consisting of helix α1 and strands β1

and β2 is revealed (coloured). The most structurally similar region encompasses the metal site

ZnI, while the architecture surrounding site ZnII is largely variable; b. Comparison of consensus

sequences for the fold classes displayed in a. Metal binding residues are numbered and coloured

according to the metal site they form. The position of hydrophobic residues is indicated by Θ and

highlighted in yellow. It should be noted that in MuRF1 B2, hydrophobic residues do not form

part of a motif core but that they are mainly solvent exposed. Other conserved residues within

the classes are indicated. Consensus sequences for individual folds have been adapted from:

RING and PHD domain (2); B1 (3); ZZ (4); FYVE (5); U-box (6).

a.
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