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Supplementary Table 1 | Crystallographic Data and Refinement Statistics

Uba6/ubiquitin-AMP/IP6 complex

PDB ID 7SOL
Source APS 24 IDE
Wavelength (A) 0.979
Resolution Limits (A) 50.0-2.25 (2.29-2.25)
Space Group C2

Unit Cell (A) a, b, ¢ 248.6, 101.3, 122.9
Unit Cell (°) a, B, v 90.0, 118.0, 90.0
Number of observations 597982
Number of reflections 125930 (5797)
Completeness (%) 98.0 (91.1)
Mean l/ol 12.1 (1.5)
CCir 0.996 (0.777)
Rmerge & 0.083 (0.558)
Rpim 0.042 (0.283)

Refinement Statistics

Resolution Limits (A) 46.0-2.25 (2.31-2.25)
# of reflections (work/free) 123157/2000
Completeness (%) 98.0 (92.0)
Protein/solvent/ligand atoms 17035/847/82
Reryst 0.166 (0.215)
Rree (2000 reflections) 0.206 (0.275)
Bonds (A)/ Angles (°) 0.004/0.718
B-factors: protein/solvent/ligand (A?) 54.5/45.3/48.4
Ramachandran plot statistics (%)

favored 97.1
allowed 2.7

outliers 0.2
MolProbity Score 1.41- 99" percentile

(N=11467, 2.25 A + 0.25 A)

Parentheses indicate statistics for the high-resolution data bin for x-ray data.

a. Rmerge = Y hkl Y ill(hkl)i - <I(hkl)>|IY hkIY i <I(hkl)i>.

b. Reryst = Y hkl |Fo(hkl)-Fc(hkl)|/3 hkl |Fo(hkl)|, where Fo and Fc are observed and calculated structure factors,
respectively.



Supplementary Table 2 | All PCR primers used in these studies

Uba6 WT
U6WT F
U6WT R
Uba6 C625A
C625A F
C625A R

Uba6 E502A
E502A F
E502A R

Uba6 D569A
D569A F
D569A R

Uba6 K628D
K628D_F
K628D R

Uba6 K714D
K714D_F
K714D R

Ubab

GGTGGTCCATGGGAGTGGAAATCGATGATGCATTGTATAGTCGAC
CCGGGCGGCCGCTTAATCAGTGTCATGACTGAAGTAGTATCTTACTGG

CCAGAAGAGGAAATACCATTTGCCACTCTAAAATCCTTTCCAGC

GCTGGAAAGGATTTTAGAGTGGCAAATGGTATTTCCTCTTCTGG

GATCCTGACTTGATAGCGAAATCCAACTTAAATAGA
TCTATTTAAGTTGGATTTCGCTATCAAGTCAGGATC

GTAATTATTACAGCATTAGCCAATGTGGAAGCCAGGAGAT
ATCTCCTGGCTTCCACATTGGCTAATGCTGTAATAATTAC

AAATACCATTTTGTACTCTAGATTCCTTTCCA
TGGAAAGGAATCTAGAGTACAAAATGGTATTT

GAAAAATATTTTAACCATGACGCTCTTCAGCTTCTTCACTGT
ACAGTGAAGAAGCTGAAGAGCGTCATGGTTAAAATATTTTTC

K644E/S648L/L702W/K706H/K709T/Y7100- InsP6 binding site to Ubal

RD1 F
RD1 R
RD2_F
RD2 R
RD3_F
RD3 R

CACCATACAGTGGGCAAGAGATGAATTTGAAAGTTTGTTTTCCCACAAACCTTCA
TGAAGGTTTGTGGGAAAACAAACTTTCAAATTCATCTCTTGCCCACTGTATGGTG
GAAATTGGTCCCAGTGTGTAGAATGGGCAAGATTACACTTTGAAAAATATTTTAACCA
TGGTTAAAATATTTTTCAAAGTGTAATCTTGCCCATTCTACACACTGGGACCAATTTC
GAATGGGCAAGATTACACTTTGAAACCCAGTTTAACCATAAGGCTCT
AGAGCCTTATGGTTAAACTGGGTTTCAAAGTGTAATCTTGCCCATTC

Ubiquitin_Cys0 mutant for CF488A fluorescent labeling

UBCO_F
UBCO_R

GTATTTTCAGGGCGCCATGGCTTGCATGCAGATCTTCGTGAAGA
TCTTCACGAAGATCTGCATGCAAGCCATGGCGCCCTGAAAATAC

FAT10 CYSO0 MUTANT FOR CF488A FLUORESCENT LABELING

F10CO_F
F10CO_R

CCAGGGGCCCCTGGGATCCTGCGCTCCTAATGCCTCTACCCT
AGGGTAGAGGCATTAGGAGCGCAGGATCCCAGGGGCCCCTGG

FAT10 C7T/C9T/C134L/C160S/C162S

Purchased from Gene Universal
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a human Uba6°"="/Ub-AMP/InsP6 b human Uba6°"="/Ub-AMP/InsP6 C

L73

Ub(a)_tail

human Uba6°"=¥/Ub-AMP/InsP6

f B1-p2 loop
[ |

Ubiquitin 1MQIFVRKTLTG 11--KTITLEVE 19 PSDTIENVKA 29 KIQDKEGIPP 39DQQRLIFAGK
FAT10 CTD 88LPL.LVESGD 98EA.RHL.Q.R 108R.SSVAQ... 118M.ET.T..I. 128ET.IVTCN. .

Ub residues contacting Uba6
* lle44 hydrophobic patch residues
= Gap
® |dentical residue to Ub

Ubiquitin 49 QLEDGRTLSD 59 YNIQKESTLH 69LVLRLRGG
FAT10 CTD138 R....KMMA. 148 .GC.R.GNL.F 158 .ACYCI. .

Supplementary Fig.1. Comparison of hUba6/Ub(a) complexes in open and closed states.

a, 2Fo-Fc electron density maps contoured at 1.50 for Ub(a)-AMP in hUba6 open conformation and closed conformation. The electron density map is shown
as slate mesh. Ubiquitin-AMP is shown as sticks. b, Comparison of Uba6 in open and closed conformations. Uba6 is shown as a surface representation,

and the elements that under conformational changes in the Cys domain are shown as cartoon. ¢, SCCH domain from Uba6 [open] is superimposed onto the
SCCH domain of Ubaé6 [closed], and the cys cap clashes with AAD from Uba6 [closed]. d,Cartoon representation of the Uba6/Ub interface. Residues from

the lle44 hyrophobic patch of Ub and interacting residues from Uba6 are shown as sticks. The 1-2 loop of Ub is highlighted. e,Cartoon representation of

a Uba6/FAT10 CTD complex. FAT10 CTD (PDB: 6GF2) was superposed onto Ub from the Uba6/Ub structure. Residues corresponding to the lle44 hyrophobic
patch of Ub and interacting residues from Uba6 are shown as sticks. The B1-2 loop of Ub is highlighted. f, Sequnce alignment of Ub and FAT10 CTD. Ub
residues that contact Uba6 in the Uba6/Ub structure are highlighted purple. Residues from the lle44 hydrophobic patch are indicated with a black star.

Dashes represent gaps and periods represent identical residues to Ub.
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Supplementary Fig. 2. Active site remodeling and domain alternation in Uba6.

a, Overview of contacts between AMP and Uba6 in our Uba6°”=N/Ub-AMP/InsP6 structure, which represents the product complex of adenylation, after
pyrophoshpate (PPI) has been released from the active site (Left). A model of the substrate complex of adenylation, e.g. Uba6°"=/Ub/MgATP, was
created by docking MgATP from PDB:4112 onto our Uba6°"®N/Ub-AMP/InsP6 structure (Right). Side chains of Uba6 residues which interact with
nucleotide are shown as sticks. AMP, ATP, and Mg are shown as spheres. b, Variation of phi and psi angles of residues in crossoverand reentry loops
between Uba6 open and closed conformations. ¢, Superposition of crossover and re-entry loops for Uba6 adenylate and thioester competent states. The
Uba6 thioester competent state is colored gray. d, The interaction network between g6 region and SCCH domain in Uba6 closed conformation.

Source data are provided as a Source Data file.
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Supplementary Fig. 3. InsP6 specifically binds in the highly basic pocket of Ubaé SCCH domain.
a, Interaction between Uba6 and InsP6. The side chains of residues involved in direct contact with InsP6 are shown as sticks. InsP6 is shown as
sticks with composite omit electron density maps shown as mesh. Sigma level at 1.5 on the left and 4 on the right. b, Model of a
Uba6-o5eb/Ub-AMP/Insp6 complex. InsP6 was docked onto the SCCH domain of the Uba6c-°SEb/Ub-AMP structure. The side chains of residues
within 5 A of InsP6 are shown as sticks. InsP6 is shown as spheres. The disordered Cys Cap is shown as semitransparent spheres. ¢, Affinity of
InsP6 with SCCH domain fragments of Uba6_WT_Apo, Uba6_InsP6_Apo and Uba1_WT_Apo, ubiquitin and FAT10 tested by ITC. Throughout the
figure, ‘Apo’ labels refers to E.coli derived material.
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Supplementary Fig. 4. Uba6~Ub and Uba6~FAT10 thioester formation activities.

a, Activity of the indicated Uba6 variants in E1~Ubl thioester formation assays detected using unlabeled versus CF488A labeled Ubl.

The gels presented are representative results from the n= 3 technical replicates independently repeated with similar results. Gels were

first imaged imaged on a ChemiDoc MP (BioRad) using the Alex488 fluorescent channel (bottom). Gels were subsequently stained with Sypro
Ruby (top). Source data are provided as a Source Data file. b, Data from panel a are presented in graph format as mean values +/- SEM

(n= 3 technical replicates) with individual replicates shown as gray circles. Source data are provided as a Source Data file. Throughout

the figure, Uba6_apo refers to E. coli-derived material and Uba6_ins refers to insect cell-derived material.
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Supplementary Fig. 5. InsP6 effects on the kinetics of Uba6~Ub thioester formation activity

a, Raw data for kinetic studies of the indicated Uba6 variants in Uba6~Ub thioester formation assays at the indicated concentrations and
time points. Kinetic parameters were calculated as described in the Methods and presented in Figure 4a and Table 1. The gels presented
are representative results from the n= 3 technical replicates independently repeated with similar results. Gels were first imaged imaged on
a ChemiDoc MP (BioRad) using the Alex488 fluorescent channel (bottom). Gels were subsequently stained with Sypro Ruby (top). Source
data are provided as a Source Data file. Throughout the figure, Uba6_apo refers to E. coli-derived material and Uba6_insect refers to
insect cell-derived material.
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Supplementary Fig. 6. InsP6 effects on the kinetics of Uba6~FAT10 thioester formation activity

a, Raw data for kinetic studies of the indicated Uba6 variants in Uba6~FAT10 thioester formation assays at the indicated concentrations and

time points. Kinetic parameters were calculated as described in the Methods and presented in Figure 4b and Table 1 . The gels presented

are representative results from the n= 3 technical replicates independently repeated with similar results. Gels were first imaged imaged on a
ChemiDoc MP (BioRad) using the Alex488 fluorescent channel (bottom). Gels were subsequently stained with Sypro Ruby (top). Source data
are provided as a Source Data file. b, Control Uba6~Ub and Uba6~FAT10 thioester formation assays demonstrating the DTT sensitivity of the
products which is consistent with thioester formation. Gels were firstimaged imaged on a ChemiDoc MP (BioRad) using the Alex488 fluorescent
channel (bottom). Gels were subsequently stained with Sypro Ruby (top). Throughout the figure, Uba6_apo refers to E. coli-derived material and
Ubab_ins refers to insect cell-derived material.
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Supplementary Fig. 7. Effects of inositol phosphates on Uba6 E1~Ubl thioester formation activity.

a, Raw data for dose response of InsP6 on E1~Ubl thioester formation presented in Figure 4c. The gels presented are representative results from
the n= 3 technical replicates independently repeated with similar results. Source data are provided as a Source Data file. b, Raw data for evaluation
of the effectsof InsPx (3, 5 or 6) on E1~Ubl thioester formation presented in Figure 4d. The gels presented are representative results from the n= 3
technical replicates independently repeated with similar results. Source data are provided as a Source Data file. In all panels, Uba6_Apo refers to
E. coli-dervived Uba6 and Uba6_ins refers to insect cell-derived material.
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Supplementary Fig. 8. Effects of InsP6 on hUba6 stability

a, b, Raw data for determination of melting temperature of SCCH domain (panel a) and FL Uba6 (panel

b) via Thermal Stability Assay. The data presented are representative results from the n= 3 technical

replicates independently repeated with similar results. Source data are provided as a Source Data file.

¢, Data from panel b are presented in graphs as mean values +/- SEM (n= 3 technical replicates) with
individual replicates shown as gray circles. Source data are provided as a Source Data file. Through-
out the figure, Uba6_apo refers to E. coli-derived material and Uba6_ins refers to insect cell-derived

material.
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Supplementary Fig. 9. Effects of InsP6 on E1/Ub-AVSN crosslinking and Uba6 E1~Ubl

thioester formation.

a, Raw data for E1/Ub-AVSN crosslink activity of Uba6é WT and mutants in the presence and absence of InsP6. This data is presented in
Figure 5d and the gels presented are representative results from the n= 3 technical replicates independently repeated with similar results.
Source data are provided as a Source Data file. b, Raw data for E1~Ub thoester formation activity of Ubaé WT and mutants in the presence
and absence of InsP6. This data is presented in Figure 5e and the gels presented are representative results from the n= 3 technical replicates
independently repeated with similar results. Source data are provided as a Source Data file. ¢, Isothermal titration calorimetry

data for interaction between the K714D Uba6 mutant and InsP6. Experiments were performed in triplicate with similar results and upper panels show
raw power data and lower panels show fits of the data to standard binding equations using NanoAnalyze software (TA instruments). ‘Apo’labels refer
to E. coli-derived material and ‘ins’ label refers to insect cell-derived material.
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