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Figure S1 Overview of hydroxylation assays of V5-tagged ASPP proteins and FIH variants in
U20S cells. Recombinant V5-tagged full-length ASPP1 / ASPP2 / iIASPP were produced in U20S cells
or U20S FIH KO cells bearing an empty pEF6 vector or vectors encoding for production of FIH WT or
FIH D201A. Proteins were immunoprecipitated with an anti-V5 antibody and digested with elastase.
Blue lines indicate identified peptides of the digested protein. A red background indicates an annotated
hydroxylation site. Data were analysed using PEAKS7 software (Bioinformatics Solutions).
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Figure S2 FIH mediated hydroxylation of full-length V5-iASPP in U20S cells. LC-MS/MS analysis
of IASPP-V5 in U20S FIH CRIPSR KO cells co-transfected with pcDNA3 (ThermoFisher) vectors
encoding for iIASPP-V5 and FIH-HA. The spectrum shows fragments from the elastase catalysed
digestion of IASPP providing evidence for hydroxylation at Asp-685 and Asp-687. Conditions: The
vectors encoding for iIASPP-V5 and FIH-HA were transfected, then overexpressed for 24 h in U20S
FIH CRISPR KO cells. Immunoprecipitation employed an anti-V5 antibody. Proteins were separated by
SDS-PAGE; the band corresponding to iASPP-V5 was excised and the protein digested using elastase
(16 h, 37 °C).
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Figure S3 FIH mediated hydroxylation of full-length ASPP1-V5 in U20S cells. LC-MS/MS analysis
of ASPP1-V5 in U20S FIH CRIPSR KO cells co-transfected with pcDNA3 (ThermoFisher) vectors
encoding for ASPP1-V5 and FIH-HA. The spectrum shows fragments from the elastase catalysed
digestion of ASPP1 Asp-946 and Asp-948. Conditions: The vectors encoding for ASPP1-V5 and FIH-
HA were transfected, then overexpressed for 24 h in U20S FIH CRISPR KO cells. Immunoprecipitation
employed an anti-V5 antibody. Proteins were separated by SDS-PAGE; the band corresponding to
ASPP1-V5 was excised and the protein digested using elastase (16 h, 37 °C).
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13| 1307.68 | 1289.54 | 1290.52 | 654.28 | G | 5/3.34 | 555.29 | 55641 | 287.15 | 5 |
14 149368 | 1475.89 | 1476.60 | 74731 | W | 51676 | 498.58 | 499.25  258.64 | 4 |
15 | 1594.68 157676 1577.65 | 79763 | T | 330.24 31219 | 313.18 | 16560 | 3 |
16 169173 | 167372 167470 | 84631 | P | 229.15 | 21114 | 21213 11508 | 2
17 L | 13210 11409 | 11507 | 6655 1

Figure S4 FIH mediated hydroxylation of full-length ASPP2-V5 in U20S cells. LC-MS/MS analysis
of ASPP2-V5 in U20S FIH CRIPSR KO cells co-transfected with pcDNA3 (ThermoFisher) vectors
encoding for ASPP1-V5 and FIH-HA. The spectrum shows fragments from the elastase catalysed
digestion of ASPP2 providing evidence for hydroxylation at Asp-984 and Asp-986. Conditions: ASPP1-
V5 in pcDNA3. The vectors encoding for ASPP2-V5 and FIH-HA were transfected, then overexpressed
for 24 h in U20S FIH CRISPR KO cells. Immunoprecipitation employed an anti-V5 antibody. Proteins
were separated by SDS-PAGE; the band corresponding to ASPP2-V5 was excised and the protein
digested using elastase (16 h, 37 °C).
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Figure S5 FIH hydroxylates an iASPP derived peptide (residues 670-693). MS-MS spectra from

MALDI LIFT-TOF-TOF analysis of the FIH catalysed hydroxylation iASPP (670-639) shows evidence
for hydroxylation of Asn-687. Conditions: 50 uyM peptide, 4 yM FIH, 1 mM ascorbate, 1 mM 20G, 200
UM Fe(ll), 50 mM Tris-HCI pH 7.5, incubation for 30 min at 37 °C.
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Figure S6 Sequence alignments of human ankyrin repeats containing a “VNVN” tetrapeptide
sequence motif. A Sequence alignment of human “VNVN” ankyrin repeats illustrates the position of
the putative hydroxylation sites within the ankyrin domain sequence. B View from a crystal structure of
the C-terminus of ASPP2 (2) (generated from PDB 4A63, 2.27 A) illustrating inter-domain and intra-
domain interactions of the hydroxylated residues within the ASPP2 protein. C Domain architecture of
protein constructs used for protein hydroxylation studies.
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iASPP

a6 |a|n|v[n[s[eps [ne|w[z e

#| b b-H20 | b-NH3 | b+) |  Seq y y-H20 | y-NH3 | yes) | #
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7 | 61428 | 596.28 | 597.26 | 307.64 s 1096.50 | 1078.50 | 1079.46 548.75 | 10
8 | 71134 | 693.33 | 694.32 | 356.17 p 1009.48 | 991.46 | 992.45 | 505.24 | 9
9 | 82637 | 80B.36 | 809.34 | 413.68 D 91242 | 894.41 | 89539 | 45671 @ 8
10| 913.40 | 895.39 | 896.37 | 457.20 s 797.39 | 779.38 | 780.37 | 399.20 | 7
11 1050.46 | 1032.45 | 1033.43 | 525.73 H 710.35 | 692.35 | 693.34 | 355.68 | 6
12| 1107.49 | 1089.47 | 1090.45 | 554.24 G 573.30 | 55529 | 556.28 | 287.15 | 5
13 | 1293.56 | 1275.55 | 1276.53 | 647.28 W 516,28 | 498.27 | 499.25 | 258.64 | 4
14| 1394.58 | 1376.58 | 1377.58 | 697.80 T 330.20 | 312.19 | 313.18 | 165.60 | 3
15 | 1491.66 | 1473.65 | 1474.63 | 746.33 p 229.15 | 211.14 | 21213 | 115.08 | 2
16| L 132.10 | 114.09 | 11507 | 6655 | 1
ac|a|n[v[n[s[e|p[s[u|c|ulr[rL
O
# b b-H20 | b-nH3 | bea+) | seq y y-H20 | yne3 | v | #]
1| 7204 | 5403 | 5502 3652 A 16
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3 | 20010 | 182.09 | 18311  100.55 A 1510.69 | 1492.68 | 1493.67 | 755.85 14
"4 | 31414 | 29614 | 29712 15757 | N 1439.65 | 1421.64 | 1422.63 | 72033 13
5 | 413.21 | 39520 | 39619 20711 v 132562 | 1307.60 | 1308.59 | 663.31 12
6 | 543.25 | 525.24 | 52623 27213 |N(+15.99)| 1226.54 1208.53 | 1209.52 61377 11
"7 | 63028 | 61227 | 61326 31564 | S 1096.49 | 1078.50 | 1079.44 | 54875 10
8 | 72734 | 70933 71035 364.17 P 1009.47 | 99146 | 99245 | 50524 §
9 | 842.36 | 824.35 | 82534 421.68 D 912.42 | 894.41 | 89539 | 45671 8
10| 92940 | 91139 91237 46520 | S 79739 | 77938 | 78037 | 39920 @ 7
11| 1066.45 | 1048.44 1049.43 533.73 H 71035 | 692.35 | 693.34 | 35568 6
12 [ 1123.47 | 110547 | 1106.46 56224 G 573.30 | 55529 | 556,28 | 28715 5
13| 1309.54 | 1291.55 129253 65524 | W 51628 | 49827 | 49925 | 25864 4
14 | 1410.58 | 1392.59 | 1393.57 705.80 T 33020 | 31219 | 313.18 | 16560 3
15 | 1507.66 | 1489.65 1490.63 754.33 P 229.15 | 21114 | 21213 | 11508 2
16 | | | 132.10 | 11409 | 11507 | 6655 1
caln|v[a[s[e|os[ulc[w[z[e[e
OH  OH
#| b b-H20 | b-NH3 | b (2+) Seq y y-H20 | ynu3 | oy | #
1 | 58.03 | 4002 & 41.00 | 29.51 G 15
2| 12907 | 111.06 | 112.04 | 65.03 A | 1526.69 | 1508.68 | 1509.66 | 763.84 | 14
3| 25010 | 241.00 | 242.08 | 130.05 | N(+15.99) | 1455.65 | 1437.64 | 1438.62 | 728.32 | 13
4 | 358.17 | 340.16 | 341.15 | 179.59 v 1325.61 | 1307.60 | 1308.59 | 663.31 | 12
5 | 488.21 | 470.20 | 471.18 | 244.61 |N{(+15.99) | 1226.52 | 1208.51 | 1209.49 | 61377 | 11
6 | 5/5.24 | 55723 | 558.22 | 288.12 3 1096.51 | 1078.50 | 10/9.46 | 548.75 | 10
7 | 672.30 | 654.25 | 655.27 | 336.65 p 1009.47 | 991.47 | 992.45 | 505.24 | 9
8 | 78732 | 769.31 | 770.30 | 394.16 D | 91242 | 89441 | 89539 | 45671 | 8
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13 | 1355.56 | 1337.55 | 1338.53 | 678.28 T 33020 | 312.17 | 313.18 | 165.60 | 3
14 | 1452.61 | 1434.60 | 1435.59 | 726.81 P 22915 | 21114 | 21213 | 115.08 | 2
15 L 13210 | 114.09 | 11507 | 66.55 | 1

Figure S7 FIH catalysed hydroxylation of recombinant iASPP (625-828) protein. LC-MS/MS of
recombinant iIASPP (625-828) incubated with FIH. The spectrum shows fragments from the elastase
catalysed digestion of iIASPP providing evidence for hydroxylation at Asp-687 and Asp-685. Conditions:
1 uM IASPP, 0.5 uM FIH, 1 mM sodium ascorbate, 1 mM 20G disodium salt, 200 yM, iron(ll)

ammonium sulfate, 50 mM Tris-HCI pH 7.5, incubation for 3 h at 37 °C.
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Figure S8 FIH catalysed hydroxylation of recombinant ASPP1 (883-1090) protein. LC-MS/MS of
recombinant ASPP (883-1090) incubated with FIH. The spectrum shows fragments from the elastase
catalysed digestion of ASPP1 providing evidence for hydroxylation at Asp-948 and Asp-946.
Conditions: 1 uM iASPP, 0.5 yM FIH, 1 mM sodium ascorbate, 1 mM 20G disodium salt, 200 uM,
iron(ll) ammonium sulfate, 50 mM Tris-HCI pH 7.5, incubation for 3 h at 37 °C.
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ASPP2
x|FrvlQ|e|c|v|n|vin[an

#] b | bH0o| bnm3 | b | seq |y | yH2o | yewms |y | #
1 | 129.10 | 111.09 112.08 | 65.05 K 13
2 | 276.17 | 258.16 | 250.14 | 138.59 F 1294.68 | 1276.67 | 1277.65 | 647.84 | 12
3 | 389.26 | 371.24 | 372.23 | 195.13 L 1147.61 | 1129.60 | 1130.58 | 574.31 | 11
4 | 48832 | 47031 | 471.30 | 244.66 V| 103453 | 1016.52 | 1017.50 | 517.76 | 10
5 | 616.38 | 598.37 | 599.36 | 308.69 Q 93546 | 917.45 | 918.43 | 46823 9
6 | 763.44 | 745.44 | 746.42 | 382.23 F | 80740  789.39 | 790.37 | 404.20 | 8
7 | 82047 | 80246 | 803.45 | 41074 G | 66033 642.32 | 643.30 | 33067 | 7
8 | 919.53 | 901.53 | 902.51 | 460.27 v 603.31 58530 | 586.28 | 302.15 6
9 | 1033.58 | 1015.57 | 1016.56 = 517.29 N 504.24 48623 | 487.21 | 25262 | 5
10 | 1132.65 | 1114.64 | 1115.62 | 566.83 v 390.20  372.19 | 373.17 | 19560 4
11 | 1262.69 | 1244.68 | 1245.66 | 631.84 | N(+15.99)| 201.13 273.12 | 274.10 | 146.06 3
12 [ 1333.73 | 131572 | 1316.70 | 667.36 A | 161.09 | 143.08 | 144.07 | 81.05 | 2
13 | A 90.05 = 72.04 | 73.03 | 4553 | 1
k| F[u|v[o[F[g[v[a[v

OH
# b | bH20 | b-NH3 | b2+) | seq y y-H20 | y-NH3 | v+ | # ]
112910 11109  112.08 | 65.05 K , | 10
2 | 27614 | 258.16 | 259.11 | 138.59 F 1038.56 | 102055 | 1021.53 51978 | 9
3 | 389.26 | 371.25 | 372.23 | 195.11 L 891.49 | 87348 | 874.47 @ 446.28 | 8
4 | 48833 | 47031  471.30 | 244.66 v 778.41 | 76040 | 761.38  389.70 | 7
5 | 61638 | 598.37 | 599.36 | 308.70 Q | 67935  661.33 | 66235 | 340.17 | 6 |
6 | 763.45 @ 74545 | 746.43 | 382.23 F 551.28 | 533.27 | 534.26 276.14 | 5
7 | 82047 | 80246 | 803.45 | 410.74 G | 40423 | 386.21 | 38720 @ 20261 | 4
8 | 919.54 | 901.53 | 902.51 | 460.27 v 347.19 | 329.18 | 330.21 | 174.10 | 3
9 | 1049.57 | 1031.56 | 1032.55 | 525.29 | N(+15.99) 248.12 | 230.11 | 231.10 12456 | 2 |
10 | | v | 118.09 | 100.08 | 101.07 @ 5954 | 1 |
k| F|1|v|o|F|c[v|n|v[n[an

LH LH
#] b | bHeo| bne3 | be)| sea | v y-H20 | y-nH3 | y2+) | # |
1 | 129.10 | 111.00  112.08 | 65.05 K 13
2 | 27617 | 258.16  259.11 | 138.59 F 131067 129266 129365 65584 | 12
3 389.25 371.25 372.23 195.11 L 1163.61 | 1145.59 | 1146.58 582.30 11
4 | 48833 | 47031 | 47130 | 244.66 vV 1050.52 103251 | 103349 525.76 | 10
5 | 61638 | 59837 | 59937 | 308.69 Q 951.45 | 93344 | 93443 | 47623 | 9 |
6 | 763.45 | 74543 | 746.42 | 382.23 F | 82339 | 80538 | 80637 41220 | 8
7 | 82047 | 80246 | 803.45 | 410.74 G | 67633 | 658.32 | €59.30 | 338.66 | 7
8 | 919.55 | 901.53 | 90251 | 460.27 v 619.30 | 601.29 | 602.28 | 310.14 | &
9 | 1049.57 | 1031.56 | 1032.56 | 525.29 | N(+15.99) 520.24 = 502.23 | 503.21 260.62 | 5
10 | 1148.64 | 1130.61 | 1131.62 | 574.82 v 390.20 | 372.19 | 373.17 | 195.60 | 4
11 | 1278.68 | 1260.67 1261.66 | 639.84 A N(+15.99) 291.13 | 273.12 | 274.10 @ 146.06 | 3
121349.72 | 1331.71 | 1332.69 | 675.36 A | 16109 | 143.08 | 144.07 | 8L05 | 2
13 | A 90.05 @ 72.04 | 73.03 4553 | 1

Figure S9 FIH catalysed hydroxylation of recombinant ASPP2 (889-1128) protein. LC-MS/MS of
recombinant ASPP2 (889-1128) incubated with FIH. The spectrum shows fragments from the elastase
catalysed digestion of ASPP2 providing evidence for hydroxylation of Asp-986 and Asp-984. Note the
elastase digest yields apparently hydroxylated peptides not covering the canonical FIH site supporting
a second hydroxylation. Conditions: 1 yM iASPP, 0.5 yM FIH, 1 mM sodium ascorbate, 1 mM 20G
disodium salt, 200 pM iron(ll) ammonium sulfate, 50 mM Tris-HCI pH 7.5, incubation for 3 h at 37 °C.
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Figure S10 ASPP proteins compete with HIF-a for FIH catalysed reactions.

Top: representative MALDI MS spectra for FIH mediated hydroxylation of HIF-1a (789-822) in the
presence of ARD proteins. Bottom: Time course of FIH mediated hydroxylation of HIF-1a (789-822)
and HIF-2a (832-866) in the presence of ARD proteins (ASPP2889-1128-Avi-Hiss and iASPP625-828-
Avi-Hiss, 3CA sequence according to Hardy et al. (1)). Conditions: 4 yM FIH, 100 uM HIF-a 35mer,
100 uM ARD protein, 1 mM sodium ascorbate, 1 mM 20G disodium salt, 200 uM Fe(ll), 50 mM Tris-

HCI pH 7.5, with incubation for the indicated times at 37 °C.
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Figure S11 Competition of ARD proteins with HIF-1a for recombinant isolated FIH activity.
Reaction conditions: 0.1 yM FIH, 100 uM sodium ascorbate, 10 yuM 20G disodium salt, 10 uM Fe(ll),
50 mM Tris-HCI pH 7.5, 50 mM NacCl, 5 yM HIF-1a (789-822), 1 uM ankyrin repeat domain (ARD)
proteins, incubated at ambient temperature. ARD constructs used: ASPP2 (889-1128), ASPP1 (883-
1090), iIASPP (625-828), ASB11 (64-287), mNotchl (1899-2106) (3). Note the change in efficiency of
inhibition of HIF-1a inhibition changes with temperature; the reason for this is unclear, but may in part
relate to temperature dependent conformational changes or temperature dependent differences in Oz
solubility.
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Figure S12 Half maximal inhibitory concentration (ICsp) measurements of ASPP1 (883-1090) and
MNOTCH1 (1899-2106) competition for FIH mediated HIF-1a (789-822) hydroxylation. Conditions:
0.1 uM FIH, 100 uM sodium ascorbate, 10 uM 20G disodium salt, 10 uM Fe(ll), 50 mM Tris-HCI pH
7.5, 50 mM NacCl, incubated at ambient temperature. ICso’'s were determined from an 11-point titration
and each point represents the mean + SD of three determinations. The data represent the I1Cso £ lower

and upper 95% confidence intervals (in parentheses).
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Figure S13 FIH hydroxylation assays of consensus ankyrin repeat domain (1CA)(1) derived
peptides bearing a “VNVN”, “ANVN” or “VNAN” motif. A End point hydroxylation assays of
1CA_VNVN, 1CA_ANVN and 1CA_VNAN. B MALDI LIFT-TOF MS/MS analysis of hydroxylated 1CA
derived peptides. Conditions: 50 yM peptide, 50 uM FIH, 1 mM ascorbate, 1 mM 20G, 200 pM Fe(ll),
incubation for 30 min at 37 °C.

21



p18-INK4C

Yis Yig Yia Yaa Yu Yoo Y

Ys ¥7 Y5 Y5

Y

Ys

SBKIIJJ]]1KKIIJJ]@R

J

b, b, b, b, b, by

b, b, b, b, b, b,

Intensity (%) Yo
100 o 1076.43
8632
b,
952 8
i
,
Y, Yo !
96238 Y 13
50 y rig2s 3 ks 140356
5 ' \‘ [ b : y ' 14
550.19 b h " 12 ! 153160
Y3 i ' 7eal4 | 116747 1 128957 \ b
379.23 . y s 8833 7‘ \\ : | ! 13 ' 15
: ' , b i l:»12 | 140060 Lo1e1372
' 5 78| 0 i V128550 | [ i i
b 556.22 ; 103635 | ; , ©obyg
3 ' 4 d | ! . h | 1670.73
31428 | 436.20 / i P14 .
o g | ‘ 1486 66 | !
Lo , : ‘
— .1 i il i 1.‘J'I IlllL‘lJ‘ IIH]JI| “\i J| | | ' | | '”. !i L J‘I T miz
200 300 400 500 600 700 800 9 1 000 1 00 1200 1300 1400 1500 1600 1700
y15 y'M y13 y'\z y'H y10 L] 5 7
Sﬁfﬁﬂllﬂfffﬂ]iﬂfjJ@R
b, b, by b, b, b, by b, b, by b, b, by
OH
i b Y Yio
:rggnsnty (%) * 87929 1092.44
b,
98242
yg |
978,361
50 y, K Yis
6 ,
Y Ys 67817 762?34 bs i 13;11 150 Yo 141;9,55 Yis
sdebo 55018 LY, 88335 i 1305.53 ' b 166?60
; ' R | i ' ! 13
1 ! | 71928, ] ! ; Cp. 142556 b,
{ 1 s
3 vb, v b, L | i o s - 1625.70
31423 4 5 ] 181150 | " b 16
2y L4212 | ossers ! T83.50 0 | aaiba Y| 16860
! 3 | , H 1 \ e | . '
| 3794 i , ! . o Y /
1 ' . , 1 3 ! 1547.68 !
SR W LU OO T Y [
. IR OURIR OO 1Y N 1 T 1 Y 1O W AU 101 N MARWED R il 1A L iz
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700
Int ty (D/) 5 y14 y13 y|2 y" y|ﬂ 9 B 7 y
ntensi o 10
oo Sﬁffﬂiﬁff]ifff@iffﬂ@R riodds
ba b4 b5 D5 h7|0H bB‘DH b1| b12 b‘3 b|ﬂ blﬁ b|5
8 bﬂ)
s
879.30
50
Y y
120750
Yy Yo i Yo 143656 Yis
y 749.28 978.43 h 199162 ; 1676.47
S Yo i b, ™ 1 1 ‘b s
550.17 ‘ ; !
4356{417 : 67822 | seas 1 by 199,48 Dy b | eisks
; i Y5 ’ 984Sl 182786 |, . 16
i A ; i e /by, 15830 Lo 170270
il OO 1O o O O ot T 1
RO s VOO PO Y A | WA S I O A AT O | OO | NS T .
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700

(Figure continues on next page)
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p18-INK4C
s[u[uon[n[v[n[v[n[afo[n[c[E|c|r

# b b-H20  b-NH3 b(2+) Seq ¥ y-H20  y-NH3 y(2+) #
1] 88.04 7003 | 7101 | 4452 s |17
2| 20012 | 18311 18410 | 10106 | L | 1757.90 1739.89  1740.88 87978 | 16
3| 31428 | 29620 | 20718 | 157.60 | L | 1644.82  1626.81 1628.00 82277 15
4 | 44220 42437 | 42524 | 221.63 Q | 1531.69 | 1513.69 | 1514.64 | 76637 | 14 |
5 | 556.22 | 538.18 | 539.22 | 27865 | N 1403.56 | 1385.76 | 1386.61 | 702.40 | 13
6 | 67022 | 65223  653.24 | 335.68 N | 128957 127146 127252 | 64532 | 12 |
7 | 76934 | 75134 | 75232 | 38521 | V| 117550 | 1157.70 | 1158.48 | 588.30 | 11 |
8 | 88337 86545  866.34 | 442.20 | N | 107643 | 1058.41 | 1059.46 | 53922 | 10 |
9 | 98248 96452 96539 | 49177 | V| 96238 | 94442 | 94539 | 48167 | 9 |
10| 1096.45 | 1078.56 | 1079.40 | 548.79 | N | 863.29 | 845.33 | 846.28 43221 8
11]1167.47 | 1149.50 | 115051 | 58431 | A | 749.26 | 73127 | 732.22 | 37566 | 7
12129559 | 127762 127859 | 648.23 | Q | 67825 | 660.21 | 66121 | 34009 | 6 |
13| 1409.60 | 1391.62 | 1392.58 | 70536 | N 550.19 | 532.28 | 533.15 | 27564 | 5 |
14| 1466.66 | 1448.71 | 144959 | 734.27 | G | 436.20 | 418.24 | 419.29 | 21862 4 |
15 1613.72 | 159567 | 1506.68 | 80740 | F | 379.23 | 360.81 | 36211 | 190.10 | 3 |
16| 1670.73 1652.70 | 1653.69 83591 | G | 23214 | 21413 21511 11657 2
17| | | | R | 17512  157.11  158.09 | 88.06 | 1 |
s[ulrlon[n[v[n[v[n[afo|n[c[F|c|r
on
# b b-H20  b-NH3  b(2+) Seq y y-H20  yNH3  y(2+)  #
1| 8804 7003 7101 4452 S | 17
2 | 20112 | 18311 18410 101.06 L | 1773.90 175589 1756.87 | 887.42 | 16
3 | 31423 | 29623  297.18 | 157.60 L 1660.60 1642.80 1643.70 | 830.91 | 15
4| 44212 | 42422 | 42535 | 22163 | Q | 1547.68 | 1529.65 | 1530.75 | 77447 | 14
5 | 556.18 | 53830 | 53929  278.65 N | 141958 | 1401.45 | 1402.52 | 710.38 | 13
6 | 670.20 | 65219 65319 33568 | N 1305.53 | 1287.62 | 128861 | 653.19 | 12 |
7 | 76934 | 75123 | 75225 | 38521 |V | 1191.50  1173.58 117448 | 596.36 | 11 |
8 | 88335 | 86535 | 86628 44212 N | 109244 107456 | 1075.40 | 54676 | 10 |
9 | 98242 | 96438 | 96539 | 49224 | V| 97836 | 96041 | 961.32 | 48974 | 9
10 | 111253 | 1094.56 1095.54 55678 N(+15.99)| 879.29 | 86141 862.32 | 44020 8
11 118350 116553  1166.58  592.30 A 749.26 | 73118 | 73222 | 37512 | 7
12 1311.59 | 1293.57 | 1294.55 | 656.36 | Q | 678.17 | 66015 | 661.25 | 34011 | 6 |
13142556 | 1407.58 | 1408.68  713.35 | N | 550.18 | 53216 | 533.12 | 27564 5
14 1482.64 146470 | 1465.69 | 741.87 | G | 43620 41822  419.23 | 21862 4
15162970 | 1611.82 | 161270 | 81548 | F | 379.14 | 36120 | 36172 | 19010 3
16 | 1686.69 | 1668.62 | 1669.67 | 844.29 G 23214 21413 | 21511 | 11657 | 2
17 | | | | | R [ 17512 15711  158.09 | 88.06 1
s[uLlefn[n[v[a[v[n[a[o[n[c[r|c|r
v on

# b b-H20  b-NH3  b(2+) Seq y yH20  yNH3  y(2+)  #
1| 8804 7003 | 7101 4452 s | 17
2 20112 | 18341 | 18410 | 101.06 L | 1789.89 1771.88 1772.87 | 89559 | 16
3| 31422 | 20616 | 29748 | 15760 L | 1676.47 1658.67 1650.78 | 838.90 15
4| 44216 | 42415 | 42511 | 22163 | Q | 156363 | 154561 1546.58 | 78250 | 14
5 | 55625 | 538.19 | 53923 | 27865 | N | 143556  1417.63 | 1418.65 | 71836 | 13
6 | 67029 | 652.26 | 653.21 | 335.68 N 1321.52 | 1303.59 | 130454 | 66120 | 12
7 | 76934 | 751.30 | 75228 | 38521 |V | 1207.50  1189.67 1190.44 | 60428 11
8 | 899.34 | 88145 | 882.33 | 450.36 | N(+15.99)| 1108.45 1090.36 109138 | 555.19 | 10
9 | 998.43 | 980.52 | 98136 49976 V| 976.43 | 960.57 | 961.49 | 48925 | 9
10| 112848 111055  1111.54 | 564.78 | N(+15.99) 879.30 | 86132 86230 | 44020 8
11]1199.48 1181.49 | 118258 60030 | A 749.28 | 73127 | 732.32 | 37518 7
12 1327.56 | 1309.64 | 1310.63 | 66433 | Q | 678.22 | 66024 | 661.20 | 340.13 6
13| 1441.62 | 1423.56 | 1424.53 | 721.03 | N | 550.17 53208 @ 533.07 | 27564 | 5
14 | 1498.66 | 1480.66 | 1461.67 | 749.86 G | 436.17 | 41827 | 419.16 | 21862 4 |
15 | 1645.63 | 1627.67 | 1628.69 | 82340 | F | 379.15 | 36120 | 362.44 | 19010 3
16170270 | 1684.77 168576 85191 G | 23214 21413 21511 | 11657 2
17 R 17512 | 15711  158.09 | 88.06 | 1

Figure S14 FIH catalysed hydroxylation of recombinant full-length p18-INK4C protein. LC-
MS/MS analysis of recombinant full-length p18-INK4C incubated with FIH. The spectrum shows
fragments from the elastase catalysed digestion of p18-INK4C, providing evidence for hydroxylation at
Asp-32 and Asp-30. Conditions: 1 uM p18-INK4C, 0.5 yM FIH, 1 mM sodium ascorbate, 1 mM 20G
disodium salt, 200 pyM, iron(ll) ammonium sulfate, 50 mM Tris-HCI pH 7.5, incubation for 3 h at 37 °C.
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Figure S15 FIH catalysed hydroxylation of recombinant ASB11 (64-287) protein. LC-MS/MS
analysis of recombinant full-length ASB11 (64-287) incubated with FIH. The spectrum shows fragments
from the elastase catalysed digestion of ASB11 providing evidence for hydroxylation at Asp-92 and
Asp-90. Conditions: 1 yM ASB11, 0.5 yM FIH, 1 mM sodium ascorbate, 1 mM 20G disodium salt,
200 pM, iron(ll) ammonium sulfate, 50 mM Tris-HCI pH 7.5, incubation for 3 h at 37 °C.
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Figure S16 FIH catalysed hydroxylation of recombinant ASB11 (64-287) protein at Asn-125. LC-
MS/MS analysis of recombinant full-length ASB11 (64-287) incubated with FIH. The spectrum shows
fragments from the elastase catalysed digestion of ASB11 providing evidence for hydroxylation at Asp-
125. Conditions: 1 yM ASB11, 0.5 uM FIH, 1 mM sodium ascorbate, 1 mM 20G disodium salt, 200 uM,
iron(ll) ammonium sulfate, 50 mM Tris-HCI pH 7.5, incubation for 3 h at 37 °C.
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Table S1 lon tables for MS-MS spectra from MALDI LIFT-TOF-TOF analysis of the FIH
hydroxylation site of the iIASPP (670-693) peptide (see Figure S5).

iIASPP 24mer IASPP-OH 24mer
# b Seq y # # b Seq y #
1 G 24 1 G 24
2 A 23 2 A 23
3 243.11 N 2291.09 22 3 243.11 N 2307.089 22
4 406.17 Y 2177.05 21 4 406.17 Y 2193.046 21
5 s 2013.99 20 5 493.20 S 2029.983 20
6 I 1926.96 19 6 606.29 I 1942.951 19
7 705.36 v 1813.872 18 7 705.36 v 1829.866 18
8 820.38 D 1714.803 17 8 820.38 D 1730.798 17
9 967.45 F 1599.776 16 9 967.45 F 1615.771 16
10 1080.54 L 1452.708 15 10 1080.54 L 1468.703 15
11 | 1339.624 14 11 1193.62 I 1355.619 14
12 T 1226.54 13 12 T 1242.535 13
13 A 1125.492 12 13 A 1141.487 12
14 G 1054.455 11 14 G 1070.45 11
15 A 997.4334 10 15 A 1013.428 10
16 N 926.3962 9 16 N 942.3912 9
17 v 812.3533 ] 17 \') 828.3482 8
18 N 713.2849 7 18 N (OH) |729.2798 7
19 S 599.242 6 19 S 599.242 6
20 P 512.21 5 20 P 512.21 5
21 D 415.1572 4 21 D 415.1572 4
22 F 300.1302 3 22 F 300.1302 3
23 2344.12 H 213.0982 2 23 2360.12 H 213.0982 2
24 G 1 24 G 1
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Table S2 Data collection and refinement statistics of FIH complexes with ASPP peptides

substrates
Datasets FIH.Zn(11).NOG FIH.Zn(11).NOG FIH.Zn(11).NOG
iIASPP ASPP1 ASPP2
PDB code 6HL6 6HL5 6HKP

Data Collection

Beamline (Wavelength, A)

DLS 104-1 (0.9159)

DLS 102 (0.9795)

DLS 104-1 (0.9159)

Detector Pilatus 6M-F Pilatus 6M-F Pilatus 6M-F
Data Processing Xia2/ DIALS Xia2/ DIALS MOSFLM/SCALA
Space group P41212 P41212 P41212

Cell dimensions

a,b,c (A) 86.1, 86.1, 148.1 86.2, 86.2, 147.1 86.0, 86.0, 148.5
a,B,y(°) 90, 90, 90 90, 90, 90 90, 90, 90
No. of molecules/ASU 1 1 1

No. reflections
Resolution (A)

40372 (1980)*
74.51-1.97 (2.00-1.97)*

39456 (2880)*
56.31-1.98 (2.03-1.98)*

44748 (6404)*
86.02-1.90 (2.00-1.90)*

Rmerge 0.079 (2.105)* 0.080 (2.35)* 0.180 (1.923)*
I/ol 14.8 (1.3)* 17.0 (1.4)* 8.3 (1.5)*
Completeness (%) 100 (98.9)* 100.0 (100.0)* 100 (100)*
Multiplicity 8.5 (7.8)* 18.9 (17.9)* 16.0 (15.6)*
Wilson B value (A2 33.8 40.7 38.8
Refinement PHENIX PHENIX PHENIX
Rwork/Riree 0.1706/0.2055 0.1828/0.2013 0.1755/0.1948
No. atoms

-Enzyme (A/B) 2711 2693 2709

-Ligand NOG (10) NOG (10) NOG (10)
-Substrate 115 94 98

-Water 235 139 177

Avg. B-factors

Enzyme 45.9 57.5 54.4

Ligand 32.0 42.5 38.8
Substrate 68.3 87.5 92.4

Water 49.7 355 58.1

R.m.s deviations

-Bond lengths (A) 0.011 0.014 0.005

-Bond angles (°) 0.956 1.150 0.684

* Highest resolution shell in parentheses.
Rtactor= Zhil||Fobs(nKI)|-K|Fcaic(hKD)||/Zhki|Fobs(nK1)|, Rree is the Riactor for ~5%o0f reflections excluded from the refinement.
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Table S3 Buffer and vapour diffusion conditions used for FIH complex crystallisation.

Protein complex Sample composition crystallisation Vapour diffusion
conditions conditions

FIH 11 mg/mL FIH (0.27 mM) in50 mM 0.1 M HEPES pH 7.5, Sitting drop (300 nL)
Zn(I)/NOG Tris-HCI pH 7.5, peptide (1-2 mM) 1.6 M ammonium protein-to-well ratio 2:1,
iASPP zinc acetate (0.5 mM) sulfate, 3.5% PEG400 293K
FIH 11 mg/mL FIH (0.27 mM) in50 mM 0.1 M HEPES pH 7.5, Sitting drop (300 nL)
Zn(I)/NOG Tris-HCI pH 7.5, peptide (1-2 mM) 1.2 M ammonium protein-to-well ratio 2:1,
ASPP1 zinc acetate (0.5 mM) sulfate, 4.5% PEG400 293K
FIH 11 mg/mL FIH (0.27 mM) in50 mM 0.1 M HEPES pH 7.5, Sitting drop (300 nL)
Zn(I)/NOG Tris-HCI pH 7.5, peptide (1-2 mM) 2.0 M ammonium protein-to-well ratio 2:1,
ASPP2 zinc acetate (0.5 mM) sulfate, 5.5% PEG400 293K
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