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SUPPLEMENTAL DATA

Figure S1 Peptide fragments derived from the human ankyrinR ARD are FIH substrates. Peptides
corresponding to (A) AnkyrinRgy109 (EVVRELVNYGANVNAQSQ) (B) AnkyrinRiss.14
(EVVKFLLENGANQNVATE) (C) AnkyrinRyz0.237 (NVAQLLLNRGSSVNFTPQ) (D) AnkyrinRgs;.
68 (EVAKYLLQNKAKVNAKAK) (E) AnkyrinRge633 (EVARSLLQYGGSANAESV) (F)
AnkyrinR7ss 73, (KLVKFLLQHQADVNAKTK) were incubated in the presence of recombinant FIH
and displayed a net +16 Da mass shift as determined by LC\MS.

Figure S2 Assignment of hydroxylation at N105 in AnkyrinRg, 109 (EVVRELVNYGANVNAQSQ).
(A) MS/MS of the non-hydroxylated peptide. (B) MS/MS of the hydroxylated peptide. A +16 Da
mass shift is observed in the b ion series appearing at b4, assigning hydroxylation at N105.

Figure S3 Assignment of hydroxylation at N233 in AnkyrinR»0.037 (NVAQLLLNRGSSVNFTPQ). (A)
MS/MS of the non-hydroxylated peptide. (B) MS/MS of the hydroxylated peptide. A +16 Da mass
shift is observed in the b ion series appearing at b,4.assigning hydroxylation at N233.

Figure S4 Assignment of hydroxylation at N464 in AnkyrinRus;65 (EVAKYLLONKAKVNAKAK).
(A) MS/MS of the non-hydroxylated peptide. (B) MS/MS of the hydroxylated peptide. A +16 Da
mass shift is observed in the y ion series appearing at ys, assigning hydroxylation at N464.

Figure S5 Assignment of hydroxylation at N629 in AnkyrinRgis.633 (EVARSLLQYGGSANAESV).
Insets are regions expanded from the main spectra. (A) MS/MS of the non-hydroxylated peptide. (B)
MS/MS of the hydroxylated peptide. A +16 Da mass shift is observed in the a ion and b ion series
appearing at a;4 and by, assigning hydroxylation at N629.

Figure S6 Assignment of hydroxylation at N728 in AnkyrinRsis.73 (FLLOQHQADVNAK). (A)
MS/MS of the non-hydroxylated tryptic fragment. (B) MS/MS of the hydroxylated tryptic fragment.
A +16 Da mass shift is observed in the y ion series appearing at ys, assigning hydroxylation at N728.

Figure S7 Peptide fragments derived from human ankyrinB are FIH substrates. (A) The sequences of
the 24 ARs of human ankyrinB were aligned to the consensus sequence by Michaely et al. (1). ¥
indicates a non-polar residue. Repeat numbers are on the left and amino acid residue numbers on the
right. Underlined are sequences of peptide fragments synthesized to encompass the Asn- and Asp-
residues at the conserved hydroxylation position with the absence of a prolyl residue at the -1 position.
An * indicates peptides observed to be FIH substrates. The predicted asparaginyl hydroxylation sites
are highlighted in bold and their residue numbers given in parenthesis on the right. (B) MALDI-TOF
spectra of the ankyrinB peptide fragments after incubation with FIH under standard assay conditions.
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For peptide containing N58, N124, N656 and N755, a +16 Da mass shift was observed after
incubation with FIH, consistent with hydroxylation.

Figure S8 Peptide fragments derived from human ankyrinG are FIH substrates. (A) The sequences of
the 24 ARs of human ankyrinG were aligned to the consensus sequence by Michaely et al. (1). ¥
indicates a non-polar residue. Repeat numbers are on the left and amino acid residue numbers on the
right. Underlined are sequences of peptide fragments synthesized to encompass the Asn- and Asp-
residues at the conserved hydroxylation position with the absence of a prolyl residue at the -1 position.
An * indicates peptides observed to be FIH substrates. The predicted asparaginyl hydroxylation sites
are highlighted in bold and their residue numbers given in parenthesis on the right. (B) MALDI-TOF
spectra of the ankyrinG peptide fragments after incubation with FIH under standard assay conditions.
For peptide containing N68, N134, N658, N691 and N757, a +16 Da mass shift was observed after
incubation with FIH, consistent with hydroxylation.

Figure S9 MS/MS assignment of hydroxylation at N431 in D34 co-expressed with FIH in E. coli. (A)
MS/MS of the non-hydroxylated 427-436 tryptic peptide GASPNVSNVK. (B) MS/MS of the
hydroxylated 427-436 tryptic peptide derived from D34 co-expressed with FIH in E. coli. A +16 Da
mass shift is observed in the y ion series appearing at yg, assigning hydroxylation at N431.

Figure S10 MS/MS assignment of hydroxylation at N464 in D34 co-expressed with FIH in E. coli. (A)
MS/MS of the non-hydroxylated 452-469 endoproteinase Glu-C digested peptide fragment
VAKYLLQNKAKVNAKAKDD. (B) MS/MS of the hydroxylated 452-469 fragment derived from
D34 co-expressed with FIH in E. coli. A +16 Da mass shift is observed in the y ion series appearing at
Yy, assigning hydroxylation at N464.

Figure S11 MS/MS assignment of hydroxylation at N629 in D34 co-expressed with FIH in E. coli. (A)
MS/MS of the non-hydroxylated SLLQYGGSANAESVQGVTPLHLAAQEGHAEMVALLLSK 620-
657 tryptic peptide. (B) MS/MS of the hydroxylated 620-657 tryptic peptide derived from D34 co-
expressed with FIH in E. coli. A +16 Da mass shift is observed at the b ion series appearing at b and
y ion series appearing at y,o, assigning hydroxylation at N629.

Figure S12 MS/MS assignment of hydroxylation at N662 in D34 co-expressed with FIH in E. coli. (A)
MS/MS of the non-hydroxylated 658-666 tryptic peptide QANGNLGNK. (B) MS/MS of the
hydroxylated 658-666 tryptic peptide derived from D34 co-expressed with FIH in E. coli. A +16 Da
mass shift is observed in the y ion series appearing at ys and b* ions (b ions with ammonium loss) at
bs*, assigning hydroxylation at N662.

Figure S13 MS/MS assignment of hydroxylation at N728 in D34 co-expressed with FIH in E. coli. (A)
MS/MS of the non-hydroxylated 719-730 tryptic peptide FLLQHQADVNAK. (B) MS/MS of the
hydroxylated 719-730 tryptic peptide derived from D34 co-expressed with FIH in E. coli. A +16 Da
mass shift is observed in the y ion series appearing at ys, assigning hydroxylation at N728.

Figure S14 MS/MS assignment of hydroxylation at N761 in D34 co-expressed with FIH in E. coli. (A)
MS/MS of the non-hydroxylated 756-775 tryptic peptide NGASPNEVSSDGTTPLAIAK. (B) MS/MS
of the hydroxylated 756-775 tryptic peptide derived from D34 co-expressed with FIH in E. coli. A
+16 Da mass shift is observed in the y ion series appearing at ys, assigning hydroxylation at N761.

Figure 15 FIH hydroxylates an aspartyl residue D695 in D34. (Al) LC/MS spectrum showing the
unmodified 690-699 (HGVMVDATTR) tryptic fragment ([M+2H]** = m/z 543.7) containing D695.
(A2) MS/MS analysis of m/z = 543.7, assigning the sequence of the 690-699 tryptic peptide. (B1)
LC/MS spectrum showing the M693-oxidized ([M+2H]*" = m/z 551.7) 690-699 tryptic peptide. (B2)
MS/MS of m/z = 551.7, assigning oxidation at M693. A -48 Da shift is observed in the y ion series
appearing at y;, corresponding to fragments containing M693. The -48 Da mass shift is consistent
with M693 first being oxidized (+16 Da) and then undergoing collision induced dissociation (CID)
via sulfoxide elemination, resulting in a neutral weight loss of 64 Da and the release of

S2



methanesulfenic acid. (C1) LC/MS spectrum showing the M693-oxidized and D695-hydroxylated
(IM+2H]* = m/z 559.7) 690-699 tryptic peptide. (C2) MS/MS of m/z = 559.7. A +16 Da mass shift is
observed in the y ion series appearing at ys compared to corresponding y ions in (B2), assigning
hydroxylation at D695.

Figure S16 The ankyrinB ARD is a substrate for multiple FIH-catalysed Asn-hydroxylations. Pure
recombinant ankyrinB ARD was incubated in the absence or presence of FIH under standard assay
conditions, followed by SDS-PAGE analyses and trypsinolysis. The resultant in-gel digests were
subjected to MS analyses. (A) LC/MS spectra showing the non-hydroxylated and partially
hydroxylated forms of the (i) 53-73 (GGIDINTCNQNGLNALHLAAK), (ii) 119-147
(EGANINAQSQNGFTPLYMAAQENHIDVVK) and (iii) 640-660
(NQMQIASTLLNYGAETNIVTK) tryptic peptides. (B) MS/MS analyses of the non-hydroxylated
and hydroxylated 640-660 tryptic fragment assigning hydroxylation at N656. A +16 Da mass shift is
observed in the y ion series appearing at ys, assigning hydroxylation at N656.

Figure S17 FIH hydroxylates an aspartyl residue D491 in the ankyrinB ARD. (A) LC/MS (Al) and
MS/MS (A2) spectra of the unmodified 486-493 (NGALVDAR) tryptic peptide. (B) LC/MS (B1) and
MS/MS (B2) spectra of the hydroxylated (~15%) 486-493 tryptic peptide. A +16 Da mass shift is
observed in the y ion series appearing at y; compared to the unmodified peptide, assigning
hydroxylation to D491.

Figure S18 D34 is hydroxylated in HEK293T cells overexpressing wildtype FIH. V5-tagged D34
immunopurified from HEK293T cells co-transfected in the presence or absence of FIH were subjected
to trypsin digestion followed by MS analyses. (A-D) LC/MS spectra showing the non-hydroxylated
and partially hydroxylated forms of the (A) 427-436 (GASPNVSNVK), (B) 620-657
(SLLQYGGSANAESVQGVTPLHLAAQEGHAEMVALLLSK), (C) 719-730 (FLLQHQADVNAK)
and (D) 756-775 (NGASPNEVSSDGTTPLAIAK) tryptic peptides. (E) LC/MS spectra showing the
unmodified ([M+2H]* = m/z 543.8), M693-oxidized ([M+2H]** = m/z 551.8), and M693-oxidized as
well as D695-hydroxylated ([M+2H]** = m/z 559.8) forms of the 690-699 (HGVMVDATTR) tryptic
peptide. Mox stands for methionine oxidation.

Figure S19 MS/MS assignment of hydroxylation at N431 in D34 co-expressed with FIH in 293T cells.

(A) MS/MS of the non-hydroxylated 427-436 tryptic peptide GASPNVSNVK. (B) MS/MS of the
hydroxylated 427-436 tryptic peptide. A +16 Da mass shift is observed in the y ion series appearing at
Ye, assigning hydroxylation at N431.

Figure S20 MS/MS assignment of hydroxylation at N629 in D34 co-expressed with FIH in 293T cells.

(A) MS/MS of the non-hydroxylated 620-657 tryptic peptide
SLLQYGGSANAESVQGVTPLHLAAQEGHAEMVALLLSK. (B) MS/MS of the hydroxylated 620-
657 tryptic peptide. A +16 Da mass shift is observed at the y,9 ion, consistent with hydroxylation at
N629.

Figure S21 MS/MS assignment of hydroxylation at N728 in D34 co-expressed with FIH in 293T cells.

(A) MS/MS of the non-hydroxylated 719-730 FLLQHQADVNAK tryptic peptide. (B) MS/MS of the
hydroxylated 719-730 tryptic peptide. A +16 Da mass shift is observed in the y ion series appearing at
Y3, assigning hydroxylation at N728.

Figure S22 MS/MS assignment of hydroxylation at N761 in D34 co-expressed with FIH in 293T cells.

(A) MS/MS of the non-hydroxylated NGASPNEVSSDGTTPLAIAK tryptic peptide. (B) MS/MS of
the hydroxylated tryptic peptide. A +16 Da mass shift is observed in the y ion series appearing at ys,
assigning hydroxylation at N761.

Figure S23 MS/MS assignment of hydroxylation at D695 in D34 co-expressed with FIH in 293T cells.

(A) MS/MS of the unmodified 690-699 tryptic peptide. (B) MS/MS of the M693-oxidized tryptic
peptide, assigning oxidation at M693. A -48 Da shift is observed in the y ion series appearing at y-,
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corresponding to fragments containing M693. The -48 Da mass shift is consistent with M693 first
being oxidized (+16 Da) and then undergoing collision induced dissociation (CID) via sulfoxide
elemination, resulting in a neutral weight loss of 64 Da and the release of methanesulfenic acid. (C)
MS/MS of the M693-oxidized and D695 hydroxylated tryptic peptide ([M+2H]*" = m/z 559.7). A +16
Da mass shift is observed in the y ion series appearing at ys compared to (B), assigning hydroxylation
at D695.

Figure S24 LC/MS and MS/MS analyses demonstrating the oxidation at F795 in D34 imunopurified
from HEK293T cells. (A, B) LC/MS spectra of the unoxidized and oxidized forms of the 788-801
VVTDETSFVLVSDK tryptic peptide derived from (A) D34 immunopurified from HEK293T cells
and (B) D34 co-expressed with FIH in HEK293T cells. (C) MS/MS of the unoxidized peptide. (D)
MS/MS of the oxidized peptide. A +16 Da mass shift is observed in the y ion series appearing at y-,
assigning oxidation at F795.

Figure S25 N138, N233 and N728 in human endogenous ankyrinR are hydroxylated. LC/MS spectra
of the (A) 129-169 tryptic peptide containing, (B) 229-248 tryptic peptide containing N233 and (C)
719-730 tryptic peptide show both hydroxylated unhydroxylated peaks. See Supplemental Figure S26
and S27 for MS/MS analyses assigning hydroxylation to N138 and N233, respectively.

Figure S26 MS/MS assignment of hydroxylation at N138 in human endogenous ankyrinR. Insets are
regions expanded from the main spectra. (A) MS/MS of the unhydroxylated 129-169 tryptic peptide
FLLENGANQNVATEDGFTPLAVALQQGHENVVAHLINYGTK. (B) MS/MS of the hydroxylated
129-169 tryptic peptide. A +16 Da mass shift is observed in the b ion series appearing at by, assigning
hydroxylation at N138.

Figure S27 MS/MS assignment of hydroxylation at N233 in human endogenous ankyrinR. (A)
MS/MS of the unhydroxylated 229-248 GSSVNFTPQNGITPLHIASR tryptic peptide. Residue N238
is present in an Asn-Gly motif and Asn-deamidation at this site is observed, as presented for other
such motifs (2). (B) MS/MS of the hydroxylated 229-248 tryptic peptide. In addition to deamidation
at N238, a +16 Da mass shift is observed at the y;¢ ion, assigning hydroxylation at N233.

Figure S28 Mouse erythrocyte ankyrinR is hydroxylated. (A) Purification of ankyrinR from mouse
erythrocytes. (Lane 1) Mw Marker. (Lane 2) Purification of human ankyrinR as described in Figure 5.
(Lane 3 and 4) Purification of mouse ankyrinR following the same protocol as that for human. Arrow
indicates where mouse ankyrinR was identified by MS analyses. (B) LC/MS spectrum showing the
unhydroxylated and hydroxylated forms of the 96-110 tryptic fragment ELVNYGANVNAQSQ. (C)
MS/MS of the unhydroxylated tryptic peptide. (D) MS/MS of the hydroxylated peptide. A +16 Da
mass shift is observed in the y ion series appearing at yg, assigning hydroxylation at N105.

Figure S29 Conservation of the hydroxylation sites within the ankyrinR ARD in mammals. Protein
sequences of mammalian ankyrinR ARDs were obtained from the UniProt Database, aligned using
Clustalw software and shaded using the Boxshade Server
(http://www.ch.embnet.org/software/BOX_form.html). Residues hydroxylated in endogenous and
exogenous ankyrinR material purified from human cells are indicated by arrows

Figure S30 MS analyses demonstrating the oxidation at W1454 in human endogenous ankyrinR. (A)
LC/MS (A1) and MSMS (B1) of the unmodified 1437-1457 VENPNSLLEQSVALLNLWVIR tryptic
peptide ([M+2H]*" = m/z 1204.1). (B) LC/MS (B1) and MS/MS (B2) of the ‘singly oxidized’ 1437-
1457 tryptic peptide ([M+2H]*" = m/z 1212.1). A +16 Da mass shift is observed in the y ion series
appearing at y,, corresponding to fragments containing W1454. The mass increase is consistent with
oxidation of tryptophan to hydroxytryptophan. Wox stands for hydroxytryptophan. (C) LC/MS (C1)
and MS/MS (C2) of the doubly oxidized’ 1437-1457 tryptic peptide ([M+2H]*" = m/z 1220.1). A +16
Da mass shift is observed in the y ion series appearing at y, compared to corresponding y ions in (B1).
The mass increase is consistent with oxidation of hydroxytryptophan to N-formylkynurenine. NFK
stands for N-formylkynurenine.
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Figure S31 Hydroxylation modulates the interaction of D34 and CDB3. Coomassie-stained SDS-
PAGE gel showing the in vitro pull-down of CDB3 (a.a. 2-379) using GST-D34, GST-D34-OH or
control protein GST-ORF15 (3) as bait. Assays were performed as described previously (4).

Figure S32 Number of appearances for each amino acid at the conserved hydroxylation position. A
total of 1505 human AR sequences were obtained from The SMART (http://smart.embl.de/), PFAM
(http://www.pfam.org) and Uniprot (http://www.uniprot.org) databases, amongst which 1354 ARs
with a length of 32, 33 or 34 residues were aligned and analysed.

Figure S33 Comparing the efficiency of FIH-catalysed Ash- and Asp-hydroxylation in a consensus
AR sequence. All four synthetic AR peptides were incubated with FIH under identical assay
conditions for 30 minutes, followed by MALTI-TOF analyses. All assays were carried out in
duplicate.

Figure S34 FIH D201G variant does not catalyse aspartyl hydroxylation of Peptide 2. MALDI-TOF
analyses of Peptide 2 (HLEVVKLLLEHGADVDAQDK) after incubation with either wildtype FIH
(A) or FIH D201G variant (B) under identical assay conditions.

Figure S35 MS/MS assignment of hydroxylation at D1380 in the HLDVVQLLVQAGADVDAADN
GTAR 3651384 peptide. (A) MS/MS of the unmodified peptide. (B) MS/MS of the hydroxylated peptide.
A +16 Da mass shift is observed in the b ion series appearing at by, assigning hydroxylation at D1380.

Figure S36 FIH Q239H variant displays aspartyl hydroxylase activity. MALDI-TOF analyses of
Peptide 2 (HLEVVKLLLEHGADVDAQDK) after incubation with (A) Fe(ll) and 20G only, (B) wt
FIH, Fe(Il) and 20G and (C) FIH Q239H, Fe(ll) and 20G under the same incubation conditions.

Figure S37 Crystal Structure of D34 with the hydroxylation sites highlighted. PDB code 1N11 (1).
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Supplemental Scheme 1 FIH catalysed asparaginyl hydroxylation.
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Supplemental Scheme 2 FIH catalysed aspartyl hydroxylation.
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Supplemental Table S1 Refinement statistics for crystal structure

Measurement

Data Collection

FIHQ239H.AnkR(Asp)

Space Group P4,2,2

Cell dimensions a,b,c (A) 86.352
86.352
144.533

Resolution (A)
No. of unique reflections
Completeness (%)

74.12 - 2.20 (2.28 - 2.20)*
26863
99.13 (97.16)*

Redundancy 9.2 (8.4)
Reym™* 0.071 (0.880)*
Mean I/ o(1) 28.48 (2.22)
Refinement
Rfactor 0202
Riree 0.232
R.m.s. deviation
Bond length, A 0.009
Bond angle, © 1.049
No. of atoms
Protein 2842
Peptide 138
Ligand (NOG) 10
Water 135
<Bfactor>'8\2
Protein 47.369
Peptide 45.735
Ligand (NOG) 44542
Metal (Zn) 45.740
Water 48.134

*Highest resolution shell shown in parenthesis

**Reym = X |I-<I>|/3 I, where | is the intensity of an individual measurement and <I> is the average
intensity from multiple observations.
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Supplemental Table S2 AR peptides tested as substrates for FIH-catalysed aspartyl hydroxylation.
Peptides were incubated with FIH under standard assay conditions (see methods) and analysed by
MALDI MS analyses. Hydroxylation was identified by observation of a clear +16 Da mass shift and
verified by MSMS analyses (Figure 4D and Figure S21).

. Swiss-Prot Swiss-Prot Hydroxylation
Peptide sequence . Mass . -
Accession locus identified
HVEVVSELLQREANVDAATK Q12955 ANK3 (86-105) 2208.4 x
HFDVVQLLVQAGADVDAADN Q8IwWZ3 ANKH1 (1337-1356)  2097.3 v
DDGTARLLLDHGACVDAQER Q8NFD2 ANKK1 (440-459) 2155.5 X
HEIIVQYFLNHGVKVDARDH Q6ZW76 ANKS3 (181-200) 2390.7 x
GVQIVELLLHATTDVDAKAS Q9P2S6 ANKY1 (597-616) 2092.6 X
HLDVVQLLVQAGADVDAADN 075179 ANR17 (1365-1384)  2063.3 v
HTDCVYSLLNKGANVDAKDK 015084 ANR28 (698-717) 2191.6 x
QARCVQLLLAAGAQVDARNT Q8WXK3 ASB13 (64-83) 2110.6 X
ELIRVILKTSKPKDVDATCS Q8N3C7 CLIP4 (164-183) 2216.8 X
HVSTVKLLLENNAQVDATDV Q9Y283 INVS (369-388) 2166.4 X
QVEVVRCLLRNGALVDARAR Q01484 ANK?2 (476-495) 2238.7 X
RVNVAEVLVNQGAHVDAQTK Q12955 ANK3 (709-728) 2148.3 X
HSQLVNKLLVAGATVDARDL Q86SG2 ANR23 (156-175) 2120.6 x
HVPVITTLLRGGARVDALDR Q6NXT1 ANRS54 (188-207) 2159.7 x
LDEHARLYLGRGAHVDARNG Q62VZ8 ASB18 (231-250) 2220.7 X
ERGLVQFLLOAGAQVDARML 000221 IKBE (413-432) 22159 X
REVCQLLLRSRQTAVDARTE Q99466 NOTC4 (1680-1699) 23447 X
YTEMVALLLEFGANVDASSE Q9HCD6 TANC?2 (897-916) 2159.7 X
NYVKVKKILKKGTYVDAVNS Q8IwWB6 TEX14 (35-54) 2280.0 X
HLSCLQVLLAHGADVDSLDV Q8WXK4 ASB12 (76-95) 2105.5 X
RTELLHDLVQHVSDVDVEDA Q8lYu2 HACE1 (143-162) 2290.4 X
RADTLKALTIRYGADVDVNHH Q9Y576 ASB1 (156-175) 2276.8 X
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Figure S1
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Figure S2
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Figure S3

100
bﬂ
639.4
b,
%1 4132
0
100
bg
639.4
% by
4132
0
450 550 650

- -L‘ﬂ‘l
---N‘F
o

S
.

b,
7525
! by
; 866.4
Y |
¥
750 850

b,
5283 by | bg bg by by by big | by bz bz | by | bis byg
413.2|526.3)| 6394 | 752.5| B66.4 (1022.6|1079.6 | 1166.6 |1263.6 |1352.7 | 1466.8 |1613.8 |17149
NVA—Q L L L N R G S S A N F T PQ

Gl
1686.9
b|3 i b18
by 13837 215 17149
10226 I 15858 byg
- ! \ 16138
b v Voo
Do 11666 Vol
1079 6 12537 Lol
: by A
! 1466.8 Yig ¥
t 1544.8
¥ L 1
+
“u“‘u- llu | | 1_.‘1:

b13
13527
By by by 5
1022 6 1166.6 12538 v
k:'1I:I :I E
10796  + i
! ¥
950 1050 1150 1280 1350
mfz

S11

555 3 by | by by by by by big | by byq Dig | by | Bis bag
i 413.2| 526.3| 6394 | 752.5| B66.4 |1022.6(1079.6|1166.6 |1253.6 (13527 [1482.8 |1629.8 [1730.9
NVA—OQ L L L N R G 5 s \ N F T PQ
|
OH

g
1702.9
b b
y 15 18
15&}33 16299 11730.9
b :'153159':‘
14 H 9
14828 1)
i Py
{ 1
+
1450 1550 1650 1750



Figure S4

A

100

0

b Py
591.3|704.4
B F—V—A——K—+—Y—L—L—

100

—
by | b5 | By
4282|5913 | 7044
E—V——A K—
N ¥s
v 4163 5303
3453 |
! )
H 4282
i
I

¥3
3453

y
!
r

by | bg
817.5| 9455
—Y L K A K A N A K—AK
Vg ¥y Ve Ys Yy Y3
8205|7585 | 6304 | 5313 4173|3462
b ¥
5
5913 . ”; = b,
5 | 8175
Ye 7044} |
b || 1{)2996 y
Vi Py Ly 2. 11
629.4°004 §?§}.5 8285 by | 1198.7
S R 9455 Yio” 1oy E
Vi 8115y | 10536 10706 Yi° | by,
PO i/ 118161 12587
Y Yo/ N i
| o I
Y 1 H
|
(?H
N— K——A—1+—K——V ——N —A —+K—AK
Y10 ¥e e Vg Y5 Vs
10877 8455|7745 | 6464 | 5473 3462
¥
8275
Y7 E Vool
10
7135 | v, 1069.7
i ;8446 !
H i Yo
H | 10867

350 400 450 500 550

.
4

600 650 700 750 800 850 900 950 1000 1050 1100 1150 12ﬁ0 1250

miz

S12



Figure S5

100

g
4563

100

450

by | by | bg | by
456.2| 5433 | 6H6.4
EVA—R S L L

ag
628.4
5433

b, by be by
456.2|543.3| 6564
EVA—R S L L

bﬂ
656.4

550 650

b?
769.4

b

3y
7414

750

7694

by
897
Q Y

97.5 (106051

-
byg by B4z Dy | by | bys big
117611746 |1261.6 [1332.6 [1446.7 |1517.8 | 1646.8
G G S—— A N A E sV

769.4

7
769.4

bS
8975 ipp,1332.7 a
1488 7 10
by, "S- 1618.8
14467 | ;
* b e
b, ]15173 5"?45'8
T o4
1060 6 0 M_..;l [
8, a
869.5 1032.6
i E
H Dy 13047
11176 Py | byy
1746 by {13
126167 l
I—-"i.h-.- VT .1.-1'.-..'1‘.5 . lll ! ."'.Jl'.l.“'.l". nl.l [

be
8975

850

950

S13

——,
by byg by
897.5 (1060511176 | 11746
Q Y G G —

I:JIIZI
117.6

bll
11746

1150

—
B4q Dy byq bys byg
1261.6 (13326 [1462.7 |1533.8 | 1662.7
— S—— A ?l A E SV
OH

100,1332.6

miz

el

b12
12616

513
13326

1550

1250 1350 1450



Figure S6

A o ﬁﬁtttﬁtt
100 ¥a ¥7 ¥g ¥s5 ¥4 Y ¥ ¥4
924 | 7454 | 6173 | 5463 | 4313 | 3322 | 2182 | 1474

Vg
Ya s 617.3
V2 4313 : Ya
% ,, 2182 \ 546.3 I v 882.4
| i 745.4
[].
100 FLLQ H Q A D v N A K
Vg Y7 ¥e Y5 ¥4 Ya ¥2 ¥4
8984 | 7614 | 6333 | 5623 | 4473 | 3482 | 2182 | 1471
Aay? 3
Y2 Y3 v
2182 348.2 ! ¥s
% Y‘I .'\ J‘ -
1471 !
04
150 200

S14



Figure S7

A

62

95

128
161
150
231
Ze4
297
330
363
3%6
425
462
495
528
56l
554
627
660
693
T2e
755
T92
BZ5

(M58}

(N124)

(N&56)

(N755)

(iv)

AnkyrinB740.759

Consensus —-TPLHYAA—-GH-—-Y¥YV-YLL-——-GA——N-——
Repeat 1 DSNASFLRAARAGNLDEVVEYLEGGIDINTCNQ *
Repeat 2 NGLNALHLAAKEGHVGLVQELLGRGSSVDSATR
Repeat 3 KGNTALHIASLAGOAEVVKVLVEEGANINAQSQ*
Repeat 4 NGFTPLYMAAQENHIDVVEYLLENGANQSTATE
Repeat & DGEFTPLAVALOQOGHNOAVAILLENDTEG K
Repeat 6 VRLPALHIAARKDDTRESAALLLONDHNADVQSKMMVNRTTE
Repeat 7 SGFTPLHIAAHYGNVNVATLLLNRGAAVDETAR
Repeat B NGITPLHVASKRGNTNMVKLLLDRGEQIDAKTR
Repeat O DGLTPLHCAARSGHDOVVELLLERGAPLLARTE
Repeat 10 NGLSPLHMAAQGDHVECVEHLLOHKAPVDDVTL
Repeat 11  DYLTALHVAAHCGHYRVTKLLLDKRANPNARAL
Repeat 12  NGFTPLHIACKENRIKVMELLVEYGASIQAITE
Repeat 13  SGLTPIHVAAFMGHLNIVLLLLONGASPDVTNI
Repeat 14 RGETALHMAARAGOVEVVRCILRNGALVDARAR
Repeat 15 EEQTPLHIASRLGKTEIVQLLLOHMAHPDARTT
Repeat 16 NGYTPLHISAREGOVDVASVILEAGARHSLATE
Repeat 17 KGFTPLHVAAKYGSLDVAKLLLORRARADSAGK
Repeat 18  NGLTPLHVAAHYDNQKVALLLLEKGASPHATAK
Repeat 1% NGYTPLHIAAKENOMOIASTLLNYGAETNIVTE*
Repeat 20 QGVTPLHLASQEGHTDMVTLLLDEGANIHMSTE
Repeat 21  SGLTSLHLAAQEDKVNVADILTKHGADQDAHTE
Repeat 22  LGYTPLIVACHYGNVEMVNFLLEQGANVNAKTE*
Repeat 23  NGYTPLHQAAQOGHTHIINVLLOHGAKPNATTA
Repeat 24  NGNTALAIAKRLGYISVVDTLEVVTEEVTTTTT

B

(i) AnkyrinByg g7 (i) AnkyrinB 1pg-128 (i)  AnkyrinBgaq.ggo

NLDKVVEYLKGGIDINTCNG QAEVVKVLYKEGANINAGSQ QAQIASTLLNYGAETNIVTK

100; 31g5 0 065 1001 7136 8

n o

0 0 M,

100 P 1% 1417

+16(0)

+16(0

% +FIH %

0~~37s5 7300 225 2210 2 O 5130 5735 3130 3735 3740 3145 33 3140 3145 2150 2155
miz miz

S15

NVKAVNFLLKQGANVNAKTK

100,
21577

21739
+6(0)
+FIH




Figure S8

A | E )

Consensus -G-TPLHYAR--GH--¥V-YLL--GA—-—-N-———
Repeat 1 DANASYLRAARAGHLERALDY IENGVDINICND * 72 (NE8)
Repeat 2 NGLNALHLASKEGHVEVVSELLQREANVDAATE 105
Repeat 3 KCNTALHIASLAGQAEVVEVLVTNGANVNAQSQ * 138 (N134)
Repeat 4 NGFTPLYMARQENHLEVVEFLLDNGASQSLATE 171
Repsat 5 DGFTPLAVALOQGHDOVVSLLLENDTEG K 200
Repeat 6 VRLPALHIAARKDDTKAAALLLONDNNADVESE 233
Repeat 7 SGFTPLHIARHYGNINVATLLLNRAAAVDFTAR 266
Repeat B NDITPLHEVASKRGNANMVELLLDRGAKIDAKTR 2599
Repsat 9 DGLTPLECGARSGHEQVVEMLLDRAAPILSETK 332
Repeat 10 NGLSPLEMATQGDHLNCVQLLLOQHNVEVDDVTH 365
Repeat 11 DYLTALHVARHCGHYKVARVLLDEKANPNARAT 398
Repeat 12 NGFTPLHIACKENRIKVMELLLEHGASIQAVTE 431
Repeat 13 SGLTPIHVAAFMGHVNIVSQLMHHGASPNTTNV 464
Repeat 14 RGETALHMAARSGQAEVVRY LVQDGAQVERKEK 497
Repeat 15 DDQTPLHISARLGKADIVQQLLOQGASPNARTT 530
Repeat 16 SGYTPLHLSAREGHEDVAAFLLDHGASLSITTK 563
Repeat 17 KGFTPLEVAARYGKLEVANLLLOESASPDAAGE 596
Repeat 18 SGLTPLHVAAHYDNQKVALLLLDQGASPHAARK 629
Repeat 19 NGYTPLHIAARENQMDIATTLLEYGADANAVTR * 662 (NE58)
Repeat 20 QGIASVHLAARQEGHVIMVSLLLGRNANVNLSNE * 695 (NE91)
Repeat 21 SGLTPLELARQEDRVNVAEVLVNOGAHVDAQTK 728
Repeat 22 MGYTPLEVGCEYGNIKIVNFLLOHSARVNAKTE * 761  (N757)
Repeat 23 NGYTPLHQAAQQGHTHI INVLLONNASPNELTV 794
Repeat 24 NGNTALGIARRLGYISVVDTLEIVTEETMTTTT 827
B (i) AnkyrinGs3.72 (ii) AnkyrinG11g9-138 (ii) AnkyrinGg43 662
HLEKALDYIKNGVDINICNQ QAEVVKVLVTNGANVNAQSQ QADIATTLLEYGADANAVTR
100- 013 100, 20697 100 20937
% L™ Y
0 PLLLA 0
100 20856 100 21096
+16{0) +16(0)
% ~—wm % +FIH
R P A E e A 0 2000 2075 2080 2085 209
miz miz miz
(iv) AnkyrinG576-595 (V) AnkyrinG742.761
HVDMVSLLLGRNANVNLSNK NIKIVNFLLOHSAKVNAKTK
100 91363 100
22670
% %

21514

+16(0)
+FH

2135 2140 ﬂF 2150 2155 22653210 ﬂ@mﬂm 73852290
Z

S16



Figure S9

A

100+

1004
¥y
147 1
%_

150

200

Y2
2462

250

300

350

400

450

L

Y

N A S | N K
¥7 ¥ ¥s Ya Y3 Y2 ¥4
774 | 6604 | 5463 | 4473 | 3602 | 246.2 | 1471

N VlK

Y7 Ve Ys Ya Y3 ¥a ¥4
T734 | 6764 | 5463 | 4473 | 3602 [ 2462 | 1471

=
<
w

¥s
676.4
¥s
546.3
¥7
7734
Jnln_l_jl l ’ ’ Il. ll ; ;
500 550 600 650 700 750 800 850
m/z

S17



Figure S10

A VAKYLLQNK A K V | N | A ‘ K | A | K ‘ D D
100. 2:5_1 Yio | Yo | Ya | Yo [ Ve | Y5 | Ya | V3| V2
10596| 9885|8604 | 761.4| 6473 | 576.3| 4482 | 377.2 | 249.1
% s Y,
735 4482 Ve
¥s 647.3 ¥
S . T X
¢ 7614 5 | >
¥ { !
‘ +
0
OH
B N S OV VA O AP O P
VAKYLLQNK A K v N A K A K D D

y
245.1 Y10 Yg ) ¥7 Vg Y5 V4 Vi | Yo
10756 (1004.5| 8764 | 777.4| 647.3| 576.3| 4482 | 3772|2491

100

3772

-

) ¥g

i \ 876.4 Yo

- ¥ \ 10045 13;35_5
H

i
i
*

300 350 400 450 500 550 600 650 700 750 6BO0O 850 900 950 1000 1050 1100
m/z

S18



Figure S11

1724 9|16843.3|1614.8|1598 31542 B{1507_3{1450.3|1414.8]11350.2 | 11032 |1115.1

PL H=——L: W L - LEK
Yoo | ¥ ¥r | Y| Yo wa| ¥
10646 |950.5 K ¥ T43.5| B44 4| 573.4|480.3| 247.2

—

parent [M+3H[** 2
12073 ¥ag'
100 1643.2
Y322+
16147
by Yot Vo' 0!
2011 1115.0 1193.1 LT
by
by 4422
bE 2%
3142 Y1 \,r202+
6053 8344 1064 5 yat
Vig 17248
by .
% Y3 06.4
3472 |
Y

GV T PL H L: AACEGHAEM A L L- LK
Yo | V| e | s W Mee?t Y| Ye | ¥s | Yo ¥2
1183.2 [1115.1|1064.6 |958.5| E91.0 |834.4 T43.5| 644.4| 573.4{460.3]| 347 2

parent [M+3H]*

2+
Yz
- . 13038 1651.3
¥23
i 11831 y3*
2 \ 16228
201.1 yo2t § P12 |
" 1151 {1297 2 Yo
Vor Yo 1
oy 22 i . | Vel M asaa)
: 5 Y20 o ’ P
6083 8344 weas | Vi E v || 1;;“22;
X o ! 15507 | '
B b i I
% ¥, 8084 P ' Pl
V3 6"‘? 4 .: i 182+ E E yﬁﬁz‘* ! f232+i E E
w2 |, o718 | 959.5 A1 R
- ISR |1 R
1662.3| i { i i |
Y/ st sgiol B0 i ’ I
{ iaas | { 1007.4 i v | | Y
O || 14502
vi v Y
4 v
ol |

200 300 400 500 600 700 800 800 1000 1100 1200 1300 1400 1500 1600 1700 1800
miz

S19



Figure S12

by by
1007 1% 1-:239'1 L——G——N——K
5"4 ¥a fz !'r‘1
4313 | 3182 | 2611 | 1471
Y1
147.1
% : by* be
g

b, b
100, 1291 129.1
¥4 Q L G N K
1471 Ya ¥a ¥a ¥4
H 4313 | 3182 | 2611 | 1471
%- by*
! 297.1 by* Vs
i i ¥s 3541 4313 bg*
3182 | | 4842 Vs
; | ! 561.3
1 \ H i ¥e
v Y ' | 618.3

140 180 220 260 300 340 380 420 460 500 540 580 620
m/z

S20



Figure S13

100 L—-a H{-a-1—A DV N—— A—— K
Y10 Ya Va Y7 ¥a Ve Vs ¥a Ya ¥4
11235 | 10105 | 8g2.4 | 7454 6173 | 5463 | 4313 | 3322 | 2182 | 1471
Yo
2182
SRR
o 1471
¥z
Y3 Ya ¥, 4 Ya
4313 . Y 454 8824
122 2463 6173 : : Yo
; i 10105
M i ¥io
i 11235

OH
100, I
L Q H Q A D \Y N A K
Yo ¥g Yg ¥7 Ve ¥s Y ¥a Y2 ¥y
11395 10265 | 898.4 | 761. 6333 | 5623 | 4473 | 3482 | 2182 [ 1471

200 300 400 500 600 700 800 900 1000 1100 1200
mfz

S21



Figure S14

bs by
1721 | 24341
N—©G A 5 P M E A S ] D G—T T P—1L A 1 A K
Yig Yis ¥ia ¥i3 ¥iz ¥4 ¥io ¥a ¥7 ¥s ¥4 Y3 ¥z ¥i
15005 (1502.7) 13887 | 1250.7| 1160.6| 1073.8 | ¢a68 | 8715 7135 | 8124 402.3 | 3312 | 2181 | 1471
by

100 2431
¥2 1 ¥3
2181 3:1.2
¥ !
1-:1?.1 !
P by ]
HEFR] i
% *
J Y
0 BRAN

H

by by 0
721 | 2431 |
N—=G A 1 P N E v ] S D G—T—T P—1L A I A K
¥i5 Y15 ¥1a ¥i3 Y1z ¥ Yio L] ¥7 Y& ¥q ¥3 ¥z ¥1
1815.6|1518.7| 1388.7 | 1250.7| 11806 | 10736 | gee.6 | 8715 7135 | 8124 4023 | 331.2 | 2181 | 1471

B
1

¥
1471 p,
100 i b224]3'1 Y13
L | 100, 1259.6 ,
I 14
I I & ¥e 1388.7 Y16
|| 2dq | 3312 612.4 . ; i 16157
: ] ' '
%1 y
i- 1250 1350 1450 w‘155|] 1650 1750
,f Z
Y10
986.4 Y12
efls |y, 11606 ,
L i 10736 l 12596
0 TR F W W T N

200 300 400 500 600 TFOO 8OO 900 1000 11'[][] 1200 130[]| 1400 1500 1E'.EI[]
miz

S22



Figure S15

HGVMVDATTR
by
100 BA3T 100 1951
5442
¥1
175.1
% %
48
0 0
HGVMoxVDATTR
b,
100 5517 00, 1951
5522
Y1
Y 5528 %1 1751
5533

u-mﬂhl-ﬁwwmm#% 0

HGVMoxVD(OH)ATTR
by
100 100, 1951
5597
1751
% 5603 o
560 7
0 o!
546 554 562 200
miz

S—CH,
/
I
CH,
H
Y2 Y4
2761 4482

¥7
7933

4
448.2

Y7
7454

¥g ¥g
5633 6623

¥8
678.3

1 ¥
H 7614

400

700 800

S23

M
| W
I32
1951 204.1| |
H G M v D A—T T R
¥g ¥7 ¥a ¥s ¥4 ¥a ¥q
9015 | g44 5 |745.4 | 662.3 |563.3 4482 276.2(175.1
Y.

¥a
8444

M A D A—T T R
¥r ¥a ¥s Vg ¥o ¥4
9495 | 892 5|793.4 | 662.3|563.3 (4482 2762|1751

Yg
Ys 9494
892 4

CHs

My 64 Da

¥a
901.4

CHs
| © + HO—s—cCH,
(I‘iH
H—0G M v D(OH) A—T T R
¥y ¥ ¥g A ¥a ¥y
9175 | 8604 | 761.4|6783| 5793 4482 276.2(175.1
-
Yo
yg 917.4
860 4

900 1000



Figure S16

A

100

(i) coDNTCNONGLNALHLAAK
1098.0

1087 5

1087 1098 1901 1103 1105 1107 1109
miz

(i)

100

EGANINAQSONGFTPLYMAAQENHIDVVK
1[!514.1

(i) NamalsTLLNYGAETNIVTK
100

1060.0

I 1154 1156 1153 1160 1182 1184 1186
miz

by b3 by B Bg— by by by— byg—) B4y byp
N QM Q|I|A|S|T LIL_LN—LYlG AIE|T N|I VLT LK
Yig ¥y yyp =Ye Sy By Byg B¥s MYe By Ve
100 93‘-:}.4
b2
431 %55_3 .
2 H a04.4
2}3.1 b4 ! y11
i ! 10
/ e P #oe o wess
’ W5, 6152 ¥ 6363 |
% g: Il
1
171 b3 ' 4
/ 3741 i
/
v ¥
4603
pdhech LL“M’]]
by b3 by Bs— Bg— by bg— bg— byg— by byp—
N QM| Q|I|A|S|T LlLlN‘LY GLA E|T |NOH)| I VLT LK
V2 =Y Yo =Ye Byg By Byg s Yo =yg MYz by
100

bl

miz

S24




Figure S17

A1 A2
g5 100 246.1
uh & N LG LA LL Lv Ln LA R
¥7 Y& Y5 —Ya Y3 ¥2
:
% 8164 % »
1282 4\&2
PR S
B174 i E
qud jl 0 L__ daerbhe Ll I J;._.,_L
B1 B2
100, 8183 100 ﬂiﬁﬂ
N G ALL Lv LD(OH} LA R
+16(0) Y5 =—Y¥a ¥3 ¥z
+FIH
8164 2;%1
%
B17.4
8314534
aim |ﬁ33_4
L i " i Lol iy L. | WP TP
ORI h R R R 660 700 740 7RO

miz

S25



Figure S18

A GASPNVSNVE (N431) C FLLQHQADVNAK (N728)
_ 9725 o0, Y619
100 4622
9735
o, % 462.6
974.5 4629
9755

L T L L — 0

100 - 9885 100 4572 46T 6
97-2_-5 +16{0) ;LEB.E +16(0 67.9
+FIH +FIH
* 9736 *
I 468.3
9746 lgm'ﬁ
ﬂ.....‘.............J'...‘... i] l“l- A A
972 G976 G980 984 OB& 992 462 4564 466 468
mz miz
SLLOYGGSANAESYQGYTPLHLAAQE GHAEMVALLLSK NGASPNEYVSSDGTTPLAIAK (NTG1)
(NG29)
865.0
965.5

1288 1300 1302 1304 | 1306

100

966 968 970
miz

S26

972 974 976

E

100

HGVMVDATTR (D695)

5438

+16(0
+FIH
559.8
560.3
560.8
556 560

100
%
BIII'III"
552
mz



Figure S19

A

100

Y1
1471

1004

¥4
1471

Y2
2462
T8

Y3
360.2

150 200 250 300 350

P ‘ N | A | S | N ‘ v | K
¥r { ¥g l ¥s Yy ‘ Y3 Y2 Y1
7or4 | 6604 | 5463 | 4473 | 360.2 | 2462 | 1471

- . Lo

Y4
447 3

P

N | A" | S | N ‘ \" | K
Y7 ¥ ¥s Ya Y3 Y2 Y1
Tr34 | 6764 | 5463 | 447.3 | 3602 | 2462 | 147.1

676.4

Y5
H46.3

¥7
7734

400 450 500 550 600 650 700 750 800 &850

miz

S27



Figure S20

A

N ey E 5 v Q GV T PL H L A Y E GHA E A L L LSK
v | yas | v | Yae® | Vas® | Voo | vat | Ve | v | Ve | Yar | Yae | was | wie | ¥ Y1z ¥a Yz Y7 ¥ ¥z ¥a ¥a
1507.3|1450.7|1414.8(1350.71206.7[1257.2) 11832 [1115.1|1084.6 |259.5 [1781.0[1667.5/1526. 81525 81397 7| 1268.7 [1003.5|574.5 | 742.5| 644.4| 573.4| 480.3| 347.2

153}?
vt 100 ;15078
100 11036 | 2 | 1508.3
P oy -
Y3 i %095 Y 12%-?5130266.?13?;8 0
3472 ¥a 1Y ! 10648 ., P o 1502 1506 1510 1514 1518 1522
460.3 18745 | ¥a1 e : o miz
i i 11156 P Py !
P i PPl ytiaais2
S S o opeerid
%_ . ﬁr E iyﬁ'z" E +: E i i 24 -" 3"14
Y5 ?4_3-5 R 1o I :I E Vo Y28 515253
5734 i R : ihasa7 (U7
| P '. ¥g ' 1 R Y18
| | g 1003.6 Hoi 7 s 16678
! M Wi §/ 1508 Ya7
I/ 17819
0
i
N E s W Q (e T PL H L A E GHA E W A L L LSK
Yas®* | ¥ae®* | Yoy | ¥as® | Vas® | Ve ¥aioo vt | ¥ | ¥e® | Yo7 | Was ¥ig Yas Y13 Yz ¥s ¥z ¥7 ¥g ¥s5 ¥y Y3
1515.3{1450.71414.8 (1350 7[1308.7 (1257 2| 11983.2 |1115.1|10684.68 |856.5 [1781.0|1687 .61 506 811525 81307 7| 12687 |1003.8) 874.5 | 743.5 | 0444 | 573.4 | 480.3 | 3472
Yas™ 12?;; 15158
12576 100 N 5163
1001, vt | Y2 % Nlis1e7
i | M 11836 | 12687
460.3 y162+ Y1a2+ N E .'I 0
8145 8505 Y i 'I‘f “13??33 1502 1506 1510 ;11514 1518 1522
: b 10651 2 pojdas 1337 1 m
Y | Y ve | | faeer D
6444 18745 1 i e
% Pl (i1, ahatsa | 9
Vs bl i Db Yag YT 115258
5734 S T | 13507 P y
Y11 gets ! i oyt b 16
7435 1 fT 1 ¥e i - 1668.9
ST R Pil i ] o
: : v 8
H * LR Yi7
17819

400 500 600 700 GO0 900 1000 1100 1200 1300 1400 1500 1600 1700 180[] 1900

mfz

S28



Figure S21

A

100 1

100
0%
Yo
2182
\
0 L l.l
200

Yg Ya. !-'? Ya ¥z
10105 | 8824 | 7454 5173 5463 4313 3322 | 2182

Yg
8824

745 4

Yg
10105
o 1 l b i .

S29



Figure S22

A
bz
172.1| 2431
NG A

100+

B

1004

bs

N

bs by OH
172.1| 243.1 |
:1—18 P N E v S S D
Y18 Yis5 | Yia | Y3 | Yiz | ¥n Yo
615.8 1518.8[1388.7|1259.7|1160.6| 1073.6| 986.

s
Y7
1686.8|1599.8

Ll

P N
Y18 Y15

E vV S
Yig | Yaz | Yz
8(1388.71259.7[1160.

4023

by
2431

Y2 i+ |3
218.1;

Yo
1741 Y

[ o P
[

1.2

Yy
4023

200 300

400 500

502.

Yo
6124

Ys
612.4
¥r
7134
600 70O

800

S

¥s
8145

871.5

I

miz

S30

Y11
1073,

Y10
986

10
986.6

6

D G T T P—L
Yo ¥g Ya Y7 ¥a
6| 9866|8715 |8145|T7T135|6124

¥

11
1073.6

A | AK
Ya ¥a )'rg
4023|3312 [218.1
'

Y12
1160.6

-
Y7

G T P—L A |
Yo Yo Yag Ya ¥q
6|871.5 (8145 |7135|6124 402.3(331.2|2181
-

AK
Y2

Y2
1160.6
¥11
Y1a Yis
10736 | 49597 15187
Y14 i 16
13887 1615.8
| v
LA adal i i L

900 1000 1100 1200 1300 1400 1500 1600 1700



Figure S23

A
195 1 \% D A—T T R
100 ¥g Vs Yy Yo ¥4
6623 | AE3.3 | 4482 2762 | 1751
¥4
vi ¥ 4482

Ya
Vo yr yg 0494
5632 6623 793.3 892 4

0
CH
0 3
AN |
) —cH, EI0, CH + HO—s —CHy
My 64 Da
B CH, /N\ w
| oo
CHs
b, Al
195 1 H M A D A—T T R
100 o Y? YG YE !"4 ¥z Y1
9015 | 8445 | 7454 | 6623 | 5633 | 4482 276.2 | 175.1
7]
4482
Y1 ¥z
% 175.1 I76.1 ¥a
-b yr 9014
5 7454 Ya
Y5 ¥s
“ E‘T"z 5633 6623 l 844.4
U U{lllri_rk § e Llll- a|.| _'l_rla.lLI.l. |.. l.l.l L rrn_&Trrl"T‘”I:‘["IiTrr lT- § g - - l‘ - Ll. 4 - _.r_ - - -
?H3 + HO—S—CHjz
CH
Il
C H M % D (OH) A—T T R
¥z Ve Vs Vs Y2 Vi
b 7614 | 6783 5793 4482 276.2 | 1751
2
100 195.1

150 200 250 300 350 400 450 500 A50 600 650 7OO 750 800 850 900 950 1000
m/z

S31



Fig

ure S24

A Endogenous FIH C
100 199.1
100, 7999 V—VT D E4~T—+S—+F—+V L+—V—+5—+D—K
Yz | Y11 | Yo | Yo | ¥ | ¥y Ye | Y5 Yo | Y3 | V2
7704 1600 1340.6 (12396 1124.6| 995.5| 894.5| 807.5 | 660.4|561.3 |448.2|349.2| 262.1
q—+[_]'_p
7779 by
7784 1991 v
3
*1 {7700 349.2 Y Vs
4, 5613
7789 448 2 Ve Vg Vg Yi2
771.4 ¥z 6604 V7 89459955 VYio yqy 13406
7794 2621 : 8074 I l 11246 12396 L
o padill] 0 | J J”-Uﬂ‘l 1| IIRETY ] T— Ll.l;l ik ) » J_ t " »
B Overexpressed FIH D OH
769.9 100 ) |
100 ) V—V—TT D E4+—T—S—4+F 1V L—+V—4-5—4D—K
Yiz | Yo | Yo | Yo | vg | ¥7 | Ya | ¥5 | ¥Ya | ¥3 [ ¥2
+16(0) 1356.6(1255.6 (11406 1011.5(910.5| 823.5| 660.4| 561.3 (448.2|345 2| 262 1
7779
b
o, 2
% 199.1 Y3 ,
7
7789 319.2 Ya 8234
4482 s : Y10 Y11
-2 BB1.3 yg i ¥Ys  ¥s 4140512556 Yi2
1794 660.4 i 9105 0115 ; 1356.6
\ A

0 T
770 772 T4 776

miz

778 780

200 300 400 500 600 7OO @800 900 1000 1100 1200 1300 1400
miz

S32



Figure S25
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Figure S27
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Figure S28
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Figure S29
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Figure S30
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Figure S31
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Figure S33
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Figure S35
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Figure S36
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