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Supplementary Figure 1

ING4 - - - ------- PTYCLCHQVSY- - -GEMIGCDNPDCS | EWFHFACVGLTTKPR- - - - - - - GKWFCPRCSQE- -

ING2 GSEFA IDPNEPTYCLCNQVSY - - -GEMIGCDNEQCP | EWFHFSCVSLTYKPK- - - - - - - GKWYCPKCRGDNE
—>»KDM5A-PHD3 - - ESDDENAVCAAQNCQRPCKDKVDWVQCDGGC - - -DEWFHQVCVGVSPEMAEN- - - - - EDY IC | NCAKKQ-
KDM5B-PHD3 = = = = = - - DAICPAVSCLQPEGDEVDWVQCDGSC - - - NQOWFHQVCVGVSPEMAEK - - - - - EDY ICVRCTVK- -
TAF3 - -------- IWICPGCNKPDD - - GSPMIGCDDC - - - DDWYHWPCVG IMTAPPEE- - - - - MQWFCPKCANK - -

MLLS - - - ------- VTRC ICGFTHD - -DGYMICCDKC - - - SVWQH IDCMG IDRQHI - - - - - - PDTYLCERCQPR- -

BPTF == --eee--- KLYC ICKTPYDE-SKFY IGCDRC- - -QNWYHGRCVG | LQSEAEL | - - - -DEYVCPQCQST - -

PHF3 - - - ------ SKQCGFCKKPHG- - NRFMVGCGRC - - - DDWFHGDCVGL SL SQAQQMGEEDKEYVCVKCCAE - -

DIDO1 = === weu--- ALYC ICRQPHN- -NRFMICCDRC - - - EEWFHGDCVG | SEARGRLLERNGEDY ICPNCTIL - -

Fig. S1: Sequence alignment of KDM5A-PHD3 with other H3K4me3-recognizing PHD domains.



Supplementary Figure 2

Trypsin stability assay: Peptide and trypsin (1:1 w/w) were mixed in 1x PBS buffer and the resulting mixture
was incubated at RT. Proteolysis reactions at a given time point was quenched by adding HCI. The proteolysis
process was monitored by subjecting the quenched mixture onto reverse-phase HPLC column monitoring at 214
nm [H20 (A):MeCN (B); 5% to 100% solvent B over 23 min].

Norm. |DAD1 C, Sig=214,4 Ref=800,50 (YA NG\21092203 .D) (1 )

o
800 ‘{

] ¥
600—

H,N___NH <
h ND
& NH
OH
. 0 o] 0
] WT peptide (1 H H
» 4 \WT peptide (1) HIN\)LNéNJ)\N N\)I\I\IH,NHZ
i H H E
0 o 0 l o]
H,N7 0

200

g \b\/
-200

T
0 5 10 15 20 25 30

Norm. |DAD1 C, Sig=214,4 Ref=800,50 (YANG\210923 B2.D)

800 |
600

400

0 5 10 15 20 25 30 35 40 min

Fig. S2a: Chromatograms of WT H3K4me3 hexapeptide (1) before and after incubation with trypsin (t = <5 min).
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Fig. S2b: Chromatograms of me-ARTK(me3)QT hexapeptide (3) before and after incubation with trypsin (t = <
5 min, 30 min).
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Fig. S2c: Chromatograms of AR(me)TK(me3)QT hexapeptide (10) before and after incubation with trypsin (t =
<5 min, 36 h).
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Fig. S2d: Chromatograms of triazole cyclopeptide (D-23c) before and after incubation with trypsin (t= <5 min,
48 h).



Supplementary Figure 3
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Fig. S3: Fluorescence polarization binding curves (top) and Kg values of WT and mutant Hise-MBP-PHD3
(bottom). Fluorescence polarization binding assays used C-terminally fluorescently labeled H3K4me3 10mer
peptide as the tracer, and Ky values are presented as average + standard error of three replicates.



Supplementary Figure 4

Peptide PHD domain Compound number Ki (UM = SE)

Linear (arylfluorosulfate) PHD3 30 0.22 £0.039
Linear (arylfluorosulfate) PHD3 31 0.17 £ 0.020
Linear (arylfluorosulfate) PHD3 32 0.37 £0.077
Linear (SF) PHD3 27 0.13 +0.023
Linear (SF) PHD3 28 0.11 + 0.020
Linear (SF) PHD3 29 0.22 +0.048
Cyclic (SF) PHD3 Triazole D-34 0.51 + 0.097
Cyclic (SF) PHD3 Triazole D-35 0.38 £ 0.065
Cyclic (SF) PHD3 Thioether C-33 0.50 + 0.068
Cyclic (SF) biotinylated PHD3 Thioether C-36 0.21 £0.040
Cyclic (SF) PHD1* Triazole D-35 188.8 + 42.05

Fig. S4: Competitive fluorescence polarization binding assay data for covalent linear and cyclic peptides.
Inhibition constants are presented as average * standard error of three replicates.

* The inhibition constant for triazole D-35 binding to PHD1 was obtained using recombinant GST-PHD1 and
fluorescently labelled H3K4me0 10-mer peptide, as previously described.?



Supplementary Figure 5
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Fig. S5a: HCD product ion spectrum of 678.6790°" corresponding to covalent modification at K1620 of PHD3.
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Fig. S5b: HCD product ion spectrum of 1100.6557°* corresponding to covalent modification at K1622 of PHD3.
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Reagents and Materials

Fmoc-solid phase peptide synthesis was performed using fritted plastic syringes from TORVIQ. Rink amide resin
(0.54 mmolg*,100-200 mesh) was manufactured by Novabiochem® and purchased from Sigma-Aldrich. Fmoc-
protected amino acids and reagents used for peptide synthesis were purchased from AK Scientific, Iris Biotech,
AstaTech, Combi-blocks, Chem-Impex and Sigma-Aldrich, and were used without further purification. Peptides
used for the alanine scan, C-terminal truncation scan, Ac-ARTK(me3)QT-NH;, SRTK(me3)QT-NH.,
PRTK(me3)QT-NH,, AibRTK(me3)QT-NH; were purchased from Genscript.

General Experimental Procedures

Preparative HPLC was performed on a Waters Prep 150Q LC system, with a Waters 2998 Photodiode Array
detector, and this system was operated using ChromScope software. All separations used linear gradients of
water containing 0.1% trifluoroacetic acid and acetonitrile, at a flow rate of 10 mL/min (XSelect® Peptide CSH™
C18, OBD™ Prep Column, 130A, 5 uM, 19 mm x 250 mm, 1/pkg). Analytical HPLC was performed on a Varian
ProStar 210 Solvent Delivery Module, with a Varian ProStar 335 Photodiode Array Detector, and this system
was operated using Galaxy Chromatography Data System. All separations used linear gradients of water
containing 0.1% trifluoroacetic acid (solvent A) and acetonitrile (solvent B), at a flow rate of 1 mL/min
(Phenomenex Luna® 10 pm C18(2) 100A, LC column 250 x 4.6 mm, Ea).

Analytical HPLC methods used for peptide characterization:

Method 1: 3% B for 1 minute, 3% to 30% B over 10 minutes, then 30% to 100% B over 1 minute (A = 220 nm).
Method 2: 10% B for 1 minute, 10% to 95% B over 12 minutes and hold at 95% for 3 minutes (A = 220 nm).
Method 3: 10% B for 1 minute, 10% to 95% B over 12 minutes and hold at 95% for 6 minutes (A = 220 nm).

Analytical UPLC was performed on a Waters Acquity system fitted with a TUV detector. Separations for small
molecules and peptides used linear gradients of water containing 0.1% formic acid (solvent A1) and acetonitrile
containing 0.1% formic acid (solvent B1), at a constant flow rate (0.2 mL/min, BEH, C18, 1.7 um). Separations
for proteins used linear gradients of water containing 0.1% formic acid and 0.05% trifluoroacetic acid (solvent
A2), and acetonitrile containing 0.1% formic acid (solvent B2), at a constant flow rate (0.2 mL/min, protein BEH
C4, 300A, 1.7 pm).

Molecular Modelling

Design feasibility of macrocyclic peptides were assessed using MacroModel. The X-ray crystallographic structure
of PHD3-H3K4me3 (PDB 3GL6) was prepared as the initial starting structure. Non-coordinating water molecules
found beyond 5 A from heteroatoms were removed. Macrocyclic peptides were prepared by mutating K4me3
and T6 with a linker which contained amide, thioether, and triazole moieties respectively. The resulting structures
were minimized using MMFFs and GB/SA water solvation whilst keeping the PHD3 and amide backbone of
H3K4me3 frozen. The minimized model was subsequently searched for energy conformers using the
conformational search tool using the MMFFs force field and GV/SA water solvation whilst keeping the PHD3 and
11



amide backbone of H3K4me3 frozen. The resulting conformers within 4 kJmol* from the lowest-energy
conformer were overlayed to assess the rigidity and design feasibility.
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Synthetic Procedures and Peptide Characterization Data

General Workflow for Fmoc-Solid Phase Peptide Synthesis (Fmoc-SPPS)

1) piperidine/DMF (2:8 v:v)
rt, 2 x 3 min
2) Fmoc-Xaa-OH (4 equiv)
PyBOP (4 equiv) DIPEA (8 equiv)

DMF, rt, 2-16 h
3) Ac,O/pyridine (1:9 v:v), rt, 3 min
FmocHN—O » Fmoc” \)L peptlde

|terat|ve Fmoc-SPPS Boc

><|u

Rink amide resin

TFA/iPr3SiH/H,0

(90:5:5, v:viv)
(o}

peptide NH,

aa

x

Loading Rink amide resin

In a fritted plastic syringe, Rink amide resin (1.0 equiv, substitution 0.54 mmolg) was swollen in DMF for 15 min,
then washed with DCM (5 x 3 mL) and DMF (5 x 3 mL). The resin-bound Fmoc group was removed by adding
a solution of piperidine/DMF (2:8 v:v). The liquid was discarded after three minutes and the deprotection reaction
was repeated once more. The resin was washed with DMF (5 x 3 mL), DCM (5 x 3 mL) and DMF (5 x 3 mL).

A solution of Fmoc-Xaa-OH (4 equiv), PyBOP (4 equiv) and DIPEA (8 equiv) in DMF was added to the resin and
shaken at room temperature for 2-16 hours, at which time the resin was washed with DMF (5 x 3 mL), DCM (5
x 3 mL) and DMF (5 x 3 mL).

A solution of Ac,O/pyridine (1:9 v:v) was added to the resin. After three minutes, the liquid was discarded and
the resin was washed with DMF (5 x 3 mL), DCM (5 x 3 mL) and DMF (5 x 3 mL). The resin-bound amino acid
was subjected to iterative peptide assembly.

Iterative Fmoc-SPPS workflow

Deprotection: The resin was treated with piperidine/DMF (2:8 v:v, 2 x 3 min) and washed with DMF (5 x 3 mL),
DCM (5 x 3 mL) and DMF (5 x 3 mL).

General amino acid coupling: A solution of Fmoc-protected amino acid (4 equiv), PyBOP (4 equiv) and DIPEA
(8 equiv) in DMF was added to the resin. After 2-16 hours, the resin was washed with DMF (5 x 3 mL), DCM (5
x 3 mL) and DMF (5 x 3 mL).

Capping: A solution of Ac,O/pyridine (1:9 v:v) was added to the resin. After three minutes, the liquid was
discarded and the resin was washed with DMF (5 x 3 mL), DCM (5 x 3 mL) and DMF (5 x 3 mL).

Cleavage: The resin was washed with DCM (10 x 3 mL) to remove any traces of DMF. A mixture of
TFA/iPrSisH/H20 (90:5:5 v:v:v, 3 mL) was added to the resin and agitated at room temperature for three hours,
at which time the resin was washed with TFA (2 x 2 mL) and DCM (2 x 2 mL).

Workup/purification: The cleavage and wash solutions were concentrated by gently blowing over the combined
solutions with air. Ice-cold diethyl ether was added to the residue, and the precipitated crude peptide was pelleted
by centrifugation. The diethyl ether solution was removed, and the pellet was dried to afford a colorless-yellow
powder. The crude peptide was subsequently purified by reverse phase HPLC.
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Loading and/or coupling of Fmoc-protected cysteine amino acids: A solution of Fmoc-protected cysteine amino
acid (3 equiv), Oxyma pure (3 equiv) and N,N’-diisopropylcarbodiimide (3 equiv) in DMF was added to the resin
at 4 °C. The coupling reaction was performed at 4 °C for 2-16 hours, at which time the resin was washed with
DMF (5 x 3 mL), DCM (5 x 3 mL) and DMF (5 x 3 mL).

Deprotection procedures

Alloc and Allyl protecting groups: The resin (1 equiv) was treated with a solution of Pd(PPhs)4 (0.5 equiv) and
PhSiHs (2 equiv) in DCM for one hour, at which time the reaction vessel was carefully vented and the dark liquid
was discarded. The deprotection reaction was monitored by LCMS and repeated if necessary.

Mmt protecting group: The resin was washed with DCM (5 x 3 mL). The resin was treated with a solution of
DCMITFA/iPrSizH (95:1:4 v:v:v) and agitated for two minutes at room temperature, at which the time the liquid
is discarded. A small portion of resin was treated with TFA to monitor the deprotection. The cleavage reaction
was repeated until the Mmt cation was not detected (intense orange color).

S-(tBu) protecting group: The resin was washed with DMF (5 x 3 mL) and was agitated with a solution of DTT
(5 equiv) dissolved in DMF/DIPEA/H,0 (95:2.5:2.5 v:v:v) for 10 minutes at RT, at which time the liquid was
discarded. The reaction was repeated three more times or until the deprotection was complete, indicated by
LCMS analysis.

14



Compound 3
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MALDI
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Compound 4
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N

N NH,
H,N” Y0
Yield: 8%
. 3+
Exact mass: 775.48 [C32H63N12010]
HPLC trace (Method 1):
mal MY Z_analytical_oxetane_Bmer DATA [220.00 nm]
2,500
2,000
1,500
1,000
500
] T-{rie
n 1 2 a 4 | A = A q 1n 11 12 13 14 15
11/10/21
MYZ_A1oxetane_QC 256 (0.601) Cm (245:282) 1: Scan ES+
100- 386.70 _ 3.57e7
35741184
= 387 61
15856786
385.95
11939946
237.37 327 64
7570824 7607074 388 51
6398014
328.49
23147
281777 3144305 | 389.37
2349885
118.56 77236
184 60 390.29
712164 455.84 569.95 1068895 B806.84  886.88
- 720795 1510819 - 939.41 1160.78
L e 148305 JIT09 357056 g4q 7640
0 Ry s Ly A s L) ) L By LA e A s LA s AL LA A L NS Lk s ks LA el R sia s 1172
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350
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MALDI

9 :
x10 +MS Scan: 1
773.49
2.4 |
~) =
N®
1 0 OH
. H\)J\ NH
N ?
| DU
1.8 4 HN" ~O
| Chemical Formula: 032H61N12010+
Exact Mass: 773.46
] [M]*: 773.46
1.5 [M+DHB]*: 927.49
1.2
0.9
1 927.53
0.6
1 1089.55
0.3
386.75
] 193.38 463.77
00' : l“] | 1265.56 1427.59 1700.02 1866.752008.10 2171.14 2347.19 2523.27 2686.79 2938.34
T T T T T T T T T T T T T T T
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 miz
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Compound 8
®

H,N NH2 \ _
/
OH
® (0]
H3N\)L ))k NH,
= "y, B O
OH
H,N” 0
Yield: 17%
. +
Exact mass: 749.46 [C30H61N12010]3
HPLC trace (Method 1):
1,800 3
mal MY Z_analytical_0133_AcavTKme3QT_comb DATA [220.00 nm]
1,600
1,400
1,200
1,000
800
600
400
200
o— RT [mivh
n 1 2 K 4 | R 7 ] q 1n 11 12 13 14 15
1110/21
MYZ_R2Cav_QC 261 (0.613) Cm (251:282) 1: Stan ES+
1004 37369 _ 57867
57349712
=1
228.65
25797768
| 37451
23604108
372.95
3145 16066674
14007264
N
37534
243.29 10611540
9471238
4 31547 74689
_ 250.59 [6925902 | 37627 7686326
7603420 [ 9er 0y |5290870 748 97
3596292 74309
306.72 _ N Esfagfa 49972 BT 1 e aon
auasml is 50083 745.21,1266132) 700 00583012 5335 91641
N J .h.i N 196540 1335 1999
kA udu ey A R L s L b L A L A L L L L e L e L L A L L S L A LA L) LA L LA AR LRSS L st s st 2

0 y y
100 150 200 2350 300 350 400 430 500 550 600 630 700 750 800 850 Q00 950 1000 1050 1100 1130 1200 1250 1300 1330
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MALDI

9 .
10 +MS Scan: 1

4.0 747.46

) H,N__NH <

| ¥ o
3.5 _NH

O
OH
- (0] 0
H

_ HN L N AL A NH

3.0 : H : H
1 ’

] HN" S0

1 ; . +
05 ] Chemical Formula: C3yHsgN1501¢

Exact Mass: 747.45
[M]*: 747.45
2.0
1.5
1.0 4
05
373.74
0.0 'A1A86l'87 ‘441-75 69043 38?]-4? 1085.51 144542 1607.93 1810.021953.49 2149.04 2337.80 2549.51 2710.53 2873.58
. T T T T T T . = T T T . T T T T T T T
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 miz
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Compound 9

NH,
/g N | el
HN” > NH, NG
OH
(o) o (o)
N H NH
H;N N, 2
@ Y N " N Y N
H H H H H
- (0] "y, (o) (o]
OH
H,N" 0
Yield: 12%
. +
Exact mass: 761.50 [C32H65N1209]3
HPLC trace (Method 1):
2200% may MY Z_analytical_0132_ahomoRTKme3QT_comb3.DATA [220.00 nm]
2,000
1,800
1,600
1,400
1,200
1,000
800
600
400
200
03 RT [mitH
o 1 2 3 4 5 5] 7 8 9 10 1 12 13 14 15
11/10/21
MYZ_R2hR_QC 257 (0.604) Cm (256:276) 1 Scan ES+
100 37964 _ 7.10e7
1 71049360
<
380.47
30932588
23257
23891628 320,71
21851296
247.37
17207456
i 37888
38127
14653999) 30127
256,65
so680 ||| 9873zes | 32152
780520 7 8355867
320.00 | 371.04
1864 19338 6348372 | 3811331 | 38212 Jaia
2919979 3428141  Fagogrss
i 385 87-671261 499.98 757.37;1236164] 760 39 87253 1137.72 1165.68
L l il 112503 1928724 566327 e 2537
0- R L B b L Ll A L b s L e e A e L s kA L T L n A L R E sl L sl A wadn el 11174
100 150 200 250 @ 300 350 400 = 450 500 550 600 650 700 750 800 850 = 900 950 1000 1050 1100 1150 1200 1250 1300 1350
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MALDI

9 0
xo. FTMS Scan: 1
2.4
2.1
1.8 - 759.50
NH,
' A |
N A
| HN™ “NH N®
1.5 -
OH
. @)
P NH
124 ” : H :
' o = 0]
" l
] H,N” 0
0.9 913.55 Chemical Formula: C35HgzN150g*
Exact Mass: 759.48
[M]*: 759.48
_ [M+DHBJ*: 913.51
0.6
0.3
1 1075.56
1 379.76
1 456.78
1 189'88LJ | s4e0 | | h 1251.58 1413.60, 1672.06 1821.82 1980.16 2141.15 2319.19  2557.98 2830.10 2988
0.0 - “I . u T u A T T : u i T u T u T u T T u T u T u T u 1 T
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 miz
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Compound 10

/N NH, \
H;N /é /{ NH,
“OH
H,N o)
Yield: 22%
. 3+
Exact mass: 761.50 [Cs2HssN120g]
HPLC trace (Method 1):
2,500 mauU MY Z_analytical_AR_Me_THme3QT_QC DATA [220.00 nm]
2,000
1,500
1,000
500
[ s RT T
0 1 2 3 4 5 & 7 3 10 1 12 13 14 15
1110/21
MYZ_AR_Me_TKme3QT_QC 255 (0.509) Cm (243:277) 1: Scan ES+
100- 37971 _ 5.3567
53548512
# 380,63
232565 23715524
23174812
320 67
16768203
378.96
12421017
247.43
10701839
omes | |38
7615000 57 |re2g309
226381 ||| ~ 6604759
5563736 -
204.67 31091 | 32242 1247300 758.66
2504171 3631383 2150541 3068217
h - hsthal By 76047 ra¥ ey 1196 23 1296 22
N Ll FO0 3 1289752 013 370 14214 7830 -
100 150 200 250 = 300 350 400 450 = 500 | 550 | 60O | 650 | 700 | 750 = 800 850  ©00 = 50 | 1000 1050 | 1100 @ 1150 | 1200 @ 1250 1300 1350 |
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MALDI

9 .
10 +MS Scan: 1

1 913.54

1.8
H NH I
~|

] - \f N®

] NH
1.6

: 0 OH

| N NH

N ?

1.4 4 ‘l o)

T HoN (0]
A Chemical Formula: C3oHgzN150g™

Exact Mass: 759.48
[M]*: 759.48

T [M+DHBJ]*: 913.51
1.0
0.8

| 759.50
0.6
0.4
02 1075.56

1 30450 456.78

152.26

Ll A 551.81 JA 1251.57 1413.61 1672.05 1826.09 1980.14 214215 2318.18 2557.98 2846.92
0.0 -l T A T b T = |v‘ t — T T T T T T - T T T T T T T

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 miz
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Compound 11

H,N___NH, \r!I/
H,N . N\)LN N NH,
H,N
Yield: 6%
- 3+
Exact mass: 743.39 [C32H63N1208]
HPLC trace (Method 2):
3,Uuu
mal MY Z_analytical_T3cyclopropyl_rerun.DATA [220.00 nm]
2,500
2,000
1,500
1,000
500 J
0 T Titer]
0 1 2 3 4 5 7 ] 9 10 11 12 13 14 15
11110121
MYZ_TaCyclo_QC 259 (0 608) Cm (234:277) 1- Scan ES+
100+ 37067 _ 3 14e7
31367856
=
37154
226.58
13194846 13133354
31163
10501269
36993 |
9211840
247 52
6281288 37240
/ 3245 [5722359
14698599
220 87 373.28
2225786 31325 | bagoogs
118.66 ~ 1687133 740 67
1005630 1302613
e L —13;?3'52?3 45243 5174 EM 76119449 382372‘; 909.34 955.24 1076.88 1es62 1244 1255 g 1384.40
171263 -15
0- LI T AT T \l T 2IWIUI9 T T T T T T T T T T \l T 1\2015I 1?266\ 1 T T 65I13 T T I124?9/I T \481? T T T ‘}698 miz
100 150 200 250 300 380 400 450 500 550 60D 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350
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MALDI

i _+Ms Scan: 1

161

1 H,N__NH I
14 2 hd NG

NH
] 741.49
OH

] @) H 0] H (0]

12 H,N N N NH
) \)LH QL” \)LH 2

] : 0 A 0 l o)

10 HN™ ~O
Chemical Formula: C35Hg1N150g*

T 895.53 Exact Mass: 741.47

] [M]*: 741.47
0.8 [M+DHB]*: 895.50
0.6—.
0.4-

- 1057.55
02

i 370.75

14926 A A‘ J } 542.80 l 1233.57 1395.59 1636.04 1790.06 1944.12 2106.15 2297.22 2458.20 2714.64 2952.8
0.0 At MI ! .L'A ; Al M I'I ; I ; " . ; . ; . ; : ; ; ; ; :

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 miz
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Compound 12

H,N___NH, \r!I/
H,N . N\)LN N NH,
) ° \(;?H °
3
H,N
Yield: 15%
. 4+
Exact mass: 733.49 [C30H63N1308]
HPLC trace (Method 1):
600 \nau MYZ_analytical_0101_ARDapKme3QT_run1_2_pure_QC.DATA [220.00 nm]
500
400
300
200
100
5 P
RT[m;:]‘
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1110121
MYZ_T3Dap_QC 259 (0.608) Cm (236 259) 1- Scan ES+
100~ 6510 _ 7.05e7
79501040
223.04 | 365.98
el 39549768 41350360
2313
34857372
306.16
24271320
_ 24358
21712600
36432 |0
- 13859859
217.32 12528626
11064629 729.69
S 3234241?59 10567517
367.72
1908 s1o0734 [E513985 73073
4679475 4 72670 | 6841887
b 5365093
143.06 —2%%895397 450.52 57353 631.16 731.54 843.81 1094 56 1151.66 137369
a b T \u\430‘\585| T T |27‘1937 155357\ T T T 2?979\00 T \440‘9\92 T T T T T T T T |T13?E |24:151\ T T T T T T |237\1T miz
100 180 200 250 300 350 400 450 500 = 80 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1380
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MALDI

o® tMs Scan: 1

- 730.48

5.5—- |
HoN.___NH

- g NG

1 NH
5.0

OH

- 0O H 0 H 0

i S I A LR A
: o = o = o]

' et
4.0 1 HN™ O

i Chemical Formula: C3oHggN130g*
5] Exact Mass: 730.47
' [M]+: 730.47

i [M+DHB]+: 884.50
3.0

884.51
2.5—-
20
1.5
273.04

1.0—-

T 1046.53
0.5 4

442.26

|46.10

o _MJ|+| JM" W L L "“l‘, . "h " ,‘m '“,‘“ " 12,2“2‘54. 139I8.57 ' 161I4.00 '1768.(I)2 19'23.06I2084'.07 , 24I31.56 I2686.79 , '
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 m/z
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Compound 13

H,N___NH, <
N®
NH
o o OH
o ¢ R L T
3 2
@ Y N Y N Y N
H H H H H H
= 0 A o
H,N o)
Yield: 17%
. +
Exact mass: 745.50 [Cs2HesN120s]?
HPLC trace (Method 1):
3,500
mal MY Z_analytical_Bmer_T3V_re_QC.DATA [220.00 nm)
3,000
2,500
2,000
1,500
1,000
500
0 T T T
0 1 2 3 4 5 3 7 8 a 10 1 12 13 14 15
1110121
MYZ_T3V_QC 267 (0.627) Cm (257:289) 1: Scan ES+
100+ 372 _ 9.18¢7
91811384
227.36
48520584
l
| 372560
36546456
32,64
29059816
24859 | 37098
18576072 [ 18650714 7 4
15552727
305.09 s
09 | 9418801
22159 374.38
7429521 N 742.80
6427534 L 5254112 oy
188,03 37538 436.04 536,60 THBE | a7 g57 35 879.04 1198 24
- - . ' . 956.22 1228 M74.79 1367.19
oLy 22eeTes w“ “um 3132289 530184 242313 ADB43E1 I a6 491843 18645 5pca¢ 3232 21783 1266 wIre
100 | 130 200 = 250 300 350 & 400 450 = 500 550 | 600 | 650 | 700 | 750 800 850 @ 900 & 050 1000 @ 1050 @ 1100 @ 1150 1200 @ 1250 @ 1300 1350 |
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MALDI

x10

9 +MS

Scan: 1

1.6—:
14
12
10
08
0.6—:
0.4-:

0.2 4

]a9.60

299.19 448.78

A A

543.81

897.55

743.50

W/

0.0

Al I.I |
200

il

400

N
T

600

1
800

®
NH
o o OH
H H
HZN\)LN N, N_QLN NH,
: n ] HoDosoH

1059.57

H,N_ _NH \Ill/

Y

O
P
HoN™ O
Chemical Formula: C35HgzN150g*

Exact Mass: 743.49

[M]+: 743.49
[M+DHBJ*: 897.52

1235.59 1383.75 1640.07 1821.82 2110.19 2288.24 2463.23
A A

2686.80 2874.71

1000

T T T T T T T T T T T T
1200 1400 1600 1800 2000 2200 2400

30

T
2600

T
2800

m/z




Compound 14

®

H,N NH2 ,&NH
@ 2
0 0
: i H
) "OH

Yield: 26%
Exact mass: 747.46

[C2oHs5eN1400]3*

HPLC trace (Method 1):

OH

NH,

22003 maU MYZ_analytical_0132_ARThRQT_comb.DATA [220.00 nm]
2,000
1,800
1,600
1,400
1,200
1,000
800
600
400
200 7
P
0 FeFprminy
0 1 2 3 4 5 8 7 8 9 10 11 12 13 14 15
11/10/21
MYZ_KAhR_QC 262 (0.615) Cm (249 276) 1° Scan ES+
100~ 37263 _ 6.2667
62656920
| 37345
= [29001544
207 97
18231352
31364
16517677
37418
249 56
32702 11252618
31458
7261583 | 375 04
- 5215769
229662| |- 37594 40 0a
3406494 op )25 49935 74631 85923 91123 1145.33
Ak bl L 52587 1541654 213346 18078 0086
0 RS Ly L A L s s s A LAY L LA A e by L LA L L B LA LA A A L e L L L RS LSRR LA A L s s st s R 2
100 150 200 250 300 350 400 450 500 550 600 650 700 750  BOO 850 Q00 950 1000 1050 1100 1150 1200 1250 1300 1350
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MALDI

9 .
10 +MS Scan: 1
74547
1 NH,
25
] HoN___NH PN
\( HN” >NH
NH
] o OH
N NH
] N 2
2.0 z
] 0] l (0]
H,N" S0
Chemical Formula: CogHggN 1409
Exact Mass: 744.44
] [M+H]*: 745.45
1.5
1.0
0.5
1061.52
i 372.74
881.48
1 186.37 530.77 ““ 1197.54 142759  1643.97 1799.03 1952.06 2114.10 230417 246721  2686.79
o0 Mu i oy dh . " : 'IAIII|'I e ' ' ; : ; ' . ' : ; : . '
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 miz
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Compound 15

H,N___NH, \r!J z
NH
OH
(o) (o) (o)
H H NH
H3;N , N 2
@ X N ‘ N Y N
H H H H H
- ‘", (o) (0]
OH
OH
Yield: 8%
. +
Exact mass: 782.49 [CssHeaN1109]°
HPLC trace (Method 1):
g‘ggg maU MYZ_analytical_0102_ARTHMe3YT_runl fr2_GC_2 DATA [220.00 ]
1,800
1,600
1,400
1,200
1,000
800
600
400
200 ,J
0 F—— RT YT
0 1 2 3 4 5 5 7 8 3 10 11 12 13 14 15
1110/21
MYZ_QSY_QC 312 (0.733) Cm (290-346) 1- Scan ES+
100~ 39021 _ 7,897
76850496
] 245.32
37159624
391.14
331.27 31422396
30536464
249 55
23823776
e
38948
17565446
39198
37.09 13315572
11775393
21.70 254 .45
135 64 = 39288
7389838 8107120 9981129 1905 779.39
—52952”7'12;8 5266674
| 39382 45144 50719 552,86 77854 | 78130 493,93 495,00 116575
ol L .xh LSUZIELB;EBTEE l2[]854 }0436 2706198 | 2746666 378486 19846 10088 -
100 150 200 250 ' 360 ‘ 35‘0 ‘ 40‘[] ‘ 45‘[] ' 560 ' 55‘0 ‘ BU‘U ‘ Eéﬂ ' 7[‘]0 ' 75‘0 SEI]U ‘ Séﬂ ' géﬂ ' QSIU ‘ 1[]'00 ' 10‘50 ! 11bU ' 11‘50 ‘ 12‘00 ' 12‘50 ' 13bU ‘ 13‘50 ‘
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MALDI

9 .
x10° +MS Scan: 1
780.50

] H.N NH <)
354 2 \|‘7 N®

] NH

] 0 OH

N NH

3.0 4 - N 2

] : H

0]

T OH
2.5

] Chemical Formula: C3gHgoN11Og*

Exact Mass: 780.47

T [M]*: 780.47
2.0 -
1.5
10
0.5

] 260.17

881.55

1 195.13 1096.55

. 679.44 l 1273.66 1427.85 1714.03 1869.10 2031.132178.73  2382.20 2557.99 2883.92
0.0 i1 II — — Ll AIHI A'I ; l'n : ; ; . ; ' ; : ; ; ; " :

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 mlz
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Macrocyclization Synthetic Procedures

Series B: macrolactamization

SN
Alloc 16
Q o NH o NH,
H H Alloc deprotection H H
FmocHN—O Fmoc. N N — > Fmoc. N N—o
iterative H \.:)Lu/g}/ H :_)J\H/[n/
Rink amide resin  Fmoc-SPPS (o) 'l (o} (o] 'l (o}
Trt o Trt
N0 N0
H H o]

Br/\)I\OH

(1.2 equiv)
PyAOP (1.2 equiv)
DIPEA (4 equiv)

DMF, rt, 1 h
\/
N
®
(o]
H NH
! ? Fmoc” H
B-17c N—( )
iterative o NH HN
Fmoc-SPPS H o
Trt, = (o)
HN—<_

o

Tripeptide Fmoc-Lys(me2)-GIn(Trt)-Dap(Alloc)-CONH-Rink amide resin (1 equiv) was prepared on Rink amide
resin according to the procedures outlined in the Iterative Fmoc-SPPS workflow. The Alloc group was
deprotected (see Deprotection procedures) and the resin-bound tripeptide intermediate 16 was treated with a
solution of 3-bromopropionic acid (1.2 equiv), PyAOP (1.2 equiv) and DIPEA (2.4 equiv) in DMF and agitated at
room temperature for one hour, at which time consumption of starting material was observed by LCMS analysis.

The resin-bound peptide was subsequently elongated following the Iterative Fmoc-SPPS workflow to afford
lactam B-17c.
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Compound B-17¢

\ /

b

o OH (0]
® H H
N N NH
H;N 7N
o’ o] NH,
(o) NH HN
‘—< o
HN S 0
o
H,N” NH, 2
o
Yield: 8%
. +
Exact mass: 772.48 [Cs2He2N1309]®
HPLC trace (Method 1):
3,500 -
mal MY Z_analytical_0138_lactam_QC.DATA [220.00 nm]
3,000
2,500
2,000
1,500
1,000
500 J
0 T Hmi]
0 1 2 3 4 5 7 8 9 10 1 14 15
LCMS
11/11i21
MYZ0138_lactam_QC 265 (0 622) Cm (241°288) 1 Scan ES+
100 38509 _ 29367
] 29296728
| 385.8
16449110
=
368 22
9162952
242,14 386.86
6118432 53541?1;502 2966002
N
256.83
22779
3140815 3419057 38768 769.89
1261 12309938 2714032
1556677 768.95 770.81
- | semsy 45291 .
1327207 477810 rsrgz—fg;;a 1652342 84005 g4 4g 99538
| { 27 43876 6536
0- T T T T T T T T T T T T T T Wl T T T T T T 1 T T T T T T T T T T T T m"z
100 150 200 250 300 350 400 450 500 550 60O 650 700 750 800 850 900 950 1000 1200 1250 1300 1350
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MALDI

x109 +MS Scan: 1
] 770.49
2.4 4
i \ /
] N
N OH v 0
] H Q H
§ N N NH
| e Ay
1 o ~ o) NH
18- J/ 07 “NH HN 2
] % ¢
i HN N o)
] HZN/g NH HzN{
1.5 (0]
Chemical Formula: C3oHgoN1309*
4 Exact Mass: 770.46
[M]*: 770.46
12-
0.9 —
0.6 —
03
385.25
i 890.53
192.63 396.24 1108.52
1 ’ l 554.27 l 1278.52 1539.98 1694.01 1856.05 219413 2386.82 2557.97 2804.66 2981
0.0 duku ) . ' — .IVM'MAI. . A'|.u . . ' . : . . . . . ' . ' . . .
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 m/z
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Series C: thioether macrocyclization

SN SN
J< 19
3
g } o S o SH
H H S-(tBu) deprotection H H
FmocHN—( ) Fmoc. N N—O —_— ~
moc orative moc H \-)Lu/g( Fmoc H N\.)LH N—O
Rink amide resin  Fmoc-SPPS o 1 (o) (o] 3 (o]
1
SN0 Tty "No
H H
\N/ Br—QBr
@ c-18 (2 equiv) .
s DIPEA (4 equiv)
H DMF, rt, 1 h
C-18c & i~ N <~
iterative Fmoc\N n\/&
Fmoc-SPPS o
H o T
T \l
rt N o
H
m-CPBA (2.5 equiv)
DCM, rt, 3 h
N/
N
®
C-20
g } 0=3
o H
C-20c H HN N
iterative Fmoc.
Fmoc-SPPS Nl N\_/go 0

Trt\l
N o
H

Tripeptide Fmoc-Lys(me2)-GIn(Trt)-Cys(StBu)-CONH-rink amide resin (1 equiv) was prepared on Rink amide
resin according to the procedures outlined in the Iterative Fmoc-SPPS workflow. The resin was washed with
DMF (5 x 3 mL) and the S-(tBu) group was deprotected (see Deprotection procedures). The resin-bound
tripeptide intermediate 19 was washed with DMF (5 x 3 mL) and treated with a solution of DIPEA (4 equiv) in
DMF, followed by a solution of 1,2-bis(bromomethyl)benzene (2 equiv) in DMF. The resin was agitated at room
temperature for one hour, whilst monitoring the reaction using LCMS analysis. Once the formation of C-18 and
consumption of starting material was confirmed, the resin was washed with DMF (5 x 3 mL), DCM (5 x 3 mL)
and DMF (5 x 3 mL), and the peptide was elongated following the Iterative Fmoc-SPPS workflow to afford
thioether cyclopeptide C-18c.

Sulfone C-20c synthesis: Following the completion of the macrocyclization reaction using 1,2-
bis(bromomethyl)benzene and DIPEA in DMF, the resin-bound thioether macrocycle C-18 was washed with
DMF (5 x 3 mL), DCM (5 x 3 mL), DMF (5 x 3 mL) and DCM (5 x 3 mL). The resin was subsequently treated
with a solution of m-CPBA (2.5 equiv) in DCM and agitated at room temperature for three hours. Once complete
oxidation of C-18 to C-20 was confirmed by LCMS, the liquid was discarded and the resin was washed with DMF
(5 x 3 mL), DCM (5 x 3 mL) and DMF (5 x 3 mL). The peptide was elongated following the Iterative Fmoc-
SPPS workflow to afford sulfone cyclopeptide C-20c.
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Compound C-18c
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. +
Exact mass: 837.48 [C37H65N12088]3
HPLC trace (Method 2):
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Compound C-20c
H2N
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Yield: 1%
Exact mass: 869.47 [Cs7HesN12010S]**
HPLC trace (Method 2):
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Series D: CUAAC reaction

Condition a:

\

Br
5 equw
g , m |-| DIPEA (1.8 equw) m
FmocHN—O Fmoc\ \)L —O moc\ \)J\
iterative DMF, rt, 1 h

Rink amide resin Fmoc-SPPS

21 (m=1) Trt\N o Trt\N o
2(m=2) § N
Na ascorbate (3 equiv)
CuBr (1 equiv)
2,6-lutidine (8 equiv)
DIPEA (8 equiv)

DMF, MeCN, rt,2-4 h

D-23c (m=1) _ g 2
D-24c (m = 2) iterative
\)‘NH

Fmoc-SPPS Fmoc\

D-23 (m = 1) _Trt
D-24 (m = 2) ° N

Tripeptide Fmoc-Lys(me2)-GIn(Trt)-Dap(N3)-CONH-rink amide resin (21, 1 equiv) or Fmoc-Lys(me2)-GIn(Trt)-
Dab(Ns)-CONH-rink amide resin (22, 1 equiv) was prepared on Rink amide resin according to the procedures
outlined in the Iterative Fmoc-SPPS workflow. The resin was washed with DMF (5 x 3 mL) and treated with a
solution of propargyl bromide (5 equiv) and DIPEA (1.8 equiv) in DMF at room temperature for one hour. The
alkylation reaction was monitored by LCMS, and upon consumption of starting material the liquid was discarded,
and the resin was washed with DMF (5 x 3 mL), DCM (5 x 3 mL) and DMF (5 x 3 mL).

The subsequent CUAAC reaction followed a modified literature procedure.? The resin was transferred to a
Synthware™ cylindrical pressure vessel (15 mL O.D.) sealed with a rubber septum using 1 mL of DMF, and the
reaction flask was degassed and refilled with nitrogen. 2,6-Lutidine (8 equiv) and DIPEA (8 equiv) were added
to the resin followed by the addition of sodium ascorbate (3 equiv as a 1% solution in degassed DMF) and
copper(l) bromide (1 equiv as a 1% solution in degassed acetonitrile) was added last. The resin mixture was
stirred at room temperature under nitrogen for 2-4 hours whilst monitoring the reaction using analytical HPLC.
Following consumption of starting material, the reaction was transferred to a plastic fritted syringe and washed
with DMF (5 x 3 mL), DCM (5 x 3 mL) and DMF (5 x 3 mL). The cyclized tripeptide intermediates D-23 and D-
24 were elongated following the procedures outlined in the Iterative Fmoc-SPPS workflow to afford triazoles
D-23c and D-24c.
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Compound D-23c
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- 3+
Exact mass: 782.47 [C32H60N1508]
HPLC trace (Method 1):
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Compound D-24c
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Yield: 5%
. 3+
Exact mass: 796.49 [Ca3sHs2N150s]
HPLC trace (Method 1):
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Condition b:

= .
N Br/% (1.5 equiv) NP Br
CuBr (1 equiv) —
Na ascorbate (3 equiv) .
Q o | N, 2,6-lutidine (8 equiv) o ( N-N
H m H DIPEA (8 equiv) H m H
FmocHN—( ) Fmoc N N —— > Fmoc. N N—( ,
iterative N \_)LH DMF, MeCN N \_)LH
Rink amide resin Fmoc-SPPS o S (o) rt, 2-4 h 0 = (o}
21 (m =1) Trt\l m=1or2 Trt\l
22 (m=2) N O N“So
TBAI (2 equiv)
DMF, rt, 16 h
I
SN

Ly
Q 0 M
D-25¢c (m = 1) Fmoc. H
N HN"Z \<0 d N_O

D-26¢c (m = 2) iterative

H
Fmoc-SPPS I
o N Trt

H
D-25 (m = 1)
D-26 (m = 2)

Tripeptide Fmoc-Lys(me2)-GIn(Trt)-Dap(N3)-CONH-rink amide resin (21, 1 equiv) or Fmoc-Lys(me2)-GIn(Trt)-
Dab(Ns)-CONH-rink amide resin (22, 1 equiv) was prepared on Rink amide resin according to the procedures
outlined in the Iterative Fmoc-SPPS workflow. The resin was washed with DMF (5 x 3 mL).

The CuAAC reaction procedures from Condition a was used with the addition of 4-bromo-1-butyne (1.5 equiv).
Following the consumption of starting material (monitored by LCMS analysis), the resin was transferred to a
plastic fritted syringe and washed with DMF (5 x 3 mL), DCM (5 x 3 mL) and DMF (5 x 3 mL). The resin was
treated with a solution of tetrabutylammonium iodide (2 equiv) in DMF and agitated at room temperature for 16
hours, at which time the liquid was expelled and the resin was washed with DMF (5 x 3 mL), DCM (5 x 3 mL)
and DMF (5 x 3 mL). The cyclized tripeptide intermediates D-25 and D-26 were elongated following the Iterative
Fmoc-SPPS workflow to afford triazoles D-25c¢ and D-26c¢.
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Compound D-25¢
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Compound D-26¢
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. +
Exact mass: 810.50 [034H64N1508]3
HPLC trace (Method 1):
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Covalent Warhead Synthetic Procedures

Installation of the arylfluorosulfate covalent warhead using 4-(acetylamino)phenyl]imidodisulfuryl

difluoride (AISF)
(AINO @ HO @

FmocHN—O &» Boc oeegoe O Allyl deprotection= Boc QGG@GG O

iterative
Rink amide resin  Fmoc-SPPS

AISF (1.2 equiv)
DBU (2.2 equiv)
THF, rt, 10 min

30 (meta)

32 (para)  TFA/iPrSizHH20
(90:5:5 viviv)

Hexapeptide Boc-Ala-Arg(Pbf)-Thr(tBu)-K(me3)-Tyr(All)-Thr(tBu)-CONH-Rink amide resin (1 equiv) was
prepared on Rink amide resin according to the procedures outlined in the Iterative Fmoc-SPPS workflow. The
resin was washed with DMF (5 x 3 mL), DCM (5 x 3 mL), DMF (5 x 3 mL) and DCM (5 x 3 mL). The Allyl group
was deprotected according to the protocols outlined in the Deprotection procedures.

The arylfluorosulfate peptide synthesis followed a slightly modified literature procedure.® A solution of AISF (1.2
equiv) in THF was added to resin, followed by the addition of a solution of 1,8-diazabicyclo[5.4.0Jundec-7-ene
(2.2 equiv) in THF. The resin mixture was shaken at room temperature for 10 minutes at which time the liquid
was expelled and the resin was washed with DMF (5 x 3 mL), DCM (5 x 3 mL), DMF (5 x 3 mL) and DCM (5 x
3 mL). Incorporation of the fluorosulfate functionality was confirmed by LCMS analysis. The peptide was cleaved
from resin and purified according to the procedures outlined in the Iterative Fmoc-SPPS workflow.
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Exact mass: 864.44 [C35H63FN110118]3
HPLC trace (Method 3):
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Compound 30
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Yield: 27%
Exact mass: 864.44 [C35H63FN110118]3+

HPLC trace (Method 2):
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iterative
Rink amide resin  Fmoc-SPPS

OH

(5 equiv)
Br

DIPEA (5 equiv)
DMF, rt, 1 h

OSO,F OH
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31 eee@eo Q <ty eeegeo Q

TFA/iPrSizgH/H,O
(90:5:5 v:iviv)

Hexapeptide Boc-Ala-Arg(Pbf)-Thr(tBu)-K(me3)-Cys(StBu)-Thr(tBu)-CONH-Rink amide resin (1 equiv) was
prepared on Rink amide resin according to the procedures outlined in the Iterative Fmoc-SPPS workflow. The
S-(tBu) group was deprotected according to the protocols outlined in the Deprotection procedures. The resin
was washed with DMF (5 x 3 mL) and treated with a solution of DIPEA (5 equiv) and 3-(bromomethyl)phenol (5
equiv) in DMF and agitated at room temperature for 30 minutes or until consumption of starting material was
confirmed by LCMS analysis. The liquid was discarded, and the resin was washed with DMF (5 x 3 mL), DCM
(5 x 3 mL), DMF (5 x 3 mL) and DCM (5 x 3 mL). Installation of the fluorosulfate group was achieved using the
synthetic procedures outlined for arylfluorosulfate peptides 30 and 32. The peptide was cleaved from resin and
purified according to the procedures outlined in the Iterative Fmoc-SPPS workflow to afford arylfluorosulfate
peptide 31.
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Compound 31
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Exact mass: 910.43 [CseHesFNnOllSz]
HPLC trace (Method 2):
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Installation of the 4-benzylsulfonyl fluoride covalent warhead

?J<
S HS
S-(tBu) deprotection
rmocin—Q) il» 2 000000at EEEre 000600
FO,S (1.2 equiv)
Ol

Rink amide resin  Fmoc-SPPS
DIPEA (2.5 equiv)

DMF, rt, 1 h

FOZS\©\/S
Boc

Hexapeptide Boc-Ala-Arg(Pbf)-Thr(tBu)-K(me3)-Cys(StBu)-Thr(tBu)-CONH-Rink amide resin (1 equiv) was
prepared on Rink amide resin according to the procedures outlined in the Iterative Fmoc-SPPS workflow. The
S-(tBu) group was deprotected according to the protocols outlined in Deprotection procedures. The resin was
washed with  DMF (5 x 3 mL) and treated with a solution of DIPEA (2.5 equiv) and 4-
(bromomethyl)benzenesulfonyl fluoride (1.2 equiv) in DMF and agitated at room temperature for 30 minutes or
until consumption of starting material was confirmed (monitored by LCMS analysis). The liquid was discarded,
and the resin was washed with DMF (5 x 3 mL), DCM (5 x 3 mL), DMF (5 x 3 mL) and DCM (5 x 3 mL). The
peptide was cleaved and purified according to the procedures outlined in the Iterative Fmoc-SPPS workflow
to afford sulfonyl fluoride peptide 29.

29

TFA/iPrSizH/H,0O
(90:5:5 v:viv)
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Compound 29
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HPLC trace (Method 2):
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MALDI
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Installation of the fluorosulfonylbenzamide covalent warhead

I;\Iloc
HN H,N
Alloc deprotection
rmochn—Q) il» 2 000000R" - 5c-DRORRO-Q
Fmoc-SPPS
FO,S OH

(4 equiv) o
PyBOP (4 equiv)
DIPEA (8 equiv)

DMF, rt, 1 h

Y
FO,S —@Yo

HN

n e GEEEHO-O
28 (para) Z2000000a"

TFA/iPrSizH/H,O
(90:5:5 v:iv:iv)

Hexapeptide Boc-Ala-Arg(Pbf)-Thr(tBu)-K(me3)-Dap(Alloc)-Thr(tBu)-CONH-Rink amide resin (1 equiv) was
prepared on Rink amide resin according to the procedures outlined in the Iterative Fmoc-SPPS workflow. The
Alloc group was deprotected according to the protocols outlined in Deprotection procedures. The resin was
washed with DMF (5 x 3 mL), DCM (5 x 3 mL), DMF (5 x 3 mL). The Alloc-deprotected resin was treated with a
solution of para, or meta-fluorosulfonylbenzoic acid (4 equiv), PyBOP (4 equiv) and DIPEA (8 equiv) in DMF and
agitated at room temperature for one hour or until consumption of starting material was confirmed (monitored by
LCMS analysis), at which time the liquid was discarded and the resin was washed with DMF (5 x 3 mL), DCM
(5 x 3mL), DMF (5 x 3 mL) and DCM (5 x 3 mL). The peptide was cleaved from resin and purified according to
the procedures outlined in the Iterative Fmoc-SPPS workflow to afford 27 and 28.
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Compound 28

(+)
H2N
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an® L J{W ))k

“OH
SO,F
Yield: 20%
. 3+
Exact mass: 891.45 [C36H64FN120118]
HPLC trace (Method 2):
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Compound 27
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. +
Exact mass: 891.45 [C36H64FN120118]3
HPLC trace (Method 2):
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MALDI
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Svynthesis of covalent cyclopeptides

Synthesis of covalent thioether cyclopeptide C-33

FmocHN—() LL» Fmoc\ N\)L —O e

iterative :
Rink amide resin Fmoc-SPPS o B S
I\Illmt Series C: thioether
macrocyclization
H N/
_N NH N iterative
Pbf \f ® Fmoc-SPPS O
Mmt NH
deprotection S
H
(o] (o]
- H H N ]
N N H HN
Boc” \=)LN T N AN .
4-benzyl-SO,F H H o H H o Y o
installation N =\S
[
Mmt
H
N NH N
®
NH
S
H
N—) — > C-33
\)L \)L HHN TFA/iPrSizH/H,0
\_/& o (90:5:5 v:viv)
/\ o H (o)

\S/\©\
SO,F

Tripeptide Fmoc-Lys(me2)-Cys(Mmt)-Cys(StBu)-CONH-Rink amide resin (1 equiv) was prepared on Rink amide
resin according to the procedures outlined in the Iterative Fmoc-SPPS workflow. The tripeptide intermediate
was subjected to Series C: thioether macrocyclization conditions and elongated using the procedures outlined
in the Iterative Fmoc-SPPS workflow. The Mmt group was cleaved using the procedures described in
Deprotection procedures, and the 4-benzylsulfonyl fluoride functionality was introduced according to the
protocols outlined in Installation of the 4-benzylsulfonyl fluoride covalent warhead. The resin was washed
with DMF (5 x 3 mL), DCM (5 x 3 mL), DMF (5 x 3 mL) and DCM (5 x 3 mL). The peptide was cleaved from
resin and purified according to the procedures outlined in the Iterative Fmoc-SPPS workflow to afford C-33.
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Compound C-33
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. +
Exact mass: 982.45 [C43H69FN110883]3
HPLC trace (Method 3):
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Synthesis of covalent thioether peptide D-34 and D-35

N N
Series D: triazole _N® | N
macrocyclization N
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TFA/PrSiHyH,0 D35 (R = OH)
(90:5:5 viviv)

Tripeptide Fmoc-Lys(me2)-Cys(StBu)-Dap(Ns)-CONH-Rink amide resin (1 equiv) was prepared on Rink amide
resin according to the procedures outlined in the Iterative Fmoc-SPPS workflow. The tripeptide intermediate
was subjected to Series D: triazole macrocyclization conditions and elongated using the procedures outlined
in the Iterative Fmoc-SPPS workflow. The S-(tBu) group was cleaved using the procedures described in
Deprotection procedures, and the 4-benzylsulfonyl fluoride functionality was introduced according to the
protocols outlined in Installation of the 4-benzylsulfonyl fluoride covalent warhead. The resin was washed
with DMF (5 x 3 mL), DCM (5 x 3 mL), DMF (5 x 3 mL) and DCM (5 x 3 mL). The peptide was cleaved from
resin and purified according to the procedures outlined in the Iterative Fmoc-SPPS workflow to afford D-34
and D-35.
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Compound D-34
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. +
Exact mass: 927.44 [C38H64FN140882]3
HPLC trace (Method 2):
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Compound D-35
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Exact mass: 929.42 [C37H62FN140982]3
HPLC trace (Method 2):
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Synthesis of biotinylated covalent thioether cyclopeptide C-36
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Tetrapeptide Fmoc-Lys(me2)-Cys(Mmt)-Cys(StBu)-Lys(Alloc)-CONH-Rink amide resin (1 equiv) was prepared
on Rink amide resin according to the procedures outlined in the Iterative Fmoc-SPPS workflow. The
tetrapeptide intermediate was subjected to Series C: thioether macrocyclization conditions and elongated
using the procedures outlined in the Iterative Fmoc-SPPs workflow. The Alloc group was removed using the
procedures outlined in Deprotection procedures. The resin was treated with a solution of biotin (4 equiv),
PyBOP (4 equiv) and DIPEA (8 equiv) in DMF and agitated at room temperature for one hour. The liquid was
expelled from the reaction vessel and the resin was washed with DMF (5 x 3 mL), DCM (5 x 3 mL), and DMF (5
x 3 mL). The Mmt group was cleaved using the procedures described in Deprotection procedures, and the 4-
benzylsulfonyl fluoride functionality was introduced according to the protocols outlined in Installation of the 4-
benzylsulfonyl fluoride covalent warhead. The resin was washed with DMF (5 x 3 mL), DCM (5 x 3 mL), DMF
(5 x 3mL) and DCM (5 x 3 mL). The peptide was cleaved from resin and purified according to the procedures
outlined in the Iterative Fmoc-SPPS workflow to afford C-36.
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Compound C-36
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Yield: 9%
Exact mass: 1364.65 [CenggFN1501184]3+
HPLC trace (Method 2):
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Expression and purification of Hiss-MBP-PHD3, WT and mutant PHD3

Wild-type Hise-MBP-PHD3 and mutant PHD3 constructs (K1620A, K1622A and K1620A/K1622A) were cloned
into a pET Hiss MBP TEV vector and expressed in BL21(DE3) E. coli. cells. Expression and purification of WT
and mutant PHD3 followed the same protocol. Cells were induced with 0.3 mM IPTG and grown at 18 °C
overnight. Collected pellets were flash-frozen in liquid nitrogen and stored at -80 °C until further use. The pellets
were suspended in lysis buffer (20 mM Tris pH 8.0, 0.5 M NacCl, 10% glycerol, 2.5 mM BME, 50 uM ZnCl,, 1x
Pierce™ Protease Inhibitor Tablet, EDTA-free), lysed by sonication and centrifuged. The clarified lysate was
purified using immobilized metal ion affinity chromatography (HisTrap™ Fast Flow 5 mL), washed with high salt
buffer (20 mM Tris pH 8.0, 1 M NacCl, 2.5 mM BME, 50 puM, 20 mM imidazole), followed by low salt buffer (20
mM Tris pH 8.0, 50 mM NacCl, 2.5 mM BME, 50 uM, 20 mM imidazole), and His-MBP-PHD3 was eluted with low
salt buffer with supplemented with increasing imidazole concentration (20 — 200 mM imidazole concentration).
Collected protein fractions were combined and dialyzed at 4 °C overnight into storage buffer (25 mM HEPES pH
7.5, 50 mM KCI, 5 mM BME, 50 uM ZnCl,). The sample was further purified by size-exclusion chromatography
using a HiLoad 26/60 Superdex 75 gel filtration column in storage buffer. Eluted protein fractions were collected,
concentrated, aliquoted and flash-frozen in liquid nitrogen.

During the dialysis step, cleavage of the MBP tag with TEV protease afforded the WT PHD3 construct and other
related PHD3 mutants.
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Fluorescence polarization assays

The binding of Hise-MBP-PHD3 to H3K4me3 WT and mutant peptides, as well as the binding of recombinant
Hise-MBP-PHD3 lysine mutant proteins to H3K4me3 WT peptide were measured using direct or competitive
fluorescence-polarization (FP) assays.! For a direct FP binding assay, 10 nM of C-terminal 5FAM-labelled
H3K4me3 10mer peptide was incubated at room temperature for 30 min with varying concentrations of
recombinant Hise-MBP-PHD3 protein. Results from direct FP assays were fitted to equation 1 to deduce Kqy
values.

FPpax [PHD3] + FPpinKy4
K4 + [PHD3]

equation 1: FP,,s =

For competitive FP binding assays, 100 nM of Hise-MBP-PHD3 was incubated with 10 nM of C-terminal 5SFAM-
labelled H3K4me3 10mer peptide, where varying concentrations of mutant peptides were added as competitors.
Results from competitive FP assays were fitted to equation 2 to deduce K; values for each mutant competitor
peptide.

Ki(FPmax[PHD3] + FPmian) + Fpmian[I]
K;(Kq + [PHD3]) + K4 1

equation 2: FP,,s =

FPobs is the observed fluorescence polarization, FPmax is the maximum FP value, FPmin is the minimum FP value,
[PHD3] is the concentration of Hise-MBP-PHD3, K4 is the dissociation constant, K; is the inhibition constant of
the competitor peptides and [l] is the concentration of the competitor peptides.
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In vitro PHD3 labelling reactions

All covalent labelling reactions were performed in 50 mM HEPES pH 7.5, 50 mM KCI. Wild type of mutant PHD3
(10 uM) and covalent peptide (50 uM) were incubated at 37 °C. At each time point, an aliquot was taken and
analyzed by LC-MS. The ESI mass spectra were deconvoluted using MassEnt software.

Cell lysate labelling experiments

Human embryonic kidney 293T cells were cultured in Dulbecco’s modified eagle medium (DMEM), high glucose
supplemented with 10% fetal bovine serum (FBS), 1% Pen-Strep at 37 °C in a humidified incubator with 5% CO-
atmosphere. HEK293T cells were grown in a T150 flask to 30,000,000 cells, at which time cells were trypsinized,
collected, washed with phosphate-buffered saline twice and flash-frozen in liquid nitrogen. Thawed cell pellets
were treated with lysis buffer (50 mM HEPES pH 7.5, 50 mM KCI, 4x Pierce™ Protease Inhibitor EDTA-free).
Protein concentration was normalized to 5 mgmL™ using the Bradford assay. Cell lysates were aliquoted and
treated with biotinylated thioether probe C-36 and/or recombinant Hise-MBP-PHD3 protein (t = 4.5 h at RT) at
which time reactions were quenched by flash-freezing in liquid nitrogen. Thawed samples were treated with 4x
SDS buffer and boiled for 10 minutes.

Samples were resolved by 4-20% SDS-PAGE gel (Bio-Rad) and were transferred to a 0.2 uM nitrocellulose
membrane using a Trans-Blot Turbo transfer system (Bio-Rad, 7-minute mixed MW protocol). The membrane
was briefly stained with Ponceau S solution and washed with TBST buffer (3 x 5 minutes). The membrane was
blocked with 1x TBS 1% Casein Blocker (Bio-Rad, Cat. #1610782) for 1 h at RT and incubated with NeutrAvidin-
HRP antibody (Thermo Scientific™ Pierce™ High Sensitivity NeutrAvidin™-HRP Prod # 31030, 1:10,000) for 1
h at RT. The membrane was subsequently washed 4 x 10 minutes with TBST buffer and treated with
chemiluminescent western blotting substrate (Amersham™ ECL™ Prime Western Blotting Detection System) for
five minutes, then imaged with a Bio-Rad ChemiDoc Molecular Imager.
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