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Abstract: As a natural product with a long history of medicinal use, parthenolide has aroused great interest of
chemists and biologists. Existing studies have shown that it has anti-inflammatory, antitumor and other
pharmacological activities, and also revealed its action on NF-xB signaling pathway, DNMT1 enzyme and Wnt/
[f-catenin signaling pathway. But its biological targets remain to be elucidated systematically. Proteolysis Targeting
Chimeras (PROTAC) provides a new strategy for target discovery of natural products, which can be used to
explore the panorama of protein changes in cells through proteomic investigation, so as to analyze their potential
targets. Based on this idea, current study designed and synthesized 20 parthenolide-derived degraders. After
measured their antitumor activity in vitro, selected compounds were carried out the proteomic experiment. Finally,
139 down-regulated differentially expressed proteins were identified and the discovery of parthenolide interacting
protein was preliminarily explored.
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Figure 1  Structure of parthenolide (PTL)
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Figure 2 Conjugation sites of PTL-PROTACs
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Scheme 1  Synthesis of PTL derivative carboxylic acid: (a) SeO,, --BuOOH, DCM, 12 h, rt; (b) Dess-Martin periodinane, NaHCO,, DCM,

rt, 1.5 h; (c) NaClO,, --BuOH/H, 0, NaHZPOAV 2-methyl-2-butene, 12 h, rt
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Scheme 2 (a) Acyl chloride with different carbon numbers, THF, 70 °C, 6 h; (b) 1-N-Boc-piperazine, TEA, ACN, 60 °C, 4 h, rt; (c) DCM,
4 mol-L"' HCl in 1,4-dioxane, 1 h, rt; (d) 1, TEA, anhydrous ethanol, 12 h, rt
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Scheme 4 (a) DIPEA, DMEF, different Boc-protected linkers, 12 h, 70 °C; (b) DCM, 4 mol-L™ HCI in 1,4-dioxane, 1 h, t; (c) 4, HATU,
DIPEA, DCM, 12 h, rt
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Scheme 5 (a) KI, KHCO,, DMF, 1-Boc-1,8-diaminooctane, 4 h, rt; (b) DCM, 4 mol-L" HCl in 1,4-dioxane, 1 h, rt; (c) 4, HATU, DIPEA,
DCM, 12 h, rt
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Scheme 6 (a) DIPEA, DMF, different Boc-protected alkyl linkers, 12 h, 70 °C; (b) DCM, 4 mol-L" HCI in 1,4-dioxane, 1 h, rt; (c) 4,
HATU, DIPEA, DCM, 12 h, rt
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Table 1

MS and 'H MNR elemental analysis data of target compounds

Compd.

'H NMR (400 MHz, DMSO-d,)

ESI-MS
(m/z)
[M+H]"

K1

K2

K3

K4

K5

K6

K7

K8

K9

K10

K11

K12

K13

K14

K15

K16

K17

K18

K19

K20

11.16 (s, 1H), 9.69 (s, 1H), 8.51 (d, J = 8.4 Hz, 1H), 7.84 (t, J= 7.9 Hz, 1H), 7.61 (d, J = 7.2 Hz, 1H), 5.26-5.12 (m, 2H), 3.94 (t,
J=9.1Hz, 1H), 2.77 (d, J= 9.1 Hz, 1H), 2.59 (m, 4H), 2.47 (d, J = 7.0 Hz, 2H), 2.25-1.56 (m, 17H), 1.32 (d, J= 15.5 Hz, 2H),
1.25 (d, J=10.2 Hz, 6H), 1.20 (s, 3H), 1.12 (m, 2H)

11.15 (s, 1H), 9.70 (s, 1H), 8.48 (d, J = 8.4 Hz, 1H), 7.87-7.81 (m, 1H), 7.62 (d, J= 7.1 Hz, 1H), 5.22-5.07 (m, 2H), 3.96 (t, J =
9.1 Hz, 1H), 2.78 (d, /= 9.1 Hz, 1H), 2.61 (m, 5H), 2.43-1.92 (m, 17H), 1.63 (d, J = 9.3 Hz, 6H), 1.55-1.48 (m, 3H), 1.24 (s,
3H), 1.20 (s, 2H), 0.89-0.81 (m, 2H)

11.15 (s, 1H), 9.70 (s, 1H), 8.48 (d, J = 8.4 Hz, 1H), 7.92-7.80 (m, 1H), 7.62 (d, J= 7.2 Hz, 1H), 5.26-5.11 (m, 2H), 3.96 (t, J =
9.1 Hz, 1H), 2.96-2.85 (m, 1H), 2.78 (d, /= 9.1 Hz, 1H), 2.60 (m, 6H), 2.48-1.91 (m, 17H), 1.74—1.56 (m, 6H), 1.48 (s, 2H),
1.33 (m, 3H), 1.20 (s, 3H), 1.11 (m, 2H)

11.16 (s, 1H), 9.69 (s, 1H), 8.48 (d, J = 8.4 Hz, 1H), 7.89-7.78 (m, 1H), 7.62 (d, J = 7.0 Hz, 1H), 5.24-5.10 (m, 2H), 3.96 (t, J =
9.1 Hz, 1H), 2.79 (d, J=9.1 Hz, 1H), 2.67-2.58 (m, 4H), 2.49-2.44 (m, 4H), 2.42-1.91 (m, 14H), 1.69-1.23 (m, 19H), 1.20 (s, 3H)
11.15 (s, 1H), 9.70 (s, 1H), 8.50 (d, J = 8.4 Hz, 1H), 7.90-7.79 (m, 1H), 7.62 (d, J= 7.3 Hz, 1H), 6.03 (d, J = 3.4 Hz, 1H), 5.65-
5.53 (m, 2H), 5.15 (m, 1H), 4.14 (t, J= 9.4 Hz, 1H), 3.18 (s, 1H), 2.96-2.83 (m, 2H), 2.61 (m, 2H), 2.48-1.57 (m, 19H), 1.50 (s,
2H), 1.43-1.29 (m, 1H), 1.28-1.21 (m, 2H), 1.16-0.98 (m, 2H)

11.16 (s, 1H), 9.70 (s, 1H), 8.48 (t, J= 6.9 Hz, 1H), 7.84 (t, J= 7.9 Hz, 1H), 7.62 (d, J= 7.2 Hz, 1H), 6.68 (d, J = 8.3 Hz, 1H),
6.03 (d,J=3.4 Hz, 1H), 5.57 (d,J=3.0 Hz, 1H), 5.15 (m, 1H), 4.15 (t, J= 9.4 Hz, 1H), 2.37-1.98 (m, 14H), 1.64 (d, /= 7.9 Hz,
4H), 1.32 (d, J= 14.5 Hz, 6H), 1.25 (t, J= 6.6 Hz, 11H)

11.10 (s, 1H), 8.09 (t, J= 5.7 Hz, 1H), 7.64-7.52 (m, 1H), 7.08-6.99 (m, 2H), 6.66 (1, J = 6.0 Hz, 1H), 5.98 (1, J = 5.6 Hz, 2H),
5.54(d,J=3.0 Hz, 1H),4.17 (m, 3H), 3.14 (m, 2H), 2.65-2.54 (m, 2H), 2.15 (m , 7H), 1.74-1.62 (m, 4H), 1.49 (s, 3H), 1.25 (m, 4H)
11.09 (s, 1H), 8.02 (s, 1H), 7.65-7.52 (m, 1H), 7.06 (m, 2H), 6.51 (t, J = 5.6 Hz, 1H), 6.02 (d, J = 3.4 Hz, 1H), 5.97-5.87 (m,
1H), 5.56 (d, J= 2.4 Hz, 1H), 5.05 (m, 1H), 4.11 (t, J = 9.4 Hz, 1H), 3.27-3.15 (m, 3H), 2.95-2.82 (m, 1H), 2.65-2.53 (m, 2H),
2.36-1.53 (m, 10H), 1.48 (s, 3H), 1.45-1.23 (m, 8H)

11.09 (s, 1H), 7.59 (m, 1H), 7.06 (m, 2H), 6.02 (d, J= 3.4 Hz, 1H), 5.92 (t,J= 7.9 Hz, 1H), 5.54 (d, /= 3.1 Hz, 1H), 5.05 (m, 1H),
4.10(t,J=9.4 Hz, 1H), 3.30-2.56 (m, 12H), 2.35-1.52 (m, 12H), 1.48 (s, 3H), 1.24 (s, 3H), 1.03 (t,J=12.6 Hz, 1H), 0.88—0.80 (m, 2H)
11.09 (s, 1H), 8.14-7.83 (m, 1H), 7.58 (m, 2H), 7.06 (m, 3H), 6.51 (d, J = 5.3 Hz, 1H), 6.14-5.80 (m, 3H), 5.76 (s, 1H), 5.53 (d,
J=3.1Hz, 2H), 5.03 (m, 2H), 4.05 (m, 2H), 3.31-3.25 (m, 3H), 3.24-3.11 (m, 2H), 3.03-2.91 (m, 2H), 2.91-2.81 (m, 1H), 2.80-
2.65 (m, 2H), 2.65-2.54 (m, 3H), 2.32 (d, J = 12.1 Hz, 2H), 2.24 (m, 3H), 2.22-2.14 (m, 2H), 2.10 (m, 2H), 2.04 (m, 1H), 1.59 (t,
J=15.4 Hz, SH), 1.48 (s, 4H), 0.84 (m, 2H)

11.10 (s, 1H), 8.12 (s, 1H), 7.60 (m, 1H), 7.09 (m, 2H), 6.58 (t, J = 5.4 Hz, 1H), 6.01 (m, 1H), 5.95 (s, 1H), 5.57 (m, 1H), 5.06 (m,
1H), 4.09 (t, J=9.1 Hz, 1H), 3.57 (d, J = 5.2 Hz, 2H), 3.44 (m, 3H), 3.30-2.53 (m, 8H), 2.14 (m, 7H), 1.48 (s, 3H), 1.25 (d, J =
5.5 Hz, 1H), 1.00 (m, 1H)

11.09 (s, 1H), 8.11 (s, 1H), 7.59 (m, 1H), 7.15 (d, J = 8.6 Hz, 1H), 7.05 (d, J = 7.0 Hz, 1H), 6.02 (d, J = 3.4 Hz, 1H), 5.95 (t, J =
8.4 Hz, 1H), 5.57 (d, J = 3.1 Hz, 1H), 5.06 (m, 1H), 4.08 (t, J = 9.4 Hz, 1H), 3.60 (t, J = 5.4 Hz, 2H), 3.54-3.38 (m, 9H), 3.22—
2.54 (m, 7H), 2.37-2.00 (m, 8H), 1.47 (s, 3H), 1.02 (t, /= 11.8 Hz, 1H)

11.09 (s, 1H), 8.12 (t, J= 5.6 Hz, 1H), 7.59 (m, 1H), 7.15 (d, J = 8.6 Hz, 1H), 7.05 (d, J= 7.0 Hz, 1H), 6.02 (d, J = 3.4 Hz, 1H),
5.95 (t,J = 8.0 Hz, 1H), 5.76 (s, 1H), 5.57 (d, J = 3.1 Hz, 1H), 5.06 (m, 1H), 4.08 (t, J = 9.4 Hz, 1H), 3.65-3.36 (m, 15H), 2.77-
2.57 (m, 3H), 2.37-1.52 (m, 10H), 1.47 (s, 3H), 1.28-1.21 (m, 2H)

11.09 (s, 1H), 8.13 (t, J= 5.5 Hz, 1H), 7.59 (m, 1H), 7.15 (d, J = 8.6 Hz, 1H), 7.05 (d, J = 7.0 Hz, 1H), 6.04-5.89 (m, 2H), 5.57
(d,J=3.1 Hz, 1H), 5.08-5.00 (m, 1H), 4.08 (t, J= 9.4 Hz, 1H), 3.63 (t, J= 5.4 Hz, 2H), 3.57-3.46 (m, 10H), 3.44 (s, 3H), 3.23-
2.56 (m, 8H), 2.37-1.99 (m, 10H), 1.47 (s, 3H), 1.25 (d, J= 9.5 Hz, 2H)

11.07 (s, 1H), 7.57 (m, 1H), 7.13 (t, J= 8.3 Hz, 2H), 6.03 (d, J = 3.5 Hz, 1H), 5.67-5.56 (m, 2H), 5.06 (m, 1H), 4.14 (t, J=9.4 Hz,
1H), 3.55 (m, 6H), 2.88 (m, 3H), 2.74 (s, 1H), 2.34 (m, 3H), 2.22-1.52 (m, 11H), 1.50 (s, 3H), 1.42-1.01 (m, 4H)

11.10 (s, 1H), 7.59 (m, 1H), 7.04 (m, 2H), 6.49 (d, J = 6.3 Hz, 1H), 6.02 (d, J = 3.5 Hz, 1H), 5.59 (m, 2H), 5.06 (m, 1H), 4.14 (t,
J=9.4 Hz, 2H), 2.96-2.82 (m, 2H), 2.69-2.55 (m, 2H), 2.35 (m, 6H), 2.23-1.96 (m, SH), 1.76 (t, J = 9.3 Hz, 3H), 1.63 (m, 4H),
1.50 (s, 2H), 1.39 (d, J = 7.4 Hz, 1H), 1.27-1.23 (m, 3H)

11.08 (s, 1H), 7.68 (m, 1H), 7.33 (m, 2H), 6.03 (d, J = 2.4 Hz, 1H), 5.65-5.51 (m, 2H), 5.09 (m, 1H), 4.14 (t, J = 9.3 Hz, 1H),
3.74 (d, J = 11.6 Hz, 2H), 2.87-2.81 (m, 3H), 2.66-2.54 (m, 3H), 2.44-1.72 (m, 13H), 1.51 (s, 3H), 1.44-1.36 (m, 3H), 1.24 (s,
3H), 1.13-1.00 (m, 3H)

11.10 (s, 1H), 8.00 (t, J = 5.6 Hz, 1H), 7.81 (m, 1H), 7.48 (m, 2H), 6.02 (d, J = 3.4 Hz, 1H), 5.92 (t, J = 8.0 Hz, 1H), 5.54 (d, J =
2.9 Hz, 1H), 5.09 (m, 1H), 4.20 (1, J = 6.4 Hz, 2H), 4.10 (1, J = 9.4 Hz, 1H), 3.22 (m, 1H), 3.16 (d, J = 9.6 Hz, 1H), 3.01-2.56 (m,
5H), 2.55-2.52 (m, 1H), 2.34-2.00 (m, 7H), 1.79-1.72 (m, 2H), 1.58 (t, J = 11.3 Hz, 3H), 1.45-1.26 (m, 9H), 1.02 (m, 2H)

11.06 (s, 1H), 8.00 (t, J= 5.7 Hz, 1H), 7.56 (d, J = 8.4 Hz, 1H), 7.08 (t, /= 5.3 Hz, 1H), 6.95 (d, J = 1.8 Hz, 1H), 6.85 (m, 1H),
6.03 (d, J=3.5 Hz, 1H), 5.92 (t, J= 7.9 Hz, 1H), 5.54 (d, J = 3.1 Hz, 1H), 5.03 (m, 1H), 4.10 (t, J = 9.4 Hz, 1H), 3.26-3.12 (m,
4H), 3.02-2.52 (m, 6H), 2.37-1.51 (m, 9H), 1.48 (s, 3H), 1.34 (m, 6H), 1.24 (s, 3H)

11.06 (s, 1H), 7.99 (t, J= 5.7 Hz, 1H), 7.53 (m, 1H), 7.09 (t, J = 5.2 Hz, 1H), 6.95 (d, J= 1.7 Hz, 1H), 6.85 (m, 1H), 6.02 (d, J=
3.5 Hz, 1H), 5.92 (t, J = 8.0 Hz, 1H), 5.54 (d, J= 3.1 Hz, 1H), 5.03 (m, 1H), 4.10 (t, J = 9.4 Hz, 1H), 3.25-2.52 (m, 14H), 2.37-
1.96 (m, 8H), 1.64-1.53 (m, 3H), 1.24 (s, 3H), 1.21-1.16 (m, 3H), 1.02 (m, 2H)

675.46

689.57

703.64

732.60

687.30

715.30

591.20

647.50

646.74

716.75

621.30

664.51

709.40

752.49

656.56

656.73

684.59

662.40

647.50

661.80




- 2720 - 242224 Acta Pharmaceutica Sinica 2023, 58(9): 2715-2726

Table 2 The inhibitory activities of compounds K1-K20 on HCT-116 and HT-29 cells. *: Average value by two independent experiments;

°: Not detected

Noo
TLR
o o
o

N 1
5T LINKER
)2 _\o

o

K1-K4 K4-K20
. . IC,/umol-L™" (mean £ SD) (n = 2)"

Compd. Linker Site HCT116 HT29
H

K1 ““j{%nCNM n=3 1 6.45 10.60
H

K2 My e n=4 1 8.85 14.41

[o)

.

K3 WNjg/HﬁN/\:/\NM n=5 1 19.09 19.25
H

K4 ““j{%nCNM n=7 1 18.83 34.13
H

~N 7\ _ b

K5 fhnun% n=3 1 N.D". N.D.
H

K6 ““j{%nCNM n=5 1 N.D. N.D.
H H

K7 AN n=3 1 N.D. N.D.
H H

K8 AN n=5 1 26.16 30.63
H H

K9 AN n=1 1 281 4.67
H H

K10 AN n=12 1 2.03 2.50
H H
N N =

K11 . Voa}n & n=1 1 3829 N.D.
H H

K12 FNéﬂom}nNm n=2 1 11.67 N.D.
H H

K13 eré/\o/\}nNm n=3 1 41.67 N.D.
H H

K14 eré/\o/\}nNm n=4 1 N.D. N.D.

K15 AX - 1 457 9.89

K16 NNQC”“ 1 4.29 6.63
H

K17 N~ New 1 2.11 4.60

H

K18 Oy N n=8 1 3.63 5.85
H H

K19 AN, n=1 2 33.81 38.06
H H

K20 AN n=28 2 5.18 8.01

FT671 832 N.D.

H e K56 /N T 0.05 97 126 b5 4 1 2 BN 22 7 3Rk B
H i (El3).

HIBIOGRID £ SR BEAT SCAE R, RIL N HEA Y
F 5 Z 5 & 1 22 I8 [] PPI (protein-protein interaction
networks) (9 4).

W TS B AT L R B 2 EUR BE (85).

Hor CYP24A1 &40 i € 3 P450 il 5 ik 1) S AL i
Z—, ST 1,25- X2 54 K D3 (vitamin D3, 1,25-

VD3, 1,25-dihydroxyvitamin D3, [la,25-(OH)2D3])
PRI, B HL B O T M BRI R R PR ), R A s —
RAVRGHDBAE S EH B RSN, 25 7 41 3G 5 | 5
b 98 T2 DL K DNA & 52 55 £ A 4 W) 22 36 1P,
CYP24A1 VBN — Pl 7E M B0 R, & 11 3Rk mT
LU 2 M5 5 B P, A ORI 22 1) SRR
18 T CYP24A1 5 NF-xB. VDR 25 538 4% 2 [a] () F6 L
1 5 R B, Li i AP Bl CYP24A 1 A fig il it



[ C N = BT il i B g N g i da s/ i i

« 2721 -

2004

165

1501 139 Type

[l Up-regulated
[ Down-regulated

Number
)
o

504

Test vs Control

Compare group

Figure 3 Quantitative results of differential expression proteins

by comparing test group vs control group

NF-«B 15 5 il # 52 B Xt Wnt/f-catenin 5 5 i@ ¥ /1) i
;5 Zhu Z5PVHF 52N R B PTL Af L@ i 45 & AN A% b
A5 E L10 (RPL10) P#AR 4% 5 1715 Kl -1 TCF4/LEF1 1)
Rk, X Wat/B-catenin {5 5 38 1% 7= AE #0H| 7E F »
AT I R H A )RR, KL PTL FE @RI Re 8 T
W CYP24A1 FZRIE, AMUAAUE T PTL 55 Wnt/B-catenin
T 2 (8] ) SRR, IR B 5 A, PTL Al AE & T 1 i
CYP24A1 ) 315 W1 #0 #1] Wnt/B-catenin 15 5 38 1 1)
YEFABUE, 77 He 45 i Je 200 B 1) 470 386 B 0 12

i 4 0 W A A% SR 1 A A 2 TS AR ke TR AL 4

qv
T

Figure 4 Protein-protein interaction networks

.§k"b 2

AR E N, HEZEREOREMBNERE KE.
DNA FH 3 b 2 52 1A 5 [R] 9 0K 1) 8 2 R WL A% AL 2
=, FEFE R R I R 45 | TR 4 B L X £ A R S
PR OR R SCERAE Y. W 3L 30 DNA F 24k = 22 i
DNA H % #: % i§ (DNA methyltransferases, DNMTs)
AL B2 A S- R EF FF B &R (S-adenosylmethionine,
SAM) ¥ 1% % fams g 5 5 A7 ik R 7. Hd, DNMTI
St KRBEN DNA HEE Bl . O SCHRPIRE T
FLRRE B R B A 2 R 40 DNMITL 1)
i ik . 7E Michael Goggins FIHF 78 s R I, AT 1E
w2 L, RS S R R e 4 R v ¥ DNMIT 1 3502 7K 1 i
FER . Lin P9 78N i8R T PTL 7] BL 5 DNA
R 3 R Bl s 1A nU 3R 454 JF T DNMT1 & 1 11
Fik. AWK I PTL B #7235 T~ 7 DNMTI &
FI 7K SF, 40 PTL ] 5838 1 401 6l DNMT1 M & 7
PR AEH

XA S VT S R B TR 4k P 5T WU E (CDC-like
Kinases, CLK) /& —Fh/E H T 22 TR/ 75 2 B A1 s =R
{10 U Sk Ol . L P CLK3 1 v CDK & 1) — A
WAL, AR AL E A 2 J RS E R 1R AR
SRSF1 Al SRSF3 K75 RNA By 4%, £ Tihff 71 & BHIX —
IR 10 2 S R RE A2 DL R 2 P AR e R R
FHIEET . Zhang 58205 e I BH 5 i 40 A b o R PR B
% CLK3 ¥ 7 95, #8578 7 CLK3 RAZ 4 1 0% e
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QO7973(CYP24A1) QIYSI(TIMMES) P24463(NR2F2)
301 s 31.09 aax 29.09 aan
284 295 27.54
261 9 28.0 1 26.04
(o _8_
24 1 26.51 24.54
-0 S
22+ 25.0- - 23.0
Tost Control Tost Control Tost Control
P49761(CLK3) QINVI1(FANCH) QIBQS2(ELAC2)
29.09 * 28.09 = 31.019 aw
27.54 26.54 29.5
26.01 25.0 1 ° 28.01
- oo <0
24.51 235 26.5
-3 s m -®
23.07 22.0 25.0¢
Test Control Test Control Test Control
QSVZLS(ZMYMS) P21583(KITLG) P26353(ONMT1)
29.0 ~ 30.0 anw 32.04 ar
27.5 28.54 30.54
26.0 9 27.0 29.01
-0
2451 8- 2551 : 2754 -
23.07 _‘_ 24.07 26.0 I
Test Control Test Control Test Control

Figure 5 Scatter diagram of the down proteins (top 9). "P<0.05, " P<0.01,”" P<0.001

WA A 5 30 B (1 a3 IR A A R 8 A L AR
WEFE T, /N 156 N T B A7) 1 1 CLK3 8 Y Rk K
S 15 B /N 156 PN TR AT R E O ) CLK3 R A5 P45
T 20 B LI e

F DAVID W35t T 18 85 AT AR 26 & v A, 3R
13BN B I AH DG ) T e ] 2%, K IR B8 5 [ 1) D e L
BT T 2R AR FIRZ B AR D BE, LA K& RNA 454 X 38,
454y Wang WU P PTL AR T4 2% (19 2% 52, #EW PTL
Al Re i fe AR 7 IS 50 e 2H B R R . e
Ab, Li g 2H " UFH 46438 T PTL XF USP7 A1 USP47 [f
IRER . USP10 4272 3 — S H & R4t (ubiquitin-
proteasome system, UPS) W1 1] 232 FKALEE 2 —, K I
PTL B FIRERT F 2 A2 T — e R B B4 2T
b, AN PTL 4400 161) 225 i s 200 PRV P 1 [ B, A9 e % 1 B
UPS R Gu1E— & P25 A a3k e 40 (R ) o

NG

BT/ 56 A R IR A 5 45 0 B AT AR B AT
A IR AT 1) AR R, A SRR Bt IR A R T
20/N/NE S AR R R SRBIETEFNMEL AP0 A
45 g J HCT-116 A1 HT29 41 A 1 3% G # i /F FH o 45 3

R, K2 Hb G YA — & P g 1 G v v,
&) K10 % HCT-116 20 i f) IC,, {5 4 2.03 pmol-L™.
TE 40 M 7K V-, 1% 1 Exploris 480 %F K10 3E4T 2 (1 2H %%
O3, ME B A 4 E 165 LI DEPs #1139 4
N i DEPs, &K ¥l ¥ DNMT1.CLK3.MRPs %5 45 4
TE AH DG EE 1, S/ 5 P R A A S R ARt T
WA B

SCIGER 4

FEE R (200~300 H) NE Bilg A T E
P B R SR ] 254 nm 4 AMT R . 'H NMR
A1 C NMR % H Bruker 400 1 Bruker 101 %% 1 3E 4R 1
M€ o BT R 35 T B 43 i 4l B4k 27 4t B il 1
B AN, — A G Al kb B E A .
1 k=&
1.1 EE2EERR B TR, KOmA N N
g (1 g, 4.02 mmol) -1 — 50 H b2 25 mL. — S AL
(716 mg, 6.40 mmol), 7E A IR N I T4 1) i 4
AL AUT EE (1.50 mL, 9.70 mmol), 4k4E 5N 18 h, TLC ¥
I sz 7 5 B, IMON S0 B4 s S YR 28 80 mL, 1Y
FR AT B B4 7K VA K 20 mL % 3 7K, To 7K i B A T 46,
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8, WO ZE TR, A2 S R AT [V
Vowow = 15 1] A4 TS 21 7€ [ 44 B Dy o ] 4 2, 7= 26
N 60%.

1.2 REMAIBIERE B FORAR R N H JE]
2 (100 mg, 0.37 mmol). T4 & &% 15 mL B R &5
(320 mg, 3.8 mmol), FEE RS 7t INA Dess-Martin
K7 (240 mg, 0.57 mmol). = HEFE2 h B 5E .
BN — G0 e K B I Y B 22 80 miL, o AN At A At R
BN KT 20 mL 6 3 UK, Jo /KB B BN T8, e 8, ek R
ATV, AR RERSETE [V e V sz = 27 1]
afifb 15 21 3 AR RD A a3, 722 70%

1.3 PEERABER B ORI N Hh ]
£ 3 (200 mg, 0.76 mmol) T B# 10 mL. £li7K 3.5 mL+
2-HIEE-2-T )4 220 pL E S BR AN (140 mg, 1.54 mmol).
W R — &8N (900 mg, 7.50 mmol), 7E &S ARY Fid &
RE o N 45 WS A O N 467K 40 mL, A
LR T 80 mL, ZEEL 3 K. Jo/KHBREREAN 15, ik, W&
JEZE T, BRI BER W [V s V oo =
1:1~2] 33 [ A R RD A A 4, 722 70%.

1.4 HEfk6A~6DIER 7 =R PImALE
Y15 (250 mg, 0.92 mmol). T4 VU & FKIR 5 mL, &SR
R G220 N AH R ) BRARTEE S (3.66 mmol), Hin B T
%70 °C[HIJE, [ 1 h, TLC Wl Je BidhfE . Je oy 4%
JE R F E AR R 2 5, I\ B S HE 30 min, #iE kit
FE & A AR o ¥ [ VR & P F 2 o 1 R
JE 28T 749 B E A, NN 88 2B 5 mL, A i
1 mL 3%, HhE, 13 3 o (A& 6A~6D, ¥ Rk 55 0 [i]
14, 7223 60%.

1.5 HEMATA~TD AR W= FUR, K K&
BN 1A /& 6A/6B/6C/6D (300 mg). 1-N-Boc- Uk B
(3.39 mmol). /K Z i 8 mL. = Z.J% (1.02 mmol), F+i&
%60 °Clalit, 3 h R B 5EEE . [ R SR RN 218 2,
Fis 40 mL, 1A G40 B KW S mL, ¥E 2 Ik, A HLAH TG
KB R BT R, HUE . U ZE TV N, RE R B
[V:;wﬁ: Vg = 100:1] %%?%i”/ﬁﬁé@ﬁg, FEE 50%.
1.6 REKASA~SD YA R WU LU, MK A
[8] {4 7A/7B/7C/TD (80 mg)~ Jo 7K 5 F 5t 2 mL . £ iR
TEONH LS mL, iR RS h, RN SRR kR 2T
T, 73 B9 B € [ 4, 7= 26 90%

1.7 EWMKI~K4BERKR IR L, fkxom A
/N HE % A FE (25 mg, 0.10 mmol). H ] /& 8A~8D
(0.10 mmol). TE/K 4B 4 mL. = Z % (15 uL, 0.10 mmol),
RAMRY PR N G ek I B TR R &
60 mL, AN AL B K P15 mL e 3 . TE/K B R A
T, R, R 2K T AR B0 A . B A A4l

[V g - Vi = 501 1~40:1] 13 26L& Y K1~K4, ¥
N E EE A, 722 60%.

1.8 HEMIKS K6 AR HUH U, K xn A
i) 44 4 (30 mg, 0.11 mmol). JE /K — & B ¢ 3 mL.N,N-
TSN 2% (40 pL, 0.22 mmol), = 5 it £ 20 min,
TN rF (6] 44 8A~8D (50 mg, 0.11 mmol). 2-(7-& 2% K
I =R M) -N,N,N',N'- DY F JE JIR 7S 960 % 1R B (82 mg,
0.22 mmol), Z R PRI FE . R 5E R, A R
i ON &0 BE 80 mL, RN Ak B K W 20 mL
B3Ik, To KR AN TR, i, R ZE T, 15 20
o FEGREAAL [Vt Vi = 500 1~40:1] 15 24k
EVKSFIK6, 24 H & AR, 722 60%.

1.9 HEMR10A~T10KHIE R HUE DK O
i) 44 10 (250 mg, 0.91 mmol), T N,N- — i J& I fif
¢ 5 mL, Boc {# ¥ i) PEG. %t & 8 . 1 Al 4% 3 45 1)
(0.91 mmol), N,N-— 5 N J& 2 JlE F+ili 2 80 °ClHl i $i
FE12h, N GEH . i35 E AR 2 =, A LR 4
Fi 80 mL, 1AL B K I (6~8 1K), H 2 ¥ ] b
P R NN-— I I B id . TROKBR IR BN T8
BUAR, 38, J80% 28 T3 570, 49 200 5 . A alifl
UV i - Vi = 90 1~80: 1] 13 2 o1 [A] & 10A~10K,
PN SR [ AE, 7722 60%

1.10 SEMR TA~UKBIERKR B T, R XA
HH [E] 44 10A~10K (100 mg)- Jo/K — & FF 4 2 mL h R
TEANW LS mL, il R h, KNSR kR AT
T, 13 3] a A TTA~ 11K, 24 0 9% o €0 ] 44, 77
90%-

.11 HUEMKI~KITHER KHS5LEYKS A
K6 5L J5 v, 13 B &9 KT~K17, 3418 1k 3 [
14, 7 2 60%.

112 FEMFI3HER B DR, RO A a4
12 (225 mg, 0.76 mmol)N,N- " FF 3& I i i 3 mL . A4k
£ (13 mg, 0.08 mmol). ik R Z# (114 mg, 1.14 mmol).
1-BUT S Bk HE-1,8- & L =F 4E (250 mg, 0.96 mmol).
FHR % 60 °C, [l 4 h, RFIEHR . V5 E R 2 =
W, R I 288 2.1 80 mL, 1 AN Sk A K 7 T
12 mL ¥ (6~8 1K), H 2 S A& Z rp i) N,N-— 1 2k
FR Wt e Bk 14 o O K BRBREA T A UAH, 9, DR 28T
), A BR A FEEIEAAL [V et Vi = 900 1~
80:1] 18 BB LR [H 1, 7= 60%.

113 FEERI4ERR B DR, AR O A e 44
13 (100 mg, 0.19 mmol). JE7K 5 F HE 2 mL. £ R %
NS mL, RN 1 h, RN SEEE . R 2% T,
13 335 3 8 [ A, 7= 90%

1.14 HUEMKISHER B HE, KA rE
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& 4 (30 mg, 0.11 mmol)~ J& /K — & H 4t 3 mLN,N-—
SR HE 2% (40 pL, 0.22 mmol), = L1 £ 20 min, 1A
] 44 14 (45 mg, 0.11 mmol).2-(7- % 4% 7 I = & Me)-
N,N,N',N'- DY B JE i 7~ 5 o 2 s (82 mg, 0.22 mmol), %
SR IR R RBLTEEE, [ R BRI A
Bt 80 mL, Y1 AN G AL B 7K I 20 mL %% 3 Ik, Jo /K
PR AN 16, I8, DR 28 TIA R, A5 20 5 . bR it gl
WV s Vi = 502 1~401 1] 19 B3k 25 €4 [l 44, 7=
K 60%-

115 HEMKI9.K208E/K SHhEYWKI~K17
KA TT %, 49 219% 8 A 4 K19 AT K20, 7% 60% .
2 EYERSy

2.1 RIMUIETEIERIEM  McCoy's SA B IR AR AR
%M H 2 E Gibeo A F]; f 5t 2 #.0 B (sulforodamine
B, SRB) J#J H Sigma-Aldrich /A 7] ; =& BE R (TCA). UK
B % (HAC) J Tris 32106 F H 255 4. N\ 45 W % 41
HCT-116 } HT29 4 H American type culture collec-
tion (ATCC) Ff & Z R 5 5% .

K F SRB L HEAT R A0 U3 FE 3 TR 9, FL ARSI
R R A T HCAE KA HCT-116 A1 HT29 4 il PA
90 uL (BEFL 1 200 4~AT1 500 4N) #2F T 96 FLE; F# i,
37 °CRi R R . HALIMA 10 pL — E BRI EZ 24
W, BN RBE R 3N, A RV FE 1) A B K
ST B R TE A B U R AL . N 24 05 R 4 TR 37 °C .
5% CO, %M NEEFR3 Ko A EEEIRML, M 4 °CTIA 1)
10% 1) = & ESER (TCA) (B:fL 100 pL), 4 °C[E5E 1 h )5
FHZETBK BV 5 IR, 65 CCHLAR AT 18 1 he P H
1% UK FSBREC 41 (1) SRB (4 mg-mL™) ¥ (5341 100 pL),
G 15 mine 15 25 BIE W, 1% B R Be
5K, 65 CCHEAAHX T4 1 he FFFLINA 150 pL [ Tris
(10 mmol-L™") ¥ ¥, % i /& 15 min. SPECTAR
MAX190 g 14X 560 nm J% & Tl € ODfE . 4% F 44
ST S5 0 A 0t g A0 A AR A 0 0 ) 2R s R )
IC,, fH R H Logit &1t . % = (W4 OD i —
Y5 2540 OD )/ 41 OD fE x100%, 115 1C, .

2.2 EBEHEFMBELIE  ANPFE S E S KA T X EL
AKIN A HCT-116 40l DLAEEAL 4.5%10° R0 T 6 FL.48
P85 I B, 37 °CRE 77 Ik 7 A 40 Mo U B o R AL e
1 800 pL 7 #F 5% 7% 5 J5 0 N\ 200 pL K10 (49K %A
10 pmol-L™), % 3 A~ # & JF i & 3 4> DMSO *f fi 1L .
N2 J5 A MLAE 37 °C 5% CO, 2k 1 F 5 9% 24 min. 37
FEREFRWL, NN 4 cCTA 1 AR 3 3K, Pl 2 4% 3))
1 min PE 40, B AR, BEBERMNKE, ¥
R FRILE T UK L, k82N 4 cCTA A B 3K, SR 5
FH 15 14 200 55 DI Sl A S 4 i, R VR A R I VA

FIETEE N . fJa, 4 °C. 1000 g B0 5 min, 2 _E i,
B RGN U TR A7

23 FRiGoth REUKBRAECI18 &4 LI, RF &
B RAE, 7 40 pL 0.1% (v/v) R B & . HEG
HEBI & 1 5T b 8 R R AN B R O AT R 5T, 7E.0.1%
(gL W8 A 1.1 59986 R %L, 7E 280 nm AbiE it
LN SRS . LC-MS/MS 207 7E Orbitrap
Exploris 480 Jii i {% (Thermo Fisher Scientific) I 317,
1% i 4 5 Easy nLC (Thermo Fisher Scientific) #§4& .
2 uL BRTEZZ PP A (0.1% HER) H n#k £ C18 Jx AH 4
M1 #E (Thermo Fisher Scientific, Acclaim PepMap RSLC
50 pm X 150 mm, nano viper, P/N164943) I, PLZ%
B (80% £ JiE A1 0.1% HER) 2o 11 B6 FE 43 55, it Ny
300 nL-min™'.

A8 FH 4R 1< 86 1 top 10 77 153K BX MS 254, MV £
1 (350~1 200 m/z) B A 5 & I RTAR B8 7
T HCD#F o MSTHHETE m/z 200 (15354 120 000,
AGC HF5 N 300%, 5 KIT A 50 ms. Hd K5 A
JE A TR], I 1A% BN 1.5 s MS2 F457E m/z 200
B43 #2815 000, AGC B 54 75%, 5 K IT 4 35 ms,
R 2 55 N 1.6 m/zo Microscans W B N 1. HAH HIR£E
2~6Z AT FTik B T s A HERRI [ 4 30 8D .
A — AL Ailf 45 BE BN 33%

24 HEHH MS HHE K H MaxQuant K 1 iR A&
1.6.17.0 AT 43 Mo AEH0H P P48 = MS 2504 (b il H
Wi5E). B 138 & ¥ 5E 7E 6 ppm X R 4 5R & & 1
4 %G A R /P 16 B AR LM, Fo v S oK A
R ) AR AT AT RO B S T B R & i 52 M 20 ppm.
W2 e R A A s SONTE e 806, R AN
Uity TR R R 2 IR S8 A A SO AT ARAB A, A8 T B e
Ko BKRTER (A B 5 1 & BREF R R BILR (FDR) 1)
BOLE R E N0.01. & AR FE AR H oL E A
T (LFQ 31 J%) iH5. FoldZ{k A 2840.5, P{E N
0.05 MIE AN R ERRIEEA.

25 HMIERE  f Linux i % 2% L {F F§ NCBI
BLAST + (NCBI - BLAST -2.3.0+) ¥ i 4 & (1 i ¥ 41
b w21 B s 22, R AR BE B0 10 37 F1 E-value&lt;=1e-3 )
P Hik, 15 GO ARTE (Bl A go_20190701.
i1 Blast2GO [ 10 2 L 4RE 43 0% F1 1 obo) . 4A Ji5 i ik
Blast2GO Command Line 52 i GO A% 3] & E i B 45
VE o (EHEAF R 5E B, FI A InterProScan AR 4 motif
192 EBILEE &, 4R 5 K motif I Zh g (5 BRI E & A
J5 H DA R, T B ANNEX S GO ARE 2 8] 73 R
FUERREAT 73— 5 itk . R Fisher K i k6 5
(Fisher's Exact Test), it L 5 GO TiAH 56 (1) % 7 %
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REASBEM S EOHERFEE GO,

i i KEGG %48 & [ #0#E FE it A< : KO_INFO_
END.txt (2022.11.05)] #4738 2 70 . @IS AR S5 0E
BHXMNERREEAREMLAEANE, B H
Fisher's Exact Test SR 1R 1] & 25 = 5 10 B o

B & TTMK: M 5 51 58 FROM 9% SR I8 A AT K S0P P
Bh 58 B B AR JeAL W0 45 58 TAF SR 6 533 40 7 S
s JE KR B B 52 AL B W 4 e AR S0 [ B B 5 A i SO
HEETAR; SRR ASTEM LR 1R T AR SCES .

F RS AEH 7 A SOANAFAEAL TR 25 0 5%
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