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Development of hydrophobic tag-based protein degraders for Bcl-2/
Mecl-1 ubiquitination degradation
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Abstract: The anti-apoptotic members of Bcl-2 family proteins, Bcl-2 and Mcl-1, are considered therapeutic
targets of various cancers. In this article, we developed four hydrophobic tag (HyT)-based protein degraders of
Bcl-2/Mcl-1, based on a Bcl-2/Mcl-1 dual inhibitor S1-6, and tested their capability in Bel-2/Mcl-1 degradation
and apoptotic induction in MCF-7 cells. Interestingly, different linkers in the HyT degraders led to selective Bcl-2/
Mcl-1 degradation, though the degraders S1-D1-S1-D4 maintained the pan-Bcl-2 family binding capacity. Among
them, S1-D2 and S1-D4, two compounds bearing a hydrophobic linker or a PEG linker, were observed to potently
and selectively induce the ubiquitination and proteasomal degradation of Bcl-2 and Mcl-1 in living cells, with a
degradation rate of more than 80% or 60%, respectively. Moreover, the HyT-based degraders showed increased
lethality of cancer cells compared to the parent inhibitor S1-6, demonstrating that the advantage of degraders to the
occupancy-based inhibitors.
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Figure 1 The molecular structures of compounds S1-6, 1, and S1-D1-S1-D4
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Figure 2 The binding mode of different compound to Bcl-2

family proteins. A: S1-6; B: Compound 1
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Scheme 1  Synthetic routes of all the target compounds. Reagents and conditions: a: methyl 3-aminopropanoate, CH,CN, rt, 3 h; b: NaOH,
THF/H,0, rt, 12 h; c: Boc-NH-X-NH,, HATU, DIPEA, DMF, rt, 12 h; d: TFA, CH,Cl,, 1t, 1 h; e: HATU, DIPEA, DMF, rt, 12 h
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Figure 3 Binding affinities of S1-6, 1, and S1-D1-S1-D4 toward
different protein. A: Bel-2; B: Mcl-1
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Figure 4 The protein level change of Mcl-1 and Bcl-2 induced
by compounds S1-D1-S1-D4
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Figure 5 Cell cytotoxicity assays in MCF-7 cells upon addition
of S1-D1-S1-D4 and S1-6 for 24 h. n=3,x + s
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8.42 (d, J = 8.3 Hz, 1H), 7.92 (t, J = 7.9 Hz, 1H), 7.68
(d, J= 8.1 Hz, 2H), 7.54 (d, J = 8.1 Hz, 1H), 7.42 (d, J =
8.4 Hz, 2H), 4.30 (d, J = 4.6 Hz, 2H), 3.29 (d, J = 6.1 Hz,
2H), 3.21 (dd, J = 12.3, 6.4 Hz, 2H), 2.74 (dd, J = 15.3,
4.2 Hz, 2H), 1.84 (s, 2H), 1.70-1.66 (m, 3H), 1.62-1.54
(m, 10H), 1.50-1.38 (m, 8H), 1.36-1.29 (m, 4H). ESI-
MS: caled. For C,,H,,BrN,O,S [M+H]", 739.231 2, found
739.231 5,

S1-D4, & 4 J5 kL 5 4 N-Boc-2,2-(JF £, 4 5E)
% (74 mg, 0.30 mmol), &% 5 5 J7 1% [F S1-D1.
W[ R, &7 & 101 mg, 77 E 61%. 'H NMR
(400 MHz, DMSO-d,) d,;: 8.57 (d, J = 8.4 Hz, 1H), 8.46
(d, J= 8.4 Hz, 1H), 8.42 (d, J = 8.4 Hz, 1H), 7.90 (t, J =
8.0 Hz, 1H), 7.66 (d, J = 8.6 Hz, 2H), 7.57 (d, J = 8.0 Hz,
1H), 7.41 (d, J = 8.6 Hz, 2H), 4.23 (m, J = 6.2 Hz, 2H),
3.69-3.66 (m, 4H), 3.63-3.59 (m, 4H), 3.50-3.44 (m,
4H), 2.68 (m, J = 6.3 Hz, 2H), 1.81 (s, 2H), 1.68-1.63
(m, 3H), 1.59-1.52 (m, 8H), 1.50—1.44 (m, 3H), 1.41-
1.36 (m, 3H). ESI-MS: calcd. For C,;H,,BrN,O,S [M+
HJ', 771.221 0, found 771.221 5.

2 BEREX RN M SEG

FJH 0.05 mol- L (pHAE 4 9.0) 1) Na,CO, Z&H il i
AR R MK A AE A 10 pg-mL”', [A] ELISA % ] i
i 96 FLAR = (1955 A~ TR FL A NN 100 pl 74 8¢ S5 1) 8%
FORMERIEW, 4 CHEME 12h. 7 LILNIER, I
FEAS DR FL AN 370 pl Yok i (Ve 41 Bk : NaCl
137 mmol-L", KC1 2.7 mmol-L", Na,HPO, 4.3 mmol-L",
KH,PO, 1.4 mmol-L", 0.05% Tween-20), # & 3 min.
AV 3K, ARG NN 100 pL B9 & A5 id 1 Bim ik
B, iR EE 2 h, 7RI, FVEREE B3 . FA
I & 5 s 52 1 /N 3 7 43 3 55 200 nmol-L™ ) Mel-1+
Bel-2 # I PBS IR &, I E M E 1 h, b5
100 uL &5 [ /Ny 7R & S AR AL, =i
FREWE | h, b5 I, B E R 3 . A
Ji 1) BE AN L A N 100 pL () TMD & €698, 3 T
% & 30 min 5 M1 2 mol L IR IR & 1 B0 S N . I
Ja AE B AR E 58 S AL OGAE, 1k 45 R, & A

il 2R 0 A A DR FE T HUE B, TSN R R A
B EM SR BB (IC,,) -
3 HIZENEESLLE (Western blot)

£ 6 FL 20 il 15 77 8 2 Ff MCF-7 20 i & (5 4L
2x10°AN4Hf), Fl DMSO it B A [F) K B A AL 5 P
WIFINEE FRAR O HEZH 0 A R AR 43 £ ¥ DMSO),
UM H 12 h (Fi, 5% CO,), FF L 973, fl PBS 4%
MIRIEYE3 . W FLAR T R 4H L, M\ 50 pL ) RIPA
YT it 2 AR, AR 24 A7 30 min, 2540 (12 000 g, 4 °C,
15 min), B _L3EW . 0\ SDS, #47 12% SDS-PAGE H,
VKo B 5% 2 PYDF IR, H & 5% IR 495 810.1%
Tween-20 [] TBS ¥& R3EAT $5F P41, f J 1 FH A A U 2
(Mcl-1.Bcl-2) % R feaAar B 8 B e 7l
4 CCKSZmpissE & 1446 N L ie

F 0.25% ¥ i 25 (1 B Ab 2 MCF-7 40 il R, 75 H &
H 10% [ 4 M7 () RPMI1640 15 77 B i 540 il 2
o W R Tl 21 96 FL W Ry FR AR (B FL 200 L,
10°~10* /N4 HD), 37 °CH5 9% 24 h (5% CO,) J&, SR 5 [
AR WL 0 N A [ 9 s B8 PR AR5 U A 5 D W Y, o R
L0 N AH [F] 4R B2 (1 DMSO (DMSO it & & B A # it
0.3%), k21577 24 ho ARSI FLH N 10 uL 1
CCK-8 K, & 3 ho I EEAR X (P4 450 nmol'L™)
D5 B L e s, e TS g R . R E A
(1) TG0 M A7 26, ) 48 I A7 3% S R0/ o) TR B
(R HUE AR, 15 307050 1 B R BE (IC,,) -

AR AF S 2 = 150 ZH G WSUAE /%o HE 2 S IR Wi

100% (1)

fEE STk T B A TSR AL R RE 51
oG BB A TSRS S B PR T RITRR TR
Wik SRR S CEREE S .

FIZE S A ST A S B HAAEER PR KR
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