Electronic Supplementary Material (ESI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2023

Supporting Information

Modulating the Folding and Binding of Peptides

Using a Stimuli-Responsive Molecular Tweezer

Sooho Kol 1, Joo-young Kim°! #, Jung Yeon Parkl<, You-jin Jungl?l, Min-Jae Choild, Kyeong
Sik Jin[¢], Yongju Kim!<], Yong-beom Lim [2l*, and Woo-jin Jeongb}[fl.*

[a] Department of Materials Science and Engineering, Yonsei University, Seoul 03722, Republic of Korea
[b] Department of Biological Sciences and Bioengineering, Inha University, Incheon, 22212, Republic of Korea
[

c] KU-KIST Graduate School of Converging Science and Technology, Department of Integrative Energy
Engineering, Korea University, Seoul 02841, Republic of Korea

[d] Department of Chemical & Biochemical Engineering, Dongguk University, Seoul, 06420, Republic of Korea

[e] Pohang Accelerator Laboratory, Pohang University of Science and Technology, Pohang 790-784, Republic
of Korea

[f] Department of Biological Engineering, Inha University, Incheon, 22212, Republic of Korea

KEYWORDS: (-hairpin-based molecular tweezer, Stimulus-responsive peptide folding, a-helix stabilization,
Controlled capture-and-release, Multivalent binding

*To whom correspondence should be addressed.

E-mail: wjjeong@inha.ac.kr



TMT-w H-GEWTWDDA-TKTWTWTE-H,

S T
m»tlim L v/L Hti ' i
V\NH : “"NH &:'\E

{j {_;»

==
=TI
—— T
.-" o
==
—— T
=
=
T T
g /¢
=
ra
o—e—\—i\
=
r?:

TMT? H-GEWTWDDA-CKTWTWCE-nH,
HO__o o ) "r__:\{. Ql HO. O
o o " o o o o <My MMy
w1 IR ,H\_,J\,, %"\_,J\,,J\g,ﬂ,_,x,, i x,,,'gT x,,Jj?ﬂ.,_ -
H H I—'~H : H " g H H H 3 H
}ANH }ANH \nr ~§H OH OH ~8H
TMTZ2 H-GEWTWDDA-CKTWCWTEnH,
HO_ O

e Y 'S
Y e Tw Y
ang.% 5 ,§~ Iyl L i

hict 7y 7y
_, _ HO. O
W B
uzu\ \,J\,, __ NVJ\Jg K iy Hgnq?;“ -
\-/\"H \-/\"H OH OH OH
oy
Lf



pﬁ?f Flurorecein-GETFSDLW-KLL PEC-NH,

Native unstapled p53a  n. SQETFSDLW-KLLPENnk,

HZN_T;O [:J‘Hz HGTG
b . OH oH L L
H o H o H o H o H o H [+ ] ~ o H o
Y *J\H'Lg'"*“*u'g; Ay ( : "‘z”*"'fg NVJ\H'[E""“‘”J\H' (e :)\Hl:l,n\,)\:ﬁ
oH 1 \“[ j I NH “‘|/ - F
HO-=0 ~ ()-—_{ Hy
sz W4



o B
s b ey
c‘Ho-" '\:-o
HH,
aTtMT1 =
H
1
o 2 SQK(g) TFSDLW-KLLC () EN-w,
GEWCWDD.t'S.-CK'I'WTWTEJ
NH,
HaN v__,o J Ho‘_b,’.o

E
OIZ

_ o As
arr2 = S ad

, e
O.I_ 2 SQETFK(e)DLW-KLLC () ENm, ,\,\I"“"sf . T

GEWCWDDA-CKTWTWTE-



HN_ 0o
J H H It o 5 o o
o - o /D o O o e o o H ] H ’ H
H ]’ H H I H ]’ H N e SRR R
N N N n_ | LN N e N < HHy
el N N7y e N N H H
H HH H Hy H a o o
3 o o o 2 o 5
HO - o
| ¢ NH,
by, RH
Ho~ 0 o
NH

aTtTMT3

Il
8
nd

| P
mL A SQETFSDLW-K(g)LLC(a)EN-nh, H,u’\/jm "s\; o ﬂhu’LO

GEWCWDDA-CKTWTWTE-] Nﬁ

(4]
— | g
aTMT2A = AL, Qe
| o gL, OH
0.L 2o SQETAK(e)DLW-KLLC () ENws, m«/\i,m“"}o L
GEWCWDDA-CKTWTWTE J’\I(H
hDM2

histag ~ TEV cleavage site
HHHHHHSSGENLYFQSQIPASEQETLVRPKPLLLKLLKSVGAQK
DTYTMKEVLFYLGQYIMTKRLYDEKQQHIVYCSNDLLGDLFGVPS
FSVKEHRKIYTMIYRNLVVVNQQESSDSGTSVSEN

Fig. S1 Chemical structures of peptides and sequence of the expressed hDM2 proteins.
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Fig. S2 Reaction scheme of the aTMT?2 synthesis.
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Fig. S3 MALDI-TOF MS spectra of peptides.
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Fig. S4 HPLC chromatograms of peptides. Reverse-phase (RP) HPLC was performed using a
Vydac C18 column (10 x 250 mm, 300 A) with a gradient of 30% to 50% MeCN with 0.1%

TFA.



Fig. SS Schematic illustration of redox-responsive a-helix stabilization behaviors of the typical
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Fig. S6 HPLC peak shift after oxidation (disulfide bond formation) of peptides.
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Fig. S7 MALDI-TOF MS spectra of peptides and their conjugates with n-methoxycarbonyl
maleimide (MW: 155.11 Da).

P

N

B

o
|

220

200

=

o

o
1

160

Fluoresecence polarization (m

-
S
o

001 04 1 10
Log[HDM2] (uM)

Fig. S8 Changes in the FP intensity of p53f (100 nM) upon titration with hDM2 in Tris-Cl buffer
solution (pH 8.0, 20 mM, 10 mM imidazole, 150 mM NacCl, 10% glycerol) at room temperature.
The filter sets were 485/15 excitation and 535/25 emission.
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Peptides a-Helix Sequence ECS50 (uM) Kq (ULM)

Nutlin-3a - 0.154 0.145
aTMT1 Ac-SQK(e) TFSDLWKLLC(a)EN_nH2 0.547 0.515
aTMT2 Ac-SQETFK(e)DLWKLLC(a)EN_yH2 0.149 0.140
aTMT3 A SQETFSDLWK()LLC(a)EN_nyH2 0.655 0.616
aTMT2A Ac-SQETAK(€)DLWKLLC(a)EN-_\H2 4.584 4.314

aTMT2-ox Ac-SQETFK(e)DLWKLLC(a)EN_nyH2 0.569 0.536

p53a-stapled Ac-SQETFCDLWKLLCEN NH2 0.343 0.323

Fig. S9 Calculated EC50 and dissociation constant (Ky) values for the pS3f/hDM2 complexes with
the investigated peptides.
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Fig. S10 CD spectrum of the stapled p53a peptides (20 uM) in PBS (pH 7.0, 20 mM, 150 mM
NaCl).
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Fig. S11 MALDI-TOF analysis of the a TMT?2 peptides after incubation in PBS (pH 7.0, 20 mM,
150 mM NacCl) for different times at room temperature and n-methoxycarbonyl maleimide (2

mM) coupling.
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Fig. S12 CD spectra of aTMT2 (green) and a TMT2-ox (light green) in PBS (pH 7.0, 20 mM, 150

mM NaCl) at room temperature. [peptide] =20 uM.
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Fig. S13 MD simulation results of folding behaviors of aTMT2 and a TMT2-o0x and snapshots of
the input models with their geometry.
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and (b) the average numbers of these hydrogen bonds over the simulation time (100 ns).
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Fig. S15 (a) CD spectra of aTMT2 and aTMT2-0x during the six cycles of oxidation-reduction
processes. (b) Averaged CD spectra of the oxidized and reduced aTMT2 peptides from the
repeated oxidation-reduction experiment. (c) MALDI-TOF spectrum of aTMT2 after the repeated
oxidation-reduction experiment (calculated MW: 3934.3, observed MW: 3935.6).
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Fig. S16 Time-dependent FP competition assay on the a TMT2-ox peptides against pS3f/hDM?2
(100 nM/4 uM) complexes in Tris-Cl buffer solution (pH 8.0, 20 mM, 10 mM imidazole, 150 mM
NaCl, 10% glycerol) at room temperature, with the reducing agents (1 mM TCEP). The filter sets

were 485/15 excitation and 535/25 emission. The experiment was performed in triplicate.
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Fig. S18 The capture-and-release (CAR) experiment using PEG-magnetic bead conjugates without
peptides. UV-Vis absorption spectra of released hGCs before (red) and after (blue) 5 h incubation
in PBS (pH 7.0, 20 mM, 150 mM NaCl) containing the oxidizing agents (35 pM) at room

temperature.
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