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25 SUMMARY:
26  We present a protocol for the construction of thioether/vinyl sulfide-tethered helical peptides
27  using photo-induced thiol-ene/thiol-yne hydrothiolation.
28
29  ABSTRACT:
30 Here, we describe a detailed protocol for the preparation of thioether-tethered peptides using
31 on-resin intramolecular/intermolecular thiol-ene hydrothiolation. In addition, this protocol
32  describes the preparation of vinyl-sulfide-tethered peptides using in-solution intramolecular
33  thiol-yne hydrothiolation between amino acids that possess alkene/alkyne side chains and
34  cysteine residues at i, i+4 positions. Linear peptides were synthesized using a standard Fmoc-
35 based solid-phase peptide synthesis (SPPS). Thiol-ene hydrothiolation is carried out using either
36 an intramolecular thio-ene reaction or an intermolecular thio-ene reaction, depending on the
37 peptide length. In this research, an intramolecular thio-ene reaction is carried out in the case of
38 shorter peptides using on-resin deprotection of the trityl groups of cysteine residues following
39 the complete synthesis of the linear peptide. The resin is then set to UV irradiation using
40  photoinitiator 4-methoxyacetophenone (MAP) and 2-hydroxy-1-[4-(2-hydroxyethoxy)-phenyl]-2-
41  methyl-1-propanone (MMP). The intermolecular thiol-ene reaction is carried out by dissolving
42  Fmoc-Cys-OH in an N,N-dimethylformamide (DMF) solvent. This is then reacted with the peptide
43  using the alkene-bearing residue on resin. After that, the macrolactamization is carried out using
44  benzotriazole-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate (PyBop), 1-
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hydroxybenzotriazole (HoBt), and 4-Methylmorpholine (NMM) as activation reagents on the
resin. Following the macrolactamization, the peptide synthesis is continued using standard SPPS.
In the case of the thio-yne hydrothiolation, the linear peptide is cleaved from the resin, dried,
and subsequently dissolved in degassed DMF. This is then irradiated using UV light with
photoinitiator 2,2-dimethoxy-2-phenylacetophenone (DMPA). Following the reaction, DMF is
evaporated and the crude residue is precipitated and purified using high-performance liquid
chromatography (HPLC). These methods could function to simplify the generation of thioether-
tethered cyclic peptides due to the use of the thio-ene/yne click chemistry that possesses
superior functional group tolerance and good yield. The introduction of thioether bonds into
peptides takes advantage of the nucleophilic nature of cysteine residues and is redox-inert
relative to disulfide bonds.

INTRODUCTION:

The development of ligands to modulate protein-protein interactions (PPls) provides an
attractive approach for modern drug discovery. Thus, a great deal of effort has been invested
into studying novel chemical modalities that could efficiently modulate PPIs'3. PPIs generally
consist of shallow, large, and/or discontinued interacting surfaces, and small molecules are
typically considered to be unsuitable ligands for the modulation of PPIs*°. With a suitable
exposed interacting surface area, short peptides that mimic the structural features of protein
interfaces represent ideal candidates to address this problem®’. However, short peptides are
typically unstructured in an aqueous solution. This is due to the fact that water molecules which
compete with the intramolecular hydrogen bonding network of the peptide backbone and well-
defined conformations are entropically unfavorable in water®. In addition, the peptides’
inherently low stability and cell permeability properties largely limit their use in biological
applications®°. According to the protein data bank (PDB) analysis, >50% of PPIs involve short a-
helix interactions'!. Thus, different chemical methods have been developed in regard to helix
stabilization. These include disulfide/thioether bond formation>*4, ring-closing metathesis'>,
lactam ring formation?®, “click” chemistry'’, addition of perfluoroarenes®'?, and vinyl-sulfide
formation?°.

Stabilized helical peptides are widely utilized for various intracellular targets, including p53,
estrogen receptors, Ras, BCL-2 family proteins, and others?'-24, ALRN-6924, an all-hydrocarbon
stapled peptide dual inhibitor of MDM2 and MDMYX, is currently being used for clinical
investigation®. In the past few years, our group has focused on the development of novel peptide
stabilization methods using thiol-ene and thiol-yne reactions?®?%, In general, we have
demonstrated that these photo-initiated reactions are efficient under mild conditions when
naturally abundant cysteine is used. In addition, we have shown that these reactions have an
excellent functional group tolerance, are bio-orthogonal, and have been proven to be applicable
for peptide and protein modifications?. The resulting thioether/vinyl sulfide tethered peptides
largely improve the chemical space of constraint peptides, provide a labile on-tether modification
center, and is proven to be applicable for uses in numerous biological applications3%-32, To date,
only limited reports have been described regarding thiol-ene/thiol-yne peptide cyclization. In a
study published by Anseth et al. in 2009, an on-resin intramolecular thiol-ene reaction for peptide
cyclization between activated alkenes with cysteine was demonstrated?. In 2015, Chou et al.
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described a two-component radical initiated thiol-ene reaction for peptide stapling3* and a
subsequent, sequential thiol-yne/ene coupling reaction3®. Recently, we described a series of
work based on thioether/vinyl sulfide tethered peptides?%227, This protocol describes a detailed
synthesis of the above-mentioned thioether/vinyl sulfide tethered peptides in hope that it will
be helpful for the broader research community.

PROTOCOL:
1. Equipment Preparation

1.1. For the manual peptide-synthesis apparatus, place a vacuum manifold (Table of Materials)
in an efficient fume hood. Next, place three-way stopcocks onto the vacuum manifold and
connect them to a nitrogen or argon gas line. Cap all unused inlets using rubber septa.

1.2. Connect resin-filled columns (0.8 x 4 cm, 10-mL reservoir, see Table of Materials) to the
manifold using the three-way stopcocks (Figure 1). Use a pump connected to a vacuum system
as vacuum filtration or a rubber pipette bulb by extruding to remove the solvent in the columns.

1.3. Use a photoreactor (Figure 2), equipped with ten 350 nm lamps (Table of Materials) for UV
irradiation. Connect these to an argon gas tank via the photoreactor air inlet to ensure that the
photoreactor is filled with argon gas prior to and during the photoreactions.

1.4. Before switching on the UV lamp of the photoreactor, ensure that the photoreactor door is
closed in case there is irradiation from the UV light.

2. Resin Preparation

Note: In general, the construction of peptide substrates is carried out using Fmoc-based solid-
phase peptide synthesis protocols. These are carried out using the rink amide resin which leaves
a C-terminal amide remaining following peptide cleavage. This protocol is used throughout the

paper.

CAUTION: N,N-dimethylformamide (DMF), dichloromethane (DCM), 4-methylmorpholine
(NMM), and N,N-diisoproylethylamine (DIPEA) are toxic and harmful by inhalation, ingestion, or
skin contact. Diethyl ether is highly flammable. Trifluoroacetic acid (TFA) is corrosive. 1,2-
ethanedithiol (EDT) is highly malodorous. Therefore, all organic solvents and chemicals should be
handled with appropriate personal protective equipment (nitrile gloves, lab coat, and protective
eyeglasses) and handled inside a chemical fume hood.

2.1. Calculate the amount of resin required using the following formula:
scale (mmol) / (resin loading capacity (mmol/g) x 1,000 (mg/g)) = mass of resin (mg)

E.g., the amount of rink amide MBHA resin (0.5 mmol/g) for 25 umol = 0.025 mmol / (0.5 mmol/g
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x 1,000 mg/g) = 50 mg. Next, weigh 50 mg of resin in a column and set it up on the vacuum
manifold using three-way stopcocks.

2.1. Add 1 - 2 mL of DCM to the resin in a column (0.8 x 4 cm, 10-mL reservoir). To swell the resin,
gently agitate it using a nitrogen or argon stream for 10 min. Next, remove the solvent using
vacuum filtration.

3. N-terminal Fmoc Deprotection and Washing

3.1. Prepare the N-terminal Fmoc deprotecting solution: prepare an adequate volume (200 mL)
of 50% (v/v) NMM in DMF in a glass bottle.

3.2. Add 1 - 2 mL of the deprotection solution to the resin, gently agitate it for 10 min and then
drain the solution using a vacuum. Using DMF (1 - 2 mL) and DCM (1 - 2 mL) in that order, wash
the resin and the reaction vessel thoroughly for a total of 3x. Next, repeat the deprotection and
wash procedures 1x.

4. Fmoc-protected Amino Acid Coupling

4.1. Using the coupling of alanine residue as an example, in the case of a 25 umol-scale manual
synthesis, weigh Fmoc-Ala-OH (5 equiv., 41.4 mg), 2-(6-chloro-1H-benzotriazole-1-yl)-1,1,3,3-
tetramethylaminium hexafluorophosphate (HCTU; 4.9 equiv., 50.5 mg) in a polypropylene
container and dissolve it in DMF (0.5 mL).

4.2. Add DIPEA (10 equiv., 43.5 pl) in order to generate a 0.25-M activated amino acid solution
(Table 1). Following an approximate 1 min pre-activation, add the solution to the resin, and then
bubble it with N, for approximately 1 - 2 h.

4.3. From this step on, incorporate each amino acid in the peptide chain as a sequence of steps:
first the deprotection of the N-terminal Fmoc-group, and then the washing, followed by the
coupling of the amino acid via activation using HCTU.

Note: A longer coupling time (e.g., 2 h) is recommended if coupling following a sterically hindered
amino acid residue [e.g., Fmoc-Thr(tBu)-OH, Fmoc-Cys(Trt)-OH, Fmoc-His(Trt)-OH, Fmoc-
Arg(Pbf)-OH]. The alkene/alkyne bearing un-natural amino acids are used in 3 equivalents instead
of 5 and are left to react for 3 h.

4.4. Monitor the peptide synthesis progress using Kaiser or chloranil tests as described by Arora
et al.3® These tests provide qualitative assessments of the presence or absence of free primary
and secondary amines. Alternatively, approximately 2 - 3 mg of the peptide can be cleaved from
the resin and analyzed by LC-MS.

5. Thiol-ene Hydrothiolation and Thiol-yne Cyclization
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5.1. Construct thioether linker through on-resin cyclization (Figure 3).

5.1.1. Prepare approximately 50 mL of the Trt deprotection solution (TFA/TIS/DCM
0.03/0.06/1.0). Treat the Cys- and mSs-bearing resin [NH2-R-mSs-A-A-A-Cys(Trt)-R’-resin, 50 mg]
with 1 - 2 mL of the Trt deprotection solution in a 10-mL column. Gently agitate the solution for
10 min using Ny. Finally, wash it with DCM (1 -2 mL) for a total of 3x.

Note: MSs represents the alkylene-bearing building block (see the structure depicted in Figure 6)
used for peptide coupling and thio-ene cyclization,

5.1.2. Repeat the procedure described above for a total of approximately 6x in order to remove
the trityl protection group of cysteine, until the solution color is no longer yellow.

5.1.3. Bubbled with N;, wash the R-mSs-A-A-A-Cys(-SH)-R’-resin [cysteine with free thio (-SH)]
with DMF (1 - 2 mL) and DCM (1 - 2 mL) in that order. Shrink the resin using methanol (1 - 2 mL)
for 2 min and then remove the solvent using filtration. Next, sequentially dry the resin under a
steam of N3 gas for approximately 5 min in the column.

5.1.4. Prepare degassed DMF beforehand, within a mouth flask, by bubbling nitrogen gas for
approximately 1 h through a long needle that was stretched into the solvent.

5.1.5. Transfer the resin into a 10-mL round-bottomed flask through weigh paper. Suspend the
resin in 2 mL of the degassed DMF followed by the addition of the photoinitiator 2-hydroxy-1-[4-
(2-hydroxyethoxy)-phenyl]-2-methyl-1-propanone  (MMP; 1 equiv., 56 mg), 4-
methoxyacetophenone (MAP; 1 equiv., 3.8 mg).

5.1.6. Add a stir bar (0.3 cm) into the flask and cap the flask with a suitable rubber plug, then
displace the air in the flask with nitrogen gas using an oil pump.

Note: The inert atmosphere is not strictly required for the effective thio-ene photoreaction on a
solid phase. However, it is very necessary for the thio-yne photoreaction in solution phase in
Figure 5. Otherwise, sulfur will oxidize during the UV irradiation.

5.1.7. Set the reaction flask into the photoreactor and stir the resin for 1 h under UV irradiation
at room temperature (Figure 2).

CAUTION: Prior to switching the photoreactor UV lamp on, ensure that the photoreactor door is
closed in case there is harmful irradiation from the UV light.

Note: Frequently sampling the reaction mixture during the photoreactions is recommended for
new sequences, as the linear peptide precursor has the identical molecular weight of the product.
In general, linear and cyclic peptides display significantly different hydrophilicity. This could be
easily distinguished using HPLC. Alternatively, the 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB)
reagent could also be used to study the presence of free thiol®’.
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5.1.8. Transfer the resin from the flask into the column and remove the solvent using vacuum
filtration. Wash and dry the resin as described in step 5.1.3.

5.1.9. Prepare approximately 10 mL of the cleavage cocktail (TFA/TIPS/EDT/H,0 94/1/2.5/2.5) in
the fume hood.

5.1.10. Transfer the resin into a 2-mL polypropylene container, add 1 mL of cleavage cocktail
(TFA/TIPS/EDT/H,0 94/1/2.5/2.5) to the container, and seal the container tightly using a screw
cap. Then, gently agitate the container on an orbital shaker at a rate of 60 rpm in the fume hood
for1.5-2h.

CAUTION: TFA is highly corrosive. Wear protective clothing and work in an efficient fume hood.
EDT is a highly malodorous substance and must be handled in an efficient fume hood.

5.1.11. Remove the TFA cocktail by evaporation under an N; gas stream in the fume hood. Next,
precipitate the residue using cold diethyl ether (1 mL) for 30 s and isolate it via centrifugation at
12,000 x g for 2 min. Following the centrifugation, gently pour the ether component out. Repeat
the precipitate and centrifugation steps for 2x. Evaporate the residue to dryness.

5.1.12. Finally, dissolve the residue in 1 mL H,O/acetonitrile (2:1) and purify by HPLC using a C18
analytic column (4.6 x 250 mm, flow rate 1.0 mL/min). Use H,0 (containing 0.1% TFA) and pure
acetonitrile as solvents in a 2%/min linear gradient from 20% to 70% acetonitrile over 25 min.
Monitor HPLC spectra using UV 280 nm and 220 nm wavelengths (Table 2).

5.2. Construct the thioether linker through intermolecular thio-ene reaction, and then cyclize the
peptide by macrolactamization (Figure 4).

5.2.1. Synthesize the alkylene residue bearing the linear peptide HoN-A-A-A-mSs(2-R”)-R’-resin
(50 mg) using standard Fmoc-based solid-phase peptide synthesis (SPPS) as described in steps 2
- 4. Next, wash and dry the resin as described in step 5.1.3.

5.2.2. Suspend the resin in a 10-mL round-bottomed flask containing 2 mL of the degassed DMF
as described in step 5.1.4.

5.2.3. Add the photoinitiator MMP and MAP (MMP: 1 equiv., 5.6 mg; MAP: 1 equiv., 3.8 mg),
Fmoc-Cys-OH (3 equiv., 25.7 mg), and a stir bar (0.3 cm) into the flask. Cap the flask using a
suitable rubber plug and then use the oil pump to replace the air in the flask with nitrogen.

5.2.4. Set the reaction flask into the photoreactor. Stir for 1 - 2 h under UV irradiation at room
temperature (Figure 2).

5.2.5. Monitor the reaction under an LC-MS analysis: cleave 2 - 3 mg of the resin using the
cleavage cocktail. Then precipitate the residue with cold diethyl ether (300 pL), isolate the
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residue by centrifugation, and evaporate the residue to dryness as described in step 5.1.11. After
that, dissolve the residue in 100 pL of H,O/acetonitrile (2:1). Filtrate the peptide solution using a
0.22-um microporous film and analyze it using LC-MS with the compound ionized in the
electrospray ionization (ESI) and operated in positive mode.

5.2.6. If necessary, repeat steps 5.2.2 - 5.2.4 to ensure the reaction is carried out to completion.

5.2.7. Following the completion of the photo-reaction, transfer the resin from the flask into the
column, and remove the solvent using vacuum filtration. Wash and dry the resin as described in
step 5.1.3.

5.2.8. Add the DMF solution of benzotriazole-1-yl-oxytripyrrolidinophosphonium
hexafluorophosphate (PyBob; 2.4 equiv., 31.2 mg), 1-hydroxybenzotriazole (HoBt; 2.4 equiv., 8.1
mg), and NMM (4 equiv., 11 ulL) to the resin in the column for the macrolactamization. Bubble
this solution with N2 for 2 h.

5.2.8.1. In addition, monitor this coupling reaction using LC-MS as described in step 5.2.3. If
necessary, repeat this step to ensure the reaction is carried out to completion.

5.2.9. Elongate the peptide using standard Fmoc-based SPPS as described in steps 3 and 4.

5.2.10. Upon assembly of all the amino acid residues, cleave the peptide from the resin as
described in steps 5.1.10 and 5.1.11 and purify it as described in step 5.1.12.

5.3. Construct vinyl sulfide linker in solution phase (Figure 5).

5.3.1. Synthesize the alkyne residue bearing linear peptide using standard Fmoc-based SPPS as
described in steps 2 - 4. Synthesize the alkyne bearing amino acid according to a well-established
protocol as described in a previous study?°.

5.3.2. Cleave the peptide from the resin and precipitate it using cold diethyl ether as described
in steps 5.1.9 - 5.1.11. Following the cleavage and precipitation of the resin, collect the peptide
using centrifugation at 12,000 x g for 2 min.

5.3.3. Dry the resulting residue in a vacuum. Dissolve the residue in the degassed DMF (50 mL) in
a 100-mL round-bottomed flask in order to reach a final concentration of 0.5 mM (based on the
loading of the resin, 0.025 mmol x (1000 mL/L / 0.5 mmol/L)= 50 mL).

5.3.3.1. Add the photoinitiator DMPA (0.5 equiv., 3.2 mg) and then degas the reaction solution
for 10 min using N2 through a long needle stretched into the solution. Next, irradiate the sample
under UV light at room temperature for 0.5 - 1 h without agitation.

5.3.4. Remove the DMF under a high vacuum and precipitate the crude residue by adding diethyl
ether in order to dissolve its organic byproducts. Then, isolate the residue using centrifugation at
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12,000 x g for 2 min. Following the centrifugation, gently pour the ether component out.
Evaporate the residue to dryness. Finally, dissolve the residue in 1 mL of H,O/acetonitrile (2:1)
and purify it using HPLC as described in step 5.1.7.

REPRESENTATIVE RESULTS:

The HPLC and MS spectra of the peptide Ac-YmSsAAAC-NH; and its cyclized product Ac-Y-(cyclo-
1,5)-[mSsAAAC]-NH; that were generated using the on-resin intramolecular thiol-ene
photoreaction are depicted in Figure 6B. The cyclic peptide was found to have an identical
molecular weight relative to its linear precursor. However, its HPLC retention time was observed
to be approximately 2 min earlier than that of its precursors under the same separation
conditions. Short peptides with different sequences were all observed to have a good conversion,
as depicted in Figure 6C.

The screening process for the thio-yne photoreaction conditions is depicted in Figure 7B, and the
isomer conversion and ratio were determined using the integration of reverse-phase HPLC. Only
trace levels of peptide 2c were observed following UV irradiation. This is likely due to a
conformational preference for a trapping of the thiyl radical at the N-terminus during the
contracting step to a 20-membered macrocycle. Both peptides 1a and 1b were found to generate
two isomers with an 8-member vinyl sulfide crosslink. Peptides 2a-A and 2a-B, which were
generated from peptide 1a, exhibited distinct retention times as well as different ratios for
different UV irradiation times (0 - 30 min) (Figure 7C). These were assigned as the E/Z isomers
due to the double bond proton signals on the H-NMR spectroscopy (Figure 7D). In the case of
peptides 2d-2f, the Z-isomer was found to be the dominant product. This is likely due to the
conformational preference during the construction of a compact structure relative to the 8-
member vinyl sulfide crosslink. As depicted in Figure 7E, according to the circular dichroism (CD)
spectrum, peptides 2a-A/B and 2b-A/B that possess an 8-member vinyl sulfide crosslink exhibit a
random coil, while peptide 2d that possesses a 7-member vinyl sulfide crosslink exhibits a helical
conformation. In summary, the Z-isomer of the vinyl sulfide bond was found to be formed
preferentially and displayed a better helix induction.

FIGURE AND TABLE LEGENDS:

Figure 1. Manual peptide-synthesis apparatus for solid phase peptide synthesis. The columns
were placed on the vacuum manifold through the three-way stopcocks and the apparatus was
connected to a nitrogen or argon gas line for the bubbling.

Figure 2. The photoreactor device used for the photoreactions. The device was equipped with
ten 350 nm lamps (Table of Materials) for UV irradiation and an argon gas tank to ensure that
the photoreactor was filled with argon gas prior to and during the photoreactions.

Figure 3. On-resin intramolecular thiol-ene reaction in the case of shorter peptides. This
reaction was carried out using an on-resin deprotection of the trityl groups of cysteine residues
following the complete synthesis of the linear peptide and then set the resin to the UV irradiation
using the photoinitiators MAP and MMP.
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Figure 4. On-resin intermolecular thio-ene reaction. This reaction was carried out by dissolving
Fmoc-Cys-OH in the DMF solvent and then irradiated with the alkene-bearing peptide residue on
the resin, followed by a macrolactamization using PyBop, HoBt, and NMM as activation reagents.
Then the peptide synthesis was continued using a standard SPPS.

Figure 5. Intramolecular thiol-yne reaction in solution phase. This reaction was carried out in
the solution phase following the complete synthesis of the linear peptide, after which the linear
peptide was dissolved in degassed DMF and irradiated using UV light with the photoinitiator
DMPA.

Figure 6. Thioether tethered cyclic peptides generated using an on-resin intramolecular thiol-
ene reaction. A. This panel shows the scheme of the on-resin intramolecular thio-ene reaction.
mSs: “m” represents the mono-substituted olenic amino acids, “S” represents the S configured
amino acid, and “s” refers to the number of side chain atoms32. B. This panels shows the HPLC
and MS spectra of the peptide Ac-YmSsAAAC-NH; prior to and following its cyclization. C. This
panel shows the conversion of the cyclic peptides with different sequences. This figure has been

modified from Zhao, B. et al.?8

Figure 7. Peptide stapling through photo-induced thiol-yne hydrothiolation. A. This is a
schematic illustration of intramolecular thiol-yne hydrothiolation. B. This panel shows the
peptide sequences evaluated in this study. Initiator: (1) 0.5 eq. DMPA, 1 h; (ll) no initiator, 1 h; (ll1)
0.5 eq. DMPA, 0.5 eq. MAP, 1 h; (IV) 0.5 eq. MMP, 0.5 h. C. This panel shows the HPLC traces of
the reaction mixture of peptide 1a with different UV irradiation times and monitored at 220 nm.
D. This panel shows the *H-NMR spectra of 1a, 2a-A, and 2a-B (measured in DMSO-d6 at 400
MHz). The asterisks indicate the formation of a vinyl sulfide double bond following UV irradiation.
E. This panel shows the circular dichroism spectra of peptides with vinyl sulfide cross-links. This
figure has been modified from Tian, Y. et al.#

Table 1. The amounts of the coupling conditions.
Table 2. High-performance liquid chromatography conditions.

DISCUSSION:

In the on-resin intramolecular thio-ene cyclization described in Figure 3, the removal of the trityl
group of a cysteine residue was found to be a critical step for the subsequent photoreaction. In
addition, the peptide molecular weight prior to and following the reaction was found to be
identical as depicted in Figure 6B. Therefore, the use of an HPLC identification or a DTNB assay is
required in order to monitor the reaction. In the case of the intermolecular thio-ene reaction
described in Figure 4, MS monitoring is necessary. While a further step of lactam coupling was
found to be required for the construction of a thioether tether, we suggest that this protocol will
be used for long peptides in order to achieve an overall higher efficiency.

The vinyl sulfide bond generated by the thio-yne photoreaction was not stable in the strongly
acidic TFA solution that is used for resin cleavage. Therefore, the use of the thio-yne
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photoreaction in the solution phase was adopted. This reaction was diluted to a low
concentration (0.5 mM) in order to avoid potential intermolecular by-reactions. It is also equally
important to degas the solvent in order to avoid product oxidation during the photoreactions.
Following the reaction, vacuum evaporation of the organic solvent DMF should also be carefully
carried out in order to prevent peptide oxidation/degradation or machinery depreciation. The
thio-yne cyclization reaction depicted in Figure 5 provides a mechanism for post-peptide
synthesis modification3®.

While the intramolecular thiol-ene reaction successfully generated thioether tethered peptides
with good conversion, a simple thioether cross-link failed to constrain the peptides into the
desired helical conformation. Based on this on-tether modification strategy, an in-tether chiral
center induced peptide helicity concept was developed, where the y substituted group with the
R configuration at the peptide C-terminal was able to induce the peptide’s helical conformation
(Figure 4)3°4° The limitation associated with this approach is the synthesis of the
enantiomerically pure unnatural amino acid with two chiral centers (a(S), y(R))**2.

This research demonstrated that the thio-yne reaction can constrain the peptide into a helical
conformation with good conversion, as depicted in Figure 7E. In terms of the construction of
helical peptides, we recommend thio-yne photoreaction for the construction of helical peptides.
The on-resin intramolecular thio-ene cyclization was demonstrated to be suitable for the
construction of short thioether tether peptides (less than 15) in case long peptides are too flexible
to ensure effective cyclization. In addition, the on-resin intermolecular thio-ene cyclization is
recommended for long peptide cyclization.

In summary, we have developed a series of chemical protocols for the construction of
thioether/vinyl sulfide tethered peptides through the use of photoinduced thio-ene/thio-yne
click chemistry. The reaction is efficient, metal catalyst-free, convenient for manipulations, and
has been demonstrated to possess a superior functional group tolerance and bio-orthogonal.
Further, this method was developed in order to stabilize other peptide secondary structures such
as a B-hairpin®*#4, This paper shows that the thioether tether provides a traceless modification
site. This largely expands the chemical space following peptide synthesis modification.
Furthermore, the aliphatic thioether/vinyl sulfide tethered peptides that exhibited a reduced
membrane toxicity relative to the hydrocarbon staple peptides are applied in diverse biological
applications with demonstrated good bioactivity and bioavailability#>4.
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Table
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. MW N(O.Smmol/g Resinx0.05gx5eq.) |vl(Amino Acid) (mg)

Materials
(Da) (mmol)

Fmoc-Gly-OH 297 0.125 37.1
Fmoc-Ala-OH 331 0.125 41.4
Fmoc-Val-OH 339 0.125 42.4
Fmoc-Leu-OH 353 0.125 44.1
Fmoc-lle-OH 353 0.125 441
Fmoc-Pro-OH 337 0.125 42.1
Fmoc-Phe-OH 387 0.125 48.4
Fmoc-Tyr(tBu)-OH 460 0.125 57.5
Fmoc-Trp(Boc)-OH 527 0.125 65.9
Fmoc-Ser(tBu)-OH 384 0.125 48
Fmoc-Thr(tBu)-OH 398 0.125 49.8
Fmoc-Cys(Trt)-OH 586 0.125 73.3
Fmoc-Met-OH 372 0.125 46.5
Fmoc-Asn(Trt)-OH 597 0.125 74.6
Fmoc-GIn(Trt)-OH 611 0.125 76.4
Fmoc-Asp(OtBu)-OH 412 0.125 51.5
Fmoc-Glu(OtBu)-OH 426 0.125 53.3
Fmoc-Lys(Boc)-OH 469 0.125 58.6
Fmoc-Arg(Pbf)-OH 617 0.125 77.1
Fmoc-His(Trt)-OH 620 0.125 77.5
HCTU 414 0.122 50.5
DIPEA 129 0.25 43.5(uL)
DMF 0.5mL

*
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Zorbax SB-Aq column, 4.6 x 250 mm(pore size 80 A,

Column . .
particle size 5 um)
Solvents A: water, 0.1% (vol/vol) TFA; B: acetonitrile
Flow rate 1 mL/min
. 20-70% (vol/vol) B over 25 min; 70%-98% over 5 min;
Gradient

98% over 5min;

Injection volume

30-500 pL

Wavelength (nm)

280 (for Fmoc-, Trp- or Tyr-containing peptides), or 494
(FITC-labeled peptides) or 220 (for others)

*
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Materials Table
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Name of Material/ Equipment Company Catalog Number Comments/Description
Name of Material/ reagents Company Catalog Number |Comments
Rink Amide MBHA resin(0.53
mmol/g) HECHENG GRM50407
Standard Fmoc-protected amino |GL Biochem
acids (Shanghai) Ltd.

Shenzhen endi
N-Methyl-2-pyrrolidinone Biotechnology Co.Ltd. |3230 skin harmful
N,N-Dimethyl formamide Energy B020051 skin harmful
Dichloromethane Energy W330229 skin harmful
N,N-Diisoproylethylamine Aldrich 9578 irritant
Trifluoroacetic acid J&K 101398 corrosive
Triisopropylsilane J&K 973821
1,2-Ethanedithiol J&K 248897 Stench
2-(6-Chloro-1H-benzotriazole-1-yl)-
1,1,3,3-tetramethylaminium GL Biochem
hexafluorophosphate (Shanghai) Ltd. 851012
Morpholine Aldrich M109062 irritant
Diethyl ether Aldrich 673811 flammable
Acetonitrile Aldrich 9758 toxicity
Methanol Aldrich 9758 toxicity
2-hydroxy-1-[4-(2-hydroxyethoxy)-
phenyl]-2-methyl-1-propanone Energy A050035
4-methoxyacetophenone Energy A050098
2,2-dimethoxy-2-
phenylacetophenone Energy D070132
5,5'-Dithiobis-(2-nitrobenzoic acid)|J&K 281281

*
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Benzotriazole-1-yl-
oxytripyrrolidinophosphonium

hexafluorophosphate Energy E020172
1-Hydroxybenzotriazole Energy D050256
4-Methylmorpholine Energy W320038
High Performance Liquid
Chromatography SHIMADZU LC-30AD
Electrospray lonization Mass SHIMADZU LCMS-8030
Lyophilizer Labconco FreeZone
SpeedVac concentration system

Thermo Savant
vacuum manifold promega A7231
three-way stopcocks Bio-Rad 7328107
poly-prep chromatography
columns Bio-Rad 7311550
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ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; "Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE"
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JOVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4, nti Ri in icle. Notwithstanding the
exclusive license granted to JOVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Videg — Standard Access. This Section §

applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.5.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JOVE the right to use the Author's name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. f more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JOVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JOVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author's institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author's institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s

expense. All indemnifications provided herein shall include
JOVE’s attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JOVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR: \ N
Zigred Lo

Name:
Department:
Institution:

Article Title:

Signature:

Sthool. of-chemi 4 bmlgfy anol hn-technolo Gy
pekmy Unnexsity Shenzhen Grodduate  Sthool
GenStwotm| Hhvethoy, /(/m‘fjl_;ub&de-mmd ;ae]ifdef Vim phato fMEM&QMMﬁo{]

w38

Date:

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe document to +1.866.381.2236;

3) Mail the document to JOVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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30-01-2018
Dear Editor Wu:

Thanks for your careful reading and in-depth comments, we have made careful revisions/modifications
based on your comments and please see our point-to-point answers below.

Thank you very much again for reviewing our manuscript.
Best Wishes.

Cordially,

Zigang Li, Ph.D.

Associate Professor

School of Chemical Biology and Biotechnology
Shenzhen Graduate School of Peking University
Shenzhen, China 518055

Phone: 86-755-2603-3616; Fax: 86-755-2603-3174
E-mail: lizg@pkusz.edu.cn

Editorial comments:

1. This manuscript will benefit from proofreading by a native English speaker.

Answer: The manuscript has been thoroughly edited by a native English speaker from an editing
company: Boston Professional Group (BPG) Editing.

Website: www.bpgediting.com; Boston, MA, USA.

Email: service@bpgediting.com

2. Please make all schemes as figures and upload the figures separately to your Editorial Manager account.
After you make schemes as figures, please renumber all figures in the order of their appearance in the
manuscript.

Answer: The three schemes have been changed as figures, renumbered and uploaded through the website.

3. Please remove the titles in the uploaded figures.
Answer: The title of figure 3 and 4 have been removed.

4. Please highlight complete sentences (not parts of sentences) for filming.
Answer: The complete sentences for filming have been highlighted.

5. Please do no highlight notes.
Answer: The highlight format of the notes section in the manuscript has been removed.
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6. Please split some long steps into two or more steps so that each step contains only 2-3 actions and is
less than 4 lines.

Answer: Step 5.1.4 has been split into steps 5.1.4-5.1.7.

Steps 5.1.6-5.1.7 have been split into steps 5.1.8-5.1.12

Step 5.2.2 has been split into steps 5.2.2-5.2.3.

Step 5.2.4 has been split into steps 5.2.7-5.2.8.

7. JOVE cannot publish manuscripts containing commercial language. This includes company names
before an instrument or reagent. Please remove all commercial language from your manuscript and use
generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials
and Reagents. Examples of commercial language in your manuscript include LZC-EDU, Poly-Prep, etc.
Answer: The commercial language “LZC-EDU, Poly-Prep” have been removed from the manuscript
throughout.

8. Please remove trademark (TM) and registered (®) symbols from the Table of Equipment and Materials.

Answer: The symbols in table 1 have been removed.

9. Protocol step 2.1: How much resin is weighed?
Answer: The sentence has changed as “Next, weigh 50mg resin in a column and set it up on the vacuum
manifold using three-way stopcocks:-+”

10. 4.2: Please write this step in imperative tense.

4.2. From this step on, incorporate each amino acid in the peptide chain as a sequence of steps: first
deprotection of the N-terminal Fmoc-group, and then washing, followed by the coupling of the amino
acid via activation using HCTU.

11. 4.3: Please write this step in imperative tense.

4.3. Monitor the peptide synthesis progress using Kaiser or chloranil tests as described by Arora et al.*®
These tests provide qualitative assessments of the presence or absence of free primary and secondary
amines. Alternatively, approximately 2-3 mg of peptide can be cleaved from the resin and analyzed by
LC-MS.

12.5.1.1.: What’s the composition of Trt deprotection solution?
Answer: The sentence of this step has changed as “Prepare approximately 50 mL of the Trt deprotection
solution (TFA/TIS/DCM 0.03/0.06/1.0)".

13. 5.1.4: Please write this step in imperative tense.

Answer: Step 5.1.4 has been split into steps 5.1.4-5.1.7.

5.1.4 Prepare degassed DMF beforehand, within a mouth flask by bubbling nitrogen gas for
approximately 1 h through a long needle that was stretched into the solvent.

WA= 5 A YR 22 B
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5.1.5 Transfer the resin into a 10 mL round-bottomed flask through weigh paper. Suspend the resin in 2
mL of  degassed DMF  followed by the addition of  the photoinitiator
2-Hydroxy-1-[4-(2-hydroxyethoxy)-phenyl]-2-methyl-1-propanone  (MMP, 1 equiv., 5.6 mg),
4-methoxyacetophenone (MAP, 1 equiv., 3.8 mg).

5.1.6 Add a stir bar (0.3 cm) into the flask and cap the flask with a suitable rubber plug, then displace
the air in the flask with nitrogen gas using an oil pump.

14. 5.1.7: Please convert centrifuge speeds to centrifugal force (x g) instead of revolutions per minute
Answer: On our centrifuges, 12000 rpm is equal to 12396(g) which are approximately equal, and the
centrifuge speeds in the manuscript have standardized as 12000 (g).

15. 5.2: Please write this step in imperative tense.
5.2. Construct the thioether linker through intermolecular thio-ene reaction, and then cyclize the peptide
by macrolactamization.

16. 5.2.1: Please write this step in imperative tense.

5.2.1. Synthesize the alkylene residue bearing linear peptide H2N-A-A-A-mSs(2-R’’)-R’-Resin (50 mg)
using standard Fmoc-based solid-phase peptide synthesis (SPPS) as described in steps 2-4. Next, wash
and dry the resin as described in step 5.1.3.

17. The note after step 5.2.3 should be a step. Please write it in imperative tense.

Answer: The note after step 5.2.3 has been changed as steps 5.2.5. and 5.2.6.

5.2.5.  Monitor the reaction under LCMS analysis: cleave 2-3 mg of the resin using the cleavage
cocktail. Then Precipitate the residue with cold diethyl ether (300 pl), isolate the residue by centrifugation
and evaporate the residue to dryness as descripted in step 5.1.11. After that, dissolve the residue in 100 ul
H20/acetonitrile (2:1). Filtrate the peptide solution using a 0.22 um microporous film and analysis it
using LC-MS (the compound was ionized in the electrospray ionization (ESI) and operated in positive
mode; Table 2).

5.2.6. If necessary, repeat steps 5.2.2 -5.2.4 to ensure the reaction is carried out to completion.

18. 5.3.2, 5.3.4: Please convert centrifuge speeds to centrifugal force (x g) instead of revolutions per
minute (rpm).

Answer: On our centrifuges, 12000 rpm is equal to 12396(g) which are approximately equal, and the
centrifuge speeds in the manuscript have standardized as 12000 (g).

19. After you make all changes, please ensure that the highlighted steps are less than 2.75 pages.
20. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one
highlighted step to the next. Please highlight complete sentences (not parts of sentences).

Answer: Complete sentences less than 2.75 pages have been highlighted for filming.
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21. Figure 1 and Figure 2: In addition to the figure titles, please provide a short description for each
figure.

Answer: Short description of figure 1 and 2 have been provided. And the schemes have been changes as
figures 3-5 with short description.

Figure 1. Manual peptide-synthesis apparatus for solid phase peptide synthesis. The columns were placed
on the vacuum manifold thorough the three-way stopcocks and the apparatus was connected to a nitrogen
or argon gas line for bubbling.

Figure 2. The Photoreactor device used for the photo reactions. The equipment was equipped with ten 350
nm lamps (Table 1) for UV irradiation and an argon gas tank to ensure that the photoreactor is filled with
argon gas prior to and during the photoreactions.

Figure 3. On-resin intramolecular thiol-ene reaction in the case of shorter peptides. This reaction was
carried out using on-resin deprotection of the trityl groups of cysteine residues following the complete
synthesis of the linear peptide, and then set the resin to the UV irradiation using photoinitiator
4-methoxyacetophenone (MAP) and 2-hydroxy-1-[4-(2-hydroxyethoxy)-phenyl]-2-methyl-1-propanone
(MMP).

Figure 4. On-resin intermolecular thio-ene reaction. This reaction was carried out by dissolving
Fmoc-cys-OH in DMF solvent and then irradiated with the alkene-bearing peptide residue on resin,
followed by macrolactamization using benzotriazole-1-yl-oxytripyrrolidinophosphonium
hexafluorophosphate (PyBop), HoBt (1-Hydroxybenzotriazole), and 4-Methylmorpholine (NMM) as
activation reagents. Then the peptide synthesis was continued using standard SPPS.

Figure 5. Intramolecular thiol-yne reaction in solution phase. This reaction was carried out in solution
phase following the complete synthesis of the linear peptide, then dissolved the linear peptide in degassed
DMF and irradiated using UV light with photoinitiator 2,2-Dimethoxy-2-phenylacetophenone (DMPA).

22. Figure 3 and Figure 4: Please upload figures with high resolution.
Answer: All figures were uploaded in high resolution TIF format.
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