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Controlled cell death is essential for the regulation of the
immune system and plays a role in pathogen defense. It is often
altered in pathogenic conditions such as cancer, viral infections
and autoimmune diseases. The Fas receptor and its correspond-
ing membrane-bound ligand (FasL) are part of the extrinsic
apoptosis pathway activated in these cases. A soluble form of
FasL (sFasL), produced by ectodomain shedding, displays a
diverse but still elusive set of non-apoptotic functions and
sometimes even serves as a pro-survival factor. To gather more

knowledge about the characteristics of this protein and the
impact N-glycosylations may have, access to homogeneous
posttranslationally modified variants of sFasL is needed. There-
fore, we developed a flexible strategy to obtain such homoge-
neously N-glycosylated variants of sFasL by applying chemical
protein synthesis. This strategy can be flexibly combined with
enzymatic methods to introduce more complex, site selective
glycosylations.

Introduction

The Fas receptor (also called APO-1 or CD95)[1] and its
corresponding ligand (FasL/CD95L/Apo-1 ligand)[2] are the best
understood death receptor/ligand system up to now.[3] FasL is a
transmembrane protein expressed on activated T-cells, natural
killer cells and immune privileged tissue[4] while the correspond-
ing receptor (Fas) is ubiquitously expressed in various tissues.
Binding of FasL causes the Fas receptor to recruit FADD[5] and in
turn activates procaspases 8 and 10,[6] forming the so called
death-inducing-signaling-complex (DISC).[7] Subsequently, sev-
eral caspases get activated, culminating in the apoptosis of the
receptor containing cell.[8] This extrinsic apoptosis pathway
plays an important role in T-cell regulation and cancer
progression.[8b,9]

Structurally FasL consists of an intracellular part with a
proline-rich domain (PRD) and a casein kinase I substrate
motive (CSM), a transmembrane domain and an extracellular
fragment (Scheme 1).[10] Ectodomain shedding mediated by the
ADAM10 protease can release a 151 to 154 amino acid protein
segment, acting like a cytokine, into the extracellular space. This
segment is called soluble Fas ligand (sFasL).[11] Cleavage by
other metalloproteinases (MMP3, MMP7, MMP9) leads to differ-

ent soluble cytokines with distinct apoptosis-mediating
properties.[12]

sFasL exhibits a very low ability to induce apoptosis,[13]

suggesting that proteolytic cleavage is a mechanism of down-
regulating the killing activity.[13–14] However, other data suggest
that the non-apoptotic signaling of sFasL and the apoptotic
signaling of FasL both have to act synergistically to achieve the
most potent killing activity.[15] In 1998, Schneider et al. could
show that the reduced ability to induce apoptosis by sFasL is
connected to its inability to form multi-aggregated trimers.[13]

On the other hand, sFasL binding can lead to expression and
secretion of cytokines such as interleukin (IL) 2, promoting
further T-cell proliferation and inflammation.[16] sFasL also seems
to play a role in angiogenesis probably by stimulating vascular
endothelial growth factor (VGFR) in cancer tissue.[15a,17] In
general, Fas/FasL interaction does not only induce apoptosis
but can lead to the production of cytokines as well as anti-
apoptotic factors, making Fas/FasL a highly relevant but
complex target for immuno-oncology research.[18]

Inhibiting Fas/FasL signaling is a viable concept used by the
drug asunercept, a fusion protein consisting of the extracellular
part of Fas receptor fused to the Fc region of an IgG1
antibody,[19] which is approved for the treatment of graft-
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Scheme 1. Domain structure of FasL. CSM=casein kinase substrate motive,
PRD= proline-rich domain, TMD= transmembrane domain, SA= self-assem-
bling domain, THD = TNF homology domain. MMP =matrix metalloprotei-
nase, ADAM=A disintegrin and metalloproteinase domain, 110–136= stalk
region. Position 184/250/260 =N-glycosylation sites. Position 7/9/13=phos-
phorylation sites (Y). Position 71/72= ubiquitylation sites (K).
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versus-host disease (2006), glial tumor (2010) and myelodys-
plastic syndrome (2017) in the European Union.[19] Also recently,
different groups could show that plasma levels of sFasL
correlate with disease severity in COVID-19 patients.[20] Low
sFasL plasma levels and increased Fas receptor expression seem
to strongly intensify neutrophil necroptosis, leading to an
inflammation feedback loop, impacting disease severity.[20a,21]

To date the factors which influence the transformation of
FasL into sFasL and the resulting physiological consequences
are not fully understood. Synthetic access to sFasL variants
would be desirable, especially since posttranslational modifica-
tions such as N-glycosylation increase its structural and func-
tional diversity beyond direct genetic control.[22] So far only
small amounts of recombinantly expressed sFasL variants have
been available, due to low expression levels and the challeng-
ing properties of this proteins with respect to solubility and
oligomerization.[23] Here, we set out to establish synthetic access
to homogeneously N-glycosylated sFasL variants using an
approach that links three synthetic peptides to obtain full-
length sFasL and enables further chemoenzymatic glycosylation
(Scheme 2 & SI for details on glycan synthesis).

Results and Discussion

Since sFasL lacks any suitably placed cysteine residues around
the C-terminal ligation site for native chemical ligation (NCL,
see Scheme S1), we chose to adapt an approach developed by
Bello et al.[24] and introduced a ligation mediating, PEGylated
auxiliary at the N-terminus of the C-terminal peptide sFasL 247–
281 to make use of an X-Gly ligation site (4). This strategy not
only enables ligations at X-glycine junctions but also increases
peptide solubility due to the attached PEG moiety. To
incorporate site specifically placed homogeneous N-glycans

that have been found in native sFasL,[25] Asn-GlcNAc building
blocks were introduced into sFasL-A247-L281 at positions 250 and/
or 260 (4).

We envisioned that these synthetically incorporated GlcNAc
residues could give rise to more complex N-glycans by trans-
ferring an oxazoline activated N-glycan core structure (tetrasac-
charide generated from egg yolk) en bloc using endoglycosyn-
thases (hydrolysis-inhibiting mutants of endoglycosidases,
Scheme S2).[26] Glycosyltransferases could subsequently be used
to elongate the carbohydrate chain allowing the synthesis of
different N-glycan variants.[24]

The synthesis of sFasL-K141-Q201-NHNH2 (1a) and sFasL-C202-
L245-NHNH2 (2) by SPPS on a Tentagel® resin followed by
hydrazinolysis[27] (1a) or directly on a hydrazide-2-CTC resin (2),
proceeded smoothly and yielded the peptides with C-terminal
hydrazides as thioester precursors (Figure S1, Figure S3). sFasL-
K141-Q201-NHNH2 1a was converted to the corresponding MesNa
thioester 1b, following the protocol from Zheng et al.[28] (Fig-
ure S2).

NCL of 1b with 2 gave ligation product 3a in 13 % isolated
yield. The rather low yield resulted from overlapping elution of
product 3a and peptide 1b with hydrolyzed thioester (Fig-
ure S4). After conversion of 3a into C-terminal thioester peptide
3b, a second charge series appeared that corresponds to a loss
of the thioester (Figure S5). At this point, we suspected
formation of a thiolactone by reaction of the C-terminal
thioester with one of the two internal cysteines (Cys202 or
Cys233). However, the resulting cyclic peptide thiolactone should
still be reactive in NCL reactions and was carried forward.

Peptide aglycone 4a and its glycosylated variants contain-
ing AsnGlcNAc building blocks at positions 250 and/or 260 (4b/
c/d) were synthesized manually (Figure S6-S9). Based on
experience with synthesizing the non-glycosylated peptide
segment, we included Leu-Ser/Leu-Thr isoacyl dipeptide build-

Scheme 2. A) Schematic overview of synthetic steps to obtain homogeneously glycosylated sFasL-K141-L281 variants using a ligation and solubilization
mediating auxiliary at the N-terminus of sFasL-A247-L281 as described by Bello et al.[24]
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ing blocks (at positions 251–252/264-265, Scheme S1) to
prevent aggregation during the synthesis as well as enhancing
solubility for purification.[29] Finally, the auxiliary was attached to
the N-terminus, PEGylated and the peptides were cleaved from
resin. Subsequently, peptides containing isoacyl building blocks
(4b/c/d) were dissolved in 6 M urea at pH 8 to restore the
native amide bonds between Leu-251 and Ser-252 and between
Leu-264 and Thr-265 and the acetyl protecting groups of the
carbohydrate moiety were removed by treatment with sodium
methoxide (NaOMe). The resulting fully deprotected
(glyco)peptide conjugates were purified by HPLC (Figure S6-S9)
and used in the auxiliary-mediated ligation with 3b (Scheme 2).
Unfortunately, when subjecting peptides 4a/b and 3b to NCL
conditions no product could be detected and the previously
observed thiolactone remained stable under NCL conditions.
Screening a large variety of conditions (with varying additives,
temperatures, pHs and concentrations) did not improve this
result (Table S1). Low solubility of peptide segments in combi-
nation with the sterically hindered secondary amine involved in
the S-to-N acyl shift as well as the very stable thiolactone most
likely prevented a successful ligation.[30] At the same time, we

could confirm thiolactone formation in peptide 3 with both
Cys202 and Cys233, which was efficiently prevented by
protecting cysteine side chains (Figure S10-S12).

Since we were unable to optimize reaction conditions, we
decided to change our approach towards the more reactive
diselenide-selenoester ligation (DSL) instead of auxiliary-medi-
ated ligation to accelerate the ligation reaction. DSL is indeed
expected to enhance reaction rates even at difficult junctions
and at much lower concentrations.[31] Moreover, we introduced
a novel photocleavable linker on the side chain of a glutamic
acid, as recently described by Kerul et al.,[32] that we further
modified to attach two PEG27 chains for enhanced solubility
(Scheme 3, left, 10a/b/c/d). This new approach required a slight
shift in the ligation site and the synthesis of two new peptide
segments (8 & 10a/b/c/d, Scheme 3). Ala247 was changed to
selenocysteine as it can be selectively converted to alanine after
ligation in the presence of unprotected cysteine, recovering the
native sequence.[33] Peptide 8 was accessed smoothly (Fig-
ure S10) and peptides 10a/b/c/d (sFasL-U247-E273(AuxLys2xPEG)-
L281) were also successfully synthesized (Figure S13-S17). A
remarkable increase in the solubility of 10a/b/c/d was observed

Scheme 3. Left: Synthetic strategy to obtain 7 using solubilization tag (2xPEG27) attached to a glutamic acid sidechain via a photocleavable structure described
by Kerul et al.[35] (10a/b/c/d, 11a/b/c/d). Right: Synthetic strategy to obtain 7 without using any solubilization tag but working at micromolar concentrations
for DSL reaction (12a/b/c/d, 13a/b/c/d). 7/10/11/12/13a: aglycon, 7/10/11/12/13b: glycosylated at position 250, 7/10/11/12/13c: glycosylated at position
260, 7/10/11/12/13d: glycosylated at position 250+ 260.
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compared to 4a/b/c/d due to the diPEGylated linker. After NCL
between sFasL-K141-Q201 (1b) and sFasL-C202-G246 (8) to give
sFasL-K141-G246 (9) we protected both cysteine residues with
phenacyl (PAc) protecting groups to avoid formation of the
thiolactone (Figure S18, 9a). PAc protection was cleanly
achieved with a protocol previously established in our group.[34]

We directly accessed peptide-selenoester 9b (Figure 1) from
peptide hydrazide 9a in PAc protection solution. With 9b and
10b in hand, DSL reactions and subsequent deselenization
proceeded smoothly, giving rise to deselenized 11b (Fig-
ure S20-S21). To maintain the solubilizing effect provided by
AuxLys2xPEG, PAc removal was carried out next. However,
conditions used for PAc removal from cysteine side chains (zinc,
AcOH[34b]) reduced the nitro group at the solubilization tag to
an amine, preventing subsequent photocleavage (Figure S22).
Removing the solubilization tag prior to the PAc groups led to
complete precipitation of the protein.

Based on these challenges, we decided to circumvent the
large variety of available solubilization tags,[36] which almost
always require an additional cleavage step, by pursuing a
combination of cysteine PAc protection of 9 (to prevent
thiolactone formation) and DSL with 12a/b/c/d at micromolar
concentrations (Scheme 3, right).

Peptide diselenides 12a/b were synthesized by standard
Fmoc-SPPS. After global deprotection, the GlcNAc acetyl
protecting groups were removed by incubating the lyophilized
peptide in a small amount of 6 M GdnHCl at pH 9 for 5 minutes.
Transprotection of the selenol-protecting group from Mob to
Npys was performed without further purification by adding 25
eq. 2,2’-dithiobis(5-nitropyridine) (DTNP) in 96 % TFA, 2 % DMS
and 2 % thioanisole (1 : 20) for 1 hour. After precipitation in cold
diethyl ether and lyophilization, the peptide was dissolved in
6 M GdnHCl containing 100 mM DTT and 100 mM ammonium
bicarbonate at pH 6 (10 minutes) to remove the Npys group

and to form the peptide diselenides 12a/b (12a see Fig-
ure S23). After HPLC purification, peptide 12b was obtained in
12 % yield based on the crude material used for deprotection
reactions (Figure 2). The low signal-to-noise ratio in the mass
spectrum of 12b is a result of low peptide solubility and poor
ionization of selenium-containing peptides.[30c]

DSL reactions with 12b and 9b following the protocol from
Kulkarni et al.[31c] led to unreactive Npys diselenides, which
prevented effective ligation under these conditions. Further-
more, peptide 12b was only soluble at slightly higher pH due
to a pI of around 4.4.[37] Therefore, we adapted a protocol from
Chisholm et al.[31d] by slightly increasing the pH (5.1 to 5.8) and
adding only 4 eq. of pre-reduced phenylselenol instead of mM
concentrations. Peptide 9b was dissolveed in ligation buffer,
peptide 12b and 4 eq. of pre-reduced phenylselenol were
added and the mixture was incubated at 37 °C for 30 minutes.

Without further purification, DPDS was extracted with
hexane (to prevent inhibition of deselenization) and the mixture
was diluted 1 : 1 with deselenization buffer under argon for
approximately 5 hours at rt. Figure 3 shows the HPLC chromato-
gram of the deselenization mixture and a MS spectrum of the
desired product 7'b (peak at 13.4 minutes). Without purification,
the PAc protecting groups were removed by adding zinc/AcOH
to the solution. Fully deprotected sFasL-K141-L281 (7b) was
purified and analyzed by HPLC and MS (Figure 3, data for non-
glycosylated version 7a can be found in Figure S23). Both
variants were obtained in low to medium yields, e. g. 1 mg of
7a was prepared from roughly 5 mg of starting peptide
segments 1b, 8 and 12a.

As the detected mass of 7b suggests an already oxidized
product, DTT was added before folding was started either by
dialysis or dilution. After folding both by dilution and dialysis,
monomeric, water soluble, site-specifically N-glycosylated sFasL

Figure 1. HPLC chromatogram (45–55 % B in 7 minutes, 60 °C) and
corresponding mass spectrum of compound 9b. Mcal = calculated mass,
Mobs = observed mass.

Figure 2. HPLC chromatogram (45–55 % B in 7 minuntes, 60 °C) and mass
spectrum of compound 12b dimer. Mcal = calculated mass, Mobs =observed
mass.

Wiley VCH Freitag, 19.04.2024

2424 / 344081 [S. 160/165] 1

Chem. Eur. J. 2024, 30, e202400120 (4 of 9) © 2024 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH

Chemistry—A European Journal 
Research Article
doi.org/10.1002/chem.202400120

 15213765, 2024, 24, D
ow

nloaded from
 https://chem

istry-europe.onlinelibrary.w
iley.com

/doi/10.1002/chem
.202400120 by C

ochraneA
ustria, W

iley O
nline L

ibrary on [31/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



7b was obtained. The corresponding CD spectrum indicates a
predominantly β-sheet rich secondary structure (Figure S24).

Conclusions

Accessing homogeneously glycosylated sFasL-K141-L281 turned
out to be highly challenging, mainly due to solubility issues and
oligomerization of peptide segments. Low solubility in aqueous
buffers made it difficult to purify peptide segments and to
perform ligation reactions at concentrations required for NCL to
work efficiently. This was also, in part, the reason why auxiliary
mediated ligations were not effective. These reactions also
suffered steric hindrance that slowed down the reaction to an
extent where no product formation could be observed,
especially in competition with hydrolysis and thiolactone
formation. The latter was observed for peptide 3 and 9 after C-
terminal activation. Only protection of cysteine thiol groups
could prevent this reaction, which unfortunately interfered with
conditions used to remove the photocleavable solubilization
tag. Eventually, we succeeded with this ligation reaction
employing a diselenide-selenoester ligation (DSL), since this
reaction can be performed even at nanomolar
concentrations,[31d] the solubility especially of the C-terminal
peptide without any solubilization tag (12a/b) was still
sufficient to convert the educts to the desired products 13a/b.

We were able to synthesize sFasL-K141-L281 containing a site
selectively placed AsnGlcNAc, which can be further glycosylated
as depicted in scheme S2 in a flexible combination with
chemoenzymatic methods. Although we were able to obtain a
suitable N-glycan oxazoline for enzymatic transfer (scheme S2

5c), suitable reaction conditions have to be found for the
transfer to this specific target protein.

To the best of our knowledge, this is the first time sFasL-
K141-L281 has been fully synthesized and site selectively modified,
providing access to this enigmatic soluble variant of the Fas
ligand for detailed biochemical analysis and potential therapeu-
tic applications in immune-oncology and infection biology.

Experimental Section

Peptide Synthesis

Solid phase peptide synthesis was carried out following standard
Fmoc-based SPPS protocol.[38] If not stated otherwise, N-terminally
Fmoc-protected L-amino acids and pseudoproline dipeptides with
standard protecting groups (SI) and pre-loaded, low loading
Tentagel resins were used. To increase the coupling yield, amino
acids in certain positions (SI) were double coupled, meaning the
coupling procedure was repeated without removing the Fmoc
group in between.

Manual SPPS

For manual synthesis 5 eq. amino acid, 5 eq HATU and 6 eq DIPEA
were used and the coupling was performed for 15 minutes. Fmoc
deprotection was achieve by incubating the resin 2x5 minutes in
20 % piperidine in DMF. Fmoc-L-Asn((Ac)3-β-D-GlcNAc)-OH was only
used in 2-fold excess and coupled for 30 minutes. Since Sec is
sensitive to basic conditions, for the coupling of Fmoc-Sec(Mob)-
OH (2 h) and all following coupling steps (30 min), 4 eq. aa, 4 eq.
Oxyma and 4.4 eq. DIC were used. Boc-L-Ser(Fmoc-L-Leu)-OH and
Boc-L-Thr(Fmoc-L-Leu)-OH isoacyl dipeptide were coupled using
the same condition as for Sec-containing peptides described above.

Figure 3. HPLC chromatogram (45–65 % B in 14 minutes) and corresponding high-resolution mass spectrum of deselenization mixture (peak at 12.5 minutes:
hydrolyzed 9, peak at 13.4 minutes: 7'b) and final product 7b after PAc removal and purification, analyzed with formic acid containing buffers.
Mcal = calculated mass, Mobs =observed mass.
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Automated SPPS

Automated peptide synthesis was performed on a microwave-
assisted Liberty Blue system from CEM (10 eq. amino acid, 10 eq.
Oxyma (+0.4 eq. DIPEA if modified 2-CTC resin was used), 10 eq.
DIC) or the PTI Tribute synthesizer (Protein Technologies, Inc.) (5 eq.
amino acid, 5 eq. HBTU, 5 eq. DIPEA).

Cleavage

After the synthesis was completed, the resins were washed with
DCM and dried in the desiccator. To remove side chain protecting
groups and release the peptide, the peptidyl resin was incubated in
90 % TFA, 5 % DMS, 2.5 % H2O and 2.5 % TIPS for 3 hours. After
precipitation in cold diethyl ether and centrifugation, the residue
was dissolved in 80 % ACN in H2O and lyophilized.

Hydrazide generation

Stable hydrazides were used as thioester surrogates and further
activated via sodium nitrite and a thiol component as described by
Zheng et al..[28] To generate them, two strategies were applied:
using a modified 2-clorotrityl chloride (2-CTC) resin containing a
hydrazide linker[28] or SPPS on a standard Tentagel® resin and
subsequent hydrazinolysis.[27]

For linker preparation, 500 mg 2-CTC resin from ChemImpex were
used (Loading: 1.45 mmol/g). The resin was washed with DMF/DCM
(3x5 mL DMF, 3×5 mL DCM, 3×5 mL DMF). Subsequently, a mixture
of DMF/DCM (1 : 1, 5 mL) was added and the resin was swelled for
30 minutes. The solvent was drained, a solution of NH2NH2×H2O
(12.5 mL, 10 vol % hydrazine monohydrate in DMF) was added and
the resin was agitated for 30 minutes at room temperature. After
washing once with DMF, the hydrazine incubation was repeated.
Afterwards, the resin was thoroughly washed three times with
DMF/DCM (see above). Unreacted functional groups were capped
by agitating the resin in MeOH/DMF (12.5 mL, 5 vol % MeOH in
DMF) for 20 minutes. The resin was washed with DMF, DCM and
DMF (3×5 mL, respectively) dried and the loading was determined
by photometric Fmoc quantification. The resin was directly used for
coupling of the C-terminal amino acid. To reduce the loading a 1 : 1
mixture Fmoc and Boc protected amino acid was used.

For hydrazinolysis on Tentagel, the dried resin was incubated in
1 M hydrazine in THF for 5 h. Since the protected peptides were
cleaved but still remained associated with the resin after draining
the supernatant (sFasL-K141-L201), the resin was washed with THF,
dried and incubated in cleavage solution to remove side chain
protecting groups and release the peptide from the resin.

Thioester generation

To convert the C-terminal hydrazides to thioesters, a protocol from
Zheng et al.[28] was adapted. Therefore, purified peptide was
dissolved in buffer containing 6 M GdnHCl and 0.2 M sodium
phosphate pH 3 (peptide concentration: 1.2 mM) and the mixture
was cooled to � 15 °C using an ice/NaCl mixture. To activate the
hydrazide by forming an azide, 4.7 eq. NaNO2 (2 mg/ml in H2O)
were added and the mixture was stirred for 20 minutes. The
mixture was brought to room temperature, 40 eq. of MesNa in 6 M
GdnHCl, 200 mM sodium phosphate pH 3 were added, the pH was
set at 6.8 and the mixture was stirred for 15 minutes. Afterwards
the thioester was desalted by SEC.

Selenoester generation

Selenoesters were produced from C-terminal hydrazides according
to Li et al. and Kulkarni et al..[39] Therefore, a 0.25 mM peptide
hydrazide solution was prepared by diluting the PAc protection
mixture 1 : 1 with 200 mM TCEP and 100 mM DPDS in 6 M GdnHCl.
The pH was set at 1.5 and 25-30 eq. acac were added to start the
reaction. The mixture was stirred for 1 h at room temperature.
Subsequently DPDS was removed by hexane extraction (three to
five times, approximately 1/2 of the original volume hexane was
added, shaken for 1 minutes, centrifuged and removed) and the
peptide was purified by preparative HPLC.

NCL/DSL

NCL

For native chemical ligation reactions, peptides were dissolved in
degassed buffer (6 M GdnHCl, 0.2 M sodium phosphate, 200 mM
MPAA, 50 mM TCEP, pH 6.8) obtaining concentrations of 1.6-
1.7 mM (cysteine peptide) and 1.4-1.6 mM (thioester peptide). The
mixture was stirred at room temperature and reaction progress was
monitored by taking timepoints (2 μl sample, diluted with 20 μl 6 M
GdnHCl pH 4.7) and subsequent analysis by LC-MS.

DSL and deselenization

Selenocysteine containing peptide was dissolved in 6 M GdnHCl
and 200 mM bis-Tris, pH 5.8 (c= 250 μM). Subsequently, selenoester
peptide (c =190 μM) and 4 eq. pre-reduced phenylselenol were
added. To create phenylselenol, 5 mg DPDS (16.13 μmol) + 4.15 mg
TCEP (14.52 μmol) were incubated in 250 μl 6 M GdnHCl and
200 mM bis-Tris and sonicated for 15 minutes. The mixture was
incubated at 37 °C and ligation progress was monitored by LC-MS.
Without further purification, DPDS was extracted with hexane (to
prevent inhibition of deselenization) and the mixture was subjected
to deselenization by diluting it 1 : 1 with 250 mM TCEP and 25 mM
DTT in 6 M GdnHCl, pH 6 and incubating it under argon for
approximately 5 hours at rt.

Protecting group introduction and removal

Mob and acetyl protecting group removal

The GlcNAc acetyl protecting groups were removed by incubating
the lyophilized peptide in a small amount of 6 M GdnHCl pH 9 for 5
minutes. Transprotection of Mob to Npys was performed one-pot
by strongly diluting the mixture (approximately 1 : 20) with 25 eq.
DTNP in 96 % TFA, 2 % DMS and 2 % thioanisole and incubating it
for one hour. Subsequently, the peptide was precipitated in cold
diethyl ether, centrifuged, the pellet was dissolved in 80 % ACN and
lyophilized. The lyophilized peptide was dissolved in 100 mM DTT
and 100 mM ammonium bicarbonate in 6 M GdnHCl pH 6 for 10
minutes to remove the Npys group and directly purified by RP-
HPLC.

PAc protection and removal

For PAc protection, a protocol from Matveenko et al. was
applied.[34b] Therefore, the peptide was dissolved in degassed 6 M
GdnHCl and 0.2 M sodium phosphate, pH 7.2 (0.5 M). Subsequently,
5 eq. PAcBr (0.1 M in DMF) were added and the mixture was stirred
at rt for 1 h.

Wiley VCH Freitag, 19.04.2024

2424 / 344081 [S. 162/165] 1

Chem. Eur. J. 2024, 30, e202400120 (6 of 9) © 2024 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH

Chemistry—A European Journal 
Research Article
doi.org/10.1002/chem.202400120

 15213765, 2024, 24, D
ow

nloaded from
 https://chem

istry-europe.onlinelibrary.w
iley.com

/doi/10.1002/chem
.202400120 by C

ochraneA
ustria, W

iley O
nline L

ibrary on [31/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



To remove the PAc groups, the mixture after deselenization was
diluted with AcOH to obtain a final concentration of 40 % AcOH
and degassed. 180 mg/ml zinc powder were added and the mixture
was incubated for 1 h at rt. Residual zinc was removed by
centrifugation, the pellet was washed again with 6 M GdnHCl and
the combined solution was diluted to achieve an AcOH concen-
tration of <10 %. The peptide was purified by HPLC.

Folding

Dilution

37 μM stock solution of reduced 7 (0.6 mg/ml) in 6 M GdnHCl and
50 mM phosphate at pH 7.5 was prepared. Under constant stirring
at 4 °C, the mixture was diluted stepwise with 50 mM phosphate
buffer pH 7.5 until a concentration of 0.1 mg/ml was reached.
Therefore, the following additions of 50 mM phosphate buffer to
167 μl solution were performed: 20 μl, 30 minutes, 20 μl, 30
minutes, 30 μl, 30 minutes, 50 μl, 30 minutes, 80 μl, 30 minutes,
132 μl, 30 minutes, 500 μl, 30 minutes.

Dialysis

0.1 mg peptide 7 were dissolved in 500 μl 6 M GdnHCl (0.2 mg/ml)
+ 50 mM Tris at pH 8 and filled into a D-Tube™ Dialyzer Mini,
MWCO 6-8 kDa. The dialysis was started against 500 ml 6 M urea,
50 mM Tris, 3 mM DTT, pH 8 for 30 minutes. The following additions
to the buffer led to a final concentration of 1 M urea in the peptide
containing buffer: 500 ml 6 M urea, 50 mM Tris, pH 8, 30 minutes
+100 ml 50 mM Tris, 2 mM GSH, 0.4 mM GSSH, pH 8, 1. 5 h.
+250 ml 50 mM Tris, 2 mM GSH, 0.4 mM GSSH, pH 8, 1.5 h.
+250 ml 50 mM Tris, 2 mM GSH, 0.4 mM GSSH, pH 8, 1.5 h.
+400 ml 50 mM Tris, 2 mM GSH, 0.4 mM GSSH, pH 8, 1.5 h.

Purification and analysis

Preparative HPLC

Peptides were purified on a Varian ProStar instrument using C4
columns from Kromasil. Semipreparative scale purifications (2-
20 mg): 10×250 mm 5 μm particle size, flowrate= 3 ml/min. Prepa-
rative scale purifications (15-50 mg): 21.2×250 mm 5 μm particle
size, flowrate =10 ml/min. Different gradients of the following
solvents were used and all runs were performed at 60 °C: solvent B
(ACN + 0.08 % TFA), solvent A (H2O+ 0.1 % TFA).

Analytical HPLC

Analytical scale purifications (up to 1 mg) and analyses were
performed on a Dionex Ultimate 3000 instrument using
4.6×100 mm C4 columns from Kromasil and a flow of 1 ml/min.
Different gradients and temperatures were used.

(LC� )-MS

Analytical electrospray ionization mass spectrometry (ESI-MS) was
performed on a Waters AutoPurification HPLC/MS System (3100
Mass Detector, 2545 Binary Gradient Module, 2767 Sample Manager
and 2489 UV/Visible Detector) either with a prior HPLC separation
or as direct injections operating in positive ion mode. In case of
very small amounts and/or poor ionization, an LTQ Orbitrap Velos
(Mass range: m/z 50-2000 and m/z 200-4000. Resolution: max.
>100000 at m/z 400. Mass accuracy: <3 ppm (external) and <1

ppm (internal)) coupled to an UltiMate 3000 RSLCnano system from
Thermo Scientific was used. Formic acid instead of TFA enhanced
ionization.
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MPAA: mercaptophenylacetic acid, MVB: multivesicular bodies,
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pyridine, PAcBr: phenacyl bromide, PLAD: pre-ligand binding
assembly domain, PTM: posttranslational modifications, PS:
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