Supporting Information:

Phenylalanine Mutation to Cyclohexylalanine Facilitates Triangular
Trimer Formation by B-Hairpins Derived from Ap

Sepehr Haerianardakani,® Adam G. Kreutzer,? Patrick J. Salveson,® Tuan D. Samdin,? Gretchen
E. Guaglianone,? and James S. Nowick ™ P

& Department of Chemistry, University of California Irvine
Irvine, California 92697-2025

b Department of Pharmaceutical Sciences, University of California Irvine

Irvine, California 92697-2025

*To whom correspondence should be addressed:
jsnowick@uci.edu
Supporting Figures and Tables

Figure S1. The F20Cha mutation increases the propensity of formation of cross-linked
trimers. S4

Figure S2. Elution profiles of size standards of the size exclusion chromatography
experiment. S4

Figure S3. SEC chromatograms of 0.25 and 1.0 mg/mL solutions of trimer 4r2ocha in

glycine buffer pH 3.0. S5
Figure S4. SEC chromatogram of trimer 4r2ocha in TBS buffer pH 7.4. S5
Figure S5. Cytotoxicity of peptides 3 and 3r2ocha and trimer 2. S5
Figure S6. Circular dichroism spectra of peptides 1 and 1rzocha. S6

Synthesis of peptides and cross-linked trimers

General information. S7
Synthesis of peptides 1, 2, and 2r2ocha. S7
Scheme S1. S8

S1



Synthesis of peptides 3, 3r20cha, 4, and 4r2ocha. S9
Synthesis of cross-linked trimers 2, 2r20cha, and 4r20cha. S11

X-ray Crystallography

Screening and optimization of crystallization conditions. S12
Data collection and structure determination. S13
Table S1. S15

Biological and biophysical assays

SDS-PAGE and silver staining. S16
Circular dichroism. S16
Dynamic Light Scattering. S17
Table S2. S17
Size exclusion chromatography. S17
Table S3. S18
LDH release assays. S19
References and Notes S20

Characterization data

Characterization of peptide 1. S21
Characterization of peptide 1r2ocha. S24
Characterization of peptide 2. S27
Characterization of peptide 2r2ocha. S30
Characterization of peptide 3. S33
Characterization of peptide 3r2ocha. S36
Characterization of peptide 4. S39

S2



Characterization of peptide 4r2ocha.
Characterization of trimer 2.
Characterization of trimer 2r2ocha.
Characterization of trimer 4r2ocha.

Mass spectrometric analysis of crude
oxidation reaction of peptide 4r2ocha Without TEA

Mass spectrometric analysis of crude
oxidation reaction of peptide 4r2ocha With TEA

Mass spectrometric analysis of crude
oxidation reaction of peptide 4 without TEA

Mass spectrometric analysis of crude
oxidation reaction of peptide 4 with TEA

S3

S42

S45

S49

S53

S57

S58

S59

S60



- disulfide monomer

4 crosslinked trimer

[
10

6 7 8 9 11 12 13
time (min)
B .
mAU ] crosslinked trimer
1000 disulfide monomer

time (min)

Figure S1. Oxidation of B-hairpin peptides. (A) HPLC chromatogram of DMSO oxidation of
peptide 2. (B) HPLC chromatogram of DMSO oxidation of peptide 2r20cha. Analytical HPLC
was performed on a C18 column with 5-100 % elution with acetonitrile over 20 minutes.
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Figure S2. SEC chromatograms of size standards blue dextran, carbonic anhydrase, cytochrome

C, aprotinin, and vitamin B12.
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Figure S3. SEC chromatogram of trimer 4r2ocha in glycine buffer pH 3.0 at 1.0 mg/mL (black)
and 0.25 mg/mL (red).
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Figure S4. SEC chromatogram of trimer 4r2ocha in TBS buffer pH 7.4,
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Figure S5. Cytotoxicity of peptides 3 and 3r2ocha and trimer 2 as assessed by LDH release assay
in SHSY-5Y cells. Data represents mean of six replicate wells, with the error bars corresponding
to the standard deviation.
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Figure S6. Circular dichroism spectra. Spectra were acquired at 25 uM peptides 1 and 1rzocha in
10 mM sodium phosphate buffer at pH 7.4.
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Syntheses of peptides and cross-linked trimers
General Information

All chemicals were used as received except where noted otherwise. Methylene chloride
(CH2Cl,) was passed through alumina under argon in a solvent purification system prior to use.
Anhydrous, amine free dimethylformamide (DMF) was purchased from Alfa Aesar. All reactions
were performed at ambient temperature (ca. 20°C), unless otherwise noted. Analytical reverse-
phase HPLC was performed on an Agilent 1200 equipped with an Aeris PEPTIDE 2.6 um XB-
C18 column (Phenomonex). Preparative reverse-phase HPLC was performed on a Rainin
Dynamax equipped with a ZORBAX SB-C18 column (Agilent). HPLC grade acetonitrile and 18
MQ deionized water, each containing 0.1% trifluoroacetic acid (TFA), were used for analytical
and preparative reverse-phase HPLC. Mass spectrometry was performed on a Waters Xevo G2-
XS QTof mass spectrometer. All peptides were prepared and used as the trifluoroacetate salts and

were assumed to have one trifluoroacetate ion per ammonium group present in each peptide.

Synthesis of peptides 1, 2, and 2r2ocha

Peptides 1, 2, and 2r20cha Were synthesized using protocols that our laboratory has

previously described.! 5253
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Synthesis of peptides 3, 3r2ocha, 4, and 4r2ocha.

The syntheses of peptides 3, 3r2ocha, 4, and 4r2o0cha are modified from procedures that our
laboratory previously described.% 52 The Scheme S1 summarizes the synthesis and purification of
these peptides.

a. Loading the resin. The syntheses of peptides 3, 3r2ocha, 4, and 4r2ocha Start with
loading Glyzs onto the resin. 2-Chlorotrityl chloride resin (300 mg, 1.6 mmol/g) was transferred to
a Bio-Rad Poly-Pep chromatography column (10 mL). The resin was swelled with CH2Cl, (5 mL)
and the suspension was agitated for 30 minutes. The solvent was drained and a solution of Fmoc-
Gly-OH (0.50 equiv, 47 mg, 0.15 mmol) in 6 % (v/v) 2,4,6-collidine in dry CH2Cl, (5 mL) was
added to the resin and the suspension was gently agitated for 12 hours. The solution was then
drained and a solution of CH>Cl>/MeOH/N,N-diisopropylethylamine (DIPEA) (17:2:1, 8 mL) was
added to the resin and agitated for 1 hour to cap the unreacted 2-chlorotrityl chloride sites of the
resin. After an hour, the capping solution was drained and the resin was washed with DMF (2x).

b. Peptide coupling. The Fmoc-Gly-2-chlorotrityl resin was then transferred to a 250
mL ChemGlass peptide synthesis vessel connected to a nitrogen/vacuum Schlenk line. The linear
peptide was then synthesized from the C-terminus to the N-terminus in consecutive cycles of
amino acid coupling. Each cycle of amino acid coupling consists of i. Fmoc-deprotection with a
solution of 20% (v/v) piperidine in DMF (5 mL) for 5 minutes, ii. washing with DMF (5 mL, 3x),
iii. coupling of amino acid (0.75 mmol, 5 equiv) in the presence of HCTU (0.75 mmol, 5 equiv)
dissolved in 20 % (v/v) 2,4,6-collidine in DMF (4 mL) for 20 minutes, iv. washing with DMF (5
mL, 3x). We used a special coupling procedure for the phenylalanine residues that follow the N-
methylphenylalanine in peptides 3 and 4 or the N-methylcyclohexylalanine in peptides 3r2ocha and

4r20cha: The phenylalanine was coupled twice (0.75 mmol, 5 equiv, each time) and allowed to react
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for 1 hour each time in the presence of HATU (5 equiv) and HOALt (5 equiv) dissolved in 20 %
(v/v) 2,4,6-collidine in DMF (4 mL). After the last amino acid was coupled, the terminal Fmoc
protecting group was cleaved using a solution of 20% (v/v) piperidine in DMF (5 mL, 5 minutes).
The resin was then transferred to a Bio-Rad Poly-Pep chromatography column (10 mL).

C. Cleavage of the peptide from the resin. The resin was washed with CH2Cl (3x). To
cleave the linear-protected peptide from the resin, a solution of 20% (v/v) 1,1,1,3,3,3-
hexafluoroisopropanol (HFIP) in CH2Cl. (7 mL) was added to the resin and the suspension was
agitated for 1 hour. After an hour, the HFIP solution was filtered through the Bio-Rad column and
the filtrate was collected in a 250 mL rounded-bottom flask. The resin was treated with a fresh
solution of 20% (v/v) HFIP in CH2Cl, (7 mL) and the suspension was agitated for 20 minutes.
After 20 minutes, the solution was filtered. The combined filtrates were concentrated by rotary
evaporation to yield the linear protected peptide.

d. Cyclization of the linear peptide. The linear protected peptide was dissolved in dry
DMF (125 mL). HOBt (150 mg, 1.0 mmol, 6.5 equiv) and HBTU (375 mg, 1.0 mmol, 6.5 equiv)
were added to the solution. 4-Methylmorpholine (0.33 mL, 3 mmol, 20 equiv) was added and the
solution was stirred under nitrogen for 24-36 hours. The solution was then concentrated using
rotary evaporation to afford the cyclic protected peptide.

e. Global deprotection of the cyclic protected peptide. A solution of
TFA/triisopropylsilane (TIPS)/water (18:1:1, 36 mL) was added to the cyclic protected peptide.
The solution was stirred under nitrogen for 1.5 hours to remove acid-labile side chain protecting
groups of the cyclic protected peptide and yield the crude cyclic deprotected peptide.

f. Ether precipitation of the cyclic deprotected peptide. Diethyl ether precipitation

was performed to separate the crude cyclic deprotected peptide from the global deprotection
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solution. Diethyl ether was chilled on ice for an hour. The global deprotection mixture was split
into six 15-mL conical tubes (ca. 6 mL each) and mixed with cold diethyl ether (ca. 6 mL each).
The mixtures of global deprotection solution and diethyl ether were incubated on ice for 5 minutes
and then centrifuged at 3300 rpm (1380 x G) for 5 minutes. The crude cyclic deprotected peptide
forms a pellet upon centrifugation. The supernatant in each conical tube was discarded and the
pellet was resuspended in cold diethyl ether (ca. 6 mL each). The suspensions were incubated on
ice for 5 minutes and then centrifuged at 3300 rpm (1380 x G) for 5 minutes. The supernatant in
each conical tube was discarded and the pellet was resuspended in cold diethyl ether. The
suspensions were poured into a 250 mL rounded-bottom flask. The mixture was concentrated using
rotary evaporation. The crude cyclic deprotected peptide was immediately subjected to reverse-
phase HPLC purification.

g. Reverse-phase HPLC purification. The crude cyclic deprotected peptide was
dissolved in 20% (v/v) ACN in water (10 mL) and filtered through a 0.2 um PVDF syringe filter.
The filtrate was then purified using RP-HPLC (20-50% ACN over 60 minutes). The pure fractions
were combined, concentrated by rotary evaporation, and then lyophilized. Typical procedures

yield ca. 40-55 mg of peptide as the TFA salt.

Syntheses of cross-linked trimers 2, 2r2ocha, @nd 4r2ocha

Cross-linked trimers 2 and 2r20cha Were prepared by oxidizing peptides 2 and 2r2ocha using
procedures that our laboratory has previously described.5?S3 Cross-linked trimer 4r2ocha Was
prepared by oxidizing peptide 4r2ocha (6 mM) in 20% aqueous DMSO in the presence of
triethylamine (60 mM) as follows: the dry lyophilized peptide 4r20cha Was weighed and then

transferred to a scintillation vial (20 mL) and dissolved in an appropriate volume of 20% (v/v)
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aqueous dimethyl sulfoxide (DMSO) to make a 6 mM solution of the peptide. An appropriate
volume of triethylamine was added to the solution to make a 60 mM solution of triethylamine. The
reaction mixture was incubated at ambient temperature (ca. 20°C) for two days. After incubation,
the solution of the peptide was filtered through a 0.2 um PVDF syringe filter, and the filtrate was
injected into the RP-HPLC (20-50% ACN over 60 minutes) to purify cross-linked trimer 4r2ocha.
It is necessary to heat the HPLC column to 60°C during the purification of the cross-linked trimer.5*
In a typical procedure, oxidation of 32 mg of peptide 4r2ocha (as the TFA salt) afforded ca. 7 mg

(22%) of trimer 4r20cha (as the TFA salt) after HPLC purification and lyophilization.

X-ray Crystallography

Crystallization of peptides 3 and 3r2ocha and trimer 4r2ocha Was attempted using protocols
that our laboratory has previously published.5? 55 Stock solutions of peptides 3 and 3r2ocha and
trimer 4r20cha (10 mg/mL and 20 mg/mL) were prepared by dissolving 1.0 mg of dry lyophilized
peptide in 100 pL or 50 pL of filtered 18 MQ deionized water (NanoPure). The stock solutions
were screened in 96-well plates using two Kits from Hampton Research (Crystal Screen and Index).
For each crystallization condition, three 150 nL hanging drops were prepared with well solution
in 100:50, 75:75, and 50:100 ratio using a TTP LabTech Mosquito pipetting robot. For wells that
gave promising crystals, the crystallization conditions were further optimized in a 4x6 matrix using
a Hampton VDX 24-well plate by varying the pH and the concentration of cryoprotectant. For
each of the crystallization conditions, three 2- or 3-pL hanging drops were prepared by mixing the
peptide and crystallization solutions in 1:1, 1:2, and 2:1 ratios. Peptide 3 did not afford any crystals.
In contrast, peptide 3r2ocha afforded crystals suitable for X-ray crystallography from a

crystallization condition that was first identified on a 96-well plate and then optimized in 24-well
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plates. Trimer 4r20cha did not grow crystals under the screening conditions, but afforded crystals
suitable for X-ray crystallography in conditions similar to those we had previously published for

trimer 2.52

Data collection and structure determination

Initial diffraction data for peptide 3r2ocha Were collected on a Rigaku Micromax-007HF X-
ray diffractometer with a rotating copper anode at 1.54 A wavelength with 0.5° oscillation.
Diffraction data were collected using CrystalClear. Diffraction data were scaled and merged using
XDS. The X-ray crystallographic phases for peptide 3r2ocha Were determined using single-
wavelength anomalous diffraction (SAD) phasing by soaking a single crystal in a 1:1 mixture of 1
M potassium iodide and well solution.S® Coordinates for the anomalous signal from the iodide ions
were determined by HySS in the Phenix software suite 1.10.1. Electron density maps were
generated using anomalous coordinates determined by HySS as initial positions in Autosol.
Molecular manipulation of the model was performed with Coot. Coordinates were refined with

phenix.refine.

Diffraction data for peptide 3r20cha Were also collected at the Advanced Light Source at
Lawrence Berkeley National Laboratory with a synchrotron source at 1.00 A wavelength to
achieve higher resolution. The synchrotron diffraction data were scaled and merged using XDS.
The electron density map was generated by molecular replacement using the coordinates from the
structure of peptide 3r20cha generated by soaking in Kl using Phaser in the Phenix software suite
1.10.1. Molecular manipulation of the model was performed with Coot. Coordinates were refined

with phenix.refine.
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Data collection and structure determination of trimer 4r2ocha

Diffraction data for trimer 4r20cha Were collected on a Rigaku Micromax-007HF X-ray
diffractometer with a rotating copper anode at 1.54 A wavelength with 0.5° oscillation. Diffraction
data were collected using CrystalClear. Diffraction data were scaled and merged using XDS. The
X-ray crystallographic phases for trimer 4r20cha Were determined by molecular replacement using
trimer 2 as a search model in Phaser. Molecular manipulation of the model was performed with

Coot. Coordinates were refined with phenix.refine.
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3r20cha and trimer 4r20cha.

Table S1. Crystallographic properties, data collection, and model refinement statistics for peptide

Peptide

peptide 3r2ocha

trimer 4r2ocha

PDB accession number
Wavelength (A)
Resolution range (A)
Space group

Unit cell (A, °)

Total reflections
Unique reflections
Multiplicity
Completeness (%)
Mean I/sigma(l)
Wilson B-factor
R-merge
R-meas
R-pim
CC1/2
cc*
Reflections used in refinement
Reflections used for R-free
R-work
R-free
CC(work)
CC(free)
Number of non-hydrogen atoms
macromolecules
ligands
solvent
Protein residues
RMS(bonds)
RMS(angles)
Ramachandran favored (%)
Ramachandran allowed (%)
Ramachandran outliers (%)
Rotamer outliers (%)
Clashscore
Average B-factor
macromolecules
ligands
solvent
Number of TLS groups

7IXN
1.00
32.19 - 2.0 (2.072-2.0)
P63

37.167 37.167 116.994
90 90 120

12449 (1258)
6204 (625)

19.4 (19.5)
99.90 (100.00)
33.10 (13.21)
20.55

0.01302 (0.0532)
0.01841 (0.07524)
0.01302 (0.0532)
1 (0.987)

1 (0.997)

6200 (629)

616 (66)
0.2698 (0.3845)
0.3201 (0.3577)
0.886 (0.464)
0.816 (0.363)
676

504

115

57

84

0.003

0.7

75

19.23

5.77

3.85

9.57

24.36

23.39

28.51

24.51

10

S15

7JX0O
1.54

32.57 -2.802 (2.902-2.802)

P6222
65.078 65.078 51.923
90 90 120

3614 (352)

1807 (176)

18.2 (17.8)

99.78 (100.00)
7.75 (2.74)
34.04

0.06261 (0.2047)
0.08854 (0.2896)
0.06261 (0.2047)
0.992 (0.902)
0.998 (0.974)
1806 (176)

179 (17)

0.2766 (0.3416)
0.3012 (0.3749)
0.869 (0.679)
0.856 (0.531)
469

375

84

10

63

0.003

0.73

84.62

15.38

9.52

42.75
44.99
34.09
31.15



Biological and biophysical assays
SDS-PAGE

Tricine SDS-PAGE was performed as described previously (Salveson et al. J. Am. Chem.
Soc. 2018, 140, 11745-11754), with the exception that the gel was run at a 50 V, instead of 80
V.33 Silver-staining was used to visualize trimer bands in the SDS-PAGE gel as our laboratory

reported previously.52S7

Circular dichroism spectroscopy

CD spectra were acquired on a JASCO-810 circular dichroism spectropolarimeter at
ambient temperature (ca. 20°C). This procedure is slightly modified from Salveson et al. J. Am.
Chem. Soc. 2018, 140, 5842-5852.5° Solutions of peptides and trimers were prepared
gravimetrically, with molecular weights based on the trifluoroacetate salts, with one TFA per
amino group. A 75 UM solution of each peptide and a 25 uM solution of each cross-linked trimer
was prepared by diluting appropriate amounts of 10 mg/mL stock solutions of peptides and trimers
in 10 mM sodium phosphate buffer at pH 7.4 or in 10 mM glycine buffer containing 50 mM NacCl
at pH 3.0. Solutions were prepared in Eppendorf tubes (1.5 mL) and then transferred to a 1 mm
quartz cuvette. Data were collected using 0.2 nm intervals from 260 nm to 195 nm and averaged
over 5 accumulations. Data were not collected at wavelengths below 195 nm, to avoid voltages
greater than 600 V in the photomultiplier tube. Data were graphed as mean residue ellipticity, [@O],

which is calculated as follows:

[®] = millidegrees / (path length (nm) x [peptide] (M) x number of residues)
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Dynamic light Scattering.

Dynamic light scattering was measured using a Malvern Zetasizer ZS Nano DLS at
ambient temperature (ca. 20°C). Solutions of trimers (25 uM) were prepared in a similar fashion
to the circular dichroism experiments and transferred to 1 cm disposable plastic cuvettes. Data
were collected in 10 seconds time intervals and averaged over 3 measurements. The scattering was
measured with a 173° backscattering angle. Dynamic light scattering was also measured after
centrifugation of the solutions. In these experiments, the solutions were centrifuged at 14000 rpm
(17000 x G) for 2 minutes and then the supernatant was transferred to a plastic cuvette for DLS
measurement. The optical density (OD214) of each sample was measured before and after
centrifugation using a Thermo Scientific NanoDrop One microvolume UV-Vis spectrophotometer
to monitor the loss of aggregates formed in buffered solutions of the cross-linked trimers (Table

S2).

Table S2. The optical density (OD214) of trimer aliquots before and after centrifugation.

Aliguot OD214 before OD2u4 after
d centrifugation (AU) centrifugation (AU)
Trimer 4r20cha (25 M) in glycine buffer 1.52 1.56
Trimer 2 (25 uM) in glycine buffer 1.32 1.28
Trimer 4r20cha (25 UM) in phosphate buffer  1.66 0.34
Trimer 2 (25 uM) in phosphate buffer 2.64 1.64

Size-exclusion Chromatography
All the SEC experiments were performed in 10 mM glycine containing 50 mM NaCl at pH

3.0 at ambient temperature (ca. 20°C) on a GE Superdex 75 10/300 GL column. A 1.0 mg/mL
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solution of each cross-linked trimer was prepared by diluting 80 pL of 10 mg/mL stock solutions
of each trimer in 720 pL of the glycine buffer in an Eppendorf tube (1.5 mL). We found that 1.0
mg/mL solutions of peptides 1, 3, and 3r2ocha Were too concentrated and resulted in saturation of
the detector (> 2.5 AU), thus 0.25 mg/mL solutions of peptides 1, 3, and 3r2ocha Were used for
SEC experiments. The solutions were centrifuged at 14000 rpm (17000 x G) for 2 minutes. After
centrifugation, the supernatant of each peptide aliquot was injected to the column and run using a
flow rate of 0.5 mL/min. Chromatograms were recorded at 214 nm and normalized to the
maximum absorbance of the run. Size standards blue dextran, carbonic anhydrase, cytochrome C,
aprotinin, and vitamin B12 were run in a similar fashion. The optical density (OD214) of each
sample was measured before and after centrifugation using a Thermo Scientific NanoDrop One
microvolume UV-Vis spectrophotometer to monitor the loss of aggregates formed in buffered

solutions of the peptides and cross-linked trimers (Table S3).

Table S3. The optical density of aliquots of peptides and cross-linked trimers in glycine buffer

before and after centrifugation.

Aliguot OD214 before OD2u4 after
d centrifugation (AU) centrifugation (AU)

Peptide 1 (0.25 mg/mL) 2.99 3.02

Peptide 3 (0.25 mg/mL) 2.64 3.52

Peptide 3r20cha (0.25 mg/mL) 2.04 2.54

Trimer 2 (1.0 mg/mL) 11.07 12.36

Trimer 2r20cha (1.0 mg/mL) 10.67 10.26

Trimer 4r20cha (1.0 mg/mL) 12.28 12.22
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LDH release assay
LDH release assay was performed on SHSY-5Y neuroblastoma cell-line and cell death was
quantified using procedures that our laboratory previously described (Kreutzer et al. J. Am. Chem.

Soc. 2017, 139, 966-975).52
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| [M+Na]™*
‘ | 1748.0058 [
‘ 1/ \ \l 1708 0655
MW ‘\ J‘ - (m [
WJ PP ) Ut MRS At e A b i bt et st
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Calculated mass for

| peptide 1: 1744.0287
[M+2H]?*
[M+1H+1Na]**
|| ﬂ [E aaaaaa
ol ‘LLLU,\ .‘\ Na B .‘,t i lr\ a I - : o N
T Calculated mass for
[M+3H]?* peptide 1: 1744.0287
[M+2H+1Na]**
o i L.ll JMJJ‘ L . ‘ : A Y B L I\ : -
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Norm.

1500

500

e} Leu17 O Phe,g Me O Alaz, O Aspy;

H
HsN
B‘ANJ\E J\E )7? Y g
Vél g Chag Glily, CH,

Hye O 5 Oomz; O : Glyss : lles 6 éHz

Y H
2 NJ\;EE \g’/\ J'-\el‘/:m\g/\ JE; \g/\ Alazg \g/\NHa

peptide 1

F20Cha
VWD A, Wavelength=214 nm (PATRICK\SH-Il-74_COMBO D)
S L‘ _
25 5 75 10 125 15 75 20 min
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584 6933

Calculated mass for
peptide 1 1 1749.9603

F20Cha*

[M+3H]**

[M+2H?*

876.0374

I s . i
T T T u T : T " T T T T T T v T T u T T v mrz
500 600 700 800 200 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100

1752.0472

Calculated mass for
peptide 1 1 1749.9603

F20Cha

[M+H]™

| [M+Na]'*

17540354 1773.0310

™ |
Mw‘ ‘l‘*/ b \‘ll(
I \L\'ULJW‘WM\MQ&NNM_WUM“WMMMNJWMWMM\MM e

1750 1755 1760 1765 1770 1775 1780 1785 1790 1785
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100

ol

e oracors e Calculated mass for
[M+2H]?* peptide 1.,,,.: 1749.9603

[M+1H+1Na]?*
BA5 6365 serozes
° ; LTI J' “IL/ . ) . I\ “ J"‘ !‘ ik J‘ﬂ' A _ . _ . ; N J:t A lr\ A 5 . _ e
874 B76 878 880 882 884 888 888 880 292 894 898 298 200 202 904
I ..
[M+3H] Calculated mass for
peptide 1_,,.,.: 1749.9603
585 0200
[M+2H-+1Na]*
590.3598 5906881
581.0265
5856935 ‘ |/
I LJ'u quLl LL‘ l_1|\|_n : , ] U Lq‘ L\”\_, i i . , .
584 585 586 587 588 589 590 591 592 593 594 595 596 597 598 599
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ys17 O Phey Me O Cys21

O Aspaa H
HaN"
3 \)L /'\g, )\g/ )\g, Noch,
H,C Vel 1g Phis, Glily, H _

éH2
H,C )

§ Orn35 ¢ Glya i Nesy o
RS J\[ T JT I ! f“”ﬁ
Valsg Le lie;, Alag,

peptide 2

WD A, Sg= W4 Re=af |18 02_23 J01B00-23 1222-Z0SHHCLZA_ COWBO )
il

6004

400

20 ‘

Y T T
w4

L B e e e e e e L A e o B S
25 5 75 10 125 5 5
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100, Calculated mass for

M+3HJ* -

[M+3H] peptide 2: 1765.9259

[M+2H]?*
2 ar-ra " s - T e e gEny e T e pre o e %o
I Calculated mass for
1+
[M+H] peptide 2: 1765.9259

disulfide
[M-+H]'™

1788.8086

1765.8528

o
| | i | |
b b vy

| 1770 BBAS
I
‘ | i

‘;’I.\\ | I

|
N

| i 1 ] i
A | ! 4 A Aoaop " ) T Lot
o Wl L Lottt i e e st b e wr:ﬂm“v/ el und

[M+Na]'™

1788 8484
17808570

1750.6858

i
I

17910771

boob |
i

I‘ 172 w1

|
At

mrz

| | | fy |
L-p-'ﬂ“ Iw"\.v" ‘wmj ‘V-'\M‘JF‘ W'_N"\m-"w‘}‘ﬂ.‘»w'\mw“\w."w e,

1788

Wi

1788 1770 1772

17ra 1r7E

1778

1780 17E2 1784 1res 1788 1780 1792 1784 1798 1798
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84,4583

[M+2H]?
Calculated mass for

peptide 2:1765.9259

_c:j‘s;uzlidi [M+1H+1Na]*
[ 1 ‘|

couson
L L [
o ,.‘I "‘gAJ‘ ) - )‘ '\;.JI ‘:L SN S N N N J“‘F,,f";,jkf,'\;#fﬁ\;)‘ ‘L,)‘ [ ‘:g."ﬂ'\;# . N N NI
. IM+3HP Calculated mass for
peptide 2:1765.9259
- connon
- disulfide
_ [M+3H]? ||
o " ” ‘ i
i |"‘ ‘ [ 1l \‘I s o I
PN § U S SRS LY UL [I— I — — S S | N
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Cysit7 O Phejg Me O Cysz1 O Asps3

H
M“*gr Y *@ e,
Vél g Chag Gitizs CH,

Hy & E Omzs O : Glyss : lles: &5 éHz

WY H
2 N):Efs \(I-])/\ J‘tfazt\g/\ J‘h:z :@A Alazg \g/\NH3

peptide 2

S30

F20Cha
VWD A Wavelength=214 nm (SH-1-231_COMBEO Dy
Nevm, I
1500
1250
1000
750
500 ‘
250} T { N
M—M‘(—/ T /\
E | ’/
I /
250
\ o/
A
500
N —-A i . :
25 75 10 125 1

—
20 mi




aaaaaaa

[M+3H]**

Calculated mass for
peptide 2_,.,.: 1771.8575
[M+2H]?*
[M+H]*
s — S s
e T [MAH]™ Calculated mass for
| | peptide 2, : 1771.8575
=
‘I
l
| | |
‘ i
|‘| | ||
| N M i
I | [ N
|| A [ M
S U/ U I W & |
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S32

Calculated mass for
[M+2H)? peptide 2_,.,.: 1771.8575
e [M+1H+1Na]?*

1 |. 1 Jll A n. “\ \ |L ﬂl J\ A ) LA

- Calculated mass for

T [M+3HP peptide 2_,,.,.: 1771.8575

[M+2H+Na]**

LA ‘ Jlg;_m \'I.l ‘| Lo - JJ;’ “L_J‘l EL . - _



O Leuyy O Pheg IVIe O Alay, O Glyss H

3N\)'L /kg/ /kg/ /'\g, /'\g,N\)LN/'\g,N Serzg
Vahﬁ Phezo Gluzz Valp, ; 0

H2C ) 5 Omss O : Glyss : lles : |y29 HN

ﬁWf#f#f L
Valsg Lel ligs; Alagy Lyszs

peptide 3

WD A, Wavekongth=2 14 nm (PATRICKIS H-11-107_COMBO0.D)
Narm. |
' |
1000 ”
500 ‘
| I
ol (_/_’__ - Lf——x,‘ —
R /
/
1 T T T T T
o 10 1 20 25 min
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| [M+3HP*

Calculated mass for
peptide 3: 2172.2306

[M+2H]?*

2174.0381

| M+H™

2176.0417

a
N‘J Wm« WWW\

21 TTimo0 | ddoo

Calculated mass for
peptide 3: 2172.2306

[M+Na]™

2195.0347 21959934

N
I m%ﬂ |||‘i‘ J M MW MU‘MM,MM ‘M M WMV’W#MWW WWW

180 2202 204
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Calculated mass for
[M+2H]* peptide 3:2172.2306

[M+1H+1Na]**

10986013

-
ML [ | | ‘\1 ) Al
ol JLMLMLL L 2 ‘ ‘ LALA ‘ ‘ ‘ : O -

) [M+3HF Calculated mass for

peptide 3:2172.2306

7250822

[M+2H+1Na]**

‘ I rzsre 7z ran

| — L_.‘ L__ Ln g ;_..‘l ‘l_!\_,,u\_:\ ‘ § i i ] mwl_} | ;7{,:,/

7264055

7330737

725 726 727 728 720 730 751 732
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Leuyy O Phe,qy Me O Alagy

O Glyss
ety *g *@f *@f *g
H,C H Va118 Chazo . Glu22 Vawu 1;
Hzé o] :Ornas : :

Ilem

Yaa H
Valzg Lelizy €32 Naao Lysza

peptide 3

F20Cha

VWD A, Wavelength=214 nm (SEQUENCES\SH-I-111_COMB0 0}
[

f
1000
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M [M+3H]* Calculated mass for
peptide 3_,,.,,:2178.1622

[M+2H]*

Calculated mass for

[M+1H]"™ peptide 3., :2178.1622

21810833

i [M+1Na]"*

22020754

AN

|
lw MWJ il W \M \ ‘MMM MJ\MJT\WJW w uﬁ M“\‘M i) ww JW“ M‘. ,”W

mz
2202 2203 2204

oW
" ¥ 21 BE 2197 2195 21 EUU 2201
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1000.8277_

[M+2H]? Calculated mass for
peptide 3_,,,.: 2178.1622
‘” [M+1H+1NaJ]*
‘ e
10021288 |
-
| AL ”\u\.."‘h‘“_ N‘M\ “'(‘I‘ i i i A a J“- ,"|\ "H A .

[M+3H]**

1111111

N

H

Sl Lw Lo L_.J ‘_:\_,./u‘_ﬂ
E7 e e

Calculated mass for
peptide 3 :2178.1622

F20Cha
LA i)
ﬂ'._.'_m_.\_.u_. V| -, —r = \_,ﬂ NN
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ys17 H O Pheg Me o Cysa1 H 0 Aspy o Glyzs

HSNJL )kg /'\JI )\JI )\JI Sery
H,C H Va118 tha20 . Glu22 Vawu 1;

Hzé o} :Ornas : ||e31

Yaa H
Valsg Leliay llegz Naao Lysza

peptide 4

VDT A, Wawelengh=214 nm (SEQUENCES'SH-I-225REF)
Norm. §
1 i
750 |
500+ | ‘

] ‘ |
2503 |

2503 ‘

5004

7504
4000 \‘
2504

T
o 25 s 75 0 125 15 175 20 i
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732 7552

[M+3H]>

Calculated mass for
peptide 4:2194.1278

[M+2H]?*
L bolld sl H . .
e, Calculated mass for
R ‘u [M+1H]™ peptide 4: 2194.1278
| \‘
|
| ‘\
. 1 “
disulfide || |
[M+IH]™ | |
I | | o
|
=== L]
. I RN
\‘I‘I“‘l “I“I I“l JI‘ “I“" “I‘ \I“ ,“ll“l I“I‘l I\ ‘I | 0
H SRR )
v : ‘W_ﬂ”‘{ J“‘J “V‘vj i A / I“'“\ “ EATVLY d ) '-“J-\VJ'-'\‘J«,/\,W,‘"\"“.
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o0 csoa. (M+2H]

1090 1G9

109916880

disulfide oon cmas
[M+2H]2] i

1067 GEan

Calculated mass for
peptide 4: 2194.1278

.
“ | ML ‘ I‘ i \\ '\ i [
i MAL ML T s oo R
o P L WAL W W N N P N N S S NVL WL W | S S N SN VL S U S WP N W N N e
Calculated mass for
3+ H .
a2 azzo + pep| e .
N
, )
disulfide
[M+3H]
|
| , 4
o S| WL 91 L I L T ., A i A n
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ys17 H O Pheqg Me O Cysz1

0 2 H O Glyzs
Hawi)LN N \)L

Seryg
- H H
H,C . Va118 : Chazo ; - Glu22 - VaWM 0]
HZC 6] : ;

Orngs O : e, |5| Glyzg O

Glyas
”Wf%f%f e w%
Valsg Leliay llegp Alagy Lyszs

peptide 4

F20Cha

VINDT A, Wavgengih=214 nm (FATRIC

-IF1S3I_COME0 0}

T
15 175 20 mi
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[M+3H]** Calqulated mass for
peptide 4., .: 2200.0594
[M+2H]%
= MG ajl’*m 2 3 It = = S ST = 55 e
Calculated mass for
[M+1H]™ peptide 4_,,.,.: 2200.0594

zzzzzzzz
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o0 1101.5803

[M+2H] Calc_ulated mass for
peptide 4 : 2200.0594

F20Cha

110z 0831

{ [M+H+Na]?*
I
I

1112 6603

SOV [ [M+2Na]?*
Ll [— I‘ ph | [
|
LI JI |k | i
R irivie L MA A A A LU AN AAL A o
e s s e e s s rEi ex e R

v, raarior Calculated mass for

[M+3H]>* .
peptide 4_,,.,.: 2200.0594
— I
-
T
[M+2H+Na]**
o L Jll Lol ‘J\r'. 1" ||L J‘LJ'A Ao Aha A o
TR v TH v TN TR R R T R T T v T T TR R R TR T

S44



11/ ..-‘S}r&
5
2 J o 7
% z & ?‘\'K%)
9’3:2\,\)@ £ A\\.\a% %
TEPER @2 O V0 g8
& 24 S 'S’¢

> o <
%‘z‘ < T0 87 e\gé\
) %)\,g‘b & Aﬁ(@ [e] @
RS T © K2
= C AP s <t :
4:@\(1%0 S L 3 P
2 w0 2 ol

. O Pheyg Me 0] O Aspy, H
.. R
o cﬁ)\ﬁ, HSN\:)LH N\)L \)L N N o,
F @‘190/%%’“ HC % O Vdly ; ) Phg, : _ Glty, " ) CH,
VT He O G Omss O G Glyss g lles O |5| (5H2
HQC‘”*( I kﬂ T )ﬁ If e
Valsg Leligy liegy Alagg

trimer 2

VWD 7, Wavelengin=z18 nm [PATRIGRISH--GLIATRIMER COMBO 0]
Horm.

1250

1000 ‘

10 15 20 25 mi
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M+7H)+ | [M+6H]™ Calculated mass for
= trimer 2: 5291.7723

[M+5H]5*
‘ [M+4H]*
‘ L | \ L W (W _ - lim - - - -
Calculated mass for
[M+3H]** trimer 2: 5291.7723
N
| [M+2H+NaJ**
Il -
" ‘ w M H ‘u( """"
W P
i

\| \ | """"
‘ J‘ A | i \I‘ N
“w M L "ul N “}N "«“w“'w l *Wt M” g “‘ Mh | n Wh’ P\b il %
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T " Calculated mass for
[M+4H] trimer 2: 5291.7723

[M+3H+Na]**

- e |

ssssss

1238 0686

[ [M+2H+2Na]*

. [M+H+3Na]*
{ - [; v [M+4N&1]4+

||||||

H —————

wwwwww ' Calculated mass for
5+
[M+5H] trimer 2:5291.7723
| ‘ [M+4H+Na]5*
1
||||b|||||"t J|\| \II \
‘ uUJ%u" Aao _ “UJUJ _ kj UUJUUUUJ\ oo s n ANNAANNAN N
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Calculated mass for
[M+6H]e* trimer 2 : 5291.7723

. Calculated mass for
[M+7H]™ trimer 2:5291.7723

578
i
57 9588

‘ |

i Il
SN
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e 4 ©
- 38
W T Ay o
4 A
w4 g

<

O Aspy
i
JK‘,N
Alag,

@
Z
O
)
¢
o;
/O
QO Phe,g Me O H
|
N N
Ao
: O Chay -
£l El
JTN N
Lelizy

N
“CH,
¢H,
i CH,
\E/\NH3+

Glig,
o]

Lolley,
~N
T

H
o

G|¥33
TH
Aoud,

H
trimer 2_,,..

H
N

\)J\N
Valqg
L Omgs O
N
H

PAP1, PMPAD, Solvent Ratio B (SH-11-265110X)

200+

25
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Calculated mass for

M+7HT | [MEH] trimer 2, ,,¢,.,: 5309.5671
[M+5HJe*

[M+8HJ®*

- [M+4H]*

WMJL TR N SR VA S I..‘m . R -

Calculated mass for

[M+3H]* trimer 2,,,¢,..: 5309.5671
[M+2H+Na]*
l ] - [M+1H+2Na]*
‘ '''' - M - .m [M+3Naf
m ‘MHH «rmfil i |W il
W‘M L”“MWM lL‘ ”\ rwwm\ ‘ | pl JW wd nlh ‘L, J J\' ll””‘”""tjv\y‘uﬂﬁlmM}L‘I“Jl'd‘h"\,\.,lfwll"‘wﬂuw lew “.“UJU&W‘.

T iz W@ e s w1 R T B Mz Tm M 17w e W 78 U 00 18N 182 18I 184 1605 188 1607 188 1609 110
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1520 4w _

[M+4H]**

Calculated mass for

[M+5H]*

vesa7eg

|||
} ||J|\f\U|U|IJ| U\M

- trimer 2_,,.,..: 5309.5671
"’h ﬂ [M+3H+Na]**
e .
| ‘[ Hﬂ AT eteanae
u|\‘| } \\H|Hu = = T
(i JJIII \|} m‘ [ u |“H ﬁum
Ju "U‘ u MMWM " U ULUUMJU" \ b' L‘ U”WW*UUUU‘“ L'Jb“ MUnars

Calculated mass for
trimer 2 :5309.5671

F20Cha "

[M+4H+Na]**

10581750

A.,h;;_ﬁ_/\_/\ﬂ ‘U J\J MWM\}WJUDﬂUWJ\AMA
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[Ty

[M+6H]**

sme 01

i

Calculated mass for
trimer 2 : 5309.5671

F20Cha

J]UUUL |

= M+TH]

Calculated mass for

trimer 2_,,¢,,, - 5309.5671
| h
= JL‘JM.;'JJ "JUU«.U‘ * = = = = = = e
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7 T Ops m\_\ z Tz
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s N Q\fm ot
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trimer 4on cha

COMBO.O)

VDT A,

125

Ay
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943.7

Calculated mass for

[M+7H]™ _ _
trimer 4_,,, .- 6594.1362
[M+6H]*
1100.8
[M+8H]**
825.8
[M-+5H]*
[M+9H]Q+ 13208 [M+4H]4+
7340 L 1649.5

= [MH4HP

1651 0484

1651 2991

650 0349

1

-
l" N

I
U.,‘,QMIH\*J";ﬂ)LMﬁ}pMM *W-W WJW

ﬂ [M+3H+Na]*"
I M#2H+2Nal “” -

Calculated mass for
trimer 4 1 6594.1362

F20Cha”

[M+1H+3Na]*

1666 5306

e

M et “
LU'ﬂ HH\HHM M’ll JH
LT M ﬁ

f ““J M M rgw

Il MM M\

-
f” ||M| il
Wyl W W"w»\.”

Erry
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Calculated mass for
trimer 4 :6594.1362

1 1az1.0121 F20Cha

[

100, 13208188 [M+5H]5+

1320.8104

1320 4169

1321.4138

|

J“U\

f“m[M+4H+NaP* [M+2H+3Na]*
veana [M+3H+2Na]® I

1s21ersr 19260020 |
.m 052 1333.5154
1328 4027 1333.0024 ' |‘
19286130 132 sw\" H
| l 1322.0092 1325.8076 1334.0042

1324 3091 /|

M | H \ “\r.mmﬁs

I

Wy “'“ ”‘IH HM "H\HM““J”W \‘]y‘nlr" \n“l"'\ﬁm A

e JV\MM/ a* ] i UWN"' MUY u\mfu MY ’U“L VirnaannniV VWY U\JW‘ A Mow

1320 1322 a324 1326 a3z8 1da0 a3b2 adaa 1236 1328 ’ 130 1daz

n||

oo, emanee [M+6H]?* C.alculated mass for
trimer 4 1 6594.1362

F20Cha

1100.6505 | 1100.98981

1101 1622

1100.4900
-
PR
1100 aae
F\ 11015018
|| “ ‘ | | { 1101 a4 o
A [M+3H+3Na]
. V||| on merm
| 1108 8208 | f 1107 5021
’H UUM/ 7 ‘f‘!m”
/ Y n
S VA mmv\/\/\./\fu\/\f\/\f\fu AN SV Y J‘ NS n s ANPPPANAPI NN rpmnr
1100 1101 102 1105 1106 1107 110 =
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1111111

Calculated mass for

7
(M+7RI™ trimer 4, _:6594.1362
]
Il
| | ‘ |'[
}MM | Faae
\M \J by U |I\ ‘HM F«sszs
%u B | Vo s N gn Ju'%
Calculated mass for
2 M+8H]*
55555 | (Nr+8H] trimer 4, _:6594.1362
1 Ijzs.sas7
'\
]
|
I
] ‘||| |
||/ T
InRRimEain.
(] “ II‘ ] \| ||||‘ aze
e [ UYL
T\jﬂl Vo v l\‘ J‘ |\I \J ‘l‘ o010
ois J o I‘\/\AJSQ;PJMM/\JW\'\_’%‘;;'-JMH“’*/SWLA
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%

734.0746

disulfide monomer
[M+3H]**

ol

disulfide monomer
[M+2H]**

1100.6459

0
400

600

800

1000

1200

N

1400

1600

1800

2000

2200

S57

2400

Calculated mass for
trimer 4 :6594.1362

F20Cha

Calculated mass for
disulfide monomer
4 :2198.0580

F20Cha

2600 2800 3000 3200 3400

3600

3800

m/z



100 943.6819

trimer [M+7H]"™

Calculated mass for
trimer 4

Calculated mass for

F20Cha

disulfide monomer

4

F20Cha

trimer [M+6H]**

1100.8090

trimer
- [M+8H]8"

trimer [M+4H]*
tnmer 1320.7888
[M+9H]®*

trimer [M+3H]**

‘ 1650.7501
97913

\ .
| |
0 memw__'ﬂk__ﬁ;hm_—i i _

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600

S58

2800

3000

:2198.0580

3200

:6594.1362

3400

3600

3800

m/z



- " disulfide
[M+3HJ**

disulfide

[M+2H]?*

. : L ol | |
400 500 600 700 800 800 1000 1100

S59

Calculated mass for
trimer 4 :6576.3354

Calculated mass for
disulfide monomer
4:2192.1264

PV PR W v -
1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2300 3000 3100 3200 300 3400 3500 3600 3700 W00 3900

miz



““trimer [M+7H]™

disulfide

trimer .
megHe M+2HF

523.4708
732 0785

disulfide
[M+3H]**

trimer [M+5H]**
trimer [M+4H]*

-

Calculated mass for
trimer 4 :6576.3354

Calculated mass for
disulfide monomer
4:2192.1264

0 — SPR PO .
400 500 60D 700 GO0 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000 3100 3200 3300 3400 3500 3600 3700 3800 3900
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