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Although peptides are used as affinity chromatography ligands, they could be digested by proteases. Usually, peptide stability is
evaluated in solution, which differs from the resin-bounded peptide behavior. Furthermore, the study of the degradation products
requires purification steps before analysis. Here, we describe an easy method to assess immobilized peptide stability. Sample
peptides were synthesized on hydroxymethylbenzamide-ChemMatrix resin. Peptidyl-resin beads were then incubated with
solutions containing proteases. Peptides were detached from the solid support with ammonia vapor and analyzed by matrix-
assisted laser desorption/ionization and electrospray ionization mass spectrometry, allowing the detection of the whole peptides
as well as their C-terminal degradation products. The method allowed a fast evaluation of peptide ligand stability in solid phase
towards proteases that may be present in the crude sample before their use as ligands in affinity chromatography. Copyright ©
2017 European Peptide Society and John Wiley & Sons, Ltd.
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Introduction

Affinity chromatography is the technique of choice to purify
macromolecules in low concentration in complex mixtures. Protein
affinity ligands such as monoclonal antibodies and protein A are
widely used in many protein purification protocols. However, due
to their high cost, more economic ligands such as reactive dyes
and short peptides have been developed [1]. The construction and
screening of combinatorial peptide libraries are widely used to find
peptide ligands for any given target [2,3]. Short peptide ligands
can be easily produced at high scale by the solid phase peptide
synthesis methods introduced by Bruce Merrifield [4]. They are
much more physically and chemically stable than antibodies and,
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if it is necessary to increase their stability, chemical modifications
may be easily introduced to them by well-known chemical methods
[5]. Additionally, they can be site-directed immobilized in
chromatographic supports, and due to their small size, large ligand
densities and high adsorption capacities can be achieved [6]. The
resultant affinity matrices are much more robust during elution
and regeneration as compared to protein-based affinity matrices.
Even if any leakage occurs, small peptide molecules can be easily
removed from a macromolecular product [7].

When introducing a short peptide as an affinity ligand to purify a
target protein, it is very important to evaluate its stability against
proteases and peptidases usually present in the crude sample from
where the protein is purified. These enzymes may digest
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Abbreviations: Ac,O, acetic anhydride; CHCA, a-cyano-4-hydroxycinnamic
acid; CHO, Chinese hamster ovary; DIPCDI, 1,3-diisopropylcarbodiimide; DIPEA,
N,N-diisopropylethylamine; DMAP, 4-(N,N-dimethylamino)pyridine; DMF, N,N-
dimethylformamide; DMSO, dimethylsulfoxide; ESI MS, electrospray ionization
mass spectrometry; EPO, erythropoietin; Fmoc, fluorenylmethoxycarbonyl;
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SA, spacer arm Ser-Gly-Ala-Ser-Gly; TBTU, 1-[bis(dimethylamino)methylene]-1H-
benzotriazolium hexafluorophosphate 3-oxide; tBu, tert-butyl; TFA, trifluoroacetic
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immobilized peptide ligand, thus shortening the useful life of the
affinity support. In such cases, slight chemical modifications can
be introduced to the peptide ligand to increase its stability [8].

Commonly, the verification of stability is evaluated with the
peptide in solution, which may differ from the resin-bound peptide
behavior [9]. Furthermore, if the peptide to be evaluated is in
solution in the reaction mixture, the study of the peptide
degradation products will require purification steps before their
analysis, making the study much more complicated [10].

In this work, we describe a simple strategy to evaluate the
stability of immobilized peptide ligands against proteases using
Hydroxymethylbenzamide-ChemMatrix (HMBA-CM) resin and
electrospray ionization (ESI) or matrix-assisted laser desorption/
ionization (MALDI) mass spectrometry (MS).

Materials

Hydroxymethylbenzamide-ChemMatrix resin was kindly donated
by Matrix Innovation Inc. (Montreal, Québec, Canada). Fmoc-amino
acids, 1-hydroxybenzotriazole (HOBt) and 1-[bis(dimethylamino)
methylene]-1H-benzotriazolium  hexafluorophosphate  3-oxide
(TBTU) were from Peptides International Inc. (Louisville, KY, USA).
1,3-Diisopropylcarbodiimide (DIPCDI), N,N-diisopropylethylamine
(DIPEA), triisopropylsilane (TIS), piperidine, bovine trypsin, bovine
chymotrypsin and o-cyano-4-hydroxycinnamic acid (CHCA) were
from Sigma-Aldrich (St. Louis, MO, USA). Chinese hamster ovary
(CHO) cell culture supernatant and recombinant human
erythropoietin (thEPO) produced in CHO cells were kindly donated
by Zelltek S.A. (Santa Fe, Argentina). N-hydroxysuccinimide (NHS)
activated Sepharose was from GE Healthcare Life Science
(Waukesha, WI, USA). All other reagents were AR grade. Z-3,5-
Dimethoxy-4-hydroxycinnamic acid (Z-sinapinic acid; Z-SA) was
prepared as described elsewhere [11,12].

Methods

Manual solid-phase peptide elongation and other solid-phase
manipulations were carried out in polypropylene syringes fitted
with a polyethylene porous disk. Solvents and soluble reagents
were removed by suction.

Fmoc Peptide Synthesis on HMBA-ChemMatrix Resin

The short peptide sequence Ser-Gly-Ala-Ser-Gly (SA) was used as a
spacer arm in all the evaluated peptides. This sequence is stable
to most proteases described [13]. The spacer arm is necessary
to increase the molecular weight of peptides to facilitate their
MS analysis and also to facilitate the interaction with both
proteases and target proteins.

The SA was synthesized on HMBA-CM resin (35-100 mesh-wet
sieved, 100-200 mesh-dry, 0.63 mmol/g). Then, the SA-HMBA-CM
resin  was divided to synthesize three model peptides
(Phe-Lys-Phe-Arg-Tyr-Thr-Ala-His, Ala-Tyr-Val-Lys-His-Arg-Ala-Phe
and Val-Arg-His-Tyr-Ser-Phe-Ala-Lys) with known trypsin and
chymotrypsin cleavage sites [13] using the Fmoc strategy as
previously described [14].

The L-peptide Ac-Phe-His-His-Phe-Ala-His-Ala, with known
affinity for rhEPO [15], and two new peptides, one with
the same sequence but containing only b amino acids (b analog:
Ac-D-Phe-p-His-p-His-p-Phe-p-Ala-p-His-p-Ala) and the other with b
amino acids but with inverted sequence (p retroinverse: Ac-p-Ala-p-

HMBA =)
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X, X, XX, XX X,SA-HMBA —O)

n l Proteases

X, X, X; X, X:X:X,SA-HMBA —()

X X,SA-HMBA —(O
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Scheme 1. Immobilized peptide stability evaluation. 1) Solid phase peptide
synthesis (SPPS) is performed on HVIBA-CM resin. A spacer arm (SA) is added
to increase the peptide molecular weight; 2) Peptidyl-beads are incubated
with proteases; 3) Peptides are separated from the resin with ammonia
vapor; 4) Peptides are analyzed by MS.

His-p-Ala-D-Phe-p-His-p-His-p-Phe) were also synthesized by the same
method, using the SA-HMBA-CM resin.

Threefold excess of Fmoc-amino acids was used at each coupling
step. The C-termini Gly was incorporated with DIPCDI in the
presence of 4-(N,N-dimethylamino)pyridine (DMAP) in N,N-
dimethylformamide (DMF) as per Mellor et al. [16]. The remaining
protected amino acids were incorporated with DIPCDI/HOBt and
TBTU/DIPEA. Fmoc removal was performed with piperidine/DMF
(1:4). Washings between deprotection, coupling and subsequent
deprotection steps were carried out with DMF and
dichloromethane (CH,Cl,). After peptide elongation, N-terminus
acetylation was performed by adding acetic anhydride (Ac,0)
(10 eq) and DIPCDI (10 eq) in CH,Cl,. Next, protecting groups were
removed with trifluoroacetic acid (TFA)/TIS/H,O (95:2.5:2.5 v/v/v)
during 4 h, leaving the unprotected peptides anchored to the resin.

Peptidyl-Resin Incubation with Trypsin, Chymotrypsin and
CHO Extract

Peptide beads were washed successively with CH,Cl,, DMF, H,0:
DMF (3:7; 5:5; 7:3 v/v) and H,0. Then, 100 mg of each peptidyl-resin
(approximately 10 000 peptidyl-beads) was incubated with solution
A (40-uM trypsin in 40 mM Tris-HCl, pH 8.1, 10 mM CaCl, buffer), B
(40-uM chymotrypsin in 40 mM Tris—HCl, pH 8.1, 10 mM CaCl,
buffer) or C (CHO cell culture supernatant) overnight at 37 °C. Bead
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Figure 1. ESI mass spectra of model peptide H-Phe-Lys-Phe-Arg-Tyr-Thr-Ala-His-Ser-Gly-Ala-Ser-Gly-NH, (FKFRYTAHSGASG) before (A) and after treatment
with chymotrypsin (B) and trypsin (C). The signals corresponding to the whole peptide at m/z 476.9 (FKFRYTAHSGASG + 3H") and 714.8
(FKFRYTAHSGASG + 2H"), and the signals corresponding to degradation products at m/z 343.7 (TAHSGASG + 2H), 686.3 (TAHSGASG + H"), 503.2

(RYTAHSGASG + 2H"), 425.2 (YTAHSGASG + 2H") and 849.4 (YTAHSGASG + H") are observed.

samples were taken after 1, 4, 6 and 24 h of incubation and then
thoroughly washed with H,O, H,O:DMF (7:3; 5:5; 3:7 v/v), DMF
and CH,Cl,. Finally, they were air dried.

Peptide Cleavage and Elution from the Beads

Peptides were detached from the resin with ammonia vapor as has
been previously described [17]. Samples of 0.2 mg of each peptidyl-
resin were placed into separate micro tubes, which were placed in a
drying chamber together with a flask containing 30% NH,OH. The
drying chamber was clamped shut and left to stand overnight at
room temperature. Released peptides were eluted by adding 1 ml
of acetic acid:acetonitrile (CH3CN):H,O (3:4:3 v/v/v).

Mass Spectrometry Analysis of the Eluted Peptides

Eluted peptides were analyzed by ESI MS and MALDI MS.

Electrospray ionization mass spectrometry was recorded in a
Bruker microTOF-Q Il (Bruker Daltonics GmbH, Leipzig, Germany).
A 5-ul aliquot of eluted peptide was injected and analyzed in
positive mode. The tip voltage was 3.5 KV, and the flow rate was
180 pl/h.

Matrix-assisted laser desorption/ionization mass spectrometry
were recorded in an Ultraflex Il TOF/TOF (Bruker Daltonics GmbH,
Leipzig, Germany). A 1-ul aliquot of eluted peptide was loaded onto
the sample plate, air-dried at room temperature, and then 1 ul of
MALDI matrix solution was added on the sample dried layer
(successive-dry-layers deposit method). Two matrix solutions were
assayed: (i) a-cyano-4-hydroxycinnamic acid (CHCA) 5 mg/ml in
CH3CN/H,0 (1:1, v/v) with 0.1% TFA and (ii) Z-sinapinic acid (Z-SA)

[11,12] 5 mg/ml in methanol (CH30H)/H,0 (1:1, v/v). Mass spectra
were acquired in the MS reflector positive ion mode.

Synthesis of the Peptide Affinity Chromatographic Matrix

Peptide ligand with affinity for rhEPO Ac-Phe-His-His-Phe-Ala-His-
Ala-Lys (LP) [15] and its corresponding b analog and b retroinverse:
Ac-p-Phe-p-His-p-His-p-Phe-b-Ala-p-His-p-Ala-Lys (DP) and Ac-p-Ala-
D-His-p-Ala-p-Phe-p-His-p-His-p-Phe-p-Ala-Lys (RP), were synthesized
by the Fmoc chemistry on Rink-amide resin, as described by Chan
and White [14]. The spacer arm was not incorporated in the peptide
because the NHS-Sepharose provides a spacer arm [18]. Manual
solid-phase  peptide elongation and other solid-phase
manipulations were carried out in polypropylene syringes fitted
with a polyethylene porous disk. Solvents and soluble reagents
were removed by suction. Peptides were synthesized using
threefold excess of each Fmoc-amino acid at each coupling step
incorporated with DIPEA/TBTU. Fmoc removal was performed with
piperidine/DMF (1:4). Washings between deprotection, coupling
and subsequent deprotection steps were carried out with DMF
and CH,Cl,. After completion of elongation, acetylation of the N-
terminus was performed by adding acetic anhydride (Ac,0)
(10 eq) and DIPCDI (10 eq) in CH,Cl,. A Lys was incorporated at
the C-terminus to allow the peptide to be coupled through its
side-chain amine group, thus assuring the same peptide
orientation in the Sepharose support as that in the HMBA-CM resin.
The peptide amide was synthesized to prevent peptide
polymerization during coupling. Peptides were separated from
the resin, and their side-chain protecting groups were removed
by treatment with a mixture of TFA/TIS/H,O (95:2.5:2.5) for 2 h.
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Peptides were isolated by precipitation with cold diethyl ether and
then dissolved in CH;CN/H,O (1:1) and lyophilized. These peptides
were then immobilized on NHS activated Sepharose, as described
by Hermanson et al. [6]. A threefold excess of each ligand peptide
LP, DP and RP dissolved in 1-ml dimethyl sulfoxide (DMSO) was
added to 1-ml NHS-Sepharose provided with a spacer arm with a
ligand density of 16-23 pmol NHS/ml drained medium. Anhydrous
triethylamine was added to a level equimolar to the amount of
peptide charge. The gel/peptide slurry was stirred for 4 h at room
temperature, and afterwards the LP-Sepharose, DP-Sepharose and
RP-Sepharose matrices were washed with DMSO. Any remaining
reactive group was blocked by addition of a slight excess of
ethanolamine at the end of the reaction.

rhEPO Adsorption Isotherm Determination

Chromatographic matrix aliquots, 30 ul, were put into tubes
containing 1-ml pure rhEPO solution at different concentrations in
20 mM sodium phosphate buffer, pH 4. The suspension was gently
shaken overnight at 24 °C to enable the system to reach its
equilibrium. Protein concentration was determined with Bradford
reagent. The equilibrium concentration of rhEPO bound to the
matrix was calculated as the total amount of rhEPO present at the
beginning of the experiment less the amount still in the soluble
phase at equilibrium. Dissociation constant (Kd) for each matrix
was calculated using a one-to-one Langmuir binding model as
described by Chase [19], using the SigmaPlot 2001 regression
program (2001 SPSS Inc).

Results and Discussion

In this work, a strategy to assess immobilized peptide ligand
stability against proteases using HMBA-CM resin and ESI MS or
MALDI MS was developed. Scheme 1 resumes the method.

ChemMatrix resin was used as the solid support. Its
amphiphilicity allowed elongation of the peptide sequence via
Fmoc-synthesis in organic solvents, and, afterwards, stability assays
performed by incubation of the peptidyl-resin in aqueous buffer
with proteases [20].

While the peptidyl-resin was incubated with aqueous solutions
of proteases, samples of beads were taken subsequently. Proteases,
N-terminal degradation products and buffer were removed easily
by washing and filtration processes. Because the peptide and their
C-terminal degradation products were covalently attached to the
beads, there was no need of arduous purification steps.

The next step consisted in the cleavage of the peptides with
ammonia vapor for their MS analysis. For that purpose, the linker
4-hydroxymethylbenzoic acid (HMBA) was used to introduce a
cleavage site between the peptide and the resin [21,22]. As has
been previously reported [23], the ammonia vapor was easily
removed by evaporation to avoid its interference in the MS
peptide analysis. The chemical structure of CM, composed
entirely of polyethyleneglycol (PEG) monomers that contain
exclusively primary ether bonds, made it chemically stable to
ammonia thus avoiding sample contamination that would affect
MS analysis.

Figure 1 shows an example of the ESI MS mass spectra obtained
before and after subjecting the peptide-beads to chymotrypsin or
trypsin digestion when model peptides were used. Electrospray
ionization mass spectrometry allowed the detection of the whole
peptides (Figure 1(A)) as well as their C-terminal enzymatic

degradation products (Figure 1(B) and (C)) obtained after
incubation with trypsin or chymotrypsin (other mass spectra are
shown in the Supporting Information).

Although both, ESI MS and MALDI MS are useful for peptide
analysis, less time is necessary for MALDI MS than for ESI MS.
Furthermore, unlike ESI MS, MALDI MS is an off-line technique in
which samples are spotted to a target plate prior to ionization
and therefore they can be reanalyzed.

When analyzing the peptides and their degradation products
with MALDI MS, a-cyano-4-hydroxycinnamic acid matrix clusters
interfered in MALDI MS analysis of low molecular weight products.
On the other hand, a minor number of cluster signals were
observed when using Z-sinapinic (Z-SA) acid matrix previously
described [12] as the matrix of choice for short peptide analysis
(Figure 2).

In a previous work, the synthesis and screening of combinatorial
peptide libraries to find peptides with affinity for rhEPO had been
described. In that work, the peptide Ac-Phe-His-His-Phe-Ala-His-
Ala-Lys (LP) proved to be a suitable affinity ligand for rhEPO
purification by affinity chromatography from crude CHO cell
cultures [15]. Therefore, as a proof of concept, the method herein
described was applied to assess the stability of the peptide LP. In
addition, due to the stereochemical selectivity of proteases, its
corresponding p analog (DP) and b retroinverse (RP) were also
evaluated [24]. Figure 3 shows the MALDI mass spectra of the L
peptide after incubation with chymotrypsin. The signals
corresponding to the entire L-peptide and the C-terminal
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Figure 2. MALDI mass spectra of model peptide H-Phe-Lys-Phe-Arg-Tyr-
Thr-Ala-His-Ser-Gly-Ala-Ser-Gly-NH, (FKFRYTAHSGASG) after treatment with
chymotrypsin using as matrix (A) Z-sinapinic acid and (B) a-cyano-4-
hydroxycinnamic acid. The signal corresponding to the whole peptide at
m/z 1427.5 (FKFRYTAHSGASG + H") and the signals corresponding to
degradation products at m/z 10055 (RYTAHSGASG + HY), 10275
(RYTAHSGASG + Na"), 6863 (TAHSGASG + H") and 7083
(TAHSGASG + Na®) are observed. The signals marked with an asterisk (*)
correspond to clusters of the MALDI matrix used.
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Figure 3. MALDI mass spectra of peptides (A) Ac-Phe-His-His-Phe-Ala-His-Ala-Ser-Gly-Ala-Ser-Gly-NH, (Ac-FHHFAHASGASG), (B) Ac-p-Phe-p-His-p-His-p-Phe-
D-Ala-p-His-p-Ala-Ser-Gly-Ala-Ser-Gly-NH, (Ac-fhhfahaSGASG) and (C) Ac-p-Ala-b-His-d-Ala-p-Phe-p-His-p-His-b-Phe-Ser-Gly-Ala-Ser-Gly-NH, (Ac-ahafhhfSGASG)
after treatment with chymotrypsin using Z-sinapinic acid matrix. The signals corresponding to the whole peptides at m/z 1266.5 (Ac-FHHFAHASGASG + H™,
Ac-fhhfahaSGASG + H" and Ac-ahafhhfSGASG + H"), 1288.5 (Ac-FHHFAHASGASG + Na®, Ac-fhhfahaSGASG + Na" and Ac-ahathhfSGASG + Na*) and 1304.4
(Ac-FHHFAHASGASG + K*, Ac-fhhfahaSGASG + K* and Ac-ahafhhfSGASG + K*) and the signal corresponding to the degradation product at m/z 656.3
(AHASGASG + HY), 678,5 (AHASGASG + Na*) and 694.3 (AHASGASG + K*) are observed. The signals marked with an asterisk (*) correspond to clusters of
the MALDI matrix used.

degradation product AHASGASG were clearly detected. On the
other hand, only the signals corresponding to the entire peptide
were observed when analyzing DP and RP even after 24 h of

incubation due to their higher stability towards proteases.

The three peptide ligands were immobilized on Sepharose and
their affinity towards rhEPO were evaluated by adsorption
isotherm experiments (Figure 4). The isotherms showed a good
fit of experimental data to a Langmuir-type isotherm. The
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Figure 4. Equilibrium adsorption isotherm for the binding of rhEPO to (A) LP-Sepharose, (B) DP-Sepharose and (C) RP-Sepharose. Chromatographic matrix
aliquots, 30 pl, were put into tubes containing 1-ml pure rhEPO solution at different concentrations. The suspension was gently agitated overnight at 24 °C.
Protein concentration was determined with Bradford reagent. Kd values of 1.8 M, 12 uM and 2.4 uM were obtained for LP-Sepharose, DP-Sepharose and RP-
Sepharose respectively.
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Figure 5. MALDI mass spectra of peptides (A) Ac-Phe-His-His-Phe-Ala-His-Ala-Ser-Gly-Ala-Ser-Gly-NH, (Ac-FHHFAHASGASG) and (B) Ac-p-Ala-p-His-p-Ala-p-
Phe-p-His-p-His-D-Phe-Ser-Gly-Ala-Ser-Gly-NH, (Ac-ahafhhfSGASG) after treatment with CHO cells extract during 24 h at 24 °C. The matrix used was
Z-sinapinic acid in both cases. The signals at m/z 1266.5 (Ac-FHHFAHASGASG + H* and Ac-ahafhhfSGASG + H*), 1288.5 (Ac-FHHFAHASGASG + Na* and
Ac-ahafhhfSGASG + Na*) and 1304.4 (Ac-FHHFAHASGASG + K* and Ac-ahafhhfSGASG + K*) correspond to the whole peptide. No degradation products
are observed. The signals marked with an asterisk (*) correspond to clusters of the MALDI matrix used.

dissociation constant (Kd) of the LP-Sepharose (Kd = 1.8 = 0.1 pM)
was similar to RP-Sepharose (Kd = 24 + 0.6 puM), while DP-
Sepharose showed a higher Kd (12 + 7.0 uM). The apparent
binding constant (1/Kd) of the immobilized peptides were
52 x 10° I/mol and 4.2 x 10° I/mol for LP-Sepharose and RP-
Sepharose, respectively, and 8.3 10* I/mol for DP-Sepharose. As
has been previously described [25-27], one drawback of using
a p-analogue is the affinity loss towards the target. On the other
hand, the retroinverse peptide, due to its similar side chain
topology to the parent peptide, exhibited similar affinity with
an enhanced resistance to proteolysis, and therefore increased
stability.

Although both LP and RP are suitable ligands for rhEPO
purification, RP is much more expensive due to the use of p-amino
acids in its synthesis. When working on an industrial process, such
as the production of rhEPO for therapeutic use, expressed in
recombinant CHO cells, the cost must be minimized. The stability
of both peptides was also evaluated with CHO cell extracts.
The MS spectrum of LP (Figure 5) as well as of RP did not show
C-terminal degradation products after 24 h of incubation with
the extract thus proving that the cheaper LP-Sepharose
previously described [15] can be used to purify rhEPO from
recombinant CHO cell culture.

Conclusion

The method here developed allowed a fast assessment of the
peptide ligands stability in solid phase towards proteases that
may be present in the crude sample, before their use in affinity
chromatography. Due to the high sensitivity of MS, only a small
sample of peptidyl-resin is required to perform the evaluation. As
the enzymatic digest is performed in solid-phase, no hard
purification protocols are needed before the analysis because the
degradation products are still attached to the resin. Furthermore,
this method uses techniques and reagents frequently used in all
peptide laboratories, and therefore it is friendlier than other current
strategies. In conclusion, we have optimized the peptide-stability
analysis after protease interaction using a new method that can
be applied in a wide range of laboratories.

Acknowledgements

This work was partially supported by the Consejo Nacional de
Investigaciones Cientificas y Técnicas de la Republica Argentina
(CONICET), PIP 11220130100119CO, the Universidad de Buenos
Aires (20020130100060BA) and the Ministerio de Ciencia,
Tecnologia e Innovacion Productiva de la Republica Argentina

wileyonlinelibrary.com/journal/jpepsci

Copyright © 2017 European Peptide Society and John Wiley & Sons, Ltd.

J. Pept. Sci. 2017; 23: 685-692



IMMOBILIZED PEPTIDE STABILITY EVALUATION AGAINST PROTEASE

Journal of

Peptide

(PICT-2014-1508). S.L.G,, M.L.S, MCM.C, O.C, REB. and S.AC. are
researchers of the CONICET. We thank Simon Coté from Matrix
Innovation Inc for the generous donation of HMBA-ChemMatrix
resin and Guillermina Forno (Zelltek S.A.) for the rhEPO and CHO
extract donation.

References

1 Hage DS, Matsuda R. In Methods in Molecular Biology: Affinity
Chromatography, Reichelt S (ed.). Springer: New York, USA, 2015 Vol
1286, Ch 1, 1-19.

2 Camperi SA, Martinez-Ceron MC, Giudicessi SL, Marani MM, Albericio F,
Cascone O. In Methods in Molecular Biology: Protein Downstream
Processing, Labrou N (ed.). Humana Press Inc. Springer: New York,
USA, 2014 Vol 1129, Ch. 22, 277-302.

3 Perret G, Santambien P, Boschetti E. The quest for affinity
chromatography ligands: are the molecular libraries the right source?
J. Sep. Sci. 2015; 38: 2559.

4 Merrifield RB. Solid phase peptide synthesis. I. The synthesis of a
tetrapeptide. J. Am. Chem. Soc. 1963; 85: 2149.

5 Stawikowski M, Fields GB. In Curr. Protoc. Protein Sci, Taylor C (ed.). John
Wiley & Sons, Inc: USA, 2012 Ch 18.1, 1-13.

6 Hermanson GT, Mallia AK, Smith PK. In Immobilized Affinity Ligand
Techniques, Hermanson GT , Mallia AK, Smith PK (eds.). Academic
Press Inc: USA, 1992 Ch. 3, 137-279.

7 Camperi SA, Marani MM, Martinez-Ceron MC, Albericio F, Cascone O.
Protein purification by affinity chromatography with peptide ligands
selected from the screening of combinatorial libraries. Trends
Chromatogr. 2010; 5: 11.

8 Knor S, Khrenov AV, Laufer B, Saenko EL, Hauser CA, Kessler H.
Development of a peptidomimetic ligand for efficient isolation and
purification of factor VI via affinity chromatography. J. Med. Chem.
2007; 50: 4329.

9 Bell LN. Peptide stability in solids and solutions. Biotechnol. Prog. 1997;
13: 342,

10 Knor S, Khrenov A, Laufer B, Benhida A, Grailly SC, Schwaab R,
Oldenburg J, Beaufort N, Magdolen V, Saint-Remy JM, Saenko EL,
Hauser CA, Kessler H. Efficient factor VIII affinity purification using a
small synthetic ligand. J. Thromb. Haemost. 2008; 6: 470.

11 Salum ML, Robles CJ, Erra-Balsells R. Photoisomerization of ionic liquids
ammonium cinnamates: one-pot synthesis-isolation of Z-cinnamic
acids. Org. Lett. 2010; 12: 4808.

12 Salum ML, Giudicessi SL, Schmidt De Ledn T, Camperi SA, Erra-Balsells R.
Application of Z-sinapinic matrix in peptide MALDI-MS analysis. J. Mass
Spectrom. 2017. https://doi.org/10.1002/jms.3908.

13 Sweeney PJ, Walker JM. In Methods in Molecular Biology: Enzymes of
Molecular Biology, Burrell MM (ed.). Humana Press: USA, 1993 Ch.
15.

14 Chan WC, White PD. In Fmoc Solid Phase Peptide Synthesis. A Practical
Approach, Chan WC, White PD (eds.). Oxford University Press: USA,
2000 Ch. 3, 277-303.

15 Martinez-Ceron MC, Marani MM, Taulés M, Etcheverrigaray M,
Albericio F, Cascone O, Camperi SA. Affinity chromatography based on
a combinatorial strategy for rerythropoietin purification. ACS Comb. Sci.
2011; 13: 251.

16 Mellor SL, Wellings DA, Fehrentz JA, Paris M, Martinez J. In Fmoc Solid
Phase Peptide Synthesis. A Practical Approach, Chan WC , White PD
(eds.). Oxford University Press: USA, 2000 Ch. 6, 137-181.

17 Martinez-Ceron MC, Giudicessi SL, Marani MM, Albericio F, Cascone O,
Erra-Balsells R, Camperi SA. Sample preparation for sequencing hits
from one-bead-one-peptide combinatorial libraries by matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry. Anal.
Biochem. 2010; 400: 295.

18 GE Life Science productos page: NHS-Activated Sepharose 4 Fast Flow.
http://www.gelifesciences.com/webapp/wcs/stores/servlet/catalog/en/
GELifeSciences-ar/products/AlternativeProductStructure_17313/
17090601. (accessed: January 2017)

19 Chase HA. Prediction of the performance of preparative affinity-
chromatography. J. Chromatogr. 1984; 297: 179.

20 Garcia-Martin F, Quintanar-Audelo M, Garcia-Ramos Y, Cruz LJ, Gravel C,
Furic R, Coté S, Tulla-Puche J, Albericio F. ChemMatrix, a poly(ethylene
glycol)-based support for the solid-phase synthesis of complex
peptides. J. Comb. Chem. 2006; 8: 213.

21 Atherton E, Logan CJ, Sheppard RC. Synthesis of substance P and of acyl
carrier protein 65-74 decapeptide.J. Chem. Soc. Perkin Trans. 1981; 1:538.

22 Camperi SA, Marani MM, lannucci NB, Coté S, Albericio F, Cascone O. An
efficient strategy for the preparation of one-bead-one-peptide libraries
on a new biocompatible solid support. Tetrahedron Lett. 2005; 46: 1561.

23 Camperi SA, Giudicessi SL, Martinez-Ceron MC, Gurevich-Messina JM,
Saavedra SL, Acosta G, Cascone O, Erra-Balsells R, Albericio F.
Combinatorial library screening coupled to mass spectrometry to
identify valuable cyclic peptides. Curr. Protoc. Chem. Biol. 2016; 8: 109.

24 Adessi C, Soto C. Converting a peptide into a drug: strategies to improve
stability and bioavailability. Curr. Med. Chem. 2002; 9: 963.

25 Taylor M, Moore S, Mayes J, Parkin E, Beeg M, Canovi M, Gobbi M,
Mann DMA, Allsop D. Development of a proteolytically stable retro-
inverso peptide inhibitor of beta-amyloid oligomerization as a
potential novel treatment for Alzheimer’s disease. Biochemistry (Mosc)
2010; 49: 3261.

26 Goodwin D, Simerska P, Toth I. Peptides as therapeutics with enhanced
bioactivity. Curr. Med. Chem. 2012; 19: 4451.

27 Uebel S, Kraas W, Kienle S, Wiesmuller K, Jung G, Tampe R. Recognition
principle of the TAP transporter disclosed by combinatorial peptide
libraries. Proc. Natl. Acad. Sci. 1997; 94: 8976.

Supporting information

Additional Supporting Information may be found online in the
supporting information tab for this article.

Figure S1. ESI mass spectra of peptide H-Ala-Tyr-Val-Lys-
His-Arg-Ala-Phe-Ser-Gly-Ala-Ser-Gly-NH, (AYVKHRAFSGASG) after
treatment with chymotrypsin (A) and trypsin (B). The signals
corresponding to the whole peptide at m/z 4499
(AYVKHRAFSGASG + 3H") and 674.8 (AYVKHRAFSGASG + 2H")
and the signals corresponding to the degradation products 377.2
(SGASG + H"), 595.3 (AFSGASG + H") and 888.4 (HRAFSGASG + H*)
are observed.

Figure S2. MALDI mass spectra of peptide H-Ala-Tyr-Val-Lys-
His-Arg-Ala-Phe-Ser-Gly-Ala-Ser-Gly-NH, (AYVKHRAFSGASG) after
treatment with trypsin using as matrix (A) Z-sinapinic acid and (B)
a-cyano-4-hydroxycinnamic acid. The signals corresponding to
the degradation products at m/z 888.4 (HRAFSGASG + H") and
9114 (HRAFSGASG + Na®), 5953 (AFSGASG + H"), 6183
(AFSGASG + Na") and 634.3 (AFSGASG + K*) are observed. The
signals marked with an asterisk (*) correspond to clusters of the
MALDI matrix used.

Figure S3. MALDI mass spectra of peptide H-Ala-Tyr-Val-Lys-
His-Arg-Ala-Phe-Ser-Gly-Ala-Ser-Gly-NH, (AYVKHRAFSGASG) after
treatment with chymotrypsin using as matrix (A) Z-sinapinic
acid and (B) o-cyano-4-hydroxycinnamic acid. The signals
corresponding to the degradation products at m/z 1115.6
(VKHRAFSGASG + H*), 1138.6 (VKHRAFSGASG + Na*) and 1154.6
(VKHRAFSGASG + K), 377.2 (SGASG + H*), 400.2 (SGASG + Na*)
and 416.2 (SGASG + K*) are observed. The signals marked with an
asterisk (*) correspond to clusters of the MALDI matrix used.
Figure S4. ESI mass spectrum of peptide H-Val-Arg-His-Tyr-Ser-Phe-
Ala-Lys-Ser-Gly-Ala-Ser-Gly-NH, (VRHYSFAKSGASG) after treatment
with chymotrypsin. The signal at m/z 682.85 corresponds to the
whole peptide VRHYSFAKSGASG + 2H". The signals at m/z 576.3
and 810.4 correspond to the degradation products SFAKSGASG +H*
and KSGASG + H* respectively.

Figure S5. MALDI mass spectra of peptide H-Val-Arg-His-Tyr-
Ser-Phe-Ala-Lys-Ser-Gly-Ala-Ser-Gly-NH, (VRHYSFAKSGASG) after
treatment with trypsin using as matrix (A) Z-sinapinic acid and (B)
a-cyano-4-hydroxycinnamic acid. The signals corresponding to
the degradation product at m/z 377.2 (SGASG + H*), 400.2
(SGASG + Na™) and 416.2 (SGASG + K*) are observed. The signals
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marked with an asterisk (¥) correspond to clusters of the MALDI
matrix used.

Figure S6. MALDI mass spectra of peptide H-Val-Arg-His-Tyr-
Ser-Phe-Ala-Lys-Ser-Gly-Ala-Ser-Gly-NH, (VRHYSFAKSGASG) after
treatment with chymotrypsin using as matrix (A) Z-sinapinic acid
and (B) oa-cyano-4-hydroxycinnamic acid. The  signals
corresponding to the degradation product at m/z 8104
(SFAKSGASG + H*), 8334 (SFAKSGASG + Na') and 849.4
(SFAKSGASG + K*) are observed. The signals marked with an
asterisk (*) correspond to clusters of the MALDI matrix used.
Figure S7. MALDI mass spectra of the peptide Ac-Phe-His-His-Phe-
Ala-His-Ala-Ser-Gly-Ala-Ser-Gly-NH, (Ac-FHHFAHASGASG) before
treatment with chymotrypsin using as matrix (A) Z-sinapinic acid
and (B) a-cyano-4-hydroxycinnamic acid. The signals
corresponding to the whole peptide at m/z 1266.5
(Ac-FHHFAHASGASG + H*) 12885 (Ac-FHHFAHASGASG + Na*)
and 1304.4 (Ac-FHHFAHASGASG + K*) are observed. The signals
marked with an asterisk (¥) correspond to clusters of the MALDI
matrix used.

Figure S8. MALDI mass spectra of the peptide Ac-Phe-His-His-Phe-
Ala-His-Ala-Ser-Gly-Ala-Ser-Gly-NH, (Ac-FHHFAHASGASG) after 1-h
treatment with chymotrypsin using as matrix (A) Z-sinapinic acid
and (B) a-cyano-4-hydroxycinnamic  acid. The signals
corresponding to the whole peptide at m/z 1266.5
(Ac-FHHFAHASGASG + H™) 12885 (Ac-FHHFAHASGASG + Na®)
and 13044 (Ac-FHHFAHASGASG + K% and the signal
corresponding to the degradation product at m/z 656.3
(AHASGASG + H*) are observed. The signals marked with an
asterisk (*) correspond to clusters of the MALDI matrix used.
Figure S9. MALDI mass spectra of the peptide Ac-Phe-His-His-
Phe-Ala-His-Ala-Ser-Gly-Ala-Ser-Gly-NH, (Ac-FHHFAHASGASG) after
4-h treatment with chymotrypsin using as matrix (A) Z-sinapinic
acid and (B) o-cyano-4-hydroxycinnamic acid. The signals
corresponding to the whole peptide at m/z 1266.5
(Ac-FHHFAHASGASG + H™) 12885 (Ac-FHHFAHASGASG + Na®)

and 13044 (Ac-FHHFAHASGASG + K" and the signals
corresponding to the degradation product at 656.3
(AHASGASG + H*'), 6785 (AHASGASG + Na*) and 694.3

(AHASGASG + K¥) are observed. The signals marked with an asterisk
(*) correspond to clusters of the MALDI matrix used.

Figure S10. MALDI mass spectra of the peptide Ac-Phe-His-His-
Phe-Ala-His-Ala-Ser-Gly-Ala-Ser-Gly-NH, (Ac-FHHFAHASGASG) after
6-h treatment with chymotrypsin using as matrix (A) Z-sinapinic
acid and (B) o-cyano-4-hydroxycinnamic acid. The signals

corresponding to the whole peptide at m/z 12665
(Ac-FHHFAHASGASG + H") 12885 (Ac-FHHFAHASGASG + Na*)
and 13044 (Ac-FHHFAHASGASG + K") and the signals
corresponding to the degradation product at m/z 656.3
(AHASGASG + H"), 6785 (AHASGASG + Na*) and 6943
(AHASGASG + K*) are observed. The signals marked with an asterisk
(*) correspond to clusters of the MALDI matrix used.

Figure S11. MALDI mass spectrum of the peptide Ac-Phe-His-
His-Phe-Ala-His-Ala-Ser-Gly-Ala-Ser-Gly-NH,  (Ac-FHHFAHASGASG)
after 24-h treatment with chymotrypsin using a-cyano-4-
hydroxycinnamic acid as matrix. The signals corresponding to the
whole peptide at m/z 1266.5 (Ac-FHHFAHASGASG + H*) 12885
(Ac-FHHFAHASGASG + Na*) and 1304.4 (Ac-FHHFAHASGASG + K*)
and the signals corresponding to the degradation product at m/z
656.3 (AHASGASG + HY), 6785 (AHASGASG + Na*) and 694.3
(AHASGASG + K*) are observed. The signals marked with an asterisk
(*) correspond to clusters of the MALDI matrix used.

Figure $S12. MALDI mass spectra of the peptide Ac-Phe-His-His-Phe-
Ala-His-Ala-Ser-Gly-Ala-Ser-Gly-NH, (Ac-FHHFAHASGASG) after 1-h
treatment with CHO cell extract using as matrix (A) Z-sinapinic acid
and (B) a-cyano-4-hydroxycinnamic acid. The signals at m/z 1266.5,
1288.5 and 13044 correspond to the whole peptide as Ac-
FHHFAHASGASG + H*, Ac-FHHFAHASGASG + Na* and Ac-
FHHFAHASGASG + K" respectively. No degradation products are
observed. The signals marked with an asterisk (*) correspond to
clusters of the MALDI matrix used.

Figure S13. MALDI mass spectra of the peptide Ac-Phe-His-His-Phe-
Ala-His-Ala-Ser-Gly-Ala-Ser-Gly-NH, (Ac-FHHFAHASGASG) after 6-h
treatment with CHO cell extract using as matrix (A) Z-sinapinic acid
and (B) a-cyano-4-hydroxycinnamic acid. The signals at m/z 1266.5,
1288.5 and 13044 correspond to the whole peptide as Ac-
FHHFAHASGASG + H*, Ac-FHHFAHASGASG + Na" and Ac-
FHHFAHASGASG + K*, respectively. No degradation products are
observed. The signals marked with an asterisk (*) correspond to
clusters of the MALDI matrix used.

Figure S14. MALDI mass spectrum of the peptide Ac-Phe-His-His-
Phe-Ala-His-Ala-Ser-Gly-Ala-Ser-Gly-NH, (Ac-FHHFAHASGASG) after
24 h treatment with CHO cell extract using o-cyano-4-
hydroxycinnamic acid as matrix. The signals at m/z 1266.5, 1288.5
and 13044 correspond to the whole peptide as Ac-
FHHFAHASGASG + H*, Ac-FHHFAHASGASG + Na* and Ac-
FHHFAHASGASG + K*, respectively. No degradation products are
observed. The signals marked with an asterisk (*) correspond to
clusters of the MALDI matrix used.
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