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Abstract: Solid phase screenings of one bead one compound (OBOC) libraries have been widely used to find ligands with 
pharmacological and analytical uses, and to purify or detect proteins in complex mixtures. To improve library screening, 
in the last years various strategies have been developed to avoid the selection of false positive beads and to obtain 
selective ligands. Currently, there is great interest in cyclic peptides because of their resistance to enzymatic degradation 
and higher selectivity compared to their linear counterparts. Lots of cyclic peptide libraries protocols have been recently 
developed to facilitate hits analysis. The aim of this review is to summarize the latest applications of solid phase screening 
of OBOC combinatorial peptide libraries, the improvements in the screening methods including mass spectrometry 
MS/MS techniques and the strategies to synthesize OBOC cyclic peptide libraries. 
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1. INTRODUCTION 

 Short peptides are more physically and chemically stable 
than proteins. They can be synthesized in bulk quantities, at 
low cost, and under good manufacturing practices. 
Furthermore, they can be easily modified to improve their 
resistance against proteolytic cleavage and, unlike proteins, 
oligopeptides hardly cause poisoning and immune responses. 
Peptide libraries have been widely used to find ligands for 
pharmacological and/or analytical purposes, and to purify or 
detect proteins in complex mixtures [1-16]. 
 To search for new peptide ligands, nowadays there are 
many strategies to produce synthetic peptide libraries with 
thousand to millions of compounds. Unlike biological 
peptide libraries, ᴅ-amino acids, unnatural amino acids, and 
other organic moieties can be used as building blocks 
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together with the ʟ-amino acids and, hence, the diversity is 
increased. In all approaches, a large family of compounds is 
generated in a faster way and with less effort that if each 
member is synthesized individually [17, 18]. 
 The resourceful idea of solid phase peptide synthesis 
introduced by Merrifield [19] facilitated the development of 
library synthesis strategies. In 1984 Geysen et al. [20] 
introduced the multipin technology to synthesize a 96-
compound peptide library. Since then, different approaches 
have been developed. First ones consisted on synthesizing 
simultaneously multiple peptides of known sequences, such 
as multipin [20], tea-bags [21], spot [22] and the light-
directed, spatially addressable, parallel chemical synthesis 
[23]. The number of members in these libraries is limited to 
no more than 100-200, and the amino acid sequence of each 
peptide is pre-determined and known, so there is no need for 
sequence analysis. 
 To increase the number of members from hundreds to 
thousands, a combinatorial synthetic method was developed 
almost simultaneously by different groups and with different 
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names: divide-couple-recombine [24], portion-mixing [25], 
and split and mix [26]. In this approach, synthesis is 
performed using solid phase resin beads. First, the resin 
beads are equally divided. Then, one amino acid is coupled 
in each portion. Finally, all the portions are mixed in one 
container. The total of members of the combinatorial library 
will be kn, where “k” represents the number of building 
blocks used, and “n” represents the number of variable 
residues in the peptide and steps in the process [20, 24-26] 
(Fig. 1). The method was developed to overcome the 
differential coupling rates of each amino acid and ensures an 
equal representation of all members of the library. 
 

 
 
Fig. (1). Divide-couple-recombine, portion-mixing, or split and 
mix: (1) The resin is divided into equal portions. The number of 
portions (k) is determined by the number of amino acids varied in 
each position. (2) In each portion a different amino acid is coupled. 
(3) All the portions are mixed in a unique container. The process is 
repeated “n” times, where n represents the number of residues in 
the peptides synthesized. X=equimolar mixture of the amino acids 
used. 
 

 Library screening can be performed in solution. Peptide 
mixtures are cleaved from their solid support and assayed as 
free peptide mixtures using the positional scanning screening 
methods [24]. The combinatorial mixtures are made up of 
peptide sequences in which one position is defined while the 
others consist of equimolar mixtures of the amino acids 
assayed. For example, a hexapeptide library will consist of 
six groups of libraries with the format O1XXXXX-NH2, 

XO2XXXX-NH2, XXO3XXX-NH2, XXXO4XX-NH2, 
XXXXO5X-NH2 and XXXXXO6-NH2, where X represents 
the combinatorial mixture of the amino acids and O 
represents one defined amino acid. The bioactivity of each 
sub-library is assayed in solution and the remaining mixture 
positions are determined through an iterative selection 
process in order to identify active sequences. Although this 
strategy has been widely used in drug discovery [27, 28] it 
implies the synthesis of numerous libraries and therefore is 
very tedious and also expensive. 

 Lam et al. [26] realized that the divide-couple-recombine 
synthetic method assured a one-bead-one-compound 
(OBOC) distribution, in which each bead displayed only one 
peptide entity. Taking advantage of this property, they 
designed a binding solid phase screening strategy far less 
expensive than the solution assay. The methods involves: (a) 
incubating the resin beads with a blocking solution to avoid 
unspecific interactions; (b) incubating the target with the 
library; (c) identifying those beads with the target adsorbed 
using antibodies against the target or by labeling the target 
with a reporter group; (d) isolating positive beads; (e) 
washing the beads to desorb the target; (f) deducing their 
peptide sequences by Edman’s degradation; (g) synthesizing 
peptide hits in higher quantities to assay their bioactivity, 
specificity, and/or affinity for the target. 

 Amphiphilic resins suitable for library synthesis and 
screening, performed in organic solvents and in aqueous 
buffers respectively, must be used in this approach. Those 
targets that cannot be detected directly must be labeled. 
Therefore, there is a risk of selecting hits with affinity for the 
label. To improve OBOC screening, in the last years various 
strategies have been developed to avoid the selection of false 
positive beads and to obtain selective ligands [29-32]. 

 As the peptide contained in each selected bead is 
unknown, its sequence must be identified. Edman’s 
degradation is a high cost technique and only suitable for 
peptides with free N-terminal. Nowadays, tandem mass 
spectrometry (MS/MS) using soft ionization techniques, like 
electrospray ionization (ESI) [33] and matrix-assisted laser 
desorption/ionization (MALDI) [34, 35], outstrip Edman’s 
degradation. It is less expensive and time-consuming, and 
allows sequencing of N-terminal blocked peptides. OBOC 
libraries have been designed with linkers suitable to release 
hit peptides after the screening process for MS/MS analysis 
[36-39]. 

 Currently, there is a great interest in cyclic peptides 
because of their resistance to enzymatic degradation and 
higher selectivity compared to their linear counterparts [40, 
41]. However, their sequence elucidation by MS/MS is 
difficult due to their fragmentation pattern [42]. To facilitate 
cyclic peptide hit analysis, lots of OBOC cyclic peptide 
libraries protocols have been recently developed. 

 The aim of this review is to summarize the latest 
applications of solid phase screening of OBOC combinatorial 
peptide libraries, and the improvements in the screening 
methods and in the strategies to synthesize OBOC cyclic 
peptide libraries. 



Latest Advances in OBOC Peptide Libraries Current Pharmaceutical Biotechnology, 2016, Vol. 17, No. 5    3 

2. LATEST APPLICATIONS OF LINEAR OBOC 
PEPTIDE COMBINATORIAL LIBRARIES 

 During the last five years, combinatorial linear peptide 
libraries screening has been used to find peptides with 
affinity for many biomolecules to apply in affinity 
chromatography, diagnosis and as bioactive compounds. 
 Yang et al. [43] described the peptide His-Trp-Arg-Gly-
Trp-Val that binds specifically to the Fc fragment of human 
immunoglobulin G. The peptide ligand developed is more 
chemically stable and less expensive than protein A or B, 
commonly used for antibody purification. Recently, the 
peptide was used by Menegatti et al. [44] to purify 
polyclonal antibodies (pAbs) from Cohn fraction II+III of 
human plasma, bovine skim milk and whey, and afterwards 
by Liu et al. [45, 46] to purify IgA and IgM. 
 Lund et al. [47] identified two novel peptide ligands by 
OBOC screening for mAb purification: D2-Ala-Ala-Gly and 
D-Ala-Ala-Gly. Both contain natural amino acids, Ala and 
Gly, as well as the synthetic aromatic acid 2,6-di-t-butyl-4-
hydroxybenzyl acrylate (D). Wang et al. [48], by molecular 
docking and dynamics simulation, demonstrated that they 
interact with the Fc fragment of IgGs. 
 Camperi et al., developed peptide ligands for affinity 
chromatography by screening OBOC peptide libraries using 
the 4-hydroxymethylbenzoic acid (HMBA) linker 
immobilized on ChemMatrix resin [49]. The linker HMBA 
facilitates the peptide cleavage from each bead isolated after 
the screening and its identification by tandem mass 
spectrometry [50]. Two peptide ligands were found for 
rhEPO purification from CHO cell cultures: Phe-His-His-
Phe-Ala-His-Ala-Gly-NH2 and Phe-His-Asn-Phe-Ala-His-
Ala-Gly-NH2 [50]. Recently, we identified peptides to purify 
Crotalus durissus terrificus phospholipase A2 (CDT PLA2) 
[51] in only one step. Muller et al. [52] reported that CDT 
PLA2 strongly inhibits the yellow fever and dengue viruses 
growth in VERO E6 cells, and it can be used as a possible 
antiviral agent against several tropical diseases. 
 OBOC peptide libraries were also used to find affinity 
ligands for live cells by Cho et al. [53] that could be used in 
molecular imaging and target drug delivery. They designed a 
screening of cancer cells using the Complex Object 
Parametric Analyzer and Sorter (COPAS) BIOBEAD flow 
sorting equipment (Union Biometrica), which has the 
capacity to sort large objects (120-300 µm) on the basis of 
their size, density, and fluorescence [54-57]. 
 Kumaresen et al. [58] used an OBOC library to find 
peptide ligands to block the C-reactive protein (CRP), related 
to cardiovascular disease. Six peptides were found and their 
inhibition performances were assayed. 
 Hepatitis B X-protein (HBx) has been related to the 
development of hepatocellular carcinoma (HCC). Liao and 
co-workers [59] used an OBOC peptide library to identify 
two peptides that bind the promoter region of the HBx gen in 
order to shut down its expression. They suggested their use 
as possible therapeutic agents to prevent HCC. 
 Also, Witucki et al. [60], applied the OBOC peptide 
library approach to find substrates for the focal adhesion 
kinase, an enzyme that has emerged as an important target 

for cancer research, and proposed their possible applications 
in diagnosis. 
 As was previously reviewed by Gautam et al. [61], 
OBOC libraries have been used, for their applications in 
cancer therapeutics and diagnosis, to find peptides with 
potential to detect tumors in vivo and to deliver anticancer 
agents to the tumor site. 

3. RECENT DEVELOPMENTS IN OBOC SCREENING 
TECHNIQUES 

 A drawback of solid phase strategies is that low 
selectivity ligands may be selected. Non-ionic detergents and 
blocking agents such as gelatin or powdered milk are used 
during the screening to avoid non-specific interactions. Also, 
false positive beads may be selected. When the target is 
labeled with biotin, positive bead identification is performed 
using streptavidin (SA) coupled with peroxidase (POD) or 
alkaline phosphatase. It has been reported that beads with 
His-Pro-Gln and His-Pro-Met motifs have high affinity for 
SA, giving rise to false positive selection [62]. Furthermore, 
as we have previously reported [55], when screening the 
library with the target protein coupled with fluorescent dyes, 
peptides with high content of hydrophobic amino acids 
interact with the dye, resulting in false positive beads. We 
have noticed that those beads showed bright homogeneous 
fluorescence while true positive beads displayed a 
heterogeneous fluorescence, exhibiting a halo-like 
appearance with high fluorescence intensity on the bead 
surface and low in the core. 

 To avoid false positive selection when screening a 
TentaGel OBOC library with an Alexa Fluor 647-labeled 
protein, Cha et al. [29] first sorted all fluorescent beads from 
above the maximum fluorescence level using the COPAS 
[54, 55]. In a second stage, all sorted objects were further 
analyzed to discard less meaningful beads based on the 
uniformity of fluorescence along the length of a bead by 
Profiler software (Union Biometrica). Also, they discarded 
the small broken TentaGel beads because they showed 
abnormally strong fluorescent intensity due to the exposure 
of the polystyrene core, resulting in a strong interaction with 
target proteins. 

 In our laboratory, we designed a two-stage screening 
method [30] using bovine serum albumin (BSA) as the 
model protein. In a first stage, BSA labeled with Texas red 
was incubated with the OBOC peptide library. All 
fluorescent beads were selected by using the COPAS. 
Positive beads were collected in a syringe and washed. Next, 
they were incubated with the target labeled with biotin. 
Finally, beads were incubated with SA-POD conjugate and 
revealed with 3,3'-diaminobenzidine and H2O2. Positive 
beads were isolated and their peptides identified by MS/MS 
analysis. 

 Another limitation of OBOC screening process when 
using proteins labeled with fluorescent dyes, is the 
autofluorescence of the resin beads. Hintersteiner & Auer 
[71] equipped the COPAS bead sorting instrument with a 
high-speed profiling unit and developed a spectral 
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autofluorescence correction method, making COPAS 
selection more restrictive. 
 To avoid the selection of low affinity ligands, Doran et 
al. [32] proposed the use of redundant OBOC libraries in 
which each compound was represented by many beads. After 
the screening, only compounds isolated more than once were 
selected as possible hits. 
 Magnetic particles have been used to facilitate positive 
peptide beads isolation. Recently, Liu et al. [63] developed a 
three stage screening protocol using streptavidin magnetic 
nanoparticles, previouly introduced by Samson et al. [64]. In 
the first stage, they mixed the library beads with the target 
labeled with biotin and isolated the positive beads using 
streptavidin-coated magnetic particles (Dynabeads) and a 
magnet. The selected beads were washed and the bound 
protein was removed using chaotropic agents. Selected beads 
were incubated again with the target labeled with biotin, but 
in this second stage positive bead identification was 
performed using streptavidin coupled with alkaline 
phosphatase. After bromo-4-chloro-3-indolyl phosphate 
(BCIP) addition, those bead that become turquoise colored 
due to the dye precipitation were selected. Once again, 
selected beads were washed. Finally, the beads were 
incubated with the protein labeled with Texas red and red 
fluorescent halo hits were manually selected under a 
fluorescent microscope. 
 Astle and coworkers [65] combined bead-based and 
microarray methodologies to take advantage of their 
complementary strengths. They incubated the OBOC library 
with the target protein and, after washing, they added anti-
target protein antibodies linked to magnetic particles. A 
magnet was used to isolate positive beads. Then they 
identified the sequence of the hits using tandem mass 
spectrometry and spoted them onto microarrays for 
subsequent quantitative analysis without the need for hit re-
synthesis. The compound microarrays were probed with 
different concentrations of the target protein to determine the 
intrinsic affinity of each hit compound for the target. In that 
way, no re-synthesis of the hits was necessary until the best 
binders were identified. 
 Although magnetic particles seem to be an excelent 
option to facilitate positive beads isolation, the protocol must 
be highly optimized in order to select only positive beads 
and avoid the selection of a large number of false positives, 
as was recently reported by Mendes et al. [66]. 

4. PROTOCOLS FOR OBOC CYCLIC LIBRARIES 
SYNTHESIS 

 In the last years, there has been much interest in the 
OBOC combinatorial cyclic peptides libraries development. 
Cyclization lowers conformational flexibility and removes 
exopeptidases vulnerable sites [40, 41]. Even more, very 
often cyclic peptides mimic biologically relevant regions of 
proteins, such as β-turns and loop motifs [67]. 
 Many protocols have been developed for synthesis of 
OBOC combinatorial cyclic peptide libraries using on-resin 
homodetic cyclization. This process cyclizes the amino 
function of the N-terminal with the side-chain carboxylic 

acid function of an Asp or Glu added to the peptide 
sequence. These protocols require the selective removal of 
the carboxylic acid protecting group in the presence of all 
other permanent protection groups. Once the orthogonal 
protecting group has been removed from Glu or Asp, the 
activation of the carboxyl group and subsequent intra-
molecular aminolysis allows the formation of a lactam 
bridged cyclic peptide. 
 When employing solid phase screening, cyclic peptides 
of hit beads must be identified. Although linear peptides 
identification can be readily performed by MS/MS, the high 
complexity of cyclic peptides fragmentation hinders their 
sequence elucidation [42]. 
 Fluxa & Raymond [68] developed a method for 
designing combinatorial peptide libraries decodable by 
amino acid analysis (AAA) using an algorithm called 
TAGSFREE, which consists in assigning each amino acid 
building block to a so-called ‘unique pair’ of variable 
positions, leading to a library in which each amino acid 
composition determined by AAA corresponds to only one, 
sometimes two, or rarely four possible sequences. 
 On the other hand, many protocols were developed to 
facilitate cyclic hit identification by MS/MS. 

 Pei’s group [69, 70] developed an homodetic OBOC 
cyclic library, cyclo-(1,8)-Ala-X1X2X3X4X5-Val-Glu-β-Ala-
β-Ala-Arg-Met-resin using TentaGel S NH2 resin, where X1-
X5 represent the random residues. The Met at the C-terminus 
facilitates peptide release with CNBr for peptide analysis by 
partial Edman degradation/mass spectrometry (PED/MS) 
(Fig. 2A). To facilitate peptide cyclization Nα-Fmoc-Glu(δ-
N-hydroxysuccinimidyl)-O-CH2CH=CH2 was used. The allyl 
ester orthogonal protecting group was selectively removed 
with a cleavage mixture containing Pd(0) in order to form a 
cycle by an amide linkage between the α-amino terminus and 
the carboxylic acid function. To facilitate peptide identification, 
each bead contained the cyclic peptide together with the 
corresponding linear counterpart. Fmoc-Glu(tBu)-OH was 
used to synthesize the linear code. The permanent tBu group 
was cleaved at the end of the synthesis together with the 
other permanent protecting groups, avoiding code cyclization. 
Applying the segregation strategy previously described by 
Liu et al. [71], cyclic peptides were synthesized on the 
surface of the resin beads, while the corresponding linear 
peptide codes were synthesized on the inside. As the targets 
are usually macromolecules, they only interact with the 
surface of the bead and cannot permeate into the TentaGel 
pores. The linear peptide inside the bead was used as a code 
to determine the sequences of the hit beads by PED/MS. 
With these libraries, cyclic peptides that bind the extracellular 
domain of human prolactin receptor were found with 
potential clinical applications in various reproductive disorders 
caused by high prolactin levels such as prolactinomas. Also, 
cyclic peptides with antiproliferative activity against the 
cancer cells and putative immunosuppressive agents [72] 
and cell-permeable cyclic peptides that induce apoptosis of 
cancer cells [73] were also found. Afterwards, the strategy 
was optimized by Bédard et al. using commercially available 
reagents and controlling those parameters that influenced the 
outer/inner layer ratios in the segregated beads [63, 74]. 



Latest Advances in OBOC Peptide Libraries Current Pharmaceutical Biotechnology, 2016, Vol. 17, No. 5    5 

 A similar approach was developed by Kwona & Kodadek 
[75] for the synthesis of a peptoid cyclic library. In their 
strategy, they used differential deprotection in order to create 
two chains that contain the peptoid of interest, but only one 
containing both, a glutamic acid residue to support 
cyclization as well as a Cys residue to allow the specific 
conjugation of only the cyclic peptoid molecule to a 
maleimide activated microscope slide for the building of a 
microarray to facilitate screening. The linear molecule was 
not coupled to the slide, but was present to support tandem 
MS-based sequencing. 
 Giudicessi et al. [76] designed an OBOC library with 
homodetic cyclic peptides of the type cyclo-(1,8)-Ala-
X1X2X3X4X5-Val-Asp-Gly-oxymethylbenzamide-ChemMatrix 
(HMBA-CM) encoded with a minimum proportion of the 
corresponding linear analogue (Fig. 2B). HMBA-CM was 
used as the resin. The ester formed between the C-terminal 
amino acid and the linker (HMBA) can be cleaved with 
ammonia vapor, which is easily evaporated without leaving 
contaminants that could interfere with the MS analysis. The 
cycles were synthesized by an amide linkage between the α-
amino terminus and the carboxylic acid function of the Asp 
added to the peptide sequence. Fmoc-Asp[2-phenylisopropyl 

ester (OPp)]-OH was added to the peptide sequence for solid 
phase ring formation. The semi-permanent group OPp was 
cleaved with 4% TFA and an amide linkage was formed 
between the amino terminus and carboxylic acid function to 
give homodetic cyclic peptides. A minor proportion of 
Fmoc-Ala-OH was incorporated instead of Fmoc-Asp(OPp)-
OH to synthesize the code. To minimize the interference 
during the screening step due to the interaction of the linear 
peptides with the target, the minimum proportion of the 
linear code necessary for its MS analysis was synthesized. 
Peptide sequencing was acquired by MALDI TOF MS/MS. 
 Instead of using a linear code to facilitate OBOC cyclic 
library MS/MS analysis, Lee et al. [77] developed a strategy 
where the cycles were opened after screening. Abruptly, 
many similar strategies were developed. In all of them 
OBOC cyclic libraries were designed with a cleavable site in 
order to open the ring to facilitate MS/MS analysis. The 
method proposed by Lee et al. [77] consisted in 
incorporating an alkylthioaryl bridge in an OBOC peptoid 
library to facilitate cyclization as well as a later ring-opening 
reaction. The cyclic peptoids were used for screening. After 
selecting hit beads, the thioether linkage on the cyclic 
peptoids was opened. To separate the peptoids from the 
resin, the photocleavable linker 3-amino-3-(2-nitrophenyl) 
propionic acid was incorporated between the resin and the 
library [78]. Recently they improved their strategy [79] to 
facilitate sequence determination of cyclic peptide/peptoid 
libraries. Through a thioether bond formation, and using 
CNBr for ring-opening, they linearized the molecules to 
efficiently sequence them by MS/MS analysis. Trityl-
protected homocysteine (Fmoc-hCys-(Trt)-OH) was coupled 
to TentaGel S NH2 resin. The free amine on the N-terminus 
was chloroacetylated and the trityl group on the hCys was 
removed with 5% TFA. Macrocyclization of linear peptides/ 
peptoids was accomplished via the nucleophilic attack of the 
thiol group on the chloride group. The cyclic peptides/ 
peptoids were linearized by CNBr-mediated-ring-opening 
(Fig. 3A). 
 Simpson et al. [80] designed an OBOC cyclic library 
where Met played a role as the linker as well as a building 
block within the peptide cycle. After the screening process, 
the hits could be simultaneously opened and released from 
the beads using CNBr. Then Liang and co-workers improved 
the synthesis strategy to avoid the presence of two C-
terminal homoserine lactones that interfered with MS/MS 
analysis [81] (Fig. 3B). 
 Menegatti et al. [82] synthesized an OBOC library of 
cyclic dilactone cyclo-[(Nα-Ac)Ser(A)-X1X2X3X4X5X6-Lact-
E]. First, Fmoc-Glu-OAll was coupled to the Aminomethyl-
ChemMatrix resin. Lactic acid was then coupled to glutamic 
acid to incorporate one ester group. After adding the random 
sequences, Ac-Ser(Trt)-OH was coupled at the N-terminus. 
The trityl protection on the hydroxyl group of Ser was 
removed by treatment with 2% TFA. Fmoc-Ala-OH was 
coupled to the hydroxyl group of Ser and the Fmoc was 
eliminated. The allyl ester orthogonal protection on Glu was 
removed with a mixture containing Pd(0), and an amide 
linkage was formed between the amino of Ala and the 
carboxylic acid function of Glu. After library screening, the 
combinatorial region of the peptide, framed between two 

 
 
Fig. (2). Cyclic peptide libraries with linear codes. A) Cyclo-(1,8)-
Ala-X1X2X3X4X5-Val-Glu-β-Ala-β-Ala-Arg-Met-TentaGel library. 
The Met at the C-terminus facilitates peptide release with CNBr for 
MS/MS analysis. The segregation strategy provides cyclic peptides 
on the surface of the resin beads and the corresponding linear 
peptide codes on the inside. B) Cyclo-(1,8)-Ala-X1X2X3X4X5-Val-
Asp-Gly-HMBA-CM library encoded with a minimum proportion 
of the corresponding linear analogue. The ester formed between the 
C-terminal amino acid and the HMBA can be cleaved with 
ammonia vapor for MS/MS analysis. 
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ester bonds, was released with NaOH generating the linear 
peptides Ac-Ser-X1X2X3X4X5X6 that could be sequenced by 
ESI MS/MS (Fig. 3C). They assayed their protocol with  
the IgG binding cyclic depsipeptide cyclo-[(Nα-Ac)-S(A)-
RWHYFK-Lact-E]. 
 

 
 
Fig. (3). Cyclic peptide libraries designed with a cleavable site in 
order to simultaneously open the ring and release the linear peptide 
from the resin for MS/MS analysis. A) Cyclic peptide library with a 
thioether bond. The cycle is opened and the peptide released with 
CNBr. B) Cyclic libraries with Met as a linker and as a building 
block within the peptide cycle. Peptides can be simultaneously 
opened and released from the beads using CNBr. C) Cyclic 
dilactone cyclo-[(Nα-Ac)Ser(A)-X1X2X3X4X5X6-Lact-Glu] library. 
The combinatorial region of the peptide, framed between two ester 
bonds, can be released with NaOH. D) Cyclic depsipeptide library 
cyclo-(1,8)-Ala-OCH2CO-X1X2X3X4X5-Asp-Ala-Gly-HMBA-CM. 
The ring can be opened with ammonia vapor and the peptide is 
simultaneously released for MS/MS analysis. 
 
 Gurevich et al. [83] proposed an alternative protocol for 
the synthesis of OBOC cyclic depsipeptides: cyclo-(1,8)-

Ala-OCH2CO-X1X2X3X4X5-Asp-Ala-Gly-oxymethylbenza-
mide-ChemMatrix. Fmoc-Asp[2-phenylisopropyl ester 
(OPp)]-OH was added to the peptide sequence for solid 
phase ring formation. The semi-permanent group OPp was 
cleaved with 4% TFA and an amide linkage was formed 
between the amino terminus and the carboxylic acid 
function. HMBA was used as linker and a glycolamidic ester 
group was incorporated by adding glycolic acid at the end of 
the combinatorial region. After library screening, hit beads 
were treated with ammonia vapor to cleave simultaneously 
the benzyl and glycolamidic esters, opening the ring and 
releasing the peptide simultaneously for MS/MS analysis. 
Ammonia was easily evaporated without leaving contaminants 
that could interfere with the MS analysis [38, 84] (Fig. 3D). 
Hazardous reagents such as Pd or CNBr are not used in this 
strategy and therefore it can be applied in a broad range of 
laboratories without special expertise in organic synthesis. 

CONCLUSION 
 In the last years much progress has been made in OBOC 
screening strategies to find peptides useful as therapeutic 
drugs, in diagnosis, and/or as ligands for affinity 
chromatography. Cyclic peptides usually show better 
biological activity compared to their linear counterparts due 
to the conformational rigidity and their resistance to 
peptidases. Therefore, great advances have been made in the 
development of cyclic peptide libraries during the last years. 
Many strategies were developed to assure cyclic peptide 
sequencing, specially by mass spectrometry analysis. The 
new chemical protocols developed together with advances in 
mass spectrometry technology will ensure, in the near future, 
the development of many cyclic peptides with special 
applications in the pharmaceutical industry. 

LIST OF ABBREVIATIONS 

BSA = Bovine serum albumin 

COPAS = Complex Object Parametric Analyzer and 
Sorter 

ESI = Electrospray ionization 

HMBA = 4-hydroxymethylbenzoic acid 

MALDI = Matrix-assisted laser desorption/ionization 

MS/MS = Tandem mass spectrometry 

OBOC = One-bead-one-compound 

OPp = 2-phenylisopropyl ester 

PED/MS = Partial Edman degradation/mass spectrometry 

POD = Peroxidase 

SA = Streptavidin 

TFA = Trifluoroacetic acid. 
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