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Abstract: Development of array technologies started in the late 1980s, and today this technique has become a powerful tool for high 

throughput approaches in biology and chemistry. Progress was mainly driven by the human genome project and associated with the de-

velopment of several new technologies, leading to the birth of additional ‘‘omic’’ topics such as proteomics, glycomics, or anti-

bodyomics. In this review we focus strictly on peptide arrays applied to investigate protein-protein interactions, starting from single 

events up to complete interaction networks (interactomes). The specificities and interaction networks of protein interaction domains 

(PIDs) are our central theme. Picking practical examples from the literature, we review some general concepts about peptide arrays on 

planar supports for mapping protein-protein interactions.  
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1. INTRODUCTION 

The organization of living systems depends on complex net-

works of molecular interactions whereby proteins are a central 

component and it is tempting to suggest the existence of a molecu-

lar recognition code [1]. In fact, structural modules and motifs may 

have isolated functional “meaning” like words in human language 

[2, 3]. To pursue this analogy, we can think of cellular wiring as a 

masterpiece of evolutionary tinkering, with structural elements used 

many times in different whole protein contexts, where by trial and 

error some rules of interconnectivity have achieved a favorable 

feature or message [4, 5]. Moreover, as in human language, one can 

interpret an analogous hierarchical organization: linear sequence of 

polypeptide chains, fold elements, compound structural motifs, 

protein complexes, and protein “machines” [6-8] and indeed protein 

architecture is modular. A protein is composed of single domains 

(modules) separated on discrete sequence patterns, which in turn 

comprise folding motifs [9]. In general, isolated protein modules 

have the same globular folding as in the context of the whole pro-

tein, and therefore a reductionist approach could be applied in prac-

tice [10-14].  

Structural analysis of functional protein complexes suggests at 

least two classes of protein-protein interactions. In the first class, 

the complementary surfaces of the interacting partners are both 

extensive. This means that the residues involved in each interacting 

surface only come together upon protein folding. The second class 

comprises asymmetric interactions, where a protein interaction 

domain (PID) may dock a short linear sequence motive on the part-

ner protein. While interactions over extensive surfaces cannot be 

inferred, the binding determinants of a PID may be mapped to short 

linear motifs [15-18]. 

Since the early 1990s biological library techniques such as 

phage display [19, 20], yeast two-hybrid [21] and pull-down assays 

(affinity chromatography) in combination with mass spectrometry 

[22-24] have been predominately used to reveal cellular protein-

protein interaction networks. In particular, phage display has be-

come one of the major techniques for applying highly diverse com-

binatorial peptide libraries, e.g. to discover PID interaction net-

works. Additionally, bioinformatics and computational tools were 

developed to find modular domains and their cognate ligands [25]. 

Nowadays, several databases are freely available, such as MINT 

(http://mint.bio.uniroma2.it/mint) and the SMART database [26]. 

Array technologies, especially protein arrays, arrived late in the 

field of protein-protein interactions [27-29]. Here, critical factors 

such as native folding stability or functionality proved to be an  
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enormous challenge in the production of protein arrays. Peptides, in 

contrast, are easier to handle and retain partial features of protein 

function. Thus, peptide arrays [30, 31] are suitable to support pro-

teomic research, particularly in the case of PID recognition.  

2. PROTEIN INTERACTION DOMAINS 

The era of extensive genome sequencing has revealed many 

PIDs. The interaction partners, and therefore the functions of such 

proteins can be determined by identifying the critical binding sites 

for one family member through evolutionary tracing [4], or func-

tional protein arrays [8], and then mapping the relevance of single 

site mutations. Many of the PIDs in proteins can be grouped into 

families that show clear evidence of their evolution from a common 

ancestor. The PID families recognize specific sequence or structural 

motifs. Table 1 summarizes the structural sequence motifs recog-

nized by the most common protein interaction domains. Within 

each family, variations in the chemical characteristics of the do-

main-binding pocket modulate finer peptide recognition specificity, 

and as a consequence, determine the selection of functional protein 

partners in vivo [15]. In general, one can conclude that PID recogni-

tion is ruled by (1) posttranslational modifications such as phos-

phorylation of the amino acids Ser, Thr, and Tyr, and methylation 

or acetylation of lysine or arginine [32-38] and/or by (2) short linear 

sequence motifs [39, 40] as shown in Table 1. 

One difficulty in deriving pathways or networks of PID-

mediated protein-protein interactions is that the difference in affini-

ties between ‘specific’ and ‘non-specific’ interactions is small and 

reported to be less than two orders of magnitude in the case of SH2 

domains [16, 41] and its peptide ligands [42]. Even when the rec-

ognition specificity of intact proteins is greater than that for the 

corresponding isolated peptide domain, affinity is not raised above 

one order of magnitude, as shown for SH3 domains [43, 44]. 

Moreover, the fact that metazoan SH3 domains can replace the 

yeast Sho1-SH3 and rescue the cellular response to environmental 

high osmolarity emphasizes that the specificity of SH3-mediated 

interactions is not great [45]. In summary, the described facts lead 

to a picture of large and promiscuous SH3-mediated interaction 

networks.  

Since it is possible to generate mutant SH3 domains that have 

up to 40-fold higher affinity than their wild-types [46], one must 

consider the potential of these domains as research tools and a 

source of lead compounds for pharmaceutical development. Fur-

thermore, one question cannot be ignored: what is the functional 

advantage of maintaining relative low affinity and selectivity for 

interactions? Moreover, how can SH3-dependent interaction path-

ways achieve such precise cellular responses?  

Nowadays, the picture of linear functional pathways is being 

revolutionized by a more probabilistic view of dynamic equilibrium 
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between multiple interactions, where “the central organizing princi-

ple is a vast and ever-shifting web of interactions, from which out-

put is gauged by global changes in complex binding equilibria” [47, 

48].  

3. PROTEIN INTERACTION MAPS – SCANNING THE IN-

TERACTOME 

Elucidation of functional signal transduction pathways, bio-

chemical functions or gene regulation, is initially addressed in pro-

teomics by deriving interaction networks ideally depicting all inter-

actions in the cell. Several attempts have been made for the yeast 

interactome. While yeast is easier to culture than mammal tissues, 

and its proteome is simpler than other eukaryotes, it seems that 

most of the protein interactions in yeast find orthologues in 'higher' 

eukaryotes, including humans [23]. 

Landmarks in systematic efforts to analyze the yeast interac-

tome have used automated yeast two-hybrid approaches [49, 50], 

phage display [51], and affinity chromatography [23, 24]. A com-

parison of datasets derived by individual methods demonstrates that 

different approaches have different potential. For example, affinity 

chromatography is biased towards tight interactions such as those 

involving extensive complementary surfaces, while interactions 

where one of the two partners contains at least one PID are more 

frequently found in the two-hybrid database. The higher sensitivity 

of so-called synthetic approaches (yeast two-hybrid, phage display 

and SPOT synthesis) make them better suited for detecting PID-

mediated interactions, since their peptide affinity in terms of Kd are 

in the range of 10 – 100 M or even higher. However, this advan-

tage is counterbalanced by low specificity, especially with the yeast 

two-hybrid approach. 

To correct this deficiency, it is recommended to double check 

the information fed into interaction databases. This can be achieved 

by deriving two interaction networks through orthogonal synthetic 

methods and then considering only the intersection between the two 

datasets. The strength of this combined approach for delivering 

physiologically relevant interactions has been proven for phage 

display/yeast two-hybrid [51], phage display/SPOT technology [52, 

53] and phage display/yeast two-hybrid/SPOT technology inter-

sected datasets [54]. A notable conclusion here is that the inter-

sected dataset of proteins able to interact with a given PID is larger 

than expected if cellular events are viewed as precise wiring of 

proteins in the cell. Although a set of these potential binders may 

have no physiological relevance due to different temporal or tissue 

expression, or structures disrupted in vitro, etc., the paradox of 

promiscuous recognition versus mutually exclusive responses 

seems to be inherent to PID-mediated interactions. Recent work of 

Landgraf et al. [52] and Tonikian et al. [54] supports the observa-

tion that many natural peptides with biochemical potential to bind 

any given SH3 domain (found in the proteomic study) are indeed 

used in vivo to mediate the formation of complexes.  

4. SYSTEMATIC SETS OF PEPTIDES TO MAP PROTEIN 
BINDING 

The design principles of peptide arrays useful for mapping pro-

tein-protein interactions can be classified into protein sequence-

based, and de novo approaches [55, 56]. In general, the design prin-

ciples are the same as for B-cell epitope mapping [57, 58]. How-

ever, some specifics such as peptide length, choice of the carrier 

material, and a diverse range of affinity have to be taken into ac-

count due to the broad spectrum of protein-protein interactions.  

Table 1. Protein Interaction Domain Binding Specificity. Upper part: Linear Peptide Sequences (Consensus Motifs) Specifically Recognized by a 

Domain Family. Lower part: Kind of Posttranslational Modification Recognized by the Corresponding Domain Family 

 

Domain Family Consensus Motifs
a
 

SH2 poY 

SH3 Class I: ([+]xxPxxP); class II: (PxxPx[+]); atypical class I: RKxxYxxY, PxxRxxKP; atypical class II: PxxDY, 

Px(P/A)xxR, xRPx 

WW Class I: PPxY; class II: PPLP; class III: RPPP(R); class IV: po(S/T)P 

EVH1/WH1 Class I: FPPPP; class II: TPPxxF; plus DLPPPEPYVQT, LEVAQTTALPD 

PDZ Class I: x(S/T)x COOH; class II: x x COOH 

GYF PPG  (until now) 

PTB NPxpoY; NPxY 

FHA poTxxx 

WD40 LPpoTP; DpoSGxxpoS 

PH Phosphoinositide (Phospholipids) 

 

Posttranslational modifications Recognized by the domain families 

Phosphorylation at Tyr SH2, PTB  

Phosphorylation at Ser/Thr FHA, WD40 MH2, Polo Box, BRCT, FF, WW and 14-3-3 proteins 

Acetylation of Lys Bromodomains  

Methylation of Lys SET  

Methylation of Arg Chromodomains 

Hydroxlation of Pro VHL  

Monoubiquitination UIM, CUE, UBA  

a
: hydrophobic amino acids (VILFWYM); [+]: positively charged (KR); po: phosphorylated 
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Scans of Overlapping Peptides and Cognate Approaches 

Protein sequence-derived peptide arrays provide the basic tools 

to elucidate interactions between proteins. Scans of overlapping 

peptides [59, 60] are often applied as an initial approach to mapping 

the binding site of interacting proteins. This involves synthesizing 

the entire sequence of a protein as short, linear, overlapping pep-

tides, for example arrayed on a planar surface, and subsequently 

tested for binding of the partner protein. In general, 6- to 15-mer 

overlapping peptides were used for B-cell epitope mapping proto-

cols [30, 55, 59]. This length is sufficient for antibody-protein in-

teractions, since linear epitopes do not exceed this range [58]. In 

contrast, pepscans comprising overlapping peptides of different 

lengths (up to 34-mer) were synthesized to elucidate the binding 

sites of Pex proteins [61-63], Tat proteins [64, 65], and protein 

components of the maltose importer [66, 67]. The pepscan approach 

works excellently if a binding site is formed by a linear sequence 

motif recognized by the interacting partner protein. This is the case 

for the Pex 19p/Pex 13p interaction [61]. A cellulose membrane 

containing an array of 20-mer peptides designed to represent the 

entire Pex13p sequence in an overlapping arrangement was probed 

for binding a Pex19p recombinant GST fusion protein. Immu-

nological detection of bound Pex19p-GST by a monoclonal anti-

GST antibody resulted in staining of serial spots covering amino 

acids 191 to 222 of Pex13p.  

However, the outcome of binding experiments are often not so 

clear, and therefore we strongly recommend applying sets of over-

lapping peptides with variable length. Variable peptide lengths were 

used to map the binding motif within the protein EIIA
Glc

 recognized 

by MalK [67]. Here, cellulose membrane-bound peptide arrays 

representing the complete EIIA
Glc

 sequence were screened for 

MalK binding. The peptide arrays consisted of 13-mers, 16-mers, or 

31-mers overlapping with adjacent peptides by 12, 15, and 30 

amino acids, respectively. Comparison of these three peptide arrays 

helped to localize the MalK binding sites of EIIA
Glc

 more precisely. 

It is also an advantageous practice to perform binding experiments 

in both directions. This was performed when mapping subunit-

subunit interactions between MalF, MalG and MalK [66].  

Besides peptide length, the number of overlapping amino acids 

between the consecutive peptides defines a peptide scan. In general, 

peptides are shifted by one to three positions along the linear se-

quence. Simple peptide scans are sufficient for revealing linear 

binding motifs, as shown for the Pex 19p/Pex 13p interaction. 

Mapping of discontinuous binding motifs may be performed suc-

cessfully applying pepscans of variable peptide length, as demon-

strated for the maltose importer machinery [66, 67]. However, 

mapping of discontinuous binding sites is still a great challenge and 

further useful approaches were developed [68, 69].  

Amino Acid Substitution Scans and Cognate Approaches 

After elucidating a binding motif, details can be elaborated by 

amino acid substitution scans and substitution analyses. Key resi-

dues of a binding motif are those amino acids that are effectively in 

contact with the binding partner. Critical amino acids are those 

residues that facilitate adoption of a certain binding conformation 

prior to, or upon binding. These residues define the specificity and 

binding free energy. The concept of alanine scanning [70] was de-

veloped to identify these residues and was successfully applied to 

cellulose membrane-bound peptide arrays [71].
 
Residues that can-

not be exchanged by alanine without loss of binding are regarded as 

key residues for the interaction. Further scans such as glycine scans, 

tyrosine scans and proline scans have also been reported [72-75]. 

All these scans reveal effects that depend on the amino acid side 

chains, with the exception of proline, which influences peptide 

conformation. There are also reports about further modifications of 

amino acid substitution scans [76-78].  

Applying all genetically encoded amino acids for an amino acid 

substitution scan results in a complete amino acid substitution scan 

or (complete) substitution analysis. Here, each amino acid of the 

original sequence is replaced by all other 19 genetically encoded 

amino acids. This approach has been used quite often in peptide 

array technology since the beginning (for more references see [31, 

79]). Substitution analyses are well-suited for SPOT technology to 

map the structure-activity relationship of protein binding motifs, or 

even of a complete protein domain [80-82].  

In general, protein-protein interactions of physiological rele-

vance depend on a defined position of the binding site and are me-

diated by specific non-covalent interactions of amino acid side 

chains. In consequence, this results in a distinct substitution analy-

sis pattern representing the significance and contribution of each 

amino acid for the protein-protein interaction [80].  

Further sequence-derived peptide arrays useful for exploring 

protein-protein interactions are truncation and deletion libraries. 

These types of assays are carried out to determine the minimal 

length of a binding motif [55, 59, 79].  

Inverted Peptide Arrays with Free C-termini 

PDZ domains [83-85] anchor transmembrane proteins to the cy-

toskeleton and hold signaling complexes together [86, 87]. In gen-

eral, PDZ domains recognize the C-terminal four to seven residues 

of their protein binding partner and they require a free C-terminus 

for ligand recognition (Table 1). In other words, PDZ domains are 

PIDs known to recognize short linear peptides containing a free C-

terminus. Unfortunately, SPOT-synthesized peptides lack free C-

termini due to their C-terminal fixation to the cellulose support. The 

first reliable and robust SPOT synthesis concept for synthesizing 

inverted peptide arrays with free C-termini was published in 2004 

and the approach was recently improved [88, 89]. Fortunately, the 

3-brompropyesters [90] used in the first approach is replaced by the 

commercially available HMPA linker allowing for a more conven-

ient procedure. The inverted peptide array approach has been ap-

plied to map the specificity of several PDZ domains [88, 89, 91-

94].  

5. INFLUENCING THE RELIABILITY AND QUALITY OF 
PEPTIDE ARRAYS APPLIED FOR MAPPING PROTEIN 

BINDING  

Generally, combined approaches should be used for mapping 

the binding sites of protein complexes [51-54]. The strength of 

those combined approaches to deliver physiologically relevant in-

teractions has been proven for the combination of a yeast two-

hybrid with SPOT technology approach, here demonstrated by the 

work of Pires et al. [95]. Yeast two-hybrid and bioinformatics sug-

gest that the SH3-domain of Pex 13p provides binding sites for two 

proteins, the PTS1 receptor Pex5p and the putative docking protein 

Pex14p. As shown in Table 1, SH3-binding peptides are character-

ized by the presence of a general PXXP consensus sequence, and 

indeed such a motif can be found in the sequence of Pex 14p. To 

analyze the binding sites of the two SH3-ligands Pex5p and Pex14p 

in more detail, Pex5p-derived overlapping 26-mer synthetic pep-

tides covering the putative binding region, and Pex14p-derived 12-

mer synthetic peptides covering the entire Pex14p protein sequence 

were tested for their interaction with the SH3-domain of Pex13p. 

Indeed a proline-rich motif of Pex14p representing a typical type II 

SH3-ligand motif was identified as the SH3-binding site of Pex14p. 

In contrast, the SH3-binding site in Pex5p was unambiguously 

mapped to non-PXXP sequences containing the sequence 

QPWTDQFEKLEKEV, which represents amino acid residues 202–

215 of Pex5p. Both peptides can bind simultaneously to the SH3 

domain, suggesting that Pex 13p acts as an adapter protein. 

The quality of protein-protein-interaction studies using syn-

thetic peptide arrays prepared by SPOT synthesis is influenced by 
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technological aspects. As shown in Fig. (1), the read-out quality is 

strongly influenced by the kind of membranes used in the binding 

experiment. When two identical peptide arrays were synthesized 

alternatively on an ester-type membrane or an ether-type mem-

brane, even though identical synthesis, incubation, and visualization 

protocols were used, the read-out quality was drastically different. 

The best results were obtained using an ether-type membrane [52, 

96]. Therefore, CAPE membrane proves to be first class, especially 

for SH3 domain interaction studies, but also for several other kinds 

of biological tests [52, 54, 61, 95, 97, 98]. Unfortunately, CAPE 

membranes cannot be used in a fully automated SPOT synthesis 

process [99] due to their mechanical brittleness. It is worth testing 

other membranes for their signal-to-noise ratio during on-support 

assays, e.g. the di-amino-membrane from the Blackwell lab [52, 

100], or commercially available membranes from AIMS [101, 102].  

6. PEPTIDE ARRAYS FOR PROTEOMIC APPROACHES 

The strength of SPOT peptide assays is its unbiased, compre-

hensive and systematic approach to evaluating a given protein for 

binding linear peptide sequences, which may also be additionally 

modified. The clear advantage of the array format can be fully ex-

ploited to study protein interactions where one of the partners par-

ticipates in complex formation by docking through a relatively short 

peptide within a receptor protein. In fact, a fairly large set of pro-

tein-protein interactions are mediated by families of domains, such 

as SH2, SH3, EVH1, GYF, PDZ or WW domains (Table 1). These 

domains are referred to as protein interaction domains (PID), acting 

as receptors to accommodate short peptides in their binding pockets 

[39, 40, 103].  

In an ideal scenario, unique peptides representing the entire pro-

teome of an organism would be synthesized on an array and as-

sayed individually for interactions with a PID of interest. However, 

this straightforward approach is not technically feasible since the 

number of short peptides, even in a proteome as simple as that of 

baker’s yeast, is in the order of 10
7
. This figure is far beyond the 

limits of current technologies for peptide array synthesis, even for 

approaches such as peptide microarrays [104, 105], photolithogra-

phy on a glass surface [106] or peptide laser printer technology 

[107, 108]. In practice, a filtering step is required to generate an 

array of manageable size.  

One approach described by Landgraf and co-workers [52] ap-

plies a strategy called WISE (Whole Interactome Scanning Experi-

ment). It combines phage display techniques together with SPOT 

technology and bioinformatics. The consensus sequences of yeast 

SH3 domains for example, are deduced from screening random 

peptide repertoires, such as phage display libraries, which generally 

results in strict consensus sequences [109]. For the next step the 

authors relaxed the strict consensus sequences obtained; for exam-

ple the strict consensus sequence of the yeast SH3 domain Rvs167 

defined as RxFPRxP was relaxed to R/KxxPxxP. Subsequently, all 

sequences within the yeast proteome matching a relaxed consensus 

of a given SH3 domain were identified by computational methods. 

This approach was repeated for eight yeast SH3 domains. For each 

domain, approximately 1,500 peptides matching the relaxed pat-

terns were selected for synthesis. The peptides were generated on 

cellulose membranes, and the membranes were probed with the 

corresponding SH3 domain fused to glutathione S-transferase 

(GST). Finally, the bound domains were detected using an anti-

GST antibody. Fortunately, the intensity of each binding-spot could 

be measured quantitatively. The average number of peptides in the 

yeast proteome that have the potential to bind SH3 domains with an 

affinity that may have physiological relevance was found to be 

surprisingly high, ranging from a few peptides, in the case of the 

Abp1 and Boi2 SH3 domains, to several tenths, in the case of the 

Yfr024w SH3 domain. Given the hypothesis that all these peptides 

are equally expressed inside the cell and exposed to the solvent in 

the folded protein structure, these findings raise the question of 

whether the observed binding promiscuity has any physiological 

implication. Many proteins are organized in discrete complexes [23, 

24], however, many physiologically relevant protein interactions do 

not lead to the formation of stable complexes, and the WISE ap-

proach suggest that SH3-mediated interactions may belong to this 

latter class. The authors consider a new scenario in which proteins, 

even when not forming stable complexes, are seldom isolated in 

solution, but navigate in the cell by moving from one weak partner 

to another. The semiquantitative data provided by the WISE ap-

proach, complemented with the results of large scale expression and 

localization studies, may eventually allow one to model these dif-

ferent settings. Nevertheless, the identified target peptide can be 

used as a lead to develop tighter binding molecules in order to inter-

fere with complex formation in vivo. 

Very recently, the WISE approach was expanded to the com-

plete SH3 domain interactome of yeast [54]. A consortium compris-

ing the Boone, Cesareni, Drubin, Kim, Sidhu and Volkmer labs 

applied a combined approach of orthogonal experimental proteomic 

tools, such as phage display, yeast two-hybrid and SPOT technol-

ogy, which were combined with sophisticated computational and 

mathematical tools. The results from the three complementary ex-

perimental techniques were integrated using a Bayesian algorithm 

to generate a high-confidence yeast SH3 domain interaction map. 

We found that the interaction map was enriched for proteins in-

volved in endocytosis. Additionally, experiments demonstrated that 

parts of the constructed SH3 domain interactome are actually used 

in vivo to mediate formation of several endocytic complexes, espe-

cially the SH3 domains of Lsb3p and Lsb4p.  

 

Fig. (1). The influence of membrane type upon read out quality. 

Two identical peptide arrays (295 potential yeast SH3 binding peptides, 15-mers [28]) were synthesized alternatively on an ether-type membrane (Fig. 1A) or 

on a standard ester-type membrane (Fig. 1B). Both arrays were probed for binding the yeast Myo 5 SH3 domain. Even although identical synthetic, incubation, 

and visualization protocols were used, the read-out quality was dramatically different. The best results were obtained using an ether-type membrane. 
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Compared to the model organism yeast, there are considerably 

more PIDs, in the human proteome, which harbors approximately 

300 SH3 domains. Nevertheless, Wu and co-workers have started a 

systematic study to identify SH3 domain-mediated human protein-

protein interactions by synthetic peptide array target screening 

[110]. A peptide array of 1536 potential peptide ligands, derived 

from the SWISS-PROT database, was used to probe a group of 12 

human SH3 domains. However, mapping peptide arrays derived 

from the total human proteome to revealing a complete human SH3 

domain interactome is yet not technically feasible for the SPOT 

technology approach. Even applying sophisticated filtering steps, 

the number of peptides is still too high and unmanageable.  

Screening human PDZ domains for interaction partners was 

performed with an array of 6223 human C-termini (11-mers) de-

rived from the SWISS-PROT database [88]. These peptides were 

synthesized on a cellulose membrane using the method of inverted 

peptide arrays with free C-termini. Mapping was performed with a 

tagged PDZ domain, using several tags [88, 89, 91-94]. In analogy 

to the human SH3 domain dilemma, elucidation of the complete 

human PDZ interactome is also not feasible by standard SPOT 

technology. Recently, the labs of Sidhu, Bader, and Boone pub-

lished impressive work where they scanned billions of random pep-

tides with phage display to accurately map the binding specificity 

for approximately half of the over 330 PDZ domains in human and 

Caenorhabditis elegans proteomes [111].  

7. INTERFERING WITH PROTEIN-PROTEIN INTERAC-
TIONS FOR DRUG DISCOVERY APPLICATIONS 

The majority of currently used drugs are directed towards en-

zymes, G-coupled receptors, carriers, nuclear hormone receptors 

and ion channels [112, 113]. One explanation for this preference is 

that those classic proteins for which small-molecule drugs have 

been designed bind naturally small molecules or linear peptide se-

quences. Unfortunately the majority of protein-protein interactions 

do not have natural small-molecule partners and the discovery of 

drugs binding those protein-protein interfaces could not start from a 

small natural substrate [114]. An exception that proves the rule, 

protein interaction domains (see chapter 2) offers the luxury to 

recognize natural short linear sequences [38] and, fortunately, those 

small size sequences are attractive leads for drug discovery [115]. 

Examples include inhibitors that bind different SH2 domains [116, 

117] or small molecules which interfere with 14-3-3 molecules 

[118].  

The standard-size contact surfaces of protein-protein interac-

tions are large (1200 – 2000 Å) [119] and involve amino-acid resi-

dues that are not contiguous in the primary sequence of the protein 

[120]. Due to the fact that the vast majority of protein-protein inter-

actions do not have natural small-molecule partners, high-

throughput screening does not automatically identify promising 

interfering compounds.  

The finding of the so called “hotspots” by Wells and coworkers 

in 1995 [121] is a remarkable breakthrough in finding small mole-

cules or peptides that target protein-protein interfaces [122, 123]. 

Mutation analysis studies show that a small subset of residues be-

longing to the large protein-protein binding interface contributes 

most of the free energy of the binding. Such hotspots constitute less 

than half of the contact surface of a protein involved in the protein-

protein interaction and are usually found at the centre of the contact 

interface [114]. Interestingly, systematic analysis of hotspots re-

vealed a distinct amino acid composition with tryptophan, arginine, 

and tyrosine as the fundamental ones [123]. Furthermore a protein 

involved in a protein-protein interaction not seldom show promis-

cuous binding to several other targets using the same hotspot region 

[124]. These findings paved the way for interfering protein-protein 

interactions with small molecules and impressive examples are 

given in the review of Wells et al. [114] and Gerrad et al. [125]. 

CONCLUSION  

Hopefully, this review illustrates that peptide arrays are a well-

established screening tool for biologically active peptides. The 

technology has established itself as a highly flexible, robust, and 

reliable research method. The equipment for the SPOT technology 

is commercially available, does not require special conditions, and 

can be implemented in nearly every biochemical laboratory. How-

ever, the capability to prepare high-quality peptide arrays efficiently 

and economically, as well as implementing cost-effective and rapid 

analytical techniques to generate and process data from peptide 

arrays are milestones for the future development.  
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