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Correlating Low-Similarity Peptide Sequences and Allergenic Epitopes
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Abstract: Although a high number of allergenic peptide epitopes has been experimentally identified and defined, the molecular basis and
the precise mechanisms underlying peptide allergenicity are unknown. This issue was analyzed exploring the relationship between peptide al-
lergenicity and sequence similarity to the human proteome. The structured analysis of the data reported in literature put into evidence that
the most part of IgE-binding epitopes are (or harbor) pentapeptide unit(s) with no/low similarity to the human proteome, this way sug-
gesting that no or low sequence similarity to the host proteome might represent a minimum common denominator identifying allergenic
peptides. The present literature analysis might be of relevance in devising and designing short amino acid modules to be used for blocking

pathogenic IgE.
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INTRODUCTION

A major objective of current work in the allergy field is the
identification of the allergenic epitopic sequences by canonical
procedures as, for example, epitope mapping [1-3]. Computer-
assisted antigenicity predictions have also been developed to select
potential antibody binding sites along the sequences of allergenic
proteins stored in databases which integrate list of allergenic pro-
teins with various computational tools that can assist structural
biology studies related to allergens [4-7]. However, although the
ability of certain proteins to induce an allergic response in suscepti-
ble individuals is well established, on the other hand the molecular
basis underlying allergenicity remains unknown. To date, no com-
mon structural characteristics of linear IgE epitopes have been iden-
tified. We still ignore the molecular and functional determinants
that make a peptide allergenic [8-10].

The current advancement in proteomics and peptidomics is
allowing and promoting a new theoretical platform for examining
peptide epitopes as defined by the sequence similarity to the host
proteome. The underlying scientific rationale is that antigen pep-
tides acquire immunoreactivity in the context of their proteomic
similarity level [11]. Sequences uniquely owned by a protein will
have high potential to evoke an immune reaction, whereas motifs with
high proteomic redundancy should be immunogenically silenced by
the tolerance phenomenon. The relationship between sequence red-
undancy and peptide immunoreactivity has been successfully vali-
dated using experimental cancer and autoimmunity models [12-16],
so making appealing its validation on allergenic proteins too.

Here, we have browsed through the scientific literature and the
available databanks searching for well defined and experimentally
validated allergenic epitopes. The epitopic sequences were dis-
sected into sequential pentamers offset by one residue and, then,
were analyzed for similarity through PIR proteome database [17].
We used S5-mer sequences as probes to scan allergenic sequences
versus host proteomes, since pentapeptides are minimal structural
units critically involved in immune recognition [18-22], and found
that IgE-binding epitopes of a number of allergens are characterized
by being (or harboring) pentapeptide unit(s) with no/low similarity
to the human proteome.

IGE-EPITOPIC SEQUENCES: SIMILARITY ANALYSIS TO
THE HUMAN PROTEOME

Similarity analysis to the human proteome was conducted on
IgE-binding epitopes described in literature and already experimen

tally defined and validated [23-52]. Sequence similarity analyses of
each of the IgE-epitopes to the human proteome was conducted
using epitopic 5-mers sequentially overlapped by four residues.
Then, each 5-mer probe was analyzed by using PIR non-redundant
reference protein database and exact peptide perfect match program
(pir.georgetown.edu) [17]. Le., for each epitopic 5-mer, the entire
human proteome (enclosing unidentified and/or hypothetical pro-
teins) was searched for instances of the same identical 5-mer. Any
such occurrence was termed a match.

An example is reported in Fig. (1), illustrating the proteomic-
based similarity analysis of Cry j 2 IgE-binding epitope (amino acid
position 96-116) [23]. The IgE epitopic sequence was dissected into
pentamers overlapped by 4 residues, i.e. PGNKK, GNKKF, NK-
KFV, KKFVV, etc. Then each pentamer was sequentially used as a
probe to scan the entire human proteome for identical pentapeptide
matches. The similarity level of each pentapeptide is given by the
number of times that the pentamer is present in the set of proteins
that comprehensively form the human proteome. Pentapeptides
having a number of matches < 5 were considered as low-similarity
motifs. The histogram of Fig. (1) clearly shows that the density of
Cry j 206.116PGNKKFVVNNLFFNGPCQPHF 5-mer motif in the
human proteome is extremely low. Two out of the pentapeptides
forming the IgE-binding epitope, KFVVN and FNGPC, even are
absent in the human proteome, this way indicating that the immune
system has never encountered them.

Pentapeptide from Cry j 2 IgE-Binding Epitope
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Fig. (1). Cry j 2 IgE-binding epitope sequence: similarity profile to the
human proteome.
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Table 1. Allergenic Epitopic Peptides Characterized by Being (or Containing) Pentapeptide Sequences with Low-Similarity to the Human
Proteome
Allergen Species Aa Pos Sequence Matches Reference
Altal Alternaria alternata h KISEFYgrkp 0 Kurup et al. (2003) [24]
54 YYNSLgfnik 5
1 aimgpPTKFSfsifl 1
57 keCEKY Ykekkgrer 0
Anao 1 Anacardium occidentale Wang et al. (2002) [25]
65 deaeeedeNPY VFed 1
521 eefffQGPEWrkeke 2
25 akssPYQKKT 1
65 IEYDPRIvyd 3
97 PGDYDddrrq 4
107 prreEGGRWg 4
123 rereeDWRQP 1
134 edWRRPShqq 2
143 qPRKIRpegr 1
294 tpgqfEDFFP 1
311 sylqeFSRNT 3
Arahl Arachis hypogaea Shin et al. (1998) [26]
325 fnaEFNEIrr 1
344 eqeerGQRRW 3
393 diTNPINIre 3
409 nnfgkLFEVK 4
498 rRYTARIkeg 1
525 elhlIGFGIN 2
539 HRIFLagdkd 2
551 IDQIEkqakd 3
578 kESHFVsarp 3
15 hasarQQWEL 2
21 QWELQgdr 2
27 DRRCQSQler 2
Arah?2 Arachis hypogaea Stanley et al. (1997) [27]
39 IRPCEQHLmq 1]
49 kIQRDEds 4
143 qRCDLDve 2
245 gfapeflke AFQVN 1 Xiang et al. (2002) [28]
33 ietWNPNNqefecag 0
Arah3 Arachis hypogaea 237 gNIFSGftpefleqa 3
Rabjohn et al. (1999) [29]
276 vTVRGGlrilspdrk 4
303 deDEYEYdeedrrrg 3
30 wtCINQQInp 0
40 ktNKWEDkrl 0
51 YNQAKaesns 1
77 WETNGydgng 0
91 grTPIKFgka 1
102 cdRPPKHsqn 1
Aspfl Aspergillus fumigatus Kurup et al. (1998) [30]
114 gkDDHYLlef 0
123 fptfpDGHDY 0
143 pgparVIYTY 2
148 viYTYPNkvf 0
159 givaHQRGNq 0
167 nQGDLRIcsh 5
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Allergen Species Aa Pos Sequence Matches Reference
58 aTQRROQi 3
93 RKYFG 1
Aspf2 Aspergillus fumigatus 15 YTTRR 4 Banerjee et al. (1999) [31]
181 ASDLM 5
200 DHFAD 1
301 tHEGGQ 2
15 viSYIPWsedk 0
30 acgipinynaskEWADKkvil 0
60 vesarHVPEYi 0
Aspf3 Aspergillus fumigatus 85 avlayndayVMSAWgk 0 Ramachandran et al. (2002) [32]
115 pdarfsKSIGW 0
130 grtkryal VIDHGKit 1
150 epakNHLEFssaetvl 1
Cragl Crassostrea gigas 92 iqlleeDMERSeer 1 Ishikawa et al. (2001) [33]
96 pgnkkfvvnnlFFNGPCQphf 0
166 GQCKWvngreicndrdrpta 0
Cryj2 Cryptomeria japonica Tamura et al. (2003) [23]
324 SHIIYenveminsenpilingfyct 0
346 yetsasACQNQrsavqiqdv 1
360 QNVNRpsr 1
384 NNLPIlef 3
411 WNLNAh 0
Fagel Fagopyrum esculentum 434 eGRSVF 5 Yoshioka et al. (2004) [34]
460 kAGNEG 5
482 TAGKTsvlra 4
526 srdekERERF 4
32 tdgvTYTNDCL 0
40 dcllcaYSIEF 0
56 KEHDGecketv 2
71 SSYAN 5
Gald 1 Gallus domesticus Mine et al. (2002) [35]
80 dgkVMVLCnra 0
101 TYDNEssyan 0
121 KRHDGgrke 1
159 ktygnkCNFCAvves 0
38 1laMVYLGakdst 2
Gald2 Gallus domesticus 191 edtQAMPFrv 1 Mine et al.(2003) [36]
251 gleqlESIIN 5
217 ggsilsgftlefIEHAFSv 2
Gly m G1 Glycine max
253 2aivtVKGGLsvi 4 Beardslee et al. (2000) [37]
Gly m G2 Glycine max 219 gfapeflke AFGVN 1
2 aedeDNQQGq 2
16 kYLGFVqdaa 3
36 yLFAKDKsgp 3
46 1qPGVDlieg 4
Hevb 1 Hevea brasiliensis Banerjee et al. (2000) [38]
61 avpLYNRFSY 3
65 ynrfSYIPNG 0
90 idrsIPPIVK 5
99 kDASIQVvsa 2
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Allergen Species Aa Pos Sequence Matches Reference
8 erlkyLDFVR 2
29 tIYLYAKdis 1
41 IkpgvDTIEN 2
60 YYIPLeavkfv 3
Hevb3 Hevea brasiliensis 85 vpPVIKQVsa 3 Banerjee et al. (2000) [38]
103 APRIVIdvas 2
118 GVQEGakaly 4
138 aVITWRALNk 0
159 vptavYFSEK 4
15 KNETPevt 0
Hevb5 Hevea brasiliensis 86 DQTTPeekpaepe 0 Beezhold et al. (2001) [39]
103 eePKHETke 0
Jugrl Juglans regia 35 RGEEM 3 Robotham et al. (2002) [40]
92 IFSQNmniklkmp 2
239 afnQFGPNagq 1
Junal Juniperus ashei Midoro-Horiuti ez al. (2003) [41]
251 mpRARYGI 3
317 WRSTRdafing 2
62 aagtasARFWGrt1 2
77 TFDASgkgscqtg 5
Juna3 Juniperus ashei 146 adINAVCpselk 3 Soman et al. (2000) [42]
158 vdGGCNSacnvitkt 1
178 NAY VDncpatnysk 2
49 aanappaDKFKI 0
121 iagalevHAVKPa 2
145 gelQIVDKidaa 2
Lolp 5 Lolium perenne 161 ataanaaPTNDK 3 Suphioglu ez al. (1998) [43]
177 esafNKALNect 2
234 amTQAQKagkpa 1
265 gaataaAGGYKa 3
Octv 1 Octopus vulgaris 77 rvgeeeseiagINRRIQIleenlerseerlstaqgk 3 Ishikawa et al. (2001) [33]
14 cIPFVQGkekep 1
Parj 1 Parietaria judaica 68 vseVPKHCGIVd 0 Asturias e al. (2003) [44]
114 gpsdPAHKArle 3
43 arslqeeiqQIENDI 0
86 alNRRIQqlleedleb 4
Penal Penaeus aztecus Jeong et al. (2004) [45]
133 egladeERMDAlenq 2
263 eyeyicddldMTFTEI 1]
8 APSWGlsri 4
48 GHADFggr 1
Pench 13 Penicillium chrysogenum Lai et al. (2004) [46]
112 iaGMDWAvk 1
195 sfTNFGSvv 1
175 gvdAY VIDtganvkhvdfe 0
180 vidtganvkhvdfeGRANW 0
Pench 18 Penicillium chrysogenum 201 tipqgdadedgngHGTHCsgtiagk 0 Yu et al. (2002) [47]
358 ilstwVGSDHatntisgtsma 0
401 AVADVTPKQL 5
Peral Periplaneta American 267 irsWFGLP 0 Wu et al.(2002)[48]
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400 tvIRDPVFYq 3
466 NNVDQI 2
Pera3 Periplaneta American Wu et al. (2003) [49]
580 VDKGHnycgypenlli 0
595 IPKGKkggqay 2
11 apCIPY Vrgg 0
31 iRNVNNIart 4
Prup3 Prunus persica Garcia-Casado et al. (2003) [50]
36 nlartTPDRQ 3
71 gkegVSIPYk 1
44 wesrqcqmRHCMQwmrsmrg 0
Sesi2 Sesamum indicum Wolff et al. (2004) [51]
74 eanqgQFEHFreccnelrdvk 0
77 qQIPQQq 5
Tria 19 Triticum aestivum 65 qQFPQQq 2 Stewart et al. (1996) [52]
421 qQYPQQq 4

Low similarity 5-mers given in capital letters. Low-similarity is numerically defined as < 5 matches. Matches to human proteome calculated as already described in detail [12-16].
Only the lowest similarity pentapeptide is capitalized in each epitope. The similarity level corresponds to the number of times a 5-mer occurs in the set of proteins that comprehen-

sively constitutes the human proteome.

Extending the similarity analysis to the IgE-binding epitopes
reported in literature produced the picture delineated in Table 1. It
can be seen that what had been found in analysing the Cry J 2 IgE-
binding epitope is not an exception, but the rule. Being or having
pentamer(s) with zero/low similarity to the human proteome is a
common feature of the IgE-binding epitopes analyzed here.

LOW SIMILARITY AS A POSSIBLE MINIMUM COMMON
DENOMINATOR OF IGE EPITOPES

In allergology the current challenge is to identify those charac-
teristics that make a protein allergenic. Indeed, although the cascade
of cellular and molecular events involved in allergic reactions has
been clearly elucidated, nonetheless, the molecular basis of allergy
remains unclear. We know that the first step is represented by the
contact of a specific allergen with its corresponding IgE antibodies
bound to FceRI receptors on mast cells and basophils. Then, cross-
linking of the FceRI receptors on the surface of mast cells by anti-
gen and IgE causes mast-cell activation and degranulation. Mast
cells release histamine, heparin, and other mediators which are the
ultimate responsible for the clinical symptoms observed [53]. This
picture suggests that the IgE-binding allergen epitopes play an im-
portant role in the disease process, and, as a logical consequence,
indicates that identification of IgE epitopic sequences on the aller-
genic proteins is an important step in defining the mechanistic basis
of allergy. Actually, much of the research on allergen immuno-
genicity has focused on the structural properties, such as size, solu-
bility, stability, etc., that contribute to their access to the mucosal-
associated immune compartment. Only more recently there has been
attention to whether these proteins, or associated molecules, possess
innate immunostimulatory properties [54].

Here, IgE-binding epitopes described in literature [23-52] have
been explored by computational biology. The data screening indi-
cates that a low level of similarity to the human proteome is a
common characteristic of the IgE-binding modules present in aller-
gens. The analyzed experimental models refer to human IgE anti-
bodies so allowing concluding that allergen fragments with a low
similarity level to the human proteome are preferred recognized
epitopes in allergic subjects. The analysis acquires further value
when considering the already demonstrated IgE ability in binding
pentapeptide fragments and, more in general, short amino acid
fragments [55-57]. Likewise, it also appears of interest to recall the
well-known potent modulation that short pentapeptide fragments

may exert in the complex biochemical processes underlying the
anaphylactic shock involved in allergic phenomena [58].

Therefore, it seems pertinent to foresee therapeutical applica-
tions of the present approach by devising and designing short amino
acid modules to be used for blocking pathogenic IgE-induced reac-
tions. In this regard , peptide-based therapeutical approaches would
be of special interest in relationship to food hypersensitivity [59],
asthma [60] and anaphylaxis [61]. As a matter of fact, attempts to
treat peanut allergy using traditional methods of allergen desensiti-
zation are accompanied by a high risk of anaphylaxis [62] or side-
effects such as osteoporosis [63]. On the contrary, vaccine prepara-
tions based on no-similarity segments from allergenic compounds
are expected to hit specifically the allergen, without side harmful
cross reactions with other proteins, and limit/eliminate corticoster-
oid regimens. Therefore, from the clinical point of view, the present
approach might pave the way to the concrete possibility of safe
immunotherapies.
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