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Abstract
Ragweed is a prominent cause of seasonal allergies. Thus far, information on IgE-binding sites of major allergen in rag-
weed pollen, Amb a 1, is very limited. A powerful experimental method to gain insights on the allergen epitopes is the 
selection of peptides from biological libraries that bind to anti-allergen antibodies. In this work, we aimed to map IgE 
epitopes of Amb a 1 using epitope-mimicking short peptides – mimotopes that were affinity-selected from phage-dis-
played random peptide libraries. The peptides weakly aligned with the Amb a 1 primary sequence, thus suggesting that 
the epitopes are conformational. When the peptides were mapped onto the surface of Amb a 1 homology model, the 
EpiSearch analysis predicted the location of four potential epitopic sites on surface patches centred at residues K104, S110, 
H214, and W312. The peptides matching to the predicted epitopes bound selectively to the IgE from pool of ragweed-al-
lergic patients’ sera and therefore represent mimetics of Amb a 1 IgE epitopes. The knowledge of IgE epitopes is a pre-
requisite for the rational design of molecular-based approaches to diagnosis and immunotherapy of allergic diseases.
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1. Introduction
Short ragweed (Ambrosia artemisiifolia) is one of the 

most important allergen source in North America.1 Be-
cause of its fast spreading, sensitization rates are also in-
creasing in Central and Southeastern Europe, ranging 
from 15% to ~80%.2 Current therapeutic options for rag-
weed allergy involve symptomatic treatment and aller-
gen-specific immunotherapy. Conventional immunother-
apy with crude pollen extracts is the only available curative 
treatment. However, it may induce undesired IgE-mediat-
ed side effects and long-term therapy is required, which 
often hampers patient compliance.3,4 Therefore, new ap-
proaches to immunotherapy that include well-defined 
therapeutic molecules with reduced or abolished IgE bind-
ing capacity are being investigated.

Ragweed pollen allergy is especially suited for mol-
ecule-based immunotherapeutic strategies due to the 
dominance of one allergen. Molecule-based vaccines are 
based on individual allergen proteins, allergen-derived 

peptides containing relevant epitopes or epitope-mim-
icking peptides (mimotopes).5 Among 14 allergens de-
scribed in ragweed pollen, Amb a 1 has been identified as 
the major disease-causing agent, which reacts with IgE of 
more than 90% of the ragweed-sensitized patients.6,7 It is 
a non-glycosylated 38 kDa protein that belongs to the 
family of pectate lyases and accounts for up to 15% of 
total proteins in the ragweed pollen.8,9 It has been 
demonstrated that Amb a 1 in a form of a conjugate with 
toll-like receptor agonist can replace the whole pollen ex-
tract in immunotherapy.10 Five different isoforms of Amb 
a 1 with about 80% sequence identity have been found.11 
They display distinct patterns of IgE binding and immu-
nogenicity with limited B- and T-cell cross-reactivity pat-
terns.12 Amb a 1 is cross-reactive with its homologous 
allergen in mugwort pollen Art v 6, a pectate lyase with 
65% of sequence identity with Amb a 1.13–15 The identifi-
cation of relevant epitopes can reveal the molecular basis 
of allergenic cross-reactivity. Therefore, detailed studies 
of T- and B- cell epitopes are necessary for rational de-
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sign of molecule-based reagents for diagnosis and immu-
notherapy.

Investigation of T-cell response to Amb a 1 revealed 
multiple dominant T-cell epitopes (Amb a 1 176–191, 
200–215, 280–295, 304–319, 320–335, and 344–359).16,17 
However, the data on the conformational B-cell epitopes is 
still scarce. Screening of random peptide phage libraries 
against anti-allergen antibodies is a fast and relatively in-
expensive alternative compared to other methods for 
epitope mapping and in combination with computer-based 
algorithms can lead to the identification of conformational 
allergen epitopes.18,19 Successful application of this tech-
nology provides peptide mimotopes that are able to bind 
IgE antibodies and are not necessarily identical to original 
epitope, but rather mimic its essential features.20,21 Mimo-
topes are considered to have similar physicochemical 
characteristics and spatial organization as their corre-
sponding epitopes. As such, they may be employed for the 
development of safer immunotherapies either based on 
carrier-bound peptide vaccines or based on hypoallergen-
ic recombinant allergens.22,23

In this study, we screened phage display libraries of 
random peptides using Amb a 1-specific IgG to define 
peptides mimicking Amb a 1 epitopes. Best mimotope 
candidates were tested for their IgE reactivity with sera of 
ragweed-allergic patients. Using computational epitope 
mapping tools affinity-selected peptide sequences were 
analyzed to predict the location of epitopes on Amb a 1.

2. Experimental
2. 1. �Purification and Evaluation of Target 

Antibodies

Anti-Amb a 1 IgG were affinity-purified from rabbit 
antiserum (Indoor Biotechnologies, Cat# PA-AM1, 
RRID:AB_2728628) using natural allergen Amb a 1 (IN-
DOOR Biotechnologies) immobilized on Dynabeads 
M-280 Tosylactivated (Thermo Fisher Scientific, Waltham, 
Massachusetts, USA) following the manufacturer’s in-
structions.

2. 2. Biopanning of Phage Display Libraries
Affinity-purified rabbit IgG specific for Amb a 1 

were immobilized alternatingly onto 0.45 mg of protein G 
or protein A coupled magnetic beads (Dynabeads, Ther-
mo Fisher Scientific) by incubation in PBS/0.05% Tween 
20 for 30 min at room temperature and used as a target in 
biopanning. Three phage display libraries (New England 
Biolabs, Ipswich, Massachusetts, USA) of linear heptam-
er, linear dodecamer, and cyclic heptamer random pep-
tides were panned as described in the manufacturer’s 
manual. The libraries contain approximately 109 unique 
peptide sequences fused to the pIII minor coat protein of 

the M13 filamentous phage. Bound phages were eluted 
from the target antibodies either with 0.1 M glycine-HCl 
(pH 2.2) for 10 min followed by immediate neutralization 
with 1 M Tris (pH 8.0) or competitively with Amb a 1 at 
the final concentration of 12 μg/ml. After three rounds of 
affinity selection, 24 individual clones from each elution 
method (total 144 clones) were amplified and screened 
for binding to target antibodies by monoclonal phage 
ELISA.

2. 3. Monoclonal Phage ELISA
MaxiSorp microtiter plates (Thermo Fisher Scientif-

ic, Waltham, Massachusetts, USA) were coated with 2 µg/
ml of anti-Amb a 1 IgG (RRID:AB_2728628) in PBS over-
night at 4 °C. Plates were blocked with 5% skimmed milk 
in PBS for 1.5 h at room temperature and washed three 
times with PBS/0.1% Tween 20. A separate set of wells was 
covered with blocking buffer only, to determine back-
ground binding. The amplified phage clones or control 
(wild-type phage clone with no peptide displayed on its 
surface) in LB were then loaded into the wells. After 60 
min of incubation, the wells were washed five times with 
PBS/0.1% Tween 20. For detection, HRP-conjugated an-
ti-M13 monoclonal antibodies (GE Healthcare Cat# 
27942101 RRID: AB_2616587) diluted 1:5000 were added 
to the wells and incubated for 1 h. The colour was devel-
oped with TMB Super Tracker substrate (ImmunoO4, 
Westminster, UK) supplemented with 0.006% H202. After 
terminating the reaction with 2 M H2SO4, absorbance was 
measured at 450 nm with the microtiter plate reader (Te-
can Safire, Tecan Group AG, Männedorf, Switzerland). 
Phage clones with the highest target to background ab-
sorbance ratio were subjected to DNA sequencing (GATC 
Biotech, Konstanz, Germany).

2. 4. �Characterization of Phage-displayed 
Peptides Binding to Target Antibodies
Seventeen phage clones displaying unique peptides 

were purified by PEG-precipitation, resuspended in PBS 
and quantified by spectrophotometry. Binding of the 
phage-displayed peptides to the target antibodies was as-
sessed by semiquantitative ELISA. The suspensions con-
taining 2 × 109 pfu of individual phage clones or control 
phage in PBS were loaded into the wells. To detect possible 
binders to antibody constant regions, the wells were coated 
with control rabbit antiserum raised against procathepsin 
X (Biogenes, Berlin, Germany) diluted 1:1000 in PBS over-
night at 4 °C. For competition ELISA selected clones were 
added to the wells together with the allergen in three dif-
ferent concentrations (1 μg/ml, 5 μg/ml, 10 μg/ml) and in-
cubated with target antibodies for 1 h at room tempera-
ture. The following steps in the assays were as described 
above for monoclonal phage ELISA. All experiments were 
carried out in triplicates.



39Acta Chim. Slov. 2019, 66, 37–44

Zahirović et al.:   Epitope Mapping of Major Ragweed   ...

2. 5. �Linear Alignment of Peptides with Amb 
a 1 Sequence and Mapping to the 3D 
Homology Model of Amb a 1
Obtained amino acid sequences were checked for the 

presence of target-unrelated peptides using the MimoDB 
2.0 database. Peptides were compared among themselves 
and aligned with Amb a 1 sequence using multiple se-
quence alignment program, Clustal Omega, to find a con-
sensus pattern of amino acids.24 The 3D model structure of 
Amb a 1 was generated using a protein fold recognition 
server Phyre2.25 The EpiSearch method was used to define 
the potential epitope sites on the surface of Amb a 1.26

2. 6. �Isolation of pIII-Fused Peptides from  
E. coli Periplasm
Six peptides showing the highest specific binding to 

target antibodies were extracted from the periplasm of E. 
coli ER2738 as fusions with pIII phage coat protein. Host 
bacteria were infected with individual peptide-displaying 
phage clone and grown for 2 h at 37 °C with agitation. Bac-
terial pellets were spun down at 5000 ×g for 10 min and 
resuspended in 1 ml of an ice-cold solution consisting of 
20% sucrose, 200 mM Tris-HCl (pH 8.0) and 1 mM EDTA 
supplemented with protease inhibitor cocktail (EZBlock™, 
BioVision, San Francisco, USA) at a dilution of 1:200. Fol-
lowing 1 h incubation on ice with occasional stirring, su-
pernatants were harvested by centrifugation at 12000 ×g 
for 20 min at 4 °C. The resulting periplasmic extracts were 
concentrated (4–5 fold) and the extraction buffer was ex-
changed for PBS by ultrafiltration using 10 kDa cut-off 
membranes (Microsep Advance Centrifugal Device, Pall 
Corporation, New York, USA). Extracts of non-infected 
bacteria and bacteria infected with phage clone carrying 
unrelated pIII-fused control peptide (linear GTFDHPQ 
targeting streptavidin) were prepared in the same way and 
used as negative controls. 27

2. 7. Sera of Ragweed-Allergic Patients
Serum samples from ragweed-allergic patients with 

positive sIgE to Amb a 1 were collected at the University 
Clinic of Respiratory and Allergic Diseases, Golnik, Slove-
nia prior to starting immunotherapy. Patients’ characteris-
tics are shown in Table 1. The study was approved by Na-
tional Medical Ethics Committee of Republic of Slovenia 
(No. 35/06/14). All patients willingly donated their blood 
for research.

2. 8. �Immunodot Assay: Binding of  
pIII-Fused Peptides to Patients´ IgE
Two microliters of each sample of pIII-fused pep-

tides were spotted onto 0.45 µm nitrocellulose membrane 
(GE Healthcare). The membrane was blocked with 5% 

skimmed milk in Tris-buffered saline/0.05% Tween 20 
(0.05% TBST) for 3 h at room temperature and then incu-
bated overnight at 4 °C with a pool of sera from ragweed 
allergic-patients (patients 1 to 8, Table 1) diluted 1:10 in 
0.05% TBST. After triple washing with 0.1% TBST, mem-
branes were incubated with HRP-conjugated goat anti-hu-
man IgE antibodies (Thermo Fisher Scientific Cat# A18793 
RRID: AB_2535570) diluted 1:2000 in 1% BSA/0.1% TBST 
for 2 h at room temperature. The reactive dots were visual-
ized with CCD image analysis system (G-Box, Syngene, 
United Kingdom) using SuperSignal West Dura Extended 
Duration Substrate (Thermo Fisher Scientific).

3. Results and Discussion
In this study, we sought to map epitopes of major 

ragweed allergen Amb a 1 by panning phage-displayed 
random peptide libraries. A thoughtful choice of biopan-
ning conditions is crucial to overcome the limitations of 
commercially available peptide libraries and to improve 
the selection success rate.28,29 To avoid recovery of tar-
get-unrelated binders we used protein A or protein G cou-
pled beads alternatingly for immobilization of target anti-
bodies. Biopanning of three phage displayed-libraries was 
carried out with affinity-purified rabbit IgG specific for 
Amb a 1 using specific and non-specific elution. Given 
that the antibodies of IgG isotype were used as target, the 
reactivity of selected peptides with serum IgE was tested in 
order to evaluate whether a conserved epitope specificity 
between the IgG and IgE exist and thus to determine 
whether the identified peptides are also mimetics of IgE 
epitopes in ragweed-allergic patients. Forty-two phage 
clones reactive with Amb a 1–specific target antibodies but 
not with the components of background buffer in prelimi-
nary phage ELISA were selected for sequencing. Peptides 
RVVELMDWTVLH, CLFSQGNRC, MRTDMVI, and 
CIMSLVGTC were the most strongly enriched (number of 
isolated identical sequences is shown in brackets alongside 
these peptides in Figs. 1 and 2). Overall, sequencing yield-
ed 17 different peptides.

	 sIgE* Amb a 1
	 (kU/L)

Patient 1	 0.77
Patient 2	 41.4
Patient 3	 1.51
Patient 4	 0.61
Patient 5	 0.62
Patient 6	 0.5
Patient 7	 1.6
Patient 8	 1.71

Table 1. Characteristics of ragweed-allergic patients. 

sIgE* – specific immunoglobulin E were measured by using CLIA 
Immulite (Siemens, Erlangen, Germany).
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Binding of individual peptides displayed on phage to 
target antibodies was ranked in semiquantitative ELISA as-
say (Fig 1, A). In contrast to control phage (with no peptide 
displayed), six peptide-displaying phage clones demon-
strated at least two-fold higher binding to the target anti-
bodies compared to the background. Other 11 peptide-dis-
playing phage clones showed lower binding to target 
antibodies. Potential non-specific interaction with anti-

body constant region was checked by ELISA with control 
antibodies that were produced in the same species as target 
antibody and thus contain identical Fc fragment. Binding 
to control rabbit antisera was low and comparable between 
peptide-displaying phage clones and control phage (Fig 1, 
B). Therefore, the interaction of peptides with antibody 
constant region was excluded. Six phage-displayed peptides 
that exhibited the best binding to target antibodies (RV-

Figure 1: Characterization of the phage-displayed peptides affinity-selected with anti-Amb a 1 rabbit IgG. (A) Binding of phage-displayed peptides 
to the immobilized target antibodies and background (5% milk). Values in brackets represent the frequency of the selected peptides. (B) Binding of 
phage-displayed peptides to the immobilized control rabbit antiserum (anti-procathepsin X). Wild-type phage with no displayed peptide served as 
negative control. The data are presented as the mean ± standard deviation of three individual experiments. (C) Displacement of six selected 
phage-displayed peptides from target antibodies with 1 μg/ml, 5 μg/ml and 10 μg/ml of natural Amb a 1.
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VELMDWTVLH, GSAMTWGMLAAE, SYNIIATGIHPV, 
TMVATGLMPVLI, QDFDDIL, and CLFSQGNRC) were 
further examined for competitive binding to target anti-
body paratopes in the presence of allergen (Fig 1, C). After 
addition of 5 or 10 µg/ml of Amb a 1, the signal for 
phage-displayed peptide GSAMTWGMLAAE substantial-
ly decreased. The signal drop, albeit less pronounced, was 
also observed for Cys constrained phage-displayed peptide 
CLFSQGNRC. Peptide displacement from the target anti-
body by allergen indicates that they competed with allergen 
for the same paratopes on target antibodies i.e. the peptides 
and allergen share the same binding sites. Interestingly, 
other tested peptides showed no change or even slight in-
crease in signal after addition of allergen (Fig 1, C). This 
may imply that they have a higher affinity for target anti-
bodies than the allergen. Enhanced binding of phages to 
target antibodies occur possibly due to the conformational 
stabilization of target antibodies upon allergen binding that 
makes the paratopes more accessible for phages.

Isoforms of Amb a 1 display distinct patterns of IgE 
binding. In previous study, Amb a 1.01 showed higher 
IgE-binding activity compared to Amb a 1.02 or 03 iso-
forms.12 Therefore, we used Amb a 1.01 isoform for in sili-
co linear alignment and conformational epitope mapping. 
The sequences of 17 different peptides were arranged into 
six groups according to their degree of similarity (Fig. 2). 
Despite common amino acid motifs within individual 
groups, not all peptides exhibited high binding to the tar-
get antibodies. For example, motif SQGNR appeared in 12 
out of 14 peptides from the cyclic library but only one pep-

tide sequence (CLFSQGNRC) bound significantly to the 
target antibodies (Fig. 1A). This indicated that other resi-
dues outside the motif were important for target antibody 
binding as well.

Fig. 3 depicts linear alignment of the peptides with 
Amb a 1.01 sequence. The peptides were either aligned 
with shorter segments consisting of only a few matching 
residues within Amb a 1 sequence or not aligned at all 
(Fig. 3). Matching amino acids were also not the same as 
those included in common motifs within individual 
groups. This suggests that the epitopes of Amb a 1 are con-
formational. Indeed, it has been previously shown that in-
halational allergens contain mainly conformational 
epitopes consisting of amino acids that are distributed over 
the protein sequence and come into close contact upon 
protein folding.30–32

For in silico mapping of conformational epitopes on 
Amb a 1, we created the 3D structural model of Amb a 1 
since its crystal structure is not yet available. Using a pro-
tein fold recognition server Phyre2, we generated a high 
confidence close homology model of Amb a 1 with se-
quence coverage of 92%.25 The model is based on structur-
al template d1pxza of Jun a 1, the major allergen from ce-
dar pollen, as the closest homolog with known structure 
that contains a single-stranded right-handed beta-helix 
fold. Jun a 1 is a member of the pectate lyase family of al-
lergens and provides a reliable homology model since it 
has a sequence identity of 47% with a FFAS score −93.1 
with Amb a 1.33 EpiSearch method was used to reveal the 
location of epitopes on surface of Amb a 1 model.26 This 
approach uses patch analysis and solvent accessible surface 
area of amino acids to map peptides obtained from phage 
display experiments onto the 3D structure of a protein. 
The best match between the amino acid composition of 
the peptides and surface-exposed areas on the 3D model 
of allergen is predictive of epitope.

We used six representative peptides from groups 1–4 
that showed the highest binding to target antibodies (Fig. 
1C, Fig. 2; underlined peptides) as input sequences for 
Episearch. The natural allergen Amb a 1 is composed of 
two non-covalently associated subchains, the N-terminal 
β chain (amino acids 26–180) and the C-terminal α chain 
(amino acids 181–396). Two representatives from group 1 
were mapped to the loop on β chain at the N terminus con-
taining residues V72, A73, N74, L102, K104, V107, G127, V148, 
N149, P150, G151, G152, L153, S156, A161, A162, P163, A165, G166, 
and S167 with center residue at K104 (score: 1.000) (Fig. 4A). 
Two representatives from group 2 were mapped to the beta 
strand on α chain at the C terminus containing residues 
R253, H254, A276, S277, T279, L281, L299, G300, R301, H302, G303, 
E304, A305, A306, E308, S309, M310, W312, R315, V328, A329, S330, 
and, G331 with center residue at W312 (score: 0.950) (Fig. 
4B). A representative from group 3 was mapped to the 
loop on β chain at the N terminus containing residues Q86, 
N87, R88, L90, N109, S110, N131, G132, N135, N157, G159, G176, 
S178, and Q179 with center residue at S110 (score: 1.000) 

Figure 2: Sequence alignment of isolated peptides obtained using 
multiple sequence alignment program Clustal Omega. Consensus 
residues within each group are marked in different colours. Bolded 
amino acids are exact match; not bolded amino acids have similar 
physicochemical properties. Underlined peptides from groups 1–4 
showed the highest binding to target antibodies.
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(Fig. 4C). A representative from group 4 was mapped to 
the beta strand on α chain at the C terminus containing 
residues D145, D170, D192, L210, Q213, H214, Q215, F216, D243, 
D246, Q247, and D265 with center residue at H214 (score: 
1.000) (Fig. 4D). β chain was suggested to contain IgE 
binding sites based on its higher IgE reactivity compared 
to α subchain in the previous study.34 In this study, Epi-
search analysis predicted two epitopes to be located on β 
chain at the N terminus (mapped by peptides from groups 
1 and 3) and also predicted two epitopes on α chain at the 
C terminus (mapped by peptides from groups 2 and 4). 
Predicted epitopes are located on the solvent-exposed 
loops and beta strands of Amb a 1 model structure. These 
results agree with the known fact that conformational 
B-cell epitopes are usually associated with turns or loops 
and exposed regions protruding from protein surfaces and 
suggest that residues in these areas are involved in anti-
body binding.35,36

Given that the biopanning was carried out with anti-
bodies of IgG isotype as target, in order to determine the 

relevance of deduced epitopes in ragweed-allergic patients 
we tested the conserved epitope specificity between IgG 
and IgE by evaluating the reactivity of identified peptides 
with patient sera. Six representative peptides from groups 
1–4 that showed the highest binding to target (Fig. 1C, Fig. 
2; underlined peptides) were isolated as fusions with pIII 
phage coat protein from E. coli and tested for binding to 
IgE from sera pool of ragweed-allergic patients (patients 
1–8, Table 1). Extract from noninfected bacteria and an 
unrelated pIII-fused peptide (linear GTFDHPQ targeting 
streptavidin) were used as controls.27 Sera pool showed 
IgE binding to the six pIII-fused peptides (Fig. 5). Protein 
pIII used as a carrier of peptides ensured the correct con-
formation of the peptides during the assay and allowed 
efficient immobilisation on the membrane. Signals were 
not detected with the control samples (Fig. 5). Therefore, 
binding was attributed only to the IgE epitope-mimicking 
peptides (mimotopes). Thus, the mimotopes showed bind-
ing with target IgG as well as with patients´ IgE. This indi-
cates that the identified epitopes are relevant for both anti-

Figure 3: Alignment of isolated peptide sequences to the sequence of Amb a 1.01 isoform (the accession number in the gene bank of NCBI: P27759). 
Amino acids in individual peptides are coloured corresponding to groups 1–6 (Fig. 2). Bolded amino acids are exact match to residues in Amb a 1; 
not bolded amino acids have similar physicochemical properties as residues in Amb a 1.01.
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body isotypes. Since the mimotopes were selected with 
IgG antibodies, additional IgE epitopes might still be pres-
ent on Amb a 1.

Figure 5. Binding of pIII-fused representative peptides from groups 
1–4 to IgE from sera pool of eight ragweed-allergic patients.  
(1) pIII-RVVELMDWTVLH, (2) pIII-GSAMTWGMLAAE,  
(3) pIII-SYNIIATGIHPV, (4) pIII-TMVATGLMPVLI, (5)  
pIII-QDFDDIL, and (6) pIII-CLFSQGNRC. Controls: (C1) non-in-
fected E. coli and (C2) unrelated pIII-fused peptide pIII-GTFDHPQ.

4. Conclusions
In biopanning experiments against the polyclonal 

Amb a 1-specific rabbit IgG, we enriched peptides and ar-
ranged them into six groups according to their degree of 
similarity. The peptides weakly matched with shorter seg-
ments of Amb a 1 sequence, thus suggesting that the 
epitopes of Amb a 1 are conformational. Conformational 
mapping of the six representative peptides to the surface of 
the structural model of Amb a 1 predicted the location of 
four epitopic sites on surface patches centred at residues 
K104, S110, H214, and W312. The representative peptides 
bound to IgE from ragweed-allergic patients and are there-
fore mimetics of Amb a 1 IgE epitopes. These results pave 
the way towards the identification of conformational 
epitopes of Amb a 1. The structure and location of each new 
epitope increase our knowledge and, hence, the probability 
of identifying common features of cross-reactive aller-
gen-antibody recognition sites, which would ultimately 
help to reveal the characteristics of the cross-reactive aller-

gens and their underlying mechanism of action. In the con-
text of immunotherapy, the identification of allergen 
epitopes and their mimotopes provides the basis for the ra-
tional design of immunotherapeutic constructs either based 
on recombinant allergen derivatives with reduced allergen-
ic activity or mimotope-based carrier-bound vaccine for 
more defined and safer allergen-specific immunotherapy.
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Povzetek
Ambrozija je pomemben vzrok sezonskih alergij. Do sedaj imamo zelo malo informacij o IgE vezavnih mestih na glav-
nem alergenu iz cvetnega prahu ambrozije, Amb a 1. Afinitetna selekcija peptidov iz bioloških knjižnic z uporabo speci-
fičnih protiteles proti alergenu je uporabna laboratorijska metoda za določevanje epitopov. V tej raziskavi smo s pomoč-
jo mimotopov, kratkih peptidov, ki posnemajo epitope, izoliranih iz bakteriofagnih knjižnic naključnih peptidov, 
določali IgE epitope Amb a 1. Izbrani peptidi so se le šibko ujemali s primarnim zaporedjem Amb a 1, kar je nakazovalo, 
da so epitopi konformacijski. Da bi jih določili, smo izdelali homologni model tridimenzionalne strukture Amb a 1, na 
katerega smo prilegali izbrane peptide. S pomočjo programa EpiSearch smo identificirali štiri potencialne epitope na 
površini alergena okoli aminokislinskih ostankov K104, S110, H214 in W312. Peptidni mimetiki predvidenih epitopov so se 
specifično vezali na IgE iz zmesi serumov za ambrozijo alergičnih pacientov in tako predstavljajo mimetike IgE epitopov 
Amb a 1. Poznavanje IgE epitopov je predpogoj za racionalno načrtovanje molekularnih pristopov v diagnostiki in imu-
noterapiji alergijskih bolezni.

https://doi.org/10.1056/NEJMoa052916
https://doi.org/10.1159/000235512
https://doi.org/10.1111/all.13196
https://doi.org/10.1159/000089188
https://doi.org/10.4049/jimmunol.1102445
https://doi.org/10.1371/journal.pone.0120038
https://doi.org/10.1111/cea.12772
https://doi.org/10.1016/j.jaci.2010.05.038
https://doi.org/10.3390/molecules16010857
https://doi.org/10.1007/s00018-009-0192-2
https://doi.org/10.1096/fj.99-1000com
https://doi.org/10.1067/mai.2000.107040
https://doi.org/10.1096/fasebj.12.15.1635
https://doi.org/10.1002/mnfr.201600568
https://doi.org/10.1038/msb.2011.75
https://doi.org/10.1038/nprot.2015.053
https://doi.org/10.1159/000330108
https://doi.org/10.17344/acsi.2016.2458
https://doi.org/10.1201/b18196
https://doi.org/10.3390/molecules16010790
https://doi.org/10.1159/000260078
https://doi.org/10.4049/jimmunol.0803018
https://doi.org/10.1093/nar/gki418
https://doi.org/10.1016/j.molimm.2009.02.005
https://doi.org/10.1016/j.jaci.2008.12.881
https://doi.org/10.1016/j.jmb.2007.02.036

	OLE_LINK1
	OLE_LINK2
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_ENREF_32
	_ENREF_33
	_ENREF_34
	_ENREF_35
	_ENREF_36

