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Thaumatin-like proteins (TLPs) belong to the pathogenesis-related family (PR-5) of plant defense pro-
teins. TLPs from only 32 plant genera have been identified as pollen or food allergens. IgE epitopes on
allergens play a central role in food allergy by initiating cross-linking of specific IgE on basophils/mast
cells. A comparative analysis of pollen- and food-allergenic TLPs is lacking. The main objective of this
investigation was to study the structural and allergenicity features of sapodilla (Manilkara zapota) acidic
TLP (TLP 1) by in silico methods. The allergenicity prediction of composite sequence of sapodilla TLP 1
(NCBIB3EWX8.1, G5DC91.1) was performed using FARRP, Allermatch and Evaller web tools. A homology
model of the protein was generated using banana TLP template (1Z3Q) by HHPRED-MODELLER. B-cell lin-
ear epitope prediction was performed using BCpreds and BepiPred. Sapodilla TLP 1 matched significantly
with allergenic TLPs from olive, kiwi, bell pepper and banana. IgE epitope prediction as performed using
AlgPred indicated the presence of 2 epitopes (epitope 1: residues 36-48; epitope 2: residues 51-63), and
a comprehensive analysis of all allergenic TLPs displayed up to 3 additional epitopes on other TLPs. It
can be inferred from these analyses that plant allergenic TLPs generally carry 2-3 IgE epitopes. ClustalX
alignments of allergenic TLPs indicate that IgE epitopes 1 and 2 are common in food allergenic TLPs, and
IgE epitopes 2 and 3 are common in pollen allergenic TLPs; IgE epitope 2 overlaps with a portion of the
thaumatin family signature. The secondary structural elements of TLPs vary markedly in regions 1 and
2 which harbor all the predicted IgE epitopes in all food and pollen TLPs in either of the region. Further,
based on the number of IgE epitopes, food TLPs are grouped into rosid and non-rosid clades. The number
and distribution of the predicted IgE epitopes among the allergenic TLPs may explain the specificity of
food or pollen allergy as well as the varied degree of cross-reactivity among plant foods and/or pollens.
© 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

Plant allergens from both food and pollen sources are cur-
rently being studied extensively to understand the nature of clinical
and immunological cross-reactivity for recommending the avoid-
ance of certain foods for pollen- and/or food-sensitized subjects
(Prescott, 2013). Sensitization process to an allergen in a suscep-
tible individual is yet to be established and the clinical expression
of sensitization is extremely variable (Asero and Pravettoni, 2013).
Variation in the expression levels of allergens in plant tissues and
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presence of isoforms makes it difficult to extrapolate the results
of one allergenic case to a generalized group of food allergy. How-
ever, attempts are being made all over the world to predict IgE
epitopes, which are one of the critical parameters for the devel-
opment of allergy, by using in silico methods (Aluffi-Pentini et al.,
2009; Dall’Antoniaetal.,2011; Malekietal.,2011; Chenetal.,2012;
Sharma et al., 2013). B-cell epitopes are principally involved in
the interaction of food allergens with specific IgE on basophils and
mast cells. Among the B-cell epitopes, some epitopes are recognized
more often than others, probably indicating the role of sensitization
process (Aalberse and Crameri, 2011).

Sapodilla or sapodilla plum (Manilkara zapota; known by the
names sapota or chiku in India) is a tropical delicious fruit, rich in
sugars, and mainly consumed for table purposes (Paull, 2008; Small,
2011).Sapodilla is native to Mexico and Central America, but is now
widely cultivated in almost all the tropical countries; it belongs
to the family Sapotaceae of the order Ericales. India accounts for
10% of the world fruit production and ranks first in the production
of banana and sapodilla (APEDA agri Xchange, 2013). The fruit is
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becoming popular as a specialty fruit in restaurants across Europe
and North America. The protein content of sapodilla is very low
(0.4-0.7 g per 100 g pulp).

Allergic reactions to sapodilla are rare. Three cases of oral allergy
syndrome (OAS) to the ingestion of sapodilla were first described
from India, and the causative allergen was identified as a 21 kDa
protein in sapodilla pulp (Hegde and Venkatesh, 2002). Subse-
quently, the major allergen was isolated and identified as a basic
thaumatin-like protein (TLP) using sera from 7 sapodilla-allergic
subjects (Hegde et al., 2013). Basic TLP (TLP 2) is rich in arginine,
glycine and threonine with a pl of >9.5, and its N-terminal sequence
is ATFDIQNNCXY- (UniProt Accn. B3EWES5); however, its gene has
not been cloned yet. Recently, a case of OAS to sapodilla and custard
apple (Annona squamosa) was investigated wherein both the acidic
and basic TLPs were identified as the allergens; the isolation and
characterization of sapodilla TLP 1 (22 kDa), and its genomic clone
have been described (Ashok Kumar et al., 2013). Sapodilla TLP 1 is
a single polypeptide of 207 residues stabilized by 8 disulfides and
has a pl of ~4.3.

TLPs are plant pathogenesis-related proteins belonging to the
PR-5 family produced in response to biotic and environmental
stress (Liu et al., 2010). TLPs show high sequence similarity to thau-
matin, an intensely sweet-tasting protein obtained from the berries
of a West African shrub, Thaumatococcus daniellii. During safety
evaluation of thaumatin (Talin protein), it was found to be a weak
sensitizer in rats upon systemic administration; allergy testing of
laboratory workers who had been intermittently exposed to com-
mercial thaumatin for periods up to 7 years showed that 9.3% were
positive (Higginbotham et al., 1983). Since thaumatin is available as
a natural sweetener for consumption in only few countries, allergic
reactions to thaumatin are expected to be uncommon. Despite lack
of reports on allergy to thaumatin in humans, several pollen and
food TLPs have been identified as inhalant and ingestant allergens,
respectively, in susceptible atopic individuals (Breiteneder, 2004).

Only a limited number of TLPs have been identified from plant
pollens and foods. Among these, TLPs from kiwi fruit, apple, peach,
pear and cherry have been well investigated in molecular allergol-
ogy. Only recombinant forms of TLPs from apple and cherry have
tested positive for IgE-reactivity with allergic sera (Krebitz et al.,
2003; Fuchs et al., 2006). In the case of allergenic pollen TLPs, TLP
from Japanese cedar pollen (Jun a 3) has been well studied with
respect to its structure and IgE-epitopes (Soman et al., 2000). So
far, only 6 plant TLPs have been crystallized and their 3D struc-
tures elucidated (Narasimhan et al., 2009). However, comparative
analyses of the structural features of allergenic TLPs in the context
of prediction of IgE epitopes have not been reported so far. The
main objective of this study was to investigate whether the num-
ber and distribution of IgE epitopes among allergenic food TLPs
have a possible bearing on the specificity and cross-reactivity of
food and/or pollen allergy. Therefore, we investigated the struc-
tural characteristics of sapodilla TLP 1 in comparison with other
allergenic TLPs.

2. Materials and methods
2.1. Sapodilla TLP 1

The sapodilla acidic TLP mature sequence as retrieved from NCBI
(G5D(91.1; partial) was devoid of the N-terminal 7 residues. The
complete mature sequence was obtained by overlapping the exper-
imentally determined N-terminal sequence of 25 residues (UniProt
No. B3EWXS; TLP 1b). The composite sequence of sapodilla acidic
TLP (Ashok Kumar et al., 2013), shown in Fig. 1, was used for all in
silico analyses described hereafter, and is referred to as sapodilla
TLP 1.

2.2. Allergenicity assessment of sapodilla TLP 1 as per FAO/WHO
guidelines

Sapodilla TLP 1 has been shown to be an allergen based
on positive in vitro and in vivo allergy diagnostic tests using a
sapodilla-allergic subject (Ashok Kumar et al., 2013). The aller-
genicity assessment in silico (Vaughan et al., 2010) of sapodilla TLP
1 sequence was performed using online tools at the Food Allergy
Research and Resource Program (FARRP) allergen protein database
(www.allergenonline.org). Here, allergenicity analysis of a protein
sequence is performed by 3 different methods, viz., the full-length
alignment method, the 80 amino acid alignment method and the 8
amino acid exact match method, all of which were defined by the
FAO/WHO guidelines in order to assess the allergenicity of newly
introduced proteins in genetically modified (GM) foods.

Allergenicity of sapodilla TLP 1 sequence was also predicted
using Allermatch web tool (http://allermatch.org/). Assessment
is performed using 3 methods, viz., full-length alignment, 80-aa
match and exact 6-aa match. Evaller (http://www.slv.se/en-gb/
Group1/Food-Safety/e-Testing-of-protein-allergenicity/), another
allergenicity/cross-reactivity prediction web tool based on pep-
tide selection-query method was also performed. Here, peptides
are selectively compared against allergenic and non-allergenic pep-
tides in the database.

2.3. Linear B-cell epitope prediction of sapodilla TLP 1

BepiPred Linear Epitope Prediction tool of the [EDB Database
(http://tools.immuneepitope.org/tools/bcell/iedb_input) was used
to predict the epitope residue scores for sapodilla TLP 1. BepiPred
predicts the location of linear B-cell epitopes using a combination of
a hidden Markov model and a propensity scale method. B-cell epi-
topes were also predicted using BCpreds epitope prediction server
(http://ailab.cs.iastate.edu/bcpreds/). A fixed length epitope pre-
diction of 20-residues and 75% specificity was used for scoring
potential B-cell epitopes.

2.4. IgE epitope prediction for sapodilla TLP 1 and allergenic TLPs

IgE epitope prediction for sapodilla TLP 1 was carried out using
AlgPred server (Saha and Raghava, 2006; http://www.imtech.res.
in/raghava/algpred/submission.html). The currently known
allergenic food and pollen TLPs having full-length sequences
as retrieved from Allergome database (www.allergome.org)
is compiled in Table 1; these TLPs were also subjected to IgE
epitope prediction. Allergenic TLPs with partial sequences
are not listed in Table 1 and these include English mug-
wort (Artemisia vulgaris), birch (Betula verrucosa), hazelnut
(Corylus avellana), Eastern red cedar (Juniperus virginiana),
garden lettuce (Lactuca sativa), American sycamore (Platanus
acerifolia) and obeche (Triplochiton scleroxylon). Theoreti-
cal pl and molecular mass were determined using EXPASy’s
compute pI/MW tool (http://web.expasy.org/compute_pi/). N-
Glycosylation sequons were searched using NetNGlyc server
(http://www.cbs.dtu.dk/services/NetNGlyc/). In order to investi-
gate the distribution pattern of the predicted IgE epitopes among
allergenic plant food and pollen TLPs (Table 1), a relationship tree
was constructed using their mature sequences retrieved from
NCBI, and Phylogeny.fr was employed for this purpose.

2.5. Homology modeling and annotation of sapodilla TLP 1

Homology modeling, also known as comparative modeling,
is a method for predicting the three-dimensional structure of
a given protein up to its atomic resolution based on its pri-
mary sequence; it involves identification of protein structures
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Fig. 1. Panel (a) The composite amino acid sequence of sapodilla TLP 1. The first 7 residues were obtained by N-terminal sequencing (underlined). Cysteines are shown in
italics and the thaumatin family signature is boxed. The sequences representing the predicted IgE epitopes 1 and 2 obtained from this study are shown by solid lines above
the sequences. The B-cell epitopes predicted by BCpreds are double underlined. Modified from Ashok Kumar et al. (©2013, with permission from the Japanese Society of
Allergology). Panel (b) B-cell linear epitope prediction scores for sapodilla TLP 1 as analyzed by BepiPred. Only residue scores above 0.85 (threshold score for this analysis)
are displayed. Potential B-cell epitopes are sequentially named ‘a’ to ‘g’. The underlined sequence in epitope c represents a portion of the thaumatin family signature shown

in panel (a).

or templates which are likely to resemble the structure of the
query sequence, and a structure of the query is built upon
it. The servers HHpred (http://toolkit.tuebingen.mpg.de/hhpred)
and Modeller (http://toolkit.tuebingen.mpg.de/modeller) of the
Max-Planck Institute for Developmental Biology were used for
this purpose. Annotation of the predicted structure was per-
formed using PDBsum (http://www.ebi.ac.uk/pdbsum/) which
provides the secondary structure and cleft information, and eval-
uates the stereochemical quality of the modeled protein. The
predicted IgE epitopes were mapped on to the modeled 3D struc-
ture of sapodilla TLP 1 using Jmol 3D structure visualization
software.

2.6. Mapping of the predicted B-cell and IgE epitopes, and
structural comparison of TLPs

Based on the distribution pattern obtained from the IgE epitope
prediction, representative TLPs from each group were selected and
their crystal structures were retrieved from PDB. The predicted B-
cell and IgE epitopes were mapped onto the secondary structures
of the selected TLPs. Common and variable secondary structural
features were identified manually and visualized on their 3D struc-
tures using Rasmol. PDBsum was used to generate the secondary
structures and the homology model of sapodilla TLP 1 was also used
alongside for comparison.

3. Results

3.1. Allergenicity assessment of sapodilla TLP 1 according to
FAO/WHO guidelines

In the full-length alignment method, an identity match with
>50% for the query is considered as a potential cross-reactive aller-
gen with the match. An identity match with >35% for the query is
considered as a potential cross-reactive allergen in the 80 amino
acid alignment method. However, in the 8 amino acid exact match
(8-mer) method, any exact match for the query is considered to
identify the protein as a potential cross-reactive allergen. Table 2
displays the results of full-length alignment method showing aller-
gen matches (with identities greater than 50%) to allergenic food
and pollen TLPs. Allergenic food TLPs from olive and kiwi fruits
showed significant identity (69-78%), while pollen TLP allergens
from cedars and cypresses showed identity percentage close to
50. Although there are other allergenic plant TLPs in the database,
interestingly, their identity with sapodilla TLP 1 stayed below 50%.
Using the 80 amino acid alignment search, total of 128 sequences
of 80 amino acid stretch were produced from sapodilla TLP 1, of
which twenty eight 80 amino acid stretch matched the correspond-
ing stretches of the deposited allergens (Table 2). By 8-mer method,
two hundred 8-mers were found, and 11 allergens contained at
least one 8-mer exact match (Table 2). In consistent with the full
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Table 1
List of putative allergenic TLPs from plant foods and pollens.?
Food TLPs pl Food TLPs pl Pollen TLPs pl
Actinidia chinensis (gold kiwi, 3) Olea europaea (olive, 1) Cryptomeria japonica (Japanese cedar, 8)
AGC39176.1 7.91 E3SU11.1 4,76 BAC15615.1 8.46
AGC39181.1 4.46 Prunus avium (sweet cherry, 1) BAC15614.1 8.46
AGC39177.1 7.55 P50694.1 4.57 BAC15616.1 4.63
Actinidia deliciosa (green kiwi, 5) Prunus domestica (plum, prune, 1) BAD90815.1 4.80
AGC39180.1 4.61 ADM22305.1 9.15 BAD99299.1 4.62
AGC39175.1 791 Prunus dulcis (almond, 1) BAD90813.1 5.47
ABQ42566.1 7.92 ACE80974.1 4.62 BAF51970.1 443
AGC39179.1 5.35 Prunus persica (peach, 5) BAD90814.1 4.54
AGC39178.1 5.34 AEV57470.1 427 Cupressus arizonica (Arizona cypress, 1)
Actinidia eriantha (kiwi, velvet vine, 1) P83335.1 4.58 CAC05258.1 4.82
AGC39182.1 4.61 AEV57472.1 4.73 Cupressus sempervirens (Mediterranean cypress, 2)
Brassica oleracea (cabbage, 1) AEV57471.1 4,61 AAR21074.1 5.32
AA012209.1 7.97 P83332.1 8.14 AAR21075.1 5.32
Capsicum annum (bell pepper, 3) Pyrus pyrifolia (apple pear, 8) Juniperus ashei (mountain cedar, 1)
AAK97184.1 7.53 ACN97419.1 4,51 P81295.1 4.79
ACB30367.1 8.48 ACN97417.1 451 Juniperus rigida (Japanese juniper, 2)
AAP86781.1 5.77 AE036939.1 4.51 AAR21071.1 4.82
Castanea sativa (chestnut, 1) ACI04550.1 457 AAR21072.1 4.82
CAB62167.1 8.46 080327.1 5.01 Thuja occidentalis (Northern-white cedar, 1)
Cucumis melo (musk melon, 2) BAC78212.1 5.29 AAV65287.1 4.76
ADN33946.1 4.86 ACN97418.1 4.63
ADN33945.1 4.19 ACN97416.1 4.51
Manilkara zapota (sapodilla, 1) Triticum aestivum® (wheat, 1)
AEP84104.1 4.52 AAM15877.1 791
Malus domestica (apple, 4) Vitis vinifera (grape, 5)
AAX19851.1 4.43 QIMA4G6 4.76
ABC47923.1 443 Q9LLB7 8.46
AAX19848.1 4.43 004708 4,76
Jc7201 4.72 F6HUH1 4.76
Musa acuminata (banana, 2) A9CSPO 4.76
123Q 6.33 Thaumatococcus daniellii® (miracle fruit, 4)
AFK29763.1 4.76 P02883.1 8.46
BAF44567.1 6.50
P02884.1 7.51
1RQW_A 8.46

2 Allergen list was obtained from Allergome database (www.allergome.org) and the sequence data was retrieved from NCBI database; the common name and the number
of gene sequences deposited are shown in parentheses following the botanical name. Theoretical pls were calculated for the mature sequences using ExPASy pI/MW tool.
Underlined sequences have putative N-glycosylation sites as analyzed by NetNGlyc server. Only allergenic TLPs having full-length sequences have been listed except for
sapodilla acidic TLP (residues 8-207).

b Inhalant food allergens.

Table 2
Allergen matches for sapodilla acidic TLP in FARRP database.
Allergen (botanical name, Accn. No.) Percent identity No.
FL* 80-mer* 8-mer?
Olea europaea, E3SU11.1 77.80 82.50 26
Actinidia deliciosa, AGC39175.1 69.50 76.23 30
Actinidia deliciosa, ABQ42566.1 69.00 74.95 30
Juniperus virginiana, Q9LD79.2 61.40 62.50 01
Juniperus ashei, P81295.1 55.00 63.70 03
Cryptomeria japonica, BAF51970.1 53.50 62.50 02
Juniperus rigida, AAR21071.1, AAR21072.1 54.00 62.50 03
Cupressus sempervirens, AAR21075.1, AAR21074.1 53.00 61.30 03
Cupressus arizonica, CAC05258.1 52.50 60.00 02
Triticum aestivum, P27357.1 <50.00 53.70 00
Prunus dulcis, ACE80974.1 <50.00 50.00 00
Prunus persica, P83335.1 <50.00 48.80 00
Prunus dulcis x Prunus persica, ACE80955.1 <50.00 48.80 00
Prunus avium, P50694.1 <50.00 48.78 00
Prunus persica, AEV57471.1 <50.00 48.20 00
Malus domestica, AAX19851.1, CAT99611.1, AAX19848.1, AFM77001.1, Q9FSG7.1, CAT99612.1 <50.00 47.50 00
Prunus dulcis x Prunus persica, ACE80957.1 <50.00 46.50 00
Prunus dulcis x Prunus persica, ACE80956.1 <50.00 45.80 00
Prunus dulcis x Prunus persica, ACE80959.1 <50.00 4530 00
Prunus persica, P83332.1 <50.00 45.10 00
Prunus dulcis x Prunus persica, ACE80958.1 <50.00 45.03 00

2 Full-length (FL) alignment method lists allergen matches with >50% identity, 80-mer match method lists allergen matches with >35% identity, and 8-mer match method
lists allergens with at least 1 exact match.
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Table 3

Allergenicity assessment of sapodilla acidic TLP by Allermatch (full length, 80-aa sliding window and 6-aa Wordmatch).

Allergen ID?, Accn. No. Full length® 80-mer sliding window* 6-mer Wordmatch®
(1) (i) (iii) (1) (i)

al_Act.d_2, P81370 69.46/203 76.25 128 100.00 44 21.78
wi_Cap_a_1w, Q9ARGO 66.35/208 73.75 128 100.00 26 12.87
wi-Mus_a_4, 022322 65.88/170 72.50 122 95.31 12 5.94
alJun.a_3, P81295 54.95/202 63.75 128 100.00 9 4.46
wi_Jun_v_3_b, QILD79 61.45/083 62.50 36 28.12 5 2.48
wi_Jun.v_3.a, Q9LD79 61.45/083 62.50 36 28.12 5 2.48
wi-Cup_s_3_c, Q69CS2 52.97/202 61.25 128 100.00 8 3.96
wi_Cup_s_3.b, Q69CS3 52.97/202 61.25 128 100.00 8 3.96
wi_Cup_s_3.a, Q69CS2 52.97/202 61.25 128 100.00 8 3.96
wi_Pru_p_2_c, B6CQT3 41.63/221 48.78 122 95.31 4 1.98
al_Pru_av_2, P50694 40.99/222 48.75 119 92.97 4 1.98
al_Mal_d_2, Q9FSG7 40.54/222 47.50 123 96.09 2 0.99
wi_Pru_p_2_b, B6CQT5 40.36/223 46.51 122 95.31 3 1.49
wi_Pru_p_2.a, B6CQT7 39.91/223 45.35 124 96.88 2 0.99

2 Allergen ID. The prefix before the allergen nomenclature indicates the source database (al: both UniProt and WHO-IUIS; wi: WHO-IUIS isoallergen list).
b Results of FASTA alignment of the complete input sequence against UniProt and WHO-IUIS database. The first number refers to percentage identity, and the second

number refers to the length of sequence over which the FASTA aligned.

¢ (i) Percent identical amino acids in the aligned 80-aa sliding window, (ii) the number of hits the input sequence had with this allergen, and (iii) the percentage of windows

analyzed for this input sequence hitting this allergen.

d (i) The number of exact 6 aa hits the input sequence had with this allergen, and (ii) the percentage of exact hits the input sequence is found to hit this allergen sequence.

length alignment data, 8 mer exact matches were found to be 26 for
olive TLP and 30 for kiwi TLPs compared to allergenic pollen TLPs
which showed only 1-3 exact matches.

The results of allergenicity assessment of sapodilla TLP 1 by
Allermatch using the full-length, 80-aa sliding window and 6-aa
Wordmatch are shown in Table 3. TLPs from kiwi, bell pepper,
banana, apple, cherry and peach as well as from pollens (red cedar
and Mediterranean cypress) showed >35% identity with sapodilla
TLP 1 by the full length analysis. The resulting 80-aa matches were
fairly identical with full-length matches indicating the overall sim-
ilarity of sapodilla TLP 1 with the above-mentioned TLPs. However,
the 6-aa Wordmatch analysis showed that only TLPs from kiwi (Act
d 2), bell pepper (Cap a 1) and banana (Mus a 4) seem to have higher
number of Wordmatches with sapodilla TLP 1.

Evaller assessment of sapodilla TLP 1 showed 7 peptide matches
- 5 from kiwi TLP (Act d 2; matched sequences of the query: 71-98,
91-115, 159-179, 164-184 and 167-192), 1 each from mountain
cedar TLP (Jun a 3; matched sequence 42-62) and eastern red cedar
major pollen allergen (Jun v 3; matched sequence 42-62) with
Smith-Waterman scores ranging from 94 to 132. Sapodilla TLP 1 is
classified as ‘presumably an allergen’ based on Evaller assessment.

3.2. Linear B-cell epitope scoring for sapodilla TLP 1

A total of 5 B-cell epitopes, named sequentially as b1 to b5, span-
ning the entire length of sapodilla TLP 1 were predicted by BCpreds
(Fig. 1, panel a). The prediction scores for each residue of sapodilla
TLP 1, as obtained by IEDB BepiPred, is shown in Fig. 1, panel b.
From this analysis, it is seen that a total of 7 B-cell linear epitopes
(sequentially named ‘a’ to ‘g’) can be predicted for sapodilla TLP 1.
Epitopes ‘a’, ‘d’ and ‘g’ show high scores, whereas epitopes ‘b’, ‘C’,
‘e’ and ‘f’ show intermediate scores.

3.3. IgE epitope prediction of sapodilla TLP 1 by AlgPred

Upon analysis by AlgPred, two epitopes were predicted on
sapodilla TLP 1 (Fig. 1, panel a): IgE epitope ‘1’, stretching from
residues 36 to 48 (APGSTKARIWGRT) and IgE epitope ‘2’ stretching
from residues 51 to 63 (NFDANGQGKCQTG). A portion of the IgE
epitope ‘2’ overlaps with the thaumatin family signature as shown
in Fig. 1 (panel a). Further, it was observed from BepiPred analysis
that the residues having high scores in epitope ‘b’ and ‘c’ are APGST
and QGKGC, respectively; these stretches are found in IgE epitope

1 and 2, respectively, which indicate their higher accessibility for
antibody recognition.

3.4. IgE epitope prediction of allergenic food TLPs

Using AlgPred allergenicity prediction server, IgE epitopes were
predicted for thaumatins and each of the plant TLP sequences
listed as allergens in Table 1. The prediction of IgE epitope was
based on matching the query sequence with the experimentally
obtained IgE epitope sequence deposited in the AlgPred database.
The clustalX alignments for allergenic food TLPs displaying the pre-
dicted IgE epitopes are shown in Fig. S1 (Supplementary data). It is
readily apparent from Fig. S1 that there are 4 predicted IgE epi-
topes matching with the IgE epitopes available in the database:
epitope 1 (AAGTASARFWGRT), epitope 2 (TFDASGKGSCQTG), epi-
tope 3 (ADINAVCPSELK) and epitope 4 (VDGGCNSACNVFKT). From
this analysis, a few interesting observations can be made, namely,
(i) the number of predicted IgE epitopes varies from 0 to 4, (ii) thau-
matin sequences contain IgE epitopes 2 and 4, (iii) 27 out of 46 (59%)
allergenic food TLPs displayed either one or two IgE epitopes, (iv)
7 TLPs (green kiwi TLPs: AGC39175.1, ABQ42566.1; banana TLP:
1Z3Q; grape TLPs: all except QILLB7) displayed all the 4 IgE epi-
topes and six TLPs displayed 3 IgE epitopes in two combinations
(banana TLP: AFK29763.1; kiwi/velvet vine TLP: AGC39182.1; green
kiwi TLP: AGC39180.1; gold kiwi TLPs: AGC39176.1, AGC39181.1;
grape TLP: Q9LLB7) and (v) six TLPs do not display any putative IgE
epitopes (13%).

Most of the food TLPs (29 out of 41) ends in the sequence-FCP,
whereas 7 food TLPs including sapodilla TLP 1 have C-terminal
extensions ranging from 2 to 8 residues. Another 7 food TLPs show
C-terminal extensions ranging from 17 to 29 residues. It is inter-
esting to note that two food TLPs have unusually long C-terminal
extensions — 78 residues (musk melon TLP, ADN33946.1) and 83
residues (peach TLP, AEV57472.1).

3.5. IgE epitope prediction of allergenic pollen TLPs

Similarly, the clustalX alignments of allergenic pollen TLPs
displaying the predicted IgE epitopes are shown in Fig. S2
(Supplementary data). Most pollen TLPs (12 out of 15) range in
length from 199 to 206 residues; however, 3 pollen TLPs are longer
(218 to 223 residues). In addition to the 4 predicted IgE epitopes
described for food allergenic TLPs, 7 out of 15 pollen allergenic
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Fig. 2. Distribution of predicted IgE epitopes among allergenic plant TLPs. Food allergenic TLPs are shown in panel (a) and pollen allergenic TLPs in panel (b). The color
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is referred to the web version of the article.)

TLPs (47%) showed a match with the 5th IgE epitope (NAYVDNC-
PATNYSK) present in the AlgPred database. Interestingly, pollen
allergenic TLPs with either O or 1 epitope were absent in this
analysis. Pollen allergenic TLPs with 2 IgE epitopes were found
in only four (27%), whereas those with either 3 or 4 IgE epitopes
accounted for only 2 each (13% each).

3.6. Distribution of predicted IgE epitopes among allergenic plant
TLPs

The distribution pattern of predicted IgE epitopes of food aller-
genic TLPs (shown in Fig. S1) is represented phylogenetically in
Fig. 2, panel a. It is observed from this representation that the TLPs
from the lower half were found to have either 0 or 1 IgE epitope, the
exceptions being TLPs from musk melon (ADN33946.1) and peach
(AEV57471.1) which show two IgE epitopes. In contrast, the major-
ity of the TLPs from the upper half (sapodilla, olive, bell pepper, kiwi
fruit and wheat), as well as thaumatins, contain two IgE epitopes.
However, several TLPs from kiwi fruit contain 3 or 4 IgE epitopes.

Of the 15 allergenic pollen TLPs shown in Fig. 2 (panel b),
all belonging to the family Cupressaceae of order Pinales (class
Pinopsida), 9 pollen TLPs harbor 4 or 5 predicted IgE epitopes,
and form a separate clade (upper half of panel b). Six out of 15
pollen TLPs (lower half of panel b) contain only 2 or 3 predicted

IgE epitopes. Unlike allergenic food TLPs, no allergenic TLPs with 0
or 1 IgE epitope were found.

Further, it can be observed that the lower half of the phyloge-
netic tree (Fig. 2, panel a) comprises of TLPs from rosaceae (apple,
plum, peach, almond, cherry and apple pear), cucurbitaceae (musk
melon), fagaceae (chestnut) and brassicaceae (cabbage) all of which
belong to the rosids; the rosids and the asterids are the largest
clades in the eudicots. The upper half of the tree comprises of TLPs
from actinidiaceae (kiwi fruit), solanaceae (bell pepper), oleaceae
(olive), musaceae (banana), poaceae (wheat), marantaceae (mira-
cle fruit) and sapotaceae (sapodilla). It should be noted here that
banana, wheat and miracle fruit belong to the Commelinids clade,
while kiwi fruit, sapodilla, olive and bell pepper belong to the Aster-
ids clade.

3.7. Homology modeling of sapodilla TLP 1

For homology modeling of sapodilla TLP 1, six deposited crys-
tallographic structures of plant TLPs were available on PDB, any of
which could be used as a template. However, based on alignment
scores, banana TLP showed the highest score with sapodilla TLP
1; therefore, the top scoring crystal structure of banana TLP was
used as the template. The generated homology model of sapodilla
TLP 1 is displayed in Fig. 3, which shows that it has an overall struc-
tural similarity with other plant TLPs (Ghosh and Chakrabarti, 2008;
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Menu-Bouaouiche et al., 2003) in having a central domain made up
of antiparellel 3-sheets supported by 2 domains on either side, one
of which is made up of only 3-sheets and the other made up of both
[3-sheets and a-helices; the entire structure is strongly stabilized
by 8 disulfide bridges. The stereochemical quality of the generated
model was evaluated using PROCHECK available in PDBsum; the
results indicated that 89.2% residues lie in the most favorable region
of the Ramachandran plot (a good quality model generally has >90%
residues lying in the most favorable region).

The putative clefts in the modeled sapodilla TLP 1 structure are
shown in Fig. 3. Among the 10 clefts observed in the structure,
4 clefts appear to be of significance since they have volumes of
>500 A3, and the clefts with higher volumes tend to possess func-
tional characteristics. The first cleft with volume size of 1371.09
A3 seems to be the biggest cleft containing 2 cysteines, 4 negative
and 2 positive residues; this could very well correspond to the elec-
tronegative cleft described in the case of tobacco PR-5d, a vacuolar
neutral anti-fungal TLP (Koiwa et al., 1999). An important feature
of the first cleft is the presence of high number of neutral (7) and
aromatic (6) residues. The two predicted IgE epitopes of sapodilla
TLP 1 are mapped on the 3D model - epitope 1 and 2 shown in red
and green, respectively (Fig. 3, inset).

3.8. Epitope mapping and structural variation

The predicted B-cell and IgE epitopes were mapped on the sec-
ondary structures of some representative TLPs. We chose apple and
cherry TLPs belonging to the family rosaceae from the rosid clade
(Fig. 2, lower half of panel a); sapodilla TLP 1 and banana TLP were
selected from the non-rosid clade (Fig. 2, upper half of panel a).
A grape TLP was also included in this analysis, since several cases

of allergy to grape and wine have been reported wherein TLP has
been identified as one of the grape allergens (Pastorello et al., 2003;
Armentia et al., 2007; Cardinale et al., 2010). Among the grape TLPs
listed in Table 1, the crystal structure of one is available (UniProt
Accn. 004708); IgE epitope prediction showed that this grape TLP
has 4 IgE epitopes (data shown in Fig. 4).

The annotations and epitope mappings on the secondary struc-
tures of banana, grape, sapodilla, apple and cherry TLPs are depicted
in Fig. 4. It can be observed that 5-7 high-scoring predicted B-cell
epitopes are present in these TLPs (indicated as solid boxes) span-
ning the entire sequence, of which only two seem to be highly
conserved - the second and the last one. The predicted IgE epi-
topes (indicated as broken boxes) upon mapping on the secondary
structure was observed to lie in two distinct regions. IgE epitope 1
is found in all except cherry TLP, and IgE epitope 2 is found only in
banana, grape and sapodilla TLPs. IgE epitope 3 is present only on
banana, grape and cherry TLPs, whereas IgE epitope 4 is found only
on banana and grape TLPs.

Although the five TLPs have a similar overall structure, they can
be grouped into two based on their fine variations in their structure
(Fig.4). The N-terminal, the C-terminal and the central regions of all
these TLPs have identical secondary structures; however, variations
inthe length of 3-sheets and 3-hairpins are seen prominently in the
central and the C-terminal regions. Further, a small helix is present
in the central region of apple TLP and in the C-terminal region of
grape and sapodilla TLPs.

The region 1 (between the N-terminal and central regions) and
region 2 (between the central and C-terminal regions) have more
number of variations with respect to the secondary structural ele-
ments. It can also be observed that most of the helices appear in
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Fig. 4. Structural features and mapping of predicted epitopes on selected allergenic food TLPs. X-ray crystallographic structures of banana, grape, apple and cherry were
retrieved from PDB. Structure of sapodilla TLP 1 was modeled based on homology. Secondary structure annotation was performed using PDBsum; the display from top to
bottom corresponds to the TLPs as listed in the inset table. B-cell epitopes predicted by BCpreds are shown in solid boxes, and IgE epitopes predicted by AlgPred are shown
in broken boxes. 3D structures are represented in cartoons using Rasmol. The secondary structural elements highlighted in green correspond to the N-terminal, central and
C-terminal regions; similarly, the secondary structural elements highlighted in red corresponds to regions 1 and 2.

region 2. It is interesting to note that all the predicted IgE epitopes
in all TLPs lie in either region 1 or 2.

It is easily discernible from the 3D structures (Fig. 4) that all
the TLPs have a similar topology, consisting of a central lectin-like
domain of antiparallel -sheets surrounded by two disulfide-
stabilized domains of both -sheets and a-helices. The variable
regions 1 and 2 observed in the secondary structures harboring
the predicted IgE epitopes are seen to lie in the side domains. It
can be seen from Fig. 4 that the rosid TLPs (apple and cherry) fold
differently than the non-rosid TLPs (banana, grape and sapodilla).

3.9. Cladogram of different botanical families in the order Ericales

Since sapodilla TLP 1 is evolutionarily related to olive TLP (fam-
ily oleaceae of order Lamiales and clade asterids) and several kiwi
TLPs (family actinidiaceae of order Ericales and clade asterids), it
appeared interesting to look at the allergens reported from the
plants in the order Ericales. This order also includes families which
produce several edible berries (blueberry, cranberry and bilberry)
and fruits (persimmon, date plum, star apple and sapote). A phy-
logenetic tree of the different families in the order Ericales (Smets
and Pyck, 2003) was retrieved from Tree of Life web project (2002)
in order to assess the relationship of sapotaceae family with other
families known to cause inhalant and ingestant type I allergies.
Order Ericales consists of 28 families of which only plants from
7 families are reported, till date, to cause either pollen or food
allergies (Fig. S3, Supplementary data). Kiwi fruit allergy is the
most widely investigated and highest number of allergens has been
reported from kiwi. Other food allergies have been reported from
Brazil nut, persimmon, blueberry, sapodilla, argan oil and tea.

4. Discussion

Plant proteins known to be allergens have been grouped into dif-
ferent families of which the pathogenesis-related proteins (PRPs)
comprise the biggest group named PR-1 to PR-17 (Radauer and
Breiteneder, 2007; Radauer et al., 2008). All plant TLPs belong to
the PR-5 family and share in common a sequence similarity to thau-
matin, a sweet-tasting protein from the fruits of the West African
shrub, Thaumatococcus daniellii. Although there is high degree of
sequence and structural similarity among TLPs and thaumatin,
not all TLPs share common functional features, be it allergenic-
ity, B-1,3-glucanase activity, antifungal activity, B-glucan binding
activity or kinase acitivity. The reason for this functional diver-
sity is unknown at present (Liu et al., 2010; Narasimhan et al.,
2009). It is known that osmotin (Nicotiana tabacum) domain I can
be overlapped to the (3-barrel domain of adiponectin; recently, a
nonapeptide spanning 157-165 of osmotin has been shown to bind
to adiponectin receptor on human synovial fibroblasts and causing
release of cytokines (Miele et al., 2011).

Many food and pollen TLPs are reported as allergens from var-
ious plants (Breiteneder, 2004). Although several TLP genes have
been reported in eudicots, there is variation in gene sequences; fur-
ther, the tissue-specific expression profiles of these TLP genes are
not known completely. In view of the total number of plant TLPs
known and the >50% identity with sapodilla TLP 1 by the full-length
alignment and 80-mer window methods (FARRP and Allermatch),
it is readily evident that olive, kiwi, bell pepper, banana, wheat
and other rosid TLPs from plant foods show >50% identity; the
high-scoring TLPs belong to the non-rosid group. The pollen TLPs
do show considerable similarity although the number of pollen
TLP sequences available for comparison are very few (Radauer and
Breiteneder, 2006). The number of 8-mer matches with sapodilla
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TLP 1 by FARRP, Allermatch and Evaller was found to be high for
kiwi, bell pepper and olive TLPs.

AlgPred epitope analysis shows that the predicted IgE epitopes
1 and 2 are present in almost all allergenic TLPs, IgE epitopes 1 and
2 being the predominant ones in the case of food TLPs; on the con-
trary, IgE epitopes 1, 2 and 3 occur very frequently in most pollen
TLPs. IgE epitope 5, absent in allergenic food TLPs, is found in a
majority (47%) of allergenic pollen TLPs. Since only a few pollen TLP
sequences have been deposited, a significant comparison cannot be
made of the predicted IgE epitopes.

Only a few plant genomes (papaya, Carica papaya; poplar, Popu-
lus trichocarpa; rice, Oryza sativa; thale cress, Arabidopsis thaliana)
have been investigated for the multigenic nature and linkage anal-
ysis of TLPs (Liu et al., 2010; Looze et al., 2009; Petre et al., 2011;
Gao et al., 2005; Chen et al., 2008); allergy to these plant TLPs have
not been reported. Grapevine (Vitis vinifera) genome was compiled
recently (Jaillon et al., 2007). IgE epitope prediction of the Vitis
TLPs from its sequenced genome showed that the number of epi-
topes present varied among the 42 putative TLPs identified in silico;
24 out of 42 (57%) have only one predicted IgE epitope (epitope
2). IgE epitope 2 is present in the majority (81%) of the Vitis TLPs
(data not shown). The grape TLPs (Accn. Q9M4G6, A9CSPO, 004708
and FEHUH1) were found to have 4 predicted IgE epitopes (Fig. S1,
inset).

IgE epitope prediction of all known allergenic plant TLPs using
AlgPred showed that not all the epitopes are present in all TLPs ana-
lyzed. TLPs were found to differ in the number of epitopes ranging
from O to 5. This was observed not only within allergenic plant
TLPs, but also in a single plant genome (grape) as discussed above.
It would be worth studying the clinical reactivity of a particular
TLP isoforms in relation to its abundance in the respective fruits
and fruit-specific TLP gene expression. It can be observed from the
epitope predictions that few of the predicted IgE epitopes overlap
with the B-cell epitopes.

The score values of each residue of the predicted IgE epitope
in sapodilla TLP 1 indicated the critical 4-6 residues which are
likely to interact with the IgE antibody. Because even though the
epitope stretches from 15 to 20 residues, in a stereochemical inter-
action between an antibody and antigen, only 4-6 residues of the
epitope are involved (Ponomarenko and van Regenmortel, 2009).
It is essential to have the structure of the antigen-antibody com-
plex to precisely identify the epitope residues interacting with the
hypervariable regions of the specific IgE.

The wiring diagram of the predicted secondary structure of
sapodilla TLP 1 indicates that the disulfide bonding patterns and the
preponderance of 3-sheets and hairpins over a-helices are similar
to those observed for thaumatins and other plant TLPs. This seems
to correlate very well with the high percentages of glycine (10.6%),
threonine (9.7%) and alanine (8.7%) in the deduced composition of
sapodilla TLP 1 (Ashok Kumar et al., 2013). The two predicted IgE
epitopes (1 and 2) of sapodilla TLP 1 have been mapped on the
modeled structure of the protein. It is observed that almost half
of the residues in IgE epitopes 1 and 2 are buried inside and non-
accessible to the solvent, but the other halfis readily accessible and
can bind to the specific IgE of a sensitized patient to produce allergic
reactions.

TLPs have been studied for their role as an allergen in caus-
ing type I allergy (immediate hypersensitivity) to the ingestion
of many fruits. Plant food cross-reactive allergens and pollen-food
cross-reactive allergens also form a major contributor for the preva-
lence of inhalant and ingestant allergies (Cartier, 2010; Ramirez
and Bahna, 2009; Leone et al., 2006; Palacin et al., 2010, 2012;
Oberhuber et al., 2008). The concept of epitope diversity and aller-
gen variability with reference to plant TLPs in a clinical scenario
has been documented by several researchers (Bublin et al., 2004;
Maddumage et al., 2013; Palacin et al., 2011). It has been reported

that mountain cedar pollen TLP (Jun a 3) contribute not only to the
overall allergenicity, but variable levels of Jun a 3 may alter the aller-
genic potency of pollens produced under different environmental
conditions (Midoro-Horiuti et al., 2000). Soman et al. (2000) have
identified 4 tryptic peptides from Jun a 3 based on their reactivity
with IgE from patients with mountain cedar pollen allergy. These
peptides have the following stretches in Jun a 3 sequence: 120-131,
132-144, 152-165 and 169-179; among these the first 3 experi-
mentally determined IgE epitope match exactly with the predicted
IgE epitopes 3, 4 and 5 as shown in Fig. S2. Computational anal-
ysis of thaumatin-II and some TLPs indicated that residues Thr12,
Leu74, GIn133 and Thr161 of thaumatin-II (or equivalent residues
of other TLPs) could be used as a target for mutagenesis with the
objective of developing TLPs with reduced allergenicity (Baniulis
et al., 2008).

5. Conclusions

Based upon bioinformatics analyses, sapodilla TLP 1 closely
matches allergenic TLPs from olive, kiwi, banana and bell pepper
which are also known to cause food allergy upon ingestion. Fur-
ther, two IgE epitopes (1 and 2) have been identified for sapodilla
TLP 1. ClustalX alignments of all known putative allergenic TLPs
indicate that the occurrence of predicted IgE epitopes 1 and 2 are
more prevalent in food allergenic TLPs, and IgE epitopes 2 and 3
in pollen allergenic TLPs. This contrasts with the two predicted IgE
epitopes (2 and 4) for thaumatin sequences. Overall, it appears that
IgE epitope 2 which partially overlaps with the thaumatin family
signature appears to be the most conserved. Allergenic TLPs from
the rosids are predicted to harbor O or 1 IgE epitope. The number
and distribution of the predicted IgE epitopes among the allergenic
TLPs may be responsible for the specificity of food or pollen allergy
as well as the cross-reactivity observed among plant foods and/or
pollens. To our knowledge, this is the first comprehensive report of
structural and allergenicity characteristics of an allergenic protein
from sapodilla fruits.
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Abstract

Background: Allergy to sapodilla (Manilkara zapota) fruit ingestion is rare. An independent
study from our group has identified a basic thaumatin-like protein (TLP 2) as the major
allergen. The present study was aimed at identifying and characterizing additional allergens
from sapodilla.

Methods: Allergic subjects were identified by case history, skin prick test (SPT) and
allergen-specific IgE. Sapodilla extract was fractionated using SP-Sepharose into 3
components (SP1, SP2 and SP3) which were analyzed by native/SDS-PAGE, IgE-

immunoblot, isoelectric focusing (IEF) and N-terminal sequencing. The conserved regions of

plant TLPs and tFhe N-terminal sequence-and-the-conservedregions-of plant TEPs were used

to design primers for PCR.

Results: SPT and ELISA confirmed a subject with oral allergy syndrome (OAS) to sapodilla
and custard apple. Two proteins (26.9 and 24.5 kDa; reducing conditions) were detected as
allergens, of which the latter in SP2 has already been identified as basic TLP (TLP 2). The
26.9 kDa protein present in SP1 was identified as an acidic TLP based on native PAGE, IEF
and N-terminal sequencinge. Presence of a basic B-1,3-glucanase in SP3 was inferred by
zymography. Sequence analysis of the genomic clone of the acidic TLP gene revealed that it
is intronless and non-glycosylated. Evolutionary relatedness to olive, grape and kiwi fruit
allergenic TLPs were inferred by phylogenetic analysis.

Conclusions: An acidic TLP (TLP 1) was identified as a new allergen in sapodilla. TLP 1 is
a single polypeptide (207 residues) belonging to the thaumatin family of the GH64-TLP-SF

superfamily. Clinically, sapodilla should be considered in the list of fruits causing OAS.
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Keywords: acidic TLP; exotic fruit; food allergen; Manilkara zapota; oral allergy syndrome;

sapodilla; thaumatin-like protein
Introduction

Sapodilla (Manilkara zapota syn. Achras zapota), also known as sapota, chikoo and
by various other names, yields delicious fruits that are round, ovoid, ellipsoid or conical,
flattened at the stem end, 5 to 10 cm wide.'” The fruit is highly perishable and sensitive to
cold storage; hence, the bulk of the produce is used for table purpose. Sapodilla is cultivated
in the tropical parts of the world with India being the largest grower. Commonly available
varieties in India are the round cricket ball variety and the oval Kalipatti variety. The fruits
are rich in sugars (10.2%) and fiber (11.5%); however, the protein content is very low (~0.4—

0.7%).

Fruits and vegetables form a major part of the food pyramidal system. The
importance of regular consumption of fruits and vegetables in the prevention of cancer and
cardiovascular diseases has been widely acknowledged.’> WHO recommends daily intake of
approx. 400 g of fresh fruits and vegetables per person. Though uncommon, fruits and
vegetables elicit allergic reactions in sensitized individuals; fruit allergy may increase in
future due to increased consumption.”™. Although several common fruits (apple, banana,
citrus, grape, and other Rosaceae fruits) have been studied with respect to their allergenicity,
some exotic fruits, consumed commonly in a particular region have not been well studied in

terms of 0Oral aAllergy sSyndrome (OAS) and cross—reactive fruitsz

Generally, fruits cause allergic reactions confined to the oropharyngeal region, and is
referred to as OAS or pollen-food allergy.”*- With import of several tropical fruits in many

countries, sensitization to many uncommon fruits may occur more commonly. However,
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allergy to sapodilla is very rare, and only three cases of OAS have been reported; a 21 kDa
allergen has been identified from sapodilla pulp.” ~Further, it has been shown that this
allergen from sapodilla pulp is a basic thaumatin-like protein (TLP 2) based on its amino acid

composition, isoelectric point and N-terminal sequence (Hegde VL et al, and—ethers;

unpublished observations).

During the course of investigation of the basic TLP from sapodilla for further
biochemical and immunological studies, we detected another protein with a similar molecular
mass which eluted earlier to the basic TLP by frem—SP-Sepharose cation-exchange
chromatography of sapodilla extract. Therefore, it appeared interesting to purify this acidic
protein from sapodilla fruit and characterize it in relation to fruit allergy with the objective of

identifying additional allergens. The present study describes the characterization of the

biochemically purified acidic TLP from sapodilla pulp and its the-genomic cloneing—ef-the

sapedilapulp. Further, a comparative phylogenetic analysis has been carried out on acidic

TLPs which have been identified as food allergens till date.

Materials and methods

Materials

Sapodilla (cv. cricket ball) saplings were obtained from Indian Institute of
Horticultural Research; (Bangalore, India), and maintained at the nursery of this institute
(CFTRI, Mysore, India). Round and oval sapodilla fruits were purchased from local market.
InsTAclone™ PCR Cloning Kit was procured from Fermentas International (Burlington, ON,
Canada). Primers were synthesized at Eurofins Genomics India Pvt. Ltd.,

Bangaloreengatara,  India. Cetyltrimethylammonium  bromide = (CTAB), 3-
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(cyclohexylamino)-1-propanesulfonic acid (CAPS), laminarin (from Laminaria digitata),
laminarinase (from Trichoderma sp.; 100-400 units/g solid), mouse monoclonal anti-human IgE-
alkaline phosphatase (ALP) conjugate, Immobilon-P5? PVDF membranes, SP-Sepharose Fast
Flow and JumpStart™ AccuTaq™ LA DNA Polymerase Mix were purchased from Sigma-
Aldrich Chemical Co., St. Louis, MO. 2,3,5-Triphenyl-tetrazolium chloride (TTC, A.R.
grade) was a product of Reanal, Budapest, Hungary. Ultrafiltration membrane (PLGC, 10000

NMWL, 44.5 mm diameter) was purchased from Millipore Corporation, Bedford, MA.
Diagnostic tests for sapodilla allergy

This study was undertaken following approval by the Institutional Ethics Committee.
Informed consent was obtained from normal and allergic subjects prior to collection of blood
for in vitro tests. Diagnostic tests for confirming allergy to sapodilla included case history,
skin prick test (SPT), and allergen-specific IgE by ELISA; these were carried out as
described previously for diagnosis of allergy to the ingestion of sapodilla,9 pomegranate,
mango. a chewable drug containing excipient mannitol, and eggplant.'®'* A total of 300
subjects in the age range 18-60 y were screened at random. A 22-year-old female (KMo
always experienced allergy whenever she ate sapodilla fruit or custard apple (sweetsop;
Annona squamosa of family Annonaceae). She first noticed itching, swelling and redness
(mainly confined to the oropharyngeal area) to these fruits at the age of 10, within 15 min of

ingestion of sapodilla or custard apple. Since then, she has avoided eating these fruits.
Purification of an acidic thaumatin-like protein

Pulp from round ripe sapodilla fruits (250 g) was homogenized in an equal volume
(250 mL) of extraction buffer (20 mM KH,POy, pH 7.4 containing 3 mM EDTA, 0.9% NacCl,

and 0.02% NaN3). The homogenate was clarified by cheese cloth filtration and centrifuged at
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7000 x g at 4 °C for 10 min. The supernatant was dialyzed against the same buffer using 12-
14 kDa cut-off dialysis tubing to remove low molecular weight substances. Proteins were
precipitated by 75% ammonium sulfate saturation, and the precipitate was resuspended in a
minimum volume of the starting buffer (20 mM sodium acetate buffer, pH 4.0) and dialyzed
against the starting buffer using 12-14 kDa cut-off tubing. The dialyzed solution was loaded
onto a cation—exchange column (SP-Sepharose FF, 1.45 x 67.5 cm; 10 mL bed volume)
which had been pre-—equilibrated with the starting buffer. After loading, the column was
washed with the starting buffer to remove unbound proteins. The bound proteins were step-
eluted as follows: (a) 20 mM sodium acetate buffer, pH 5.0, (b) buffer in step (a) + 0.1 M
NaCl, (c) buffer in step (a) + 0.2 M NacCl, and (d) buffer in step (a) + | M NaCl. The eluted
protein fractions were pooled, desalted and concentrated using a 10 kDa mol. wt. cut-off
membrane in an Amicon stirred-cell ultrafiltration system. Protein quantitation was

performed by the dye-binding method using BSA as standard."
Native PAGE, SDS-PAGE and Electrofocusing

The chromatographic components from SP-Sepharose chromatography of sapodilla
extract were analyzed by 12% SDS-PAGE (dimensions: 14 cm width X 16 cm length for long
gel, and 8 cm width x 6 cm length for mini gel) according to Laemmli'® under both reducing
and non-reducing conditions. PAGE at alkaline and acidic pH under native conditions were
carried out using Tris-glycine buffer, pH 9.5 (pH 8.9 system or Davis system) and B-alanine-
acetic acid buffer, pH 4.3 (pH 4.3 system or Reisfeld system), respectively.'’- Isoelectric
point was evaluated by analytical electrofocusing in an immobilized pH gradient containing
ampholyne covering the pH range 3.5-9.5 using a Multiphor II unit (Amersham Biosciences,

Uppsala, Sweden). An isoelectric focusing (IEF) calibration kit (Amersham Pharmacia

Page 6 of 51
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Biotech) containing 11 proteins of known isoelectric points (pI) was used as reference. The

proteins were allowed to focus initially at 500 V for 20 min, and then at 1500 V for 1 h.

Zymography for p—1,3—glucanase activity

B-1,3-Glucanase activity on native polyacrylamide gels was carried out according to
Stahmann et al."® After the native PAGE run, the gel was washed 3 times with distilled water
and equilibrated in 0.5 M sodium acetate buffer, pH 4.5. The gel was then incubated in the
same buffer containing laminarin (6.7 mg/mL) at 37 °C for 2 h. After washing 3 times in
distilled water, the gel was immersed in a solution containing 0.15 g TTC in 100 mL of 1 M
NaOH, and placed in a boiling water bath until red bands on a clear background appear. The
gel was then immediately transferred to a solution of 7.5% acetic acid to conserve the clear

background.
p—-1,3-Glucanase assay

B-1,3-Glucanase activity for the SP-Sepharose chromatographic components was
analyzed using laminarin as the substrate as per the protocol described by Sigma Chemical

Co., St. Louis, MO (L-5272 — Enzyme Assay). The assay mixture consisting of 100 mM

sodium acetate buffer, pH 5 (0.6 mL), 2.5% laminarin in water (0.2 mL), and 5 pg test
protein in water (0.2 mL) was incubated at 37 °C for 60 min. Release of reducing sugars was
measured as glucose by dinitrosalicylic acid (DNS) method."” Briefly, 0.2 mL of DNS
reagent and 0.2 mL of sample (test), or distilled water (blank), were taken in test tubes. The
tubes were placed in a water bath at 100 °C for 10 min, and then allowed to cool to room

temperature. After the addition of 0.8 mL distilled water to each tube and mixing, the
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absorbance of the solutions was measured at 540 nm. Appropriate controls were used (BSA
as negative control and laminarinase as positive control), and a calibration curve was
prepared using D-glucose as standard in the range 0-200 pg. The protein content of

laminarinase was determined by Bradford assay.'

N-Terminal sequencing

Protein components from SP-Sepharose chromatography were subjected to SDS-
PAGE (12%, reducing). Multiple lanes of a sample were run; after electrophoresis, one half

of the gel was stained using 0.3 M CuCl,-*" for visualization of protein bands. The bands of

interest were located on the gel based on molecular mass, and the corresponding regions in
the other half of the gel were excised. The protein band of interest was transferred on to an
Immobilon-P°? PVDF membrane by wet transfer in 10 mM CAPS buffer with 20% methanol
overnight. After transfer, the membrane was transiently stained using 0.2% Ponceau S in
10% acetic acid for the visualization of the protein band; after excising the band, it was
destained using water. The membrane was then subjected to N-terminal sequencing by
Edman degradation on a PROCISE Protein Sequencer, Model 491 (Applied BioSystems,
Foster City, CA) at the Protein Sequencing Facility; (Indian Institute of Science, Bangalore,

and CSIR-CFTRI, Mysore).-

Cloning of an acidic thaumatin-like protein from sapodilla

Genomic DNA from the fresh leaves of sapodilla plant (cv. cricket ball) was prepared
according to the method described by Saghai-Maroof et al.! Fresh leaves (1 g) were
homogenized using an autoclaved mortar and pestle in 20 mL of extraction buffer (50 mM

Tris-HCI1 buffer, pH 8, containing 0.7 M NaCl, 10 mM EDTA, 1% CTAB, 0.1% 2-
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mercaptoethanol) and incubated at 60 °C for 1 h with occasional mixing by gentle swirling.
Ten milliliters of chloroform-isoamyl alcohol (24:1 v/v) were added and the solution was
mixed by inversion to form an emulsion that was centrifuged at 6000 x g at 25 °C for 10 min.
The aqueous phase was removed, and two-thirds volume of isopropanol was added and
mixed 2-4 times by quick gentle inversions. The precipitated DNA was lifted out with a bent
glass rod, transferred to a tube containing 20 mL of 76% ethanol/10 mM ammonium acetate,

kept for 20 min, and then dissolved in 1.5 mL of 10 mM ammonium acetate/0.25 mM EDTA.

All the primers designed and used for cloning sapodilla acidic TLP are listed in Table
S1 (Supplementary information). Two sets of nested degenerate primers were designed. N-
Terminal sequence of the 26.9 kDa sapodilla acidic allergen (ATFDV VNQCT FTVWA
GASPG GGKQL~-; identified as thaumatin-like protein) was used to design forward primer
for set 1 (SAP2: 5 CAGTGT-ACCTTCACCGTCTGGGC 3'). Also, this sequence was used
as a query to retrieve gene sequences and their respective protein translations from NCBI
Database (Genbank ID: Nicotiana tabacum P07052.1, Olea europaea ACZ57583.1, Vitis
vinifera AAB61590.1, Camellia sinensis ABE01396.1, Solanum tuberosum AAU95244.1,
Sambucus nigra AAKS59278.1 and Nepenthes rafflesiana ACU31848.1). Multiple sequence
alignment was performed using DIALIGN (http://bibiserv.techfak.uni-
bielefeld.de/dialign/submission.html) for these gene and protein sequences. A highly
conserved region was identified from the protein sequences’ alignment (named conserved
region A representing the sequence -CNNPCTV—) and a degenerate reverse primer was
designed (SAP4: 5" TGTAACAACCCC-TGTACCGTG 3'). Primers were analyzed using
Integrated DNA Technologies (IDT) oligo analyzer software

(http://www.idtdna.com/analyzer/—Applications/OligoAnalyzer/). ~PCR amplification was
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then carried out using JumpStart™ AccuTaq™ LA DNA Polymerase Mix according to the
manufacturer's instructions.

PCR product formation was confirmed by 1% agarose gel electrophoresis and then
was-cloned using InsTAclone™ PCR Cloning Kit and sequenced at Eurofins Genomics India
Pvt. Ltd., Bangalore, India. The sequence of the product was used to design forward primer
for set 2 (SAP5: 5" CGACATATCTCTGGTTGACGG 3’). Further, the sequence was also
used as a query to retrieve sequences from NCBI Database (Genbank ID: Camellia sinensis
ABEO01396.1, Vitis vinifera AAB61590.1, Olea europaea ACZ57583.1, Sambucus nigra
AAKS59278.1, Solanum tuberosum AAU95246.1, Sambucus nigra AAKS59276.1, Coffea
arabica ABW76503.1 and Actinidia deliciosa ABQ42566.1). Multiple sequence alignment
was performed. A highly conserved region was identified at the C-terminus of plant TLPs
and a reverse primer was designed (SAP9: 5" GGTTGTCTTCTGCCCTTGAAATTG 3').
Primer analysis and synthesis, PCR amplification and vector sequencing wereas carried out

as described above.

Nucleotide sequence and the deduced protein sequence analyses

The two nucleotide sequences obtained were assembled using DIALIGN, and BLAST
search was performed against NCBI database (http://blast.ncbi.nlm.nih.gov/). The cloned
nucleotide sequence was translated into the protein sequence using ExPASy translate tool
(http://web.expasy.org/translate/). The protein sequence was then analyzed for conserved
domains using NCBI Conserved Domain Database (CDD) search
(http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi). The physical and chemical
characteristics of the deduced protein sequence were determined using ProtParam tool of
ExPASy (http://web.expasy.org/protparam/). Phylogenetic relationship between sequences

was analyzed using Phylogeny.fr one click mode (http://www.phylogeny.fr/). Putative N-
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glycosylation site prediction was analyzed using the NetNGlyc algorithm available online at

http://www.cbs.dtu.dk/services.

Results

Identification of a subject having allergy to sapodilla and custard apple

The allergic subject showed a wheal/flare diameter (SPT response) of 6/20 mm for
50% sapodilla extract and 7/25 mm with pseudopods for 50% custard apple extract (Table 1);
during the SPT, the allergic subject experienced irritation at the prick points. When allergen-
specific IgE was carried out by ELISA using the allergic-subject’s serum, there was a 2-fold
increase in the absorbance for specific IgE compared to pooled normal sera for both these
fruit extracts. These results indicate the confirmation of allergy to both sapodilla and custard

apple fruits.

Purification of the allergen from sapodilla extract by chromatography

An extract of sapodilla pulp followed by dialysis at neutral pH resulted in a protein
yield of 95 mg from 250 g sapodilla pulp. After ammonium sulfate precipitation,
reconstitution and dialysis at acidic pH, approx. 22 mg protein was recovered as a clear
solution. The precipitated proteins at pH 4 amounting to ~77% of proteins in sapodilla
extract could be resolubilized at neutral pH, and contained mainly high molecular weight
proteins as analyzed by SDS-PAGE; further, the precipitated protein pool did not contain any

low molecular weight proteins (<30 kD) described hereinafter.

The chromatographic profile of sapodilla protein fractionation is shown in Fig. 1.
The protein components eluted using 20 mM sodium acetate buffer, pH 5 is labeled as SP1
(1.7 mg); similarly, the protein components eluted using 20 mM sodium acetate buffer, pH 5

with 0.1 and 0.2 M NacCl are labeled as SP2; (1.4 mg) and SP3; (1.9 mg), respectively. When
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1 M NaCl in 20 mM sodium acetate buffer, pH 5 was used, no protein was detected in the

eluted pool.

The SP-Sepharose components were analyzed by ELISA for detection of the
allergens using sapodilla-allergic subject’s serum. The results are shown in Table 2. In
comparison to the values obtained for normal serum, the sapodilla-allergic serum showed
increased ELISA values for both SP-1 and SP-2 indicating the presence of allergenic

proteins.

Analyses by gel electrophoresis and electrofocusing

Upon analysis by SDS-PAGE under reducing conditions (Fig. 2, panel a), SP1
showed a major band of 26.9 kDa (band ‘a’). SP2 showed two distinct bands — one of 24.5
kDa, (band ‘b’) and another of 28.2 kDa (band ‘c’). Only a single protein band of 37.4 kDa
(band ‘d’) is evident in SP3. Under non-reducing conditions (Fig. 2, panel a), the mobility of
band ‘a’ shifted to 18.6 kDa, and that of band ‘b’ shifted to 19.9 kDa. However, the
mobilities of the other two protein bands (‘c’ and ‘d’) did not alter much under non-reducing
conditions (27.3 and 38.2 kDa, respectively). It should be noted here that in order to increase
the resolution of the protein bands, a long SDS-PAGE gel was used; the protein bands ‘a’ and
‘b’ normally appear at 20-22 kDa position in the regular mini gel (Fig. 2, panel b). Only the
protein bands ‘a’ in SP1 and ‘b’ in SP2 were detected in IgE-immunoblotting using sapodilla-

allergic serum (Fig. 2, panel c); no bands were detected in SP3 pool.

Upon examining the protein components on native PAGE under basic system (Fig.
3, panel a), only band ‘a’ moved through the gel indicating its acidic nature, whereas bands
‘b’, ‘c’, and ‘d’ did not enter the gel, indicating their basic nature. On the other hand, when

these components were subjected to native PAGE under acidic system (Fig. 3, panel b), band
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‘a’ did not enter the gel, whereas bands ‘b’ and ‘¢’ resolved as two closely spaced protein

bands and band ‘d’ resolved as a single band indicating that all of them are basic proteins.

Electrofocusing analysis (Fig. 3, panel c) revealed that SP1 component showed 4
proteins of pl values 3.9, 4.1, 4.3 and 5.5 out of which the first three protein bands appear to
represent variants of band ‘a’ shown in Fig. 3 (panel a), since band ‘a’ runs as a single intense
band in SDS-PAGE gels. The protein band with a pl of 5.5 is likely to be a different co-
eluting protein in SP1. On the other hand, the protein bands in SP2 and SP3 components do
not resolve in the electrofocusing gel and appear as a single protein band having a pl >9.5

(Fig. 3, panel c).

N-terminal sequencing and allergen-identification_of the allergen as a thaumatin-like

protein

SP1 component was blotted onto PVDF membrane; upon N-terminal sequencing of

the major band ‘a’ by Edman degradation, the sequence was found to be resulted—as

ATFDVVNQCTFTVWAGASPGGGKQL- (UniProt Accession No. B3EWXS; TLP 1b).
BLAST search against protein sequence database picked up thaumatin-like protein sequences
(Supplementary information, Table S2). Also, on another occasion, a separate purification
was carried out using commercial sapodilla fruits and the purified SP1 component was
sequenced. The 5" residue was found to be Ile; rather than Val. Based on these results, it can
be inferred that there are at least two acidic TLP genes encoding the two isoforms of acidic

TLP (1a and 1b).

The 24.5 kDa protein band ‘b’ present in SP2 component was also sequenced and

the N-terminal sequence was found to be ATFDIQNNC- (UniProt Accession No. B3EWES;
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TLP 2). The isolation and characterization of the basic TLP (TLP 2) are described in a

separate study (Hegde VL et al., unpublished observations).

N-Terminal sequencing of band ‘c’ present in SP2 component resulted in the
sequence DVSXFA- which did not yield any significant matches upon BLAST search. In the
case of sequencing of band ‘d’ present in SP3 component, no amino acids were released right

from the first cycle indicating the presence of a blocked N-terminus.

Analysis of B-1,3-glucanase activity

Table 3 shows the results of the B-1,3-glucanase assay performed on the SP-
Sepharose chromatographic components of sapodilla extract. Since both SP1 and SP2
components showed significantly higher enzymic activity than the negative control (BSA), it
was inferred that these components exhibit -1,3-glucanase activity. On the other hand, SP3
shows f-1,3-glucanase activity which is significantly higher than the activity displayed by
either SP1 or SP2. Laminarinase, which hydrolyzes both B-1,3 and B-1,4 glycosidic bonds,
was used as a positive control in this assay. Since laminarin contains -1,3 and B-1,6
linkages in the ratio 3:1, it appears that the protein present in SP3 component is likely to be -

1,3-glucanase.

Analysis of SP1 component for B-1,3-glucanase activity by zymography on native
basic PAGE demonstrated detectable enzymic activity by acidic TLP shown as band ‘a’ (Fig.
4, panel a). In addition to the B-1,3-glucanase activity seen for acidic TLP, one can also
observe a marked glucanase activity exhibited by a less acidic or a neutral protein (not
detectable by Coomassie staining in Fig. 4, panel a) which appears to have co-purified with
acidic TLP in SP1 component; this protein is likely to be an acidic or neutral B-1,3-glucanase

in sapodilla pulp. Similarly, SP2 component shows detectable B-1,3-glucanase activity by
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zymography on native acidic PAGE (Fig. 4, panel b) indicating that the basic TLP (the more
intense band ‘b’ in Coomassie staining) has weak B-1,3-glucanase activity. SP3 (protein
band ‘d’) displays significant -1,3-glucanase activity (Fig. 4, panel b) indicating that it is
most likely a basic B-1,3-glucanase in sapodilla pulp; this seems to parallel the enzymic

activity seen in the test tube assay (Table 3).

Sequence analysis of cloned sapodilla acidic TLP

The partial nucleotide sequence of the acidic TLP gene has 603 bp including the stop
codon, and has been deposited at NCBI GenBank sequence repository (JN624813.1).
BLAST search identified the deduced protein sequence (AEP84104.1) as belonging to TLP.
CDD search revealed that the sapodilla acidic allergen has domains which fit into the
superfamily glycoside hydrolase family 64 (GH64) and thaumatin-like proteins (TLP). The
deduced partial protein sequence (200 residues) lacks the N-terminal 7 residues as well as the
signal peptide. The composite sequence of sapodilla acidic TLP based on the N-terminal
sequence (residues 1-25) and the deduced sequence (residues 8-207) is shown in Fig. 5. The
calculated molecular mass is 21922.4 with a theoretical pl of 4.44. Notably, the protein lacks
histidine and contains only one methionine at position 107; the 3 highly conserved
tryptophans are present at positions 14, 31 and 45. Sapodilla acidic TLP is rich in glycine
(10.6%), threonine (9.7%), alanine (8.7%), cysteine/proline (7.7% each) and aspartic acid

(7.3%), and lacks a putative N-glycosylation site (-N-X-S- or -N-X-T-).

The alignment of the complete sequence of sapodilla acidic TLP with the sequences
of the top 10 matches from BLAST search and their percent identities are annotated in Fig. 6.
The residue numbers given henceforth refers to the residue numbers of sapodilla acidic TLP.
The salient features of this annotation include the high degree of conservation of all the 16

cysteine residues and the 3 tryptophans. However, there is an additional Trp at position 74 in
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castor bean TLP, and two additional tryptophans at positions 34 and 74 in soybean and
chickpea TLPs. The single Met at position 107 is highly conserved in all the sequences
shown except in olive TLP. The thaumatin family signature22 is clearly evident from the
sequence stretch of -G-X-[G/F]-X-C-X-T-[G/A]-D-C-X(1,2)-[G/Q]-X(2,3)-C- which
represents amino acid residues -GQGKCQTGDCNGLLQC- from 56-71 in the mature

sapodilla acidic TLP.

Sequence comparison and phylogenetic analysis of sapodilla acidic TLP with known

feed-allergenic TLPs

The alignment of the complete sequence of sapodilla acidic TLP with those of
allergenic (food and pollen) acidic TLPs along with their percent identities are shown in Fig.
7. Met-107 is conserved in Cry j 3.4, Mal d 2, Pru av 2.0101, Pru p 2.0201 and Pru p 2.0301,
whereas in all the other allergenic acidic TLPs it is replaced by Leu. Trp-45 is conserved in
all the TLPs listed except Pru p 2.0201 which has Phe. The missing Trp-31 in some acidic
TLPs (Cry j 3.5, Mal d 2, Pru av 2.0101, Pru p 2.0201, Pru p 2.0301 and Pyr py 2) appears to
be compensated by Trp-40; these 6 TLPs also have a longer sequence which may provide

them with additional structural or functional features.

The phylogenetic analysis of sapodilla acidic TLP with known allergenic acidic and
basic TLPs from several food sources (olive, kiwi fruit, bell pepper, apple, pear, peach and
sweet cherry) is shown in Fig. S1 (Supplementary information). It is readily seen that
sapodilla acidic TLP is closely related to the TLPs from olive, grape, kiwi, bell pepper and

tobacco; among these, tobacco TLP (osmotin) is an inhalant allergen. Further, it is apparent

that sapodilla acidic TLP is evolutionarily related to the TLPs from olive and kiwi fruits, both

of which belong to the same order as sapodilla (order Ericales). Interestingly, this order also
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includes families which produce several edible berries (blueberry, cranberry and bilberry) and

fruits (persimmon, kaki, date plum, star apple and sapote).
Discussion

Allergic reactions to ingestion of sapodilla fruit are rare; only 3 cases of sapodilla
allergy displaying oral allergy syndrome has been described earlier.” The major allergen in
sapodilla causing OAS has been identified as a basic TLP in an extended study (Hegde VL et
al., unpublished observations). An important caveat of their study is the non-detection of an
acidic TLP in sapodilla extracts. In the present study, we have described an additional case
of sapodilla allergy based on allergy diagnostic tests, and found that an acidic protein also

reacted with the serum from the sapodilla—allergic subject.’s—sera- The allergic subject

experienced symptoms of oral allergy to the ingestion of sapodilla as well as custard apple,
another exotic fruit commonly consumed in India. Several reports of allergy to custard apple

have appeared in the literature;”™>’

in one study, a 20-25 kDa protein was identified as the
allergen by IgE-immunoblotting, which may likely be TLP. An important constraint in the

present study is the non-availability of sera from earlier sapodilla-allergic subjects to address

the issue of prevalence of sapodilla allergy.

Biochemical purification of the acidic allergen eluting at pH 5 (band ‘a’) from SP-
Sepharose chromatography of sapodilla extract, and N-terminal sequencing up to 12 or 25
residues identified this protein as a TLP by BLAST search. Upon native PAGE using basic
system, the TLP in SP1 moves as a single protein band indicating its acidic nature;
conversely, this protein cannot be detected in native PAGE using acidic system. By N-
terminal sequencing of the band ‘a’ on two occasions, it was found that the amino acid at
position 5 can be either isoleucine or valine er-iseleneine-indicating that there are at least 2

variants of sapodilla acidic TLP (TLP la and 1b, respectively). Further, IEF analysis showed
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that the-TLP 1 resolves into 3 variants which differed in their pl values by ~0.2 units.
Further, both TLP 1 and TLP 2 show a remarkable difference in electrophoretic mobility
between reducing and non-reducing conditions of SDS-PAGE. A similar observation has
been made for TLP from kiwi fruits.® This anomalous behavior of the protein indicates that
it is highly rich in disulfide bonds which contribute to the stability of the protein. Purified

acidic TLP has been obtained in a yield of 6.8 mg per kg sapodilla fruit.

Many TLPs have been identified as allergens in plant foods and pollens in the last
decade.”” Allergenic TLPs have been described from kiwi, apple, grape, sweet cherry, peach,
bell pepper and almond.”®?*** Palomares et al.** have shown that occupational asthma can
be caused by a-TLP from olive fruit. Many of these allergenic TLPs have been cloned and
expressed as recombinant proteins for detailed studies on allergenicity in relation to protein

structure and allergy diagnosis.

Since very little information is available on the proteins of sapodilla pulp, it
appeared important to clone the gene coding for acidic TLP for allergological studies. A
partial acidic TLP gene, found to be intronless, has been obtained by genomic cloning which
codes for 200 amino acid residues. The cloned genomic DNA lacked the N-terminal
heptapeptide as the primer was designed from the 8™ residue in order to avoid the high
degeneracy. Functional primers could not be designed for up to the 7™ residue. Moreover,
attempts with various combinations of primers (Supplementary information, Table S1) and
temperatures were unsuccessful. Based on the position of the first cysteine occurring at
residue 9 in TLPs, it was inferred that the deduced sequence of the partial acidic TLP
represented residues 8-207 of the mature sapodilla acidic TLP. Residues 8 to 25 of the
deduced sequence matched completely with the corresponding sequence obtained by N-

terminal sequencing of biochemically purified acidic TLP from sapodilla pulp. As expected,
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the deduced protein sequence contains 16 highly conserved cysteines which are involved in

disulfide bonding for providing structural stability in TLPs.*

TLPs occur in all organisms including fungi, animals and plants.35 Although TLPs

are known to be expressed by specific stress, non-specific general stress conditions as

. . . 36 .
causative factors inflammateryresponse— haves also been considered.” Because of their

pathogen-induced expression, TLPs are classified under group 5 of the pathogenesis-related
proteins (PR-5 family of PRPs),”” which includes cysteine-rich proteins sharing a sequence
similarity with thaumatin (THN), an intensely sweet-tasting protein from the fruit of a west
African shrub Thaumatococcus daniellii, commonly known as miracle fruit or katemfe.*®
PR-5 proteins have a clearly recognizable structure and are annotated in protein databases as

the THN domain which belongs to the thaumatin family (PROSITE PS00316).

Several TLPs have been shown to exhibit antifungal ac‘[ivity,39 while others possess -

40,—41 42

1,3-glucanase activity. Some TLPs have also been shown to bind B-1,3-glucans.
Although our results are indicative of a weak B-1,3-glucanase activity by zymography for
both acidic and basic TLPs, it cannot be ruled out that the weak enzymic activity is due to the
presence of contaminating [-1,3-glucanases in our purified preparations of SP1 and SP2
components. Further work on obtaining highly purified acidic or basic TLPs as well as
recombinant sapodilla TLPs should help to resolve the ambiguity of whether sapodilla TLPs
possess inherent weak p-1,3-glucanase activity or not.

The major protein in SP3 component (~37 kDa) exhibits strong B-1,3-glucanase
activity. Most basic B-1,3-glucanases are approx. 35 kDa in size and an examination of their
N-terminus shows that Gln is present in most cases, and Glu in one case, viz., Nicotiana

plumbaginifolia (Supplementary information, Fig. S2). Pyroglutamic acid formation occurs

when the N-terminal residue of a protein is either glutamine or glutamic acid,* resulting in a
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blocked N-terminus. In view of the blocked N-terminus of SP3 component and strong
enzymic activity, SP3 component has been suggested to be a basic B-1, 3-glucanase.

A comparison of the complete sequence of sapodilla acidic TLP (207 residues) with
other plant TLPs (BLAST search results) indicated 109 out of 207 residues are identical
(52.7%). On the contrary, a similar comparison with food and pollen allergenic acidic TLPs
revealed that only 47 out of 207 residues are identical (22.7%). This indicates that allergenic
acidic TLPs seem to have more variation than plant TLPs that have not been identified as
allergens till date. Phylogenetic analysis of the allergenic TLPs from foods indicated that
sapodilla acidic TLP is closely related to the TLPs from olive, grape, kiwi,—and bell pepper
and forms one cluster; this cluster is distinct from the other cluster containing allergenic
acidic TLPs of the Rosaceae family. A recent study on the involvement of TLPs in plant
food cross-reactivity using specific protein microarray indicated that TLPs are significant
allergens in plant food allergy and should be considered when diagnosing and treating pollen-

food allergy.**

In conclusion, an acidic form of TLP (TLP 1) has been isolated from sapodilla fruit
which causes oral allergy syndrome in a sapodilla—allergic individuals. Sapodilla TLP 1 is a
single polypeptide occurring as at least two variants and exhibits weak B-1,3-glucanase
activity. The intronless gene coding for sapodilla acidic TLP representing 97% of the mature
sequence has been cloned. The complete sequence of sapodilla TLP 1 comprises of 207
residues stabilized by 8 disulfide bonds and lacks an N-glycosylation site. Phylogenetic
analysis indicates close relationship with TLPs from olive, grape, kiwi fruit and bell pepper.
The identification of an allergic subject experiencing oral allergy to sapodilla and custard

apple may indicate co-sensitization to TLP among fruits.
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Legends to Figures

Fig. 1. Chromatographic profile of sapodilla extract on SP-Sepharose FF. Column size: 1.54
x 76.5 cm; protein load: 22 mg of 75% (NH4),SO4 precipitated sapodilla extract,
reconstituted and dialyzed against 20 mM sodium acetate buffer, pH 4; flow rate: 20 mL/h.
Component SP1 (1.7 mg): elution with 20 mM sodium acetate buffer, pH 5; component SP2
(1.4 mg): elution with 20 mM sodium acetate buffer, pH 5 + 0.1 M NaCl; component SP3
(1.9 mg): elution with 20 mM sodium acetate buffer, pH 5 + 0.2 M NaCl. Elution with 1 M

NaCl in 20 mM sodium acetate buffer, pH 5 did not elute any protein (data not shown).
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Inset: 12% SDS-PAGE (reducing, long gel) pattern of sapodilla extract that was used for

chromatography.

Fig. 2. Panel (a): SDS-PAGE (12% long gel) pattern of SP-Sepharose chromatographic
components under reducing (R) and non-reducing (NR) conditions. Lane M, molecular
weight markers; lanes 1 and 4: SP1 component; lanes 2 and 5: SP2 component; lanes 3 and 6:
SP3 component. Protein bands labeled as ‘a, b, ¢ and d’ in different components are for easy
referral throughout the text. Protein load: 5 pg in all cases. Stain: Coomassie blue. Panel
(b): 12% SDS-PAGE (mini gel, Coomassie stain) showing chromatographic pools from Fig.
1. Lane numbers and other details are as shown in panel (a). Panel (c): I[gE-immunoblot of
SP-Sepharose pools with sapodilla-allergic serum (serum dilution, 1:3; secondary antibody

conjugate dilution, 1:2000).

Fig. 3. Native (non-denaturing) PAGE (12%) of SP-Sepharose chromatographic components.
Panel (a): native PAGE using basic system (Tris-glycine buffer system which runs at pH 9.5).
Panel (b): native PAGE using acidic system (B-alanine—acetic acid buffer system which runs
at pH 4.3). Protein bands labeled as ‘a, b, ¢ and d’ correspond to the identical bands shown in
Fig. 2, panel a. Protein load: 5 pg in all cases; stain: Coomassie blue. Panel (c): isoelectric
focusing of SP-Sepharose chromatographic components of sapodilla extract. The pl markers
are indicated on the left. The 3 closely spaced bands grouped as ‘a’ have pl values of 3.9, 4.1
and 4.3. The band marked ‘x’ represents the position where sample strips are placed for IEF

analysis.

Fig. 4. Zymogram of SP-Sepharose chromatographic components of sapodilla extract. B—

1,3—Glucanase activity staining of SP1, SP2 and SP3 components was carried out using
laminarin as substrate. In each panel, the left half represents Coomassie-stained gel and the

right half represents the zymogram. Protein load: 5 pg in all cases. Panel (a): native PAGE
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(12%), basic system. The band labeled ‘a’ shows acidic TLP having weak f—1,3—glucanase
activity and the solid arrow shows an acidic or neutral protein with strong f—1,3—glucanase
activity. Panel (b): native PAGE (12%), acidic system. SP2 component has 2 closely spaced
bands (‘b’ and ‘c’) which are identical to the corresponding bands in Figs. 2 and 3 based on
Coomassie staining intensity. SP3 component shows a single protein (band labeled‘d’) which

displays strong f—1,3—glucanase activity.

Fig. 5. The complete amino acid sequence of sapodilla acidic TLP (TLP 1). Residues 8 to
207 represent the deduced sequence of sapodilla acidic TLP gene cloned from genomic DNA
(JN624813.1). The top line shows the nucleotide sequence (italicized numbers) and the
bottom line represents the deduced amino acid sequence (non-italicized numbers). The stop
codon (TAG) is indicated by an asterisk. The sequence of residues 1 to 7-is taken from the
N-terminal sequence of acidic TLP (SP1 component, band ‘a’) is underlined up to 25"
residue (UniProt Accn. B3EWXS; sapodilla acidic TLP 1b). The 5t position is an Ile in
another N-terminal sequence analysis up to 12 residues (UniProt Accn. B3EWSO0; sapodilla
acidic TLP 1a). Residues 56—71 shown in double underline represent the thaumatin family
signature (PROSITE PS00316). The boxed regions of the sequence were used for designing
the primers in 2 sets: boxes with solid line (setl); boxes with broken line (set2). The acidic
TLP sequence does not contain an N-glycosylation sequon. Cysteine residues are shown in
italics. Based on analogy with thaumatin (thaumatin-1, UniProt ID P02883; thaumatin-2,
P02884), the disulfide bond pairing are as follows: 9202, 50-60, 65-71, 117-191, 122-174,

130-140, 144-153, 154-161.

Fig. 6. Sequence alignment of sapodilla acidic TLP (Man z TLP1) with other plant TLPs.
Alignments were created using T-Coffee multiple sequence alignment program. Symbols:

(*), complete identity; (:), strongly similar; (.), weakly similar; no symbol, different. The
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region denoting thaumatin family signature is underlined. UniProt ID and the taxonomic
name are shown below (the common name, percent identity with Man z TLP1 and theoretical
pl of the mature sequence are shown in parentheses): A2T1L9 - Camellia sinensis (tea, 80%,
4.59); 004708 - Vitis vinifera (grape, 79%, 4.76); E3SU11 - Olea europaea (common olive,
78%, 4.76); K4ADFXO0 - Solanum lycopersicum (tomato, 78%, 4.76); BORC64 - Ricinus
communis (castor bean, 78%, 4.73); Q5XUGY - Solanum tuberosum (potato, 76%, 4.76);
Q5DIS5 - Nicotiana tabacum (common tobacco, 75%, 4.94); Q93XD1 - Sambucus nigra
(European elder, 74%, 4.85); B6ZHCO - Glycine max (soybean, 72%, 6.19); 081926 - Cicer
arietinum (chickpea, 73%, 5.05). The TLPs with pl <6 is arbitrarily considered as acidic and
shown as underlined in the first segment.

Fig. 7. Alignment of the complete sequence of sapodilla acidic TLP (Man z TLP1) with
known acidic TLPs currently identified as pollen and food allergens. Alignments were
created using T-Coffee multiple sequence alignment. Symbols: (*), complete identity; (:),
strongly similar; (.), weakly similar; no symbol, different. The region denoting thaumatin
family signature is underlined. Common name, allergome ID, percent identity with Man z
TLP1 and theoretical pl of the mature sequence are shown in parentheses following the
taxonomic name. Pollens: Cryptomeria japonica (Japanese cedar, Cry j 3, 54%, 4.62; Cry j
3.3, 65%, 4.63; Cry j 3.4, 53%, 5.47; Cry j 3.5, 42%, 4.54; Cry j 3.6, 53%, 4.80; Cry j 3.7,
54%, 4.62; Cry j 3.8, 53%, 4.43); Cupressus sempervirens (Mediterranean cypress, Cup s
3.0101, 53%, 5.32; Cup s 3.0102, 53%, 5.32); Cupressus arizonica (Arizona cypress, Cup a
3, 52%, 4.82); Juniperus ashei (mountain cedar, Jun a 3.0101, 55%, 4.79); Juniperus rigidus
(Japanese juniper, Jun r 3.1, 54%, 4.82; Jun r 3.2, 54%, 4.82). Foods: Malus domestica
(apple, Mal d 2, 39%, 4.72); Olea europaea (common olive, Ole e 13, 78%, 4.76); Prunus
avium (cherry, Pru av 2.0101, 41%, 4.57); Prunus persica (nectarine/peach, Pru p 2.0201,

40%, 4.80; Pru p 2.0301, 42%, 4.58); Pyrus pyrifolia (apple pear, Pyr py 2, 43%, 5.01).
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Table 1. Results of SPT and ELISA for diagnosis of sapodilla allergy

Wheal/flare ELISA units”
Sample
diameter” (mm) (A405 nm)
Normal serum Allergic
(pooled) serum
Negative control® 1/0 n.a. n.a.

Positive control” 5/25 n.a. n.a.
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Sapodilla extract 6/20 0.206 0.408

Custard apple extract 7/25° 0.188 0.359

*SPT is considered positive if the wheal diameter is 3 mm or more
®mean of triplicate analysis; n.a. = not applicable

°50% glycerinated phosphate-buffered saline

41.66 mg/mL histamine.2HCI equivalent to 1 mg/mL histamine base

‘with pseudopods
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Table 2. Analysis of SP-Sepharose components of sapodilla extract for allergen-specific

IgE by ELISA

ELISA units®
Sample
(A405 nm)
Normal serum b
b Allergic serum
(pooled)
Sapodilla extract 0.197 0.419
SP-1 component 0.187 0.297
SP-2 component 0.183 0.258
SP-3 component 0.176 0.175

"mean of triplicate analysis

bserum dilution, 1:3-te-4
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Protein sample Enzymic activity

(Units/mg protein)”
SPI 1.6
SP2 1.6
SP3 10.8
Laminarinase 26.0
BSA 0.0

*One unit liberates 1 mg of reducing sugar (measured as glucose)

from laminarin per min at pH 5.0 at 37 °C.
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Table 3. B-1,3-Glucanase activity of SP-Sepharose chromatographic components of
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SP1 kDa
e
66 wm—w
3 :
SP2 43.5 890
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29 \-
20.8 .
SP3
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1 11 21 31 41 51

Fraction no. (3 mL/fraction)
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!CAGTGTACC

55 GACCAAGGCCAGACC
26 D Q G Q T
130 AACTTTGACGCCAAT
51 N F D A N
205 AGCCCCCCAAACACC
76 S_P P N T
280,GACGGGTTCAATATC
ioup'!e F N I
355 ATAACCGCGCAGTGT
126 I T A Q C
430 GAGTATTGTTGTACT
151 E Y C C T
505 GATGCCTATAGCTAC
176 D_ A_Y S Y
580,TTCTGCCCTAATCTA
201l F _C P N L

GGTGCCAGTCCCGGT GGGGGCAAGCAGCTT
G G K QO L

AAGGCTCGCATTTGG GGCCGAACCGGCTGC
G R T G C
AATGGGCTTCTACAA TGCCAGGGCTATGGG
C Q G Y G

TTCACCGTCTGGGCT

v Nlo cT F T Vv wla 6 A S P G
TGGACCATCACGGTT GCCCCCGGCTCCACC

W T I TV A PG ST KAURTIW
GGTCAAGGAAAATGC CAGACCGGTGACTGC

G 9 G K C QT GD C NG UL L O
CTAGCCGAATTTTCA TTGAACCAACCCAAT

L A EF S L N Q P N
CCCATGGACTTCAGC CCCGCCGCCGCCGGC

P M DF S P AAAG V C KD I
CCGGCCGAGCTCCAG GCACCGGGTGGCTGC

P A EL Q A P G G|cC
AATGGACAGGGGACC TGTGGACCCACCGCT

N G Q G T C G P T A L S K PF F
CCTCAGGATGACCCA ACCAGTTTGTTCACT

P Q DDP T SUILVFT CUPA AGT
GATGCATAG

D A *

N L D Y V D I S L Vi

GTATGCAAGGATATC CGGTGCGCCACCGAC
R C A T D

AACAACCCGTGTACT GTTITACAAGACCAAC
N N P C T V|IY K T N

CTGTCCAAATTCTTC AAGGACAGGTGCCCA
K D R C P

TGCCCCGCTGGCACC AATTACAAGFEféEEl
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————————————————————————— ATFDVVNQCTFTVWAGASPGGGKQL
MSFPKSLTILFPLLFT-LLIPFTNAATFAVLNKCTYTVWAAASPGGGMRL
MRFTTTLPILIPLLLS-LLFTSTHAATFDILNKCTYTVWAAASPGGGRRL
MNFSKNLPLLVSLWAI-TFFAYTHAATFDIVNQCTYTVWAAASPGGGRRL
MHFLKFFPLFVFLYFGQYYLYVTHAATFDITNRCTYPVWAGASPGGGRRL
MSLVNILPTILSL-AL-LFITSTHAATFDVVNRCTYTVWAAASPGGGRRL
MHFLKFFPLFVFLYFGQYYLYVTHAATFDITNRCTYPVWAAASPGGGRRL
MNFLKSFPFFAFLYFGQYFVAVTHAATFDIVNKCTYTVWAAASPGGGRRL
MSITKNLPILLSTLSC-LYFTFSHGATFDIVNRCSYTVWAAASPGGGRRL
MVYLALCSLLT---LA-LSLATTHAANFEIVNNCPYTVWAAASPGGGRRL
TRSILTITLCS---LL-FLLTPSQAANFEIVNNCPYTVWAAASPGGGRRL

* Kk - Kk _k - kkk _kkkkkk %
DQGQTWTITVAPGSTKARIWGRTGCNFDANGQGKCQTGDCNGLLQCQGYG
DPGQSWTVNVNPGTTQARIWGRTNCNFDANGNGQCQTGDCNGLLQCQGYG
DSGQSWTITVNPGTTNARIWGRTSCTFDANGRGKCETGDCNGLLECQGYG
DQGQSWNINVAPGTTQARIWGRTNCNFDANGRGQCETGDCNGLLECQGYG
DSGQTWNINVNPGTTQARIWGRTNCNFDGSGRGKCETGDCNGLLECQGYG
DQGQTWTFDVAQGTNMARIWGRTNCNFDANGQGRCETGDCTGGLVCQGWG
DSGQTWNLNVNPGTIQARIWGRTNCNFDGSGRGKCETGDCNGLLECQGYG
DSGQSWSINVNPGTVQARIWGRTNCNFDGSGRGNCETGDCNGMLECQGYG
DQGQSWSLNVNPGTTNARIWGRTNCNFDASGRGQCQTGNCNGGLECQGYG
DRGQTWNLWVNPGTAMARIWGRTGCNFDGSGRGRCQTGDCTGGLNCQGWG
DRGQTWNLWVNAGTSMARIWGRTGCNFDGSGRGRCETGDCTGGLQCTGWG
* Kkk.k_ ok k.  hkkkkkkk Kk _ kk_ Kk *k _ k-kk-k * *k *k *.%
SPPNTLAEFSLNQPNNLDYVDISLVDGFNIPMDFSPAAAGVCKDIRCATD
KAPNTLAEFALNQPNNLDFVDISNVDGFNIPMDFSPTT-AVCKSLRCAAN
SPPNTLAEFALNQPNNLDYIDISLVDGFNIPMDFS----- GCRGIQCSVD
RPPNTLAEFALNQPNNLDFVDISNVDGFNIPLEFSPTT-NVCRRLVCNAP
SPPNTLAEFALNQPNNLDFVDISLVDGFNIPMEFSPIN-GGCRNLLCNAP
SPPNTLAEFKLDTGNNNDFIDISLVDGFNIPMDFSPTT-GACRGIRCAAD
SPPNTLAEFALNQPNNLDFVDISLVDGFNIPMEFSPIN-GGCRNLLCNAP
KAPNTLAEFALNQPN-QDFVDISLVDGFNIPMEFSPTN-GGCRNLRCTAP
SPPNTLAEFALNQPNNLDYVDISLVDGFNIPMDFTGIN---CRSIVCSAP
VPPNTLAEFALNQFGNQDFYDISLVDGFNIPMDFYPLN-GGCHKISCSAD
VPPNTLAEFALNQYGNLDFYDISLVDGFNIPMDFFPIN-GGCHKISCTAD
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ITAQCPAELQAPGGCNNPCTVYKTNEYCCTNGQGTCGPTALSKFFKDRCP
IVGECPAELQTPGGCNNPCTVYKTNQYCCTDGPGTCGPTPLSKFFKDRCP
INGQCPSELKAPGGCNNPCTVFKTNEYCCTDGPGSCGPTTYSKFFKDRCP
IVQQCPSELRTPGGCNNPCTVFNTNEYCCTNGPGSCGPTPLSRFFKERCP
INDQCPNELRAPGGCNNPCTVFKTNEFCCTNGPGSCGPTDFSRFFKQRCP
INGQCPAELKAPGGCNNPCTVFKTNEYCCTNGQGSCGPTTFSKFFKDRCP
INDQCPNELRTPGGCNNPCTVFKTNEFCCTNGPGSCGPTDLSRFFKQRCP
INEQCPAQLKTQGGCNNPCTVIKTNEYCCTNGPGSCGPTDLSRFFKERCP
INQECPAELRAPGGCNNPCTVFPRNEYCCTDGPGSCQPTDFSRFFKTRCP
INGQCPGPLRAPGGCNNPCTVFKTNEYCCTNGQGSCGPTNYSRFFKDRCH
INGQCPNELRAQGGCNNPCTVYKTNEYCCTNGQGSCGPTNFSTFFKDRCH
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——————————————————————————— ATFDVVNQCTFTVWAGASP-GGG
MATVSDLALLLVAGLVAISLHMQEAGAVKFELKNQCEYTVWAAGLP-GGG
RAIGV--WIALVAA-LSVFLHGMEVRAATFDITNQCPYTVWAAASP-GGG
MARAILWVLLTVMA-VSLLLH-AGVEGVNFDIENQCPYTVWAAGTPFGGG
MASLR-LATL--AM-MVL-FGSCRAGATVFTLVNKCSYTVWPGTLS-GSG
GSIPF--WIALIAS-FSVFLQGVKVKAPTFEITNKCPYTVWAAAFP-GGG
MATVSDLALLLVAGLVAISLHMQEAGAVKFELKNQCEYTVWAAGLP-GGG
MAKVSDLALLLVAG-MAISLYIQETGAVKFDIKNQCGYTVWAAGLP-GGG
——————————————————————————— VKEFDIKNQCGYTVWAAGLP-GGG
MARVSELALLLVAT-SAISLHMQEAGAVKFDIKNQCRYTVWAAGLP-GGG
MARVSELALLLVAT-LAISLHMQEAGAVKFDIKNQCGYTVWAAGLP-GGG
MARVSELAFLLAAT-LAISLHMQEAGVVKFDIKNQCGYTVWAAGLP-GGG
MARVSELALLLVAT-LAISLHMQEAGAVKFDIKNQCGYTVWAAGLP-GGG
MARVSELALLLVAT-LAISLHMQEAGAVKFDIRNQCGYTVWAAGLP-GGG
MMKSQ-VASLLGLT-LAI-LFFSGAHAAKITFTNNCPNTVWPGTLT-GDQ
MNFSKNLPLL-VSL-WAITFF-AYTHAATFDIVNQCTYTVWAAASP-GGG
MMKTL-VVVL-SLS-LTI-LSFGGAHAATISFKNNCPYMVWPGTLT-SDQ
MMKSQ-AALLGLTT-LAI-LFFSGAHAAKITFTNKCSYTVWPGTLT-GDQ
MMKTL-VAVL-SLS-LTL-LSFGGAHAATMSFKNNCPYTVWPASFG-NP-
MKFEA-LIGL--VL-VFL-SEHAGVYSAKFTFTNKCPNTVWPGTLT -GGG
. * % * %
———————— KQLDQGQTWTITVAPGSTKARIWGRTGCNFDANGQGKCQTGD
———————— QQOLDQGQTWPVEVPAGTKGARFWGRTGCSFDASGRGTCKTGD
———————— QOLDQGQTWTIQVAAGT TQARIWARTGCSFDGSGRGTCQTGD
———————— IELKRGQSWRVNVPG-GARGRFWGRTGCSFDGNGRGRCNTGD
SSVLGEGGFTLAPGQSVPLTASS-RWSGRFWGRTDCSFDASGKGSCITGD
———————— KQLAQGQSWSVQPDAGTSTGRIWGRTDCSFDGSGRGTCQSGD
———————— QOLDOGQTWPVEVPAGTKGARFWGRTGCSFDASGRGTCKTGD
———————— QOLTOGQTWTVNLAAGTQSARFWGRTGCSFDASGKGTCQTGD
———————— KEFDQGQTWTVNLAAGTASARFWGRTGCTFDASGKGSCRSGD
———————— KRLDQGQTWTVNLAAGTASARFWGRTGCTFDASGKGSCRSGD
———————— KRLDQGQTWTVNLAAGTASARFWGRTGCTFDASGKGSCRSGD
———————— KRLDQGQTWTVNLAAGTASARFWGRTGCTFDASGKGSCQTGD
———————— KRLDQGQTWTLNLAAGTASARFWGRTGCTFDASGKGSCKTGD
———————— KRLDQGQTWTLNLAAGTASARFWGRTGCTFDASGKGSCKTGD
KPQLSLTGFELASKASRSVDAPS-PWSGRFWGRTRCSTDAAGKFTCETAD
———————— RRLDQGQSWNINVAPGTTQARIWGRTNCNFDANGRGQCETGD
KPQLSTTGFELASQASFQLDTPV-PWNGRFWARTGCSTDASGKFVCATAD
KPQLSLTGFELATGISNSVDAPS-PWSGRFFGRTRCSTDASGKFTCATAD
--QLSTTGFELASQASFQLDTPV-PWSGRFWARTRCSTDASGKFVCETAD
GPQLLSTGFELASGASTSLTVQA-PWSGRFWGRSHCSIDSSGKFKCSTGD
: : : L S L S
CN-GLLQCQGYGSP-PNTLAEFSLNQPNNLDYVDISLVDGFNIPMDFSPA
CN-SQLSCQVSGGV-PTTLAEYTLNGDGNKDFYDVSLVDGFNVPLSINPT
CN-GMLSCQGYGQV-PATLAEYALNQYMNIDFYDISLVDGFNVPLSMTPT
CG-GLLNCQGSGGV-PSTLLEYALNQYONLDFYDISLVDGFNLRMTVVLS
CG-NVLNCAQAGGTPPVSLAEFTL---GDKDFYDVSLVDGYNVPLSIAAV
CN-GTLNCQGDASA-PVTLVEYTHNPSMNILDFYDISLLDGFNLPLSITPT
CN-SQLSCQVSGGV-PTTLAEYTLNGDGNKDFYDVSLVDGFNVPLSINPT
CG-GQLSCTVSGAV-PATLAEYTQ---SDQODYYDVSLVDGFNIPLSINPT
CG-GQLSCTVSGAV-PATLAEYTQ---SDQODYYDVSLVDGFNIPLAINPT
CG-GQLSCTVSGAV-PATLAEYTQ---SDQODYYDVSLVDGFNIPLAINPT
CG-GQLSCTVSGAV-PATLAEYTQ---SDKDYYDVSLVDGFNIPLAINPT
CG-GQLSCTVSGAV-PATLAEYTQ---SDQODYYDVSLVDGFNIPLAINPT
CG-GQLSCTVSGAV-PATLAEYTQ---SDQODYYDVSLVDGFNIPLAINPT
CG-GQLSCTVSGAV-PATLAEYTQ---SDQODYYDVSLVDGFNIPLAINPT
CGSGQVACNGAGAVPPATLVEITIAANGGQDYYDVSLVDGFNLPMSVAPQ
CN-GLLECQGYGRP-PNTLAEFALNQPNNLDFVDISNVDGFNIPLEFSPT
CASGQVMCNGNGAIPPATLAEFNIPAGGGQDFYDVSLVDGFNLPMSVTPQ
CGSGQVSCNGNGAVPPATLVEITIAENGGQDFYDVSLVDGFNLPMSVAPQ
CDSGQLMCNGKTGIPPATLAEFTIAAGGGQDFYDVSLVDGFNLPMSVTPQ
CGSGQISCNGAGASPPASLVELTLATNGGQDFYDVSLVDGFNLPIKLAPR
*
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A-AGVCKD-IRCATDITAQCPAELQAPG-—-——-—-- GCNNPCTVYKTNEYCC
N--SQCFA-PACKADVNAACPAQLKVDG-—-——-—-- GCNSACTVFQTDEYCC
STDPNCKGRIACLSDINSQCPSDLKVITG-—-—-—--- GCKSACARYNTPEYCC
N--TNCKR-IACNSDINSKCPGELKVVD-—-—-—-—- GCRSACAAFNTPAYCC
GGTGDCRT-AGCVSDLRTSCPAELSVTSN-GQVIACKSACAAFSTPEYCC
STNPNCKGIITCLSDINSQCPNELKVSG-—-—-—-—-- GCLSACVKYNTDDHCC
N--SQCFA-PACKADVNAACPAQLKVDG-—-——-—-- GCNSACTVFQTDEYCC
N--AQCTA-PACKADVNAVCPAELKVDG--—-—--- GCKSACAAFQTDQYCC
N--TKCTA-PACKADINAVCPSELKVDG—-—---—--— GCNSACNVLQTDQYCC
N--TKCTA-PACKADINAVCPSELKVDG—-—---—-- GCNSACNVLQTDQYCC
N--TKCTA-PACKADINAVCPSELKVDG—-—---—-- GCNSACNVLQTDQYCC
N--AQCTA-PACKADINAVCPSELKVDG-—-—--—-- GCNSACNVFKTDQYCC
N--AQCTA-PACKADINAVCPSELKVEG-—-—---- GCNSACNVFQTDQYCC
N--AQCTA-PACKADINAVCPSELKVEG-—-—---- GCNSACNVFQTDQYCC
GGTGECKP-SSCPANVNKVCPAPLQVKAADGSVISCKSACLAFGDSKYCC
T--NVCRR-LVCNAPIVQQCPSELRTPG——-—-—--— GCNNPCTVEFNTNEYCC

GGTGDCKT-ASCPANVNAVCPSELQKKGSDGSVVACLSACVKFGTPQYCC
GGTGECKA-STCPADINKVCPAELQVKGSDGSVIACKSACLALNQPQYCC
GGTGTCKM-GSCAANVNLVCPSELQKIGSDGSVVACLSACVKFGEPQYCC
GGSGDCNS-TSCAANINTVCPAELSDKGSDGSVIGCKSACLALNQPQYCC
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TNGQ---GTCGPTALSKFFKDRCPDAYSYPQDDPTSLFTCPAG-TNYKVV
RGTH--VDNCSPSSYSMIFKNQCPQAYSYAKDDSSSTFTCPSGTTDYSIV
TGAS--ENTCGPTDYSKFFKGQCPQAYSYAKDDATSTFTCPSG-TNYKVV
TGSF--LDNCPPTGYSQFFKRECPLAYSYAKDDPTSTFTCPGG-SDYKII
TGDHGSPQTCSPSKYSQVFKSACPTAYSYAYDDATSTFTCS-N-ADYTIT
RGA----- NCNQTLYSRFFKEQCPQAYSYAKDDVTSAFTCPSG-TDYKIV
RGTH--VDNCSPSSYSMIFKNQCPQAYSYAKDDSSSTFTCPSGTTDYSIV
TGTY--ANSCPATNYSMIFKNQCPQAYSYPKDD-TATFACPSG-TDYSIV
RNAY--VNNCPATNYSKIFKNQCPQAYSYAKDD-TATFACASG-TDYSIV
RNAY--VDNCPATNYSKIFKNQCPQAYSYAKDD-TATFACASG-TDYSIV
RNAY--VDNCPATNYSKIFKNQCPQAYSYAKDD-TATFACASG-TDYSIV
RNAY--VDNCPATNYSKIFKNQCPQAYSYAKDD-TATFACASG-TDYSIV
RNAY--VDNCPATNYSKIFKNQCPQAYSYAKDD-TATFACASG-TDYSIV
RNAY--VDNCPATNYSKIFKNQCPQAYSYAKDD-TATFACASG-TDYSIV
TPPNNTPETCPPTEYSEIFEKQCPQAYSYAYDDKNSTFTCSGG-PDYVIT
TNGP---GSCGPTPLSRFFKERCPDAYSYPQDDPTSLFTCPAG-TNYRVV
TPPONTPETCPPTNYSEIFHNACPDAYSYAYDDKRGTFTCNGG-PNYAIT
TPPNDKPETCPPTDYSKLFKTQCPQAYSYAYDDKSSTFTCSGR-PDYLIT
TPPQETKEKCPPTNYSQIFHEQCPDAYSYAFDDNKGLFTCSGG-PNYLIT
TGAYGTPDTCPPTDFSKVFKNQCPQAYSYAYDDKSSTFTCFGG-PNYEIT
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Allergology International

Original article (Supplementary information)

Characterization and gene cloning of an acidic thaumatin-like protein (TLP 1), an allergen

from sapodilla fruit (Manilkara zapota)”

Hassan G. Ashok Kumar, Venkatesh L. Hegde®, Santoshkumar M. Shetty*, Yeldur P.
Venkatesh*
Dept of Biochemistry and Nutrition, CSIR—Central Food Technological Research Institute (a

Council of Scientific and Industrial Research laboratory), Mysore-570020, Karnataka, India

Running title: Acidic thaumatin-like protein is a sapodilla allergen
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Table S1. Primers designed for use in cloning sapodilla acidic TLP gene
Primer name  Primer sequence (5'—3’) Region of plant TLP
SET-1
Forward (from 8" aa residue)
SAP1 CAGTGTACCTTCACCGTTTGGGC N-terminus’
*SAP2 CAGTGTACCTTCACCGTCTGGGC N-terminus’
Reverse
SAP3 ACCAACTACCG(AT)GTCGT(GCT)TTCTGTCC C-terminus
*SAP4 TGTAACAACCCCTGTACCGTG Conserved region Af
SET-2
Forward
*SAP5 CGACATATCTCTGGTTGACGG Conserved region B*
SAP6 CTGTAACAACCCCTGTACCGTG Conserved region A*
Reverse
SAP7 CGTTTTGCCCTTGAAAGTTG C-terminus
SAP8 GCTATTACCTTCTGCCCTTGA C-terminus
*SAP9 GGTTGTCTTCTGCCCTTGAAATTG C-terminus
SET-3
Forward from 1st aa residue
SAP10 AYGCCGCCACCTTCGACG N-terminus¥
Reverse
SAP9 GGTTGTCTTCTGCCCTTGAAATTG C-terminus

All primers were used in different combinations at various temperatures as described in
‘Materials and methods’

*indicates the primers which were functional in PCR

"Refers to the N-terminal sequence of sapodilla acidic TLP (UniProt Accession No. B3EWX8;
TLP 1b)

*Conserved region A represents -CNNPCTV- in the plant TLP sequences

*Conserved region B represents —DISLVD- in the plant TLP sequences

Supplementary information Page 2
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Table S2. Homology of N-terminal sequence (25 residues)® of sapodilla acidic TLP as

analyzed by BLAST

ID Description Total Query
score coverage
P07052.1 Thaumatin-like protein E2 (Nicotiana tabacum)  70.2 100%
ACZ57583.1 Allergenic thaumatin (Olea europaea) 66.0 100%
XP_002509748.1 Osmotin precursor, putative (Ricinus communis) 63.8 100%
P13046.1 Thaumatin-like protein E22 (Nicotiana tabacum) 61.3 100%
BAC15614.1 Thaumatin-like protein (Cryptomeria japonica)  61.3 100%
AAK59278.1 Thaumatin-like protein (Sambucus nigra) 58.7 100%
ACU31849.1 Thaumatin-like protein (Nepenthes singalana) 58.7 100%
ADB97926.1 Thaumatin-like protein L2 (Pinus monticola) 58.3 100%
XP_002282910.1 PREDICTED: pathogenesis-related protein R 57.5 100%
major form (Vitis vinifera)
XP_002874708.1 ATOSM34 (Arabidopsis lyrata subsp. Lyrata) 56.6 100%
173Q Allergenic and antifungal banana fruit 55.4 100%
thaumatin-like protein
ACV83333.1 Pathogenesis-related protein 5 (Panax ginseng)  54.9 100%
AAB82777.1 Ripening-associated protein (Musa acuminata 54.1 100%
AAA Group)

%the sequence ATFDVVNQCTFTVWAGASPGGGKQL (UniProt Accn. B3BEWX8) was used as

the query for this analysis
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0.9 ——— Pru_d2_pI9.15
0.98 — Pru_av2.0101_plI4.57
Pru_p2.0301_pI4.58
Mal_d2_pl4.72
0.4 Pyr_py2_pl5.01
7 oegPru_p2_pI8.14
ﬁPru_pZ.D 101_pI8.31

Pru_p2.0201_pl4.80

0.92

o
o

0.2

Fig. S1. Phylogenetic analysis of sapodilla acidic TLP with known allergenic TLPs from
foods. In this phylogenetic tree, the branch length is proportional to the number of substitutions
per site. Allergens were retrieved from Allergome database (www.allergome.org). Each TLP is
denoted by its Allergome name and its isoelectric point (pl); the protein sequences used here
represent the truncated form of the mature polypeptides as described in ‘Materials and

methods’. Allergens used for analysis: kiwi (Actinidia deliciosa, Act d 2); bell pepper

(Capsicum annuum, Cap a 1); plum, prune (Prunus domestica, Pru d 2); peach (Prunus persica,
Pru p 2); cherry (Prunus avium, Pru av 2); almond (Prunus dulcis, Pru du 2); grape (Vitis
vinifera, Vit v TLP); apple (Malus domestica, Mal d 2); olive (Olea europaea, Ole e 13); pear

(Pyrus pyrifolia, Pyr py 2); sapodilla (Manilkara zapota, Man z TLP1).
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-M——— - QSIGVCYGMLGNNLENHWEVIQ 54 P23546
——— - QSIGVCYGMLGNNLPNHWEVIQ 55 P15797
———————————————————————————————————————————————————————————— 0 Q41181

—I———— - QSIGVCYGMLGNNLPNHWEVIQ 54 P27666
——————————— - QIGVCYGMMGNNLEPSHSEVIQ 46 Q01413
—I———— - SIGVCYGMLGNNLPNHWEVIQ 54 P23431

———————————————————————————————————————— LGVCYGMMGNNLPSHSEVIQ 20 P52400

——————————— MATSOTAVIVIDCIIV AT NIHIT-EAQL.GVCYGMMGNNLPSHSEVIQ 46 P52401

————————————————————————————————————————————————— NNLPSHSEVIQ 11 P52402
——————————————————————————————————————— QIGVCYGMMGNNLPSANEVIN 21 P23535
- - -DAQVGVCYGMQGNNLPPVSEVIA 57 P52407

- TKQHTGAPIGVCNGMVGDDLPPQAEVVA 59 P52408

Fig. S2. Signal peptide and N-terminal sequences of plant basic p-1,3-glucanases (glucan
endo-1,3-beta-glucosidase). The signal peptide regions are highlighted in blue. The N-terminal
residue of the mature polypeptides is GIn (Q) in all cases with the exception of Nicotiana
plumbaginifolia (Glu or E) and Prunus persica (Thr or T). Alignments were created using
UniProt BLAST tool. UniProt ID: P23546, P15797, P27666, Q41181 — basic vacuolar isoforms
Nicotiana tabacum (common tobacco); Q01413 — B isoform Solanum lycopersicum (tomato);
P23431 — basic vacuolar isoform Nicotiana plumbaginifolia (leadwort-leaved tobacco, Tex-Mex
tobacco); P52401, P52400, P52402 — basic isoform 2 Solanum tuberosum (potato); P23535 —
basic isoform Phaseolus vulgaris (kidney bean, French bean); P52407 — basic vacuolar isoform
Hevea brasiliensis (para rubber tree); P52408 — basic isoform Prunus persica (peach). Note that
in three cases (Q41181, P52400 and P52402), the sequences shown are from the partial mMRNA

transcripts and hence information on the N-terminus is missing.
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Supplementary data related to

Ashok Kumar, H.G., Venkatesh, Y.P., In silico analyses of structural and allergenicity features of sapodilla (Manilkara zapota) acidic thaumatin-like

protein in comparison with allergenic plant TLPs. Mol. Immunol. (2013), http://dx.doi.org/10.1016/j.molimm.2013.08.010

Figure S1. ClustalX alignment of food allergenic TLPs (ingestant and inhalant) displaying predicted IgE epitopes. Allergens were retrieved from
Allergome database; sequences were retrieved from NCBI database. The sequence IDs correspond to the description given in Table 1. The predicted IgE
epitope stretches in each of the sequences are highlighted in red (epitope 1), green (epitope 2), blue (epitope 3) and pink (epitope 4) in the order of appearance
from the N-terminus. The accession numbers of sapodilla acidic TLP and thaumatins are highlighted in cyan. Putative TLPs with accession numbers highlighted
in green have no predicted IgE epitopes. Cysteine residues (C) are highlighted in yellow. Symbols: (*), complete identity; (:), strongly similar; (.), weakly
similar; no symbol, different. The bar graph shown at the bottom denotes conservancy profile. Inset: ClustalX aligment of grape TLPs displaying predicted

IgE epitopes. The sequence IDs correspond to the description given in Table 1. The predicted IgE epitopes are highlighted in the same colors as given above.



ACN97419.
ACN97416.
ACN97418.
AE036939.
ACIO04550.
ACN97417.
AAX19851.
AAX19848.
ABC47923.

Jc7201

AEV57471.

P83332.1

CAB62167.

P50694.1

ADM22305.
ACE80974.

P83335.1
080327.1

BAC78212.
ADN33945.
AEV57472.
AA0122009.
ADN33946.
AEV57470.
AGC39175.
ABQ42566.
AGC39176.

1z3Q

AFK29763.
AGC39181.
AGC39182.
AGC39180.

E3SU11.1

AEP84104.
AGC39179.
AGC39178.
AGC39177.
AAK97184.
ACB30367.
AAP86781.

P02883.1

BAF44567.

1RQW A
P02884.1

AAM15877.

RRRR RRrpRrpRRERER

HHERRR AR

[y

* * Lk * . *. * * * Kk k% * e k. koK. . * . * *

AKITFTNNCPYTVWPGTLTGDQKPQLSLTGFELATKASQSVDAPSP-WSGRFWARTRCSTNAAGKFTCETADCGSGQVACNGAGAVPPATLVEITIAAN-GGQDF--YDVSLVDGFNLPMSVAPQGGTG--DCKPSSCPANVNAACPAQL
AKITFTNNCPYTVWPGTLTGDQKPQLSLTGFEPATKASQSVDALSP-WSGRFWARTRCSTNAAGKFTCETADCGSGQVACNGAGAVPPATLVEITIAAN-GGQDF--YDVSLVDGFNLPMSVAPQGGTG--DCKPSSCPANVNAACPAQL
AKITFTNNCPYTVWPGTLTGDQKPQLSLTGFELATKASQSVDAPSP-WSGRFRARTRCSTNAAGKFTCETADCGSGQVACNGAGAVPPATLVEITIAAN-GGQDF--YDVSLVDGFNLPMSVAPQGGTG--DCKPSSCPANVNAACPAQL
AKITFTNNCPYTVWPGTLTGDQKPQLSLTGFELASKASQSVDAPFP-WSGRFWGRTRCSTNAAGKFTCETADCGSGQVACNGAGAIPPATLVEITIAAN-GGQDF--YDVSLVDGFNLPMSVAPQGGTG--DCKPSSCPANVNAACPAQL
AKITFTNNCPYTVWPGTLTGDQKPQLSLTGFELASKASQSVDAPFP-WSGRFWGRTRCSTNAAGKFTCETADCGSGQVACNGAGAIPPATLVEITIAAN-GGQDF--YDVSLVDGFNLPMSVVPQGGTG--DCKPSSCPANVNAACPAQL
AKITFTNNCPYTVWPGTLTGDQKPQLSLTGFELASKASQSVDAPSP-WSGRFWGRTRCSTNAAGKFTCETADCGSGQVACNGAGAIPPATLVEITIAAN-GGQDF--YDVSLVDGFNLPMSVAPQGGTG--DCKPSSCPANVNAACPAQL
AKITFTNNCPNTVWPGTLTGDQKPQLSLTGFELASKASQSVDAPSP-WSGRFWGRTRCSTDAAGKFTCETADCGSGQVACNGAGAVPPATLVEITIAAN-GGQDY--YDVSLVDGFNLPMSVAPQGGTG--ECKPSSCPANVNMACPAQL
AKITFTNNCPNTVWPGTLTGDQKPQLSLTGFELASKASQSVDAPSP-WSGRFWGRTRCSTDAAGKFTCETADCGSGQVACNGAGAVPPATLVEITIAAN-GGQDY--YDVSLVDGFNLPMSVAPQGGTG--ECKPSSCPANVNMACPAQL
AKITFTNNCPNTVWPGTLTGDQKPQLSLTGFELASKASQSVDAPSP-WSGRFWGRTRCSTDAAGKFTCETADCGSGQVACNGAGAVPPATLVEITIAAN-GGQDY--YDVSLVDGFNLPMSVAPQGGTG--ECKPSSCPANVNMACPAQL
AKITFTNNCPNTVWPGTLTGDQKPQLSLTGFELASKASRSVDAPSP-WSGRFWGRTRCSTDAAGKFTCETADCGSGQVACNGAGAVPPATLVEITIAAN-GGQDY--YDVSLVDGFNLPMSVAPQGGTG--ECKPSSCPANVNKVCPAPL
AKITFTNKCSYTVWPGTLTGDQKPQLSLTGFELATGISNSVDAPSP-WSGRFFGRTRCSTDASGKFSCATADCGSGQVSCNGNGAVPPATLVEITIAEN-GGQDF--YDVSLVDGFNLPMAVAPQGGTG--ECKASTCPADVNAVCPAEL
AKITFTNKCSYTVWPGTLTGDQKPQLSLTGFELATGISRSVDAPSP-WSGRFFGRTRCSTDASGKFTCATADCGSGQVSCNGNGAAPPATLVEITIASN-GGQDF--YDVSLVDGFNLPMSVAPQGGTG--KCKASTCPADINKVCPAPL
AKITFTNNCPRTIWPGTLTSDQKPQLPNTGFVLASKASLTLGVQAP-WKGRFWARTRCTTN-SGKFTCETADCSTGQVACNGNGAIPPASLVEINIAAN-RGMDF--YDVSLVDGYNLPVSVATRGGTG--DCKATSCRANVNAVCPAEL
ATISFKNNCPYMVWPGTLTSDQKPQLSTTGFELASQASFQLDTPVP-WNGRFWARTGCSTDASGKFVCATADCASGQVMCNGNGAIPPATLAEFNIPAG-GGQDF--YDVSLVDGFNLPMSVTPQGGTG--DCKTASCPANVNAVCPSEL
AKMSFKNNCPYTVWPATQTSGKKPQLSTTGFKLAPHARFKLHTPVP-WNGRFWARTGCSMDAYGKFVCATADCASGQVKCNGNGPIPPTTLAEFNIPAG-GGKDF--YDVSLVDGFNLPMSVNPQGGTG--DCKTASCPKNVNKVCPREL
ATISFKNNCPYTVWPASFGN---PQLSTTGFELPSQASFPLDTPAP-WSGRFWARTGC-TDASGKFVCETADCDSGQLMCNGKTGIPPATLAEFTIAAG-GGQDY--YDVSLVDGFNLRMSVTPQGGTG--TCKTGSCAANVNAVCPSEL
ATMSFKNNCPYTVWPASFGN---PQLSTTGFELASQASFQLDTPVP-WSGRFWARTRCSTDASGKFVCETADCDSGQLMCNGKTGIPPATLAEFTIAAG-GGQDF--YDVSLVDGFNLPMSVTPQGGTG--TCKMGSCAANVNLVCPSEL
AKFTFTNKCPNTVWPGTLTGGGGPQLLSTGFELASGASTSLTVQAP-WSGRFWGRSHCSIDSSGKFKCSTGDCGSGQISCNGAGASPPASLVELTLATN-GGQDF--YDVSLVDGFNLPIKLAPRGGSG--DCNSTSCAANINTVCPAEL
AKFTFTNKCPNTVWPGTLTGGGGPQLLSTGFELASGASTSLTLQAP-WSGRFWGRSHCSIDSSGKFKCSTGDCGSGQISCNGAGASPPASLVELTLATN-GGQDF--YDVSLVDGFNLPIKLAPRGGSG--DCNSTSCAANINTVCPAEL
STFTILNQCDYTVWPGVLSGAGTSQLSTTGFVLEKGQSNAITMPPG-WSGRIWGRTYCSQDATGRFSCATADCGSGIVECNGAGATPPATLAEFTLNGA-GGLDF--YDVSLVDGYNVPMLITPQDGTGGGNCTTIGCATDLNSECPAEL
TTFTMVNKCEYTVWPGILTNAGVPPLPTTGFALQKGETKTISAPTS-WGGRFWGRTLCSQDSTGKFSCVTGDCGSGKVECAGNGAAPPATLAEFTLDGS-GGLDF--FDVSLVDGYNLPMLVVPQGGSG-TNCSNTGCVVDLNGLCPSEL
LFLTVVNHCPFTVWPAIQPNAGHPVLEKGGFALPTNTHRSFFPPSTHWSGRIWGRTGCSHY-NGKFSCVTGDCG-HRLECNGLGGATPASLAQFDLHHG-GHQDLSSYGVSLVDGFNVPMTVTPHEGRG--VCPVVGCREDLLKTCPAHL
AKFTFVNKCDFTVWPGVLSGAGSLKFDTTGFELRKGSSRSFQAPAG-WSGRFWGRTDCNFDGSGRGVCNTGDCGSGEIECNGAGAAPPATLAEFTLGSG-NSPDF--YDVSLVDGYNLAMIVEGTGGTG--ACGSTGCVTDLNRQCPLEL
TVFTLONRCTYTVWPGTLSGNGAAVLGDGGFALAPDSSVQLTAPRG-WSGRFWARTGCNEFDDSGNGKCLTGDCG--SLKCVG-GGAPPVTLAEFTTGSTPGDKDF--YDVSLVDGYNVAMGLRANGGTG--DCQYAGCVADLNGNCPPEL

ATFNIINNCPFTVWAAAVP--------— GGGKRLDRGONWIINPGAGTKGARVWPRTGCNEFDGAGRGKCQTGDCNGLLQCQ--AFGQPPNTLAEYALN---QFNNLDFFDISLVDGFNVAMEFSPTSG---GCTRGIKCTADINGQCPNEL
ATFNIINNCPFTVWAAAVP--------— GGGKRLDRGONWIINPSAGTKGARVWPRTGCNEFDGAGRGKCQTGDCNGLLQCQ--AFGQPPNTLAEYALN---QFNNLDFFDISLVDGFNVAMEFSPTSG---GCTRGIKCTADINGQCPNEL
ATFNIINNCPFTVWAAAVP--------— GGGKRLDRGONWIINPGAGTKGARVWARTGCNEFDGAGRGKCQTGDCNGLLQCQ--AFGQPPNTLAEYALN---QFNNLDFFDISLVDGFNVAMEFSPTSG---GCTRGIKCTANINEQCPNEL
ATFEIVNRCSYTVWAAAVP--------— GGGRQLNQGQSWTINVNAGTTGGRIWGRTGCSFDGSGRGRCQTGDCGGVLSCT--AYGNPPNTLAEFALN---QFNNLDFFDISLVDGFNVPMDFSPTSG---GC-RGIRCAADINGQCPGAL
VIFEIVNGCPFTVWPAAVP--------— GGGLQLDQGQTWVLDVNPGTTGGRIWARTGCSFDGSGSGSCQTGDCGGVLDCK--GYGSPPNTVAEFAVG---QFNN---FDVSLVDGFNVPMEF - —-—-————| GSCRAIRCSADINGRCPAEL
ATFDIVNQCSYTVWAAASP--------— GGGRRLDSGQSWSITVNPGTIQARIWGRTNCNEFDASGRGKCETGDCNGLLECQ--GYGSPPNTLAEFALNQD-QPTNLDFVDISLVDGFNIPMDFSPTTG----VCKSLRCAAAINEECPTEL
ATFDIVNQCSYTVWAAASP--------— GGGRRLDSGQSWSITVNPGTIQARIWGRTKCNFDASGRGKCETGDCNGLLECQ--GYGSPPNTLAEFALNQD-QPTNLDFVDISLVDGFNIPMDFSPTTG----VCKQLRCAAAINEECPAEL
ATFDIVNQCTYTVWAAASP--------— GGGRRLDSGQSWSITVNPGTIQARIWGRTKCNFDASGRGKCETGDCNGLLECQ--GYGSPPNTLAEFALNQD-QPTNLDFVDISLVDGFNIPMDFSPTTG----VCKQLRCAAPINEECPTEL
ATFDIVNQCTYTVWAAASP--------— GGGRRLDQGQSWNINVAPGTTQARIWGRTNCNEFDANGRGQCETGDCNGLLECQ--GYGRPPNTLAEFALN---QPNNLDFVDISNVDGFNIPLEFSPTTN----VCRRLVCNAPIVQQCPSEL
ATFDVVNQCTFTVWAGASP--------— GGGKQLDQGQTWTITVAPGSTKARIWGRTGCNEFDANGQOGKCQTGDCNGLLQCQ--GYGSPPNTLAEFSLN---QPNNLDYVDISLVDGFNIPMDFSPAAAG---VCKDIRCATDITAQCPAEL
ANFEIRNNCPYTVWAAASP--------— GGGRRLDPYQTWWLDVAAGTKMARIWGRTNCNEFDAGGWGRCETGDCG-SIDCRSGGWGVPPNTLAEYALN---QFGNLDFYDISLVDGFNIPMEFTPTYRQS-DKCRNILCVADINGQCPGPL
ANFEIRNNCPYTVWAAASP--------— GGGRRLDPYQTWWLDVPAGTKMARIWGRTNCNEFDANGWGRCETGDCG-SIDCRSGGWGVPPNTLAEYALN---QFGNLDFYDISLVDGFNIPMEFTPTYRQS-DKCRNILCVADINGQCPGPL
ATFEIRNNCPYTVWAAASP--------— GGGRRLNSKQQWNLNVAAGTKMARIWGRTKCNEFDGSGRGHCETGDCGGVLECK--GWGVPPNTLAEYALN---QFGNLDFFDISLVDGFNIPMDFSPTRSPS-GKCRPISCTANIIGQCPNPL
ATFEVRNNCPYTVWAASTPV------- GGGRRLDRGQTWTINAPPGTAMARIWGRTNCNEFDGSGRGSCQTGDCGGVLQCT--GWGKPPNTLAEYALN---QFNNLDFWDISLVDGFNIPMTFAPTNPSG-GKCHAIQCTANINGECPGSL
ATIEVRNNCPYTVWAASTPI------- GGGRRLNRGQTWVINAPRGTKMARIWGRTGCNEFNAAGRGSCQTGDCGGVLQCT--GWGKPPNTLAEYALD---QFSNLDFWDISLVDGFNIPMTFAPTKPSG-GKCHATIHCTANINGECPRAL
GVFEVHNNCPYTVWAAATPV------- GGGKLLERGQSWWFWAPPGTKMARIWGRTNCNEFDGAGRGWCQTGDCGGVLECK--GWGKPPNTLAEYALN---QFSNLDFWDISVIDGFNIPMSFGPTKPGP-GKCHPIQCVANINGECPGSL
ATFEIVNRCSYTVWAAASKGD--AALDAGGRQLNSGESWTINVEPGTNGGKIWARTDCYFDDSGSGICKTGDCGGLLRCK--RFGRPPTTLAEFSLN---QYGK-DYIDISNIKGFNVPMNFSPTTR----GCRGVRCAADIVGQCPAKL
ATFEIVNRCSYTVWAAASKGD--AALDAGGRQLNSGESWTINVEPGTNGGKIWARTDCYFDDSGSGICKTGDCGGLLRCK--RFGRPPTTLAEFSLN---QYGK-DYIDISNIKGFNVPMDFSPTTR----GCRGVRCAADIVGQCPAKL
ATFEIVNRCSYTVWAAASKGD--AALDAGGRQLNSGESWTINVEPGTKGGKIWARTDCYFDDSGSGICKTGDCGGLLRCK--RFGRPPTTLAEFSLN---QYGK-DYIDISNIKGFNVPMDFSPTTR----GCRGVRCAADIVGQCPAKL
ATFEIVNRCSYTVWAAASKGD--AALDAGGRQLNSGESWTINVEPGTKGGKIWARTDCYFDDSGRGICRTGDCGGLLQCK--RFGRPPTTLAEFSLN---QYGK-DYIDISNIKGFNVPMDFSPTTR----GCRGVRCAADIVGQCPAKL
ATITVVNRCSYTVWPGALP-------- GGGVRLDPGQSWALNMPAGTAGARVWPRTGCTFDGSGRGRCITGDCGGTLACR--VSGQQPTTLAEYTLG---QGGNKDFFDLSVIDGFNVPMNFEPVGG----SCRAARCATDITKECLKEL
1....... 10........ 20........ 30........ 40........ 50........ 60........ 70........ 80........ 90....... 100....... 110....... 120....... 130....... 140....... 150

Epitope 1 Epitope 2 Epitope 3

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
140
141
144
144
146
145
145
144
142
134
134
134
133
126
135
135
135
133
134
137
137
136
137
137
137
138
138
138
138
133



ACN97419.
ACN97416.
ACN97418.
AE036939.
ACIO04550.
ACN97417.
AAX19851.
AAX19848.
ABC47923.

Jc7201

AEV57471.

P83332.1

CAB62167.

P50694.1

ADM22305.
ACE80974.

P83335.1
080327.1

BAC78212.
ADN33945.
AEV57472.
AA0122009.
ADN33946.
AEV57470.
AGC39175.
ABQ42566.
AGC39176.

1z3Q

AFK29763.
AGC39181.
AGC39182.
AGC39180.

E3SU11.1

AEP84104.
AGC39179.
AGC39178.
AGC39177.
AAK97184.
ACB30367.
AAP86781.

P02883.1

BAF44567.

1RQW A
P02884.1

AAM15877.

RFRRPRRRRERR

RRRR RRrpRrpRRERER

HHERRR AR

[y

* * *k * . * * * P * * + ek

QVKAADGTV--IACKSACLAFGDSKYCCTPPNNTPETCPPTEYSQFFEQQCPQAYSYAYDDKNSTFTCSGG-PDYV I TFC P~ — = — = = — = =~ = = — = = o o o
QVKAADGTV--IACKSACLAFGDSKYCCTPPNNTPETCPPTEYSQFFEQQCPQAYSYAYDDKNSTFTCSGG-PDYV I TFC P~ — = — = = — = =~ = = — = o o
QVKAADGTV--IACKSACLAFGDSKYCCTPPNNTPETCPPTEYSQFFEQQCPQAYSYAYDDKNSTFTCSGG- DYV I TFC P~ — = — = = — = =~ = = — = o o o
QVKAADGTV--IACKSACLAFGDSKYCCTPPNNTPETCPPTEYSQFFEQQCPQAYSYAYDDKNSTFTCSGG-PD YV I TFC P~ — = — = = — = =~ = = — — = — o o o
QVKAADGTV--IACKSACLAFGDSKYCCTPPNNTPATCPPTEYSQFFEQQCPQAYSYAYDDKTSTFTCSGG- DYV I TFC P~ = — = = = — = = — = = = — o o
QVKAADGTV--IACKSACLAFGDSKYCCTPPNNTPETCPPTEYSQFFEQQCPQAYSYAYDDKNSTFTCSGG- DYV I TFC P~ = — = = = — = =~ = = — = — o o o
QVKAADGSV--ISCKSACLAFGDSKYCCTPPNDTPETCPPTEYSEIFEKQCPQAYSYAYDDKNSTFTCSGG- DYV I TFC P~ — = — = = — = =~ = = — = = o o o o o
QVKAADGSV--ISCKSACLAFGDSKYCCTPPNDTPETCPPTEYSEIFEKQCPQAYSYAYDDKNSTFTCSGG- DYV TFC P~ — = — = = — = =~ = = — = = o o o
QVKAADGSV--ISCKSACLAFGDSKYCCTPPNDMPETCPPTEYSEIFEKQCPQAYSYAYDDKNSTFTCSGG-PD YV TFC P~ — = — = = — = = = = — = = o o
QVKAADGSV--ISCKSACLAFGDSKYCCTPPNNTPETCPPTEYSEIFEKQCPQAYSYAYDDKNSTFTCSGG- DYV TFC P~ — = — = = — = =~ = = — = = o
QVKGSDGSV--IACKSACLALNQPQYCCTPPNDKPETCPPTEYSKIFKDQCPQAYSYAYDDKSSTFTCSAR - PDY LI TFC P~ = — = = = — = =~ = = — = = — o
QVKGSDGSV--IACKSACLAFNQPKYCCTPPNDKPETCPPPDYSKLFKTQCPQAYSYAYDDKSSTFTCSGR-PAY LI TFC P~ = — = = = — = =~ = = — = = o
QVKGSDASV--LACKSACTAFNQPQYCCTGAFDTARTCPATKYSRIFKQQCPQAYSYAYDDSTSTFTCSGA - PDYV I TFC P~ — = — = = — = =~ = = — = = o o o
QKKGSDGSV--VACLSACVKFGTPQYCCTPPONTPETCPPTNYSEIFHNACPDAYSYAYDDKRGTFTCNGG - PNY AT TFC P~ — = — = = — = = = = — = = — o
QKKGANGKV--VACLSACVAFQKPKYCCTPPQONTPETCPPTNYSQIFSHACPKAYSYAYDDKKGTFTCKGG-PNY LT TFC P~ — = — = = — = =~ = = — = = — o o
QKIGSDGSV--VACLSACVKFNQPQYCCTPPQETKEKCPPTNYSQIFHDQCPDAYSYAYDDNKGLETCSGG-PNY LI TFC P~ = — = = = — = =~ = = — = = — e — o
QKIGSDGSV--VACLSACVKFGEPQYCCTPPQETKEKCPPTNYSQIFHEQCPDAYSYAFDDNKGLETCSGG-PNY LI TFC P~ — — = = = — = = = = — = = — —
SDKGSDGSV--IGCKSACLALNQPQYCCTGAYGTPDTCPPTDFSKVFKNQCPQAYSYAYDDKSSTFTCFGG—PNYE T TFC P~ — = = — = = = = == — = = — —
SDKGSDGSV--IGCKSACLALNQPQYCCTGAYGTPDTCPPTDFSKVFKKQCPQAYSYAYDDKSSTFTCFGG—PNYE T TFC P — = = = — = = = = = = — = = — — o
RVVLSDGGERSVACKSACEAFGDAQYCCSGEYGNPNTCRPSSYSELFKSACPQAYSYAYDDGSSTFTCT-A-ANY LI TFCPSLS TR~ — = = === = = = = = — = = = = = = e e e

KVTSADGRE-GVACKSACEAFQQPQYCCSGAYGTPDTCKPSSYSQIFKNACPHAYSYAYDDRTSTFTCA-A-ADYTITFCPSPSTSKKASQGONTQPQPTNTTTGTGTPSSTSSSPEPINNTMEYEGASYDQSEASSSTRTTSHAIAGLV

QLRSHGGHV--VACKSGCEAFRTDELCCRNHYNSPQTCRAS SHSLFFKHACPSTMTFAHDS PSLMHDCS SP-RELKV I FCH— = — = = = — = =~ — = = — = = — o e o -

....... 160.......170.......180.......190.......200.......210.......220.......230.......

222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
218
219
222
222
230
292
223
286
222
201
201
201
200
222
204
204
204
202
207
221
221
220
225
226
228
207
213
207
213
203



HECNOTATONT --------------
ACN97416.1 --------------
ACNO7418.1 --------------
AE036939.1 ------—---—--
ACI04550.1 -------=---—=-—-
ACN97417.1 —————mmmmmmmmm
AAX19851.1 ————-————-———-
AAX19848.1 —————————————-
ABC47923.1 ———————mmm—mm-
Jc7201
BEV57471.1 ———————mmmmmm
P83332.1
CAB62167.1 ——————————————
P50694.1
BDM2230501 --------------
ACE80974.1 —-——-————-———-
P83335.1
080327.1
BAC78212.1 -—-——————————-
BDN3394501 --------------
AEV57472.1 TVALAIQLLSQLFF
BAOT220901 --------------
ADN33946.1 FSSLNLFSS-----
AEV57470.1 -----==m=--mm
AGC39175.1 -==-====mmmmmee
ABQ42566.1 ----=========-
AGC39176.1 --=-=======mmm-
123Q  mmemmmmmmmmmee-
AFK29763.1 --=--======-mm-
AGC39181.1 -----=-mmmmmme
AGC39182.1 ----===-=mmmmm-
AGC39180.1 ----===-==--mm-
E3SU11.1
BAEP8410411 --------------
AGC39179.1 —--m=mmmmmmmmm
AGC39178.1 —---mmmmmmmmm
AGC39177.1 ——-mmmmmmmmmm
AAK97184.1 --------mmmmm
ACB30367.1 ----======—mm-
AAP86781.1 -----=--m—mmm-
P02883.1
BAF4456701 --------------
1RQW A

P02884.1
AAM15877.1 -----=--=-—m-

306

Q9M4G6
A9CSPO
004708
F6HUHL
Q9LLB7

Q9M4G6
A9CSPO
004708
F6HUHL
Q9LLB7

Q9M4Go6
A9CSPO
004708
F6HUH1
Q9LLB7

Inset:

ATFDILNKCTYTVWAAASPGGGRRLDSGQSWTITVNPGTTNARIWGRTSCTEDANGE
ATFDILNKCTYTVWAAASPGGGRRLDSGQSWTITVNPGTTNARIWGRTSCTEDANG
ATFDILNKCTYTVWAAASPGGGRRLDSGQSWTITVNPGTTNARIWGRTSCTEDAN
ATFDILNKCTYTVWAAASPGGGRRLDSGQSWTITVNPGTTNARIWGRTSCTEDANG

DCNGLLECQGYGSPPNT
DCNGLLECQGYGSPPNT
DCNGLLECQGYGSPPNT

ATSTILNKCTYTVWAAASPGRGRRLDSGQSWTITVKPGTTNARIWGRTSCTEDANG s DCNGLLNCQGYGSPPNT
LAEFALNQPNNLDYIDISLFDGENIPMDFEFS----GCRGIQCSADINGQCPSELKAPGGCNNPCTVEKTNEYCCTDGPGSC
LAEFALNQPNNLDYIDISLVDGENIPMDEFS----GCRGIQCSADINGQCPSELKAPGGCNNPCTY TNEYCCTDGPGSC
LAEFALNQPNNLDYIDISLVDGENIPMDEFS----GCRGIQCSVDINGQCPSELKAPGGCNNPCTVEKTNEYCCTDGPGSC
LAEFALNQPNNLDYIDISLVDGENIPMDFS----GCRGIQCSVDINGQCPSELKAPGGCNNPCTVEKTNEYCCTDGPGSC
LAEFALNQPNNLDYIDISLVDGENIPMGFSPTTSACRGIQCSANINGOQCPSELKAPDGCNNPCTVEFKTNNYCCTNGPGSC

GPTTYSKFFKDRCPDAYSYPQDDKTSLEFTCTSGTNYKVTECP
GPTTYSKFFKDRCPDAYSYPQDDKTSLEFTCTSGTNYKVTECP
GPTTYSKFFKDRCPDAYSYPQDDKTSLFTCPSGTNYKVTFECP
GPTTYSKFFKDRCPDAYSYPQDDKTSLFTCPSGTNYKVTFECP
GPTTYSKFFKDRCPDAYSYPQDDKTSLFTCPSGVNYKVTFECP

198
198
198
198
202

ClustalX alignment of grape TLPs displaying predicted IgE epitopes

156
156
156
156
160




Supplementary data related to

Ashok Kumar, H.G., Venkatesh, Y.P., In silico analyses of structural and allergenicity features of sapodilla (Manilkara zapota) acidic thaumatin-like
protein in comparison with allergenic plant TLPs. Mol. Immunol. (2013), http://dx.doi.org/10.1016/j.molimm.2013.08.010

Figure S3. Cladogram of botanical families in the angiosperm order Ericales displaying the currently known allergens. The cladogram (Tree of Life
Web Project, 2002) is shown in the left half. Pollen or food allergies have been reported from only 7 families (listed in the right half along with allergen names
where known). Pollen allergens are indicated by an asterisk and inhalant or contact food allergens are indicated by a dagger. Allergens have been identified
from Actinidia arguta (hardy kiwi), A. chinensis (gold kiwi), A. deliciosa (green kiwi) and A. eriantha (Kiwi, velvet vine), Diospyros kaki (persimmon, kaki, or
sharon fruit), Vaccinium myrtillus (bilberry or mirtillo), Calluna vulgaris (heather), Rhododendron spp, Camellia japonica (Japanese camellia), Camellia
sinensis (tea), Manilkara zapota (sapodilla or sapodilla plum) and Bertholletia excelsa (Brazil nut). Allergies have been reported for Argania spinosa (Argan),
Madhuca indica (mahua or moa tree), Palaquium gutta (gutta percha) and Cyclamen persicum (cyclamen or Persian violet); of these, the first 3 belong to

Sapotaceae. LTP, lipid transfer protein; TLP, thaumatin-like protein.
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Figure S2. ClustalX alignment of pollen allergenic TL Ps (inhalant) displaying predicted IgE epitopes. Allergens were retrieved from Allergome database;
sequences were retrieved from NCBI database. The sequence IDs correspond to the description givenin Table 1. The predicted IgE epitope stretches in each of
the sequencesis highlighted in red (epitope 1), green (epitope 2), blue (epitope 3), pink (epitope 4) and brown (epitope 5) in the order of appearance from the N-
terminus. Cysteine residues (C) are highlighted in yellow. Symbols: (*), complete identity; (:), strongly similar; (.), weakly similar; no symbol, different. The

bar graph shown at the bottom denotes conservancy profile.
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