Accepted Manuscript

Expression and Characterization of a new isoform of the 9 kDa allergenic Lipid
Transfer Protein from Tomato (variety San Marzano)

Mariateresa Volpicella, Claudia Leoni, Immacolata Fanizza, Sara Rinalducci, Antonio
Placido, Luigi R. Ceci

Pl S0981-9428(15)30065-6
DOI: 10.1016/j.plaphy.2015.07.019
Reference: PLAPHY 4237

To appearin:  Plant Physiology and Biochemistry

Received Date: 19 May 2015
Revised Date: 17 July 2015
Accepted Date: 18 July 2015

Please cite this article as: M. Volpicella, C. Leoni, |. Fanizza, S. Rinalducci, A. Placido, L.R. Ceci,
Expression and Characterization of a new isoform of the 9 kDa allergenic Lipid Transfer Protein
from Tomato (variety San Marzano), Plant Physiology et Biochemistry (2015), doi: 10.1016/
j-plaphy.2015.07.019.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.plaphy.2015.07.019

Epitope - IgE
binding

Lipid Transfer Protein

San Marzano tomatoes



Expression and Characterization of a new isoform othe 9 kDa allergenic Lipid

Transfer Protein from Tomato (variety San Marzano)

Mariateresa Volpicelf#, Claudia Leorfi*, Inmacolata FanizZaSara Rinalduc&i Antonio

Placidd, Luigi R. Ceci*

®Department of Biosciences, Biotechnologies and Biomaceutics, University of Bari, Via
Amendola 165/A, 70126 Bari, Italy.
®Institute of Biomembranes and Bioenergetics — NiatidResearch Council (CNR), Via Amendola
165/A, 70126 Bari, Italy.
“Department of Ecological and Biological Sciencesiversity of Tuscia, Largo dell'Universita’ -

01100 Viterbo, Italy.

# These authors contributed equally to this study.

* Corresponding author: L.R. Ceci, Phone: +39 0803311. Fax: +39 080 5443403. E-mail:

|.ceci@ibbe.cnr.it.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

ABSTRACT

Lipid transfer proteins (LTPs) are food allergenarfd first in fruits of theRosaceae family and
later identified in other food plants. Their higkrustural stability causes them to behave as
allergens in cooked and processed foods. Allergefies have been identified in tomato fruits as
well, but studies of their thermal stability andustural characteristics are limited. In this ddtioe
report the identification of the coding region fonovel 9 kDa LTP isoform in the tomato variety
San Marzano, together with the expression of themdbinant mature protein. The purified
recombinant protein was further characterized ferthermal stability and was found to bind 1-
palmitoil-2-lysophosphatidylcholine (Lyso:£} after thermal treatments up to 105°C. Analysis of
modelling derived structure of the protein allovtbd identification of possible epitope regions on

the molecular surface.

KEYWORDS: Tomato; Lipid Transfer Protein; Food allergy

1. INTRODUCTION

Tomatoes are among the most important crops ofwibikd with a wide number of cultivated
varieties (Sardaret al., 2012). The tomato fruits are used as both rawauked ingredients in
many food preparations. Tomatoes contain many itoast compounds with beneficial effects on
human health (Bohet al., 2013), but are rich in allergens as well. Evabret of the incidence of
tomato allergies among populations are rare, howthere is evidence of emerging allergy cases
(Larramendiet al., 2008; Westphatt al., 2004). Currently five tomato food allergens as¢éed by

the International Union of Immunological SocietW($, http://www.allergen.org/ (Radauetr al .,

2014)): Sola | 1 (Profilin), Sola | 2 (Beta-fructwénoside), Sola | 3 (Non-specific lipid transfer
protein 2, nsLTP), Sola | 4 (Pathogenesis-relatedem, PR-10) and Sola | 6 (nsLTP 7S). Other
possible allergens have been identified as wellaeduinder investigation (Benciveretial., 2012;

Bencivenni et al., 2014; Foetischet al., 2001) (see also the Allergome database at
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http://www.allergome.org/ (Mari et al., 2009) and the AllergenPro database at

http://nabic.rda.go.kr/allergen/ (Kiet al., 2009)).

Among tomato fruit allergens, nsLTPs are of patéicinterest due to their high diffusion as
plant allergens and the ability to induce crosstiedly based allergenic reactions in predisposed
subjects (Van Winkle and Chang, 2014). Lipid trangiroteins are ubiquitous in nature and are
involved in the generic role of lipid transfer been membranes. In plants however other functions
have been proposed, relating mostly to defencenagbacteria and pathogenic fungi, as well as
abiotic stress response ((Kader, 1996; Wangl., 2012) and references therein). Non-specific
LTPs refer to a group of LTPs able to bind différelasses of lipids (Kader, 1996). Structurally,
plant nsLTPs are separated into five distinct gspuyth the two main groups (Type-1 and Type-Il)
common to all the species investigated so far. @uspecific deletions, Type-Il LTPs (of about 7
kDa) are smaller than those of the Type-| (of abd@uDa) (Ballmer-Weber, 2002; Wargj al.,
2012).

From an allergenic point of view plant nsLTPs Ilogloto the large Prolamin protein
superfamily, which includes several allergen faesil(Eggeret al., 2010). Their most common
route of exposure is ingestion (see the AllFam Deada of Allergene Families at

http://www.meduniwien.ac.at/allergens/allfam/). &thens of the Prolamin superfamily share a

conserved scaffold consisting of bundles of fouhelices stabilized by four disulfide bridges
(Egger et al., 2010). This compact structure is usually evokedekplain the persistence of
allergenicity for cooked food proteins (Milit al., 2009). Nonetheless, the allergenic potency of
some molecules is also due to the presence ofrleg#opes, which maintain their allergenicity
even after food cooking or other transformationcpsses, as in the case of allergenic nsLTPs
identified in sterilized peach juice, polenta, amdermented products such as wine and beer (Asero
et al., 2001; Millset al., 2009; Pastorellet al., 2003a; Pastorellet al., 2003b). Most LTPs can be
considered as food allergens. Inhalation and skimact have been identified as other possible

routes of exposure to allergenic LTPs (Eggeal., 2010). Plant allergenic nsLTPs show a variable
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degree of sequence identities (about 25-80%), gwaingh proteins from evolutionarily close plant
families have identities values higher than 65%d@eeret al., 2008). Under this complex scenario,
the identification and analysis of new LTP molesulean provide additional data to unveil
relationships among allergenicity and structurahtdees, including stability to denaturing
conditions. Furthermore, the availability of singlbergens produced as recombinant proteins is
considered of main value for allergology studiesdaaon component-resolved diagnosis (Egyer
al., 2010; Hoffmann-Sommergruber and Mills, 2009; Lgerand Cardona, 2014; Valerghal.,
1999; Van Winkle and Chang, 2014).

The two tomato LTP allergens listed in the IUISatatse belong to the Type-l (Sola | 3)
and Type-Il (Sola | 6) groups. While the structdedtures and allergenicity of the Type-Il Sola | 6
allergen have been recently described (Giangriecoal., 2015), studies aimed at better
characterizing tomato LTP 9 kDa isoforms are limhitand confusing. Indeed, the Sola | 3 allergen
is reported as corresponding to a LTP protein (R9B8Zor which allergenicity has not been
investigated (Plangt al., 1991). Allergenicity of other tomato 9 kDa LTRferms from different
tomato varieties, has been verified (Bencivesiral., 2014; Leet al., 2006; Pravettorat al., 2009),
but sequence and structural data are still missing.

Here we report the identification of a novel 9 KDEP isoform in the tomato San Marzano
variety. San Marzano tomatoes are typical of Soath®ly and used as components of many
recipes. They are sold worldwide as a canned figrt@oked product. The novel LTP isoform has
been produced as a recombinant molecule and charact for its lipid-binding activity at different
temperatures. It has also been analysed by a mmugblkhsed approach for its potential
allergenicity. These data can contribute to a laegelysis of the diffusion and variability of LTP

isoforms in tomato, useful in future investigatiammncerning their allergenic potency.

2. MATERIALS AND METHODS

2.1. DNA and RNA extraction
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Seeds of tomato (variety San Marzano) were obtaiftech the Department of Agronomy
(University of Naples) and sown in pots for plapteduction. Genomic DNA was extracted from
young leaves, using the Gene Elute Plant genormi{Slgma Aldrich).

Total RNA was extracted from mature tomato fruitsvested at about 45-50 days after
flowering, using a phenol method. 20 of starting material were homogenised in 1 mI'ozol
(Life Technologies) and incubated for 5 min at FAfter extraction with 20QuL of chloroform,
RNA was precipitated with 500L of isopropanol. After centrifugation, the peligas washed with
70% ethanol, air dried and then resuspended inl56f DEPC-treated water. The resulting RNA
was treated with Rnase DNase | (Invitrogen) acecgydd the manufacturer’s instructions.

All the DNA and RNA samples were analyzed by NamofDND1000 spectrophotometer

(Thermo Scientific), and checked on 1-1.5% agagete.

2.2. PCR analysis
PCR amplifications of genomic DNA were carried asing 200 ng of total DNA, in the presence
of 20 pmol of each primer (Table 1), 0.2 mM of eaMiTP, 2.5U of PCR Extender Polymerase Mix
(5PRIME, Eppendorf) in 5QL of the buffer solution indicated by the supplidfter a denaturation
step at 94°C for 5 min, amplification reactions gveun for 35 cycles for 1 min at 94°C, 1 min at
the annealing temperature chosen for the two paeard 1 min at 72°C. A final elongation step
was run at 72°C for 7 min. The amplification proguaere cloned in pGEM-T vector (Promega)

for sequencing analysis.



106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

Table I. Primers used for PCR and RACE analysis

Name Sequence (5’-3’)

TomGe-LTP_F GTGGTTGCACCCCATGCAGAG

TomGe-LTP _R GGGCTGATCTTGTAAGGRATGTTGAC

TomSM-SM21 F | GCATGCAATTGCCTAAAATCA

TomSM-SM21_FA | AAAGCTGCTGGTCTCCCTAGTGTTTG

TomSM-SM22_F | GACTACCGCGGATCGAAAGACA

TomSM-SM22_FA | GCTGCTAATGCTATAAAGGGAATTGATTT

Tom21_LTP_R CTCATGAAACCAAATTCTGATG

Tom22_4 LTP_R | TSATCAACYTTACWRRACY

SM4_pET_F AAAAACATATGGCACTAAGTTGCGGCCAGG

SM4 _pET_R TTTTTGGATCCTTACAAAACTTTCGAGCAGTCAGTAAAAGEC

Anchor primer (AP)| GACCACGCGTATCGATGTC

Oligo-dT_AP GACCACGCGTATCGATGTCdix

2.3. 3’-RACE (Rapid Amplification of cDNA ends analysis)
For 3' RACE, single strand cDNA was synthesizeditistg from 0.5ug of total RNA and JuL of
50 uM anchored-oligodT, using the SuperScript Firs&Bdr Synthesis System (Life Technologies)
according to manufacturer’s instructions.
The obtained cDNA was then used as substrate CR reaction using a gene-specific
primer (TomSM-22_F) and the anchor primer (AP), #reh for a hemi-nested PCR using a gene-

specific primer (TomSM-22_FA) and the AP primer lfleal).

2.4. Cloning, expression and purification of tomato LTPisoform

The nucleotide sequence corresponding to the mafti,eSM22 protein was PCR amplified from
genomic DNA using a forward primer (SM4_pET_F) aadreverse primer (SM4_pET_R)
containing theNdel and BamHI restriction site sequences respectively (Tablelhe amplified
fragment was then inserted into the pET11b expvassector (Novagen) and the recombinant
vectors were checked by sequencing analysis.

After transformation inE. coli Origami (DE3) cells (Invitrogen), the expression of LTP
SM22 was induced by adding 1 mM isopropyl-1-tBi-galactopyranoside (IPTG). After

overnight incubation at 28°C, cells were centrifdigend resuspended in 10 mL of 10 mM, pH 7.2

6
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phosphate buffer (buffer A), 1% Triton. Cells wdysed using the Vibra-cell sonicator (Sonics)
with 5 cycles of 15 sec at 30% amplitude. The sahs centrifuged at 25.800xg for 30 min and
the supernatant was subjected to ion exchange etogmaphy on a HiTrap SP Sepharose Fast
Flow column (GE Healthcare). After loading celldys, the column was washed with five volumes
of buffer A and proteins eluted with a step gradig©0, 200, 300, 500 and 1000 mM NacCl in

buffer A). Eluted fractions were monitored at 280 and analyzed by SDS-PAGE.

2.5. Mass spectrometry analysis

Protein bands observed in SDS-PAGE were carefullsised and subjected to in-gel trypsin
digestion according to Shevchenko and colleagubsv@enkoet al., 2006). Nano-LC MS/MS
analyses were performed as already described {Radl@l., 2013). Data were searched against the
National Center for Biotechnology Information namwedant database (NCBInr, Version
20150127) using computer software (Mascot, in-horggsion 2.2, Matrix Science, London, UK)
with the following constraints: taxonomy = Viridgntae; enzyme = trypsin; missed cleavage = 1,
peptide and fragment mass tolerance = +0.3 Dadfixedifications = carbamidomethyl (Cys);
variable modifications = Oxidation (Met); GIn->py@lu (N-term Q),Glu->pyro-Glu (N-term E).
For positive identification, the score of the résfl[-10 x Log(P)] had to be over the significance

threshold level (p < 0.05).

2.6. Fluorescence binding assays
Fluorescence of the recombinant LTP rSM-22 was oredsat 25 °C with an excitation
wavelength of 275 nm and recording the emissiortspen the 280-400 nm range, using the FP-
8300 spectrofluorometer (JASCO). Before measurenm@oteins in the 200 mM NacCl fractions

were diluted to 1QuM in buffer A, 25 mM NacCl.



150 Lipid binding assay for rSM-22 was performed usingalmitoil-2-lysophosphatidylcholine
151 (Lyso-Ci, Sigma) as substrate (Gomeiral., 1996). Emission spectra were recorded as for the
152 purified protein.

153 To check the thermostability of rSM-22, aliquotsdiuted protein were incubated at increasing
154 temperatures (60, 75, 95, 105 and 120 °C) for 5 anith then put in ice-bath until measurements.
155 Fluorescence was measured for both the purifietejprand its Lyso ¢-complex in the presence
156 of four molar excess of substrate. All the experitaavere done in technical triplicate.

157

158 3. RESULTS AND DISCUSSION

159

160 3.1. Identification of gene sequences

161 In tomato six mMRNA sequences coding for 9 kDa LTiase been identified (Table II), two of
162 which (AM051295 and AMO051296) were reported as wgdfor allergens (Leet al., 2006).

163 Multialignment of the six encoded polypeptideshswn in Figure 1.

164
%gg Table Il. Tomato Type-I LTP sequences
MRNA Variet Induction Protein Ref
Acc. n. y conditions/tissue Acc. n. )
Drought and
U81996 Ailsa Craig | Abscissic acid/aerial | P93224 (Plangt al., 1991)
vegetative tissues
Rutgers- (Torres-Schumanat
X56040 Marglobe NaCl/stems P27056 al.. 1992)
AMO051295 | Micro-Tom | --/fruit peel Q4A1IN1 (Let al., 2006)
AM051296 | - --/fruit Q4A1NO (Aoket al., 2010)
AK224707 “ “ “or K4D1U9 (Aokiet al., 2010)
HM367634 | cerasiforme| | ytophthora E2GLP6 | Unpublished
infestans/leaves
167
168

169 In order to characterize Type-l LTPs of the tom&tn Marzano variety, we started a systematic
170 approach, described herein for the LTP SM-22 isofoA gene portion containing the mature

171 protein coding sequence (cds) (Figure 1) was ifiedtaccording to the following strategy: i) PCR
8



172 amplification, using highly conserved sequencespitmer design; ii) 3-RACE analysis for the
173 identification of theorf 3'-terminal sequence using gene specific primexduded from the first
174 amplification; iii) final PCR amplification of themature protein cds using primers deduced from the
175 first two steps (see legend of Figure 1 for furttetails). It is worthwhile to mention that, due to
176 the presence in the tomato genome of a LTP gendyfaall the amplification reactions above

177 indicated showed more than one amplification préduc

178

179

180

181 A

182

183 *

184 AUAALNL MEMVNKI ACFVLLCMWVAPHAEAL TCGVTSTLAPCL PYL MNRGPLRNCCDGVKALLGQ
185 E2GLP6 ----emememe-a i b oo AL TCGQVESGLAPCLPYL QGKGPL GGCCRGVKGLLGA
186 K4D1U9 MEMSSKI ACFI VLCM MVAPHGEAL SCGQVESGLAPCL PYL QGKGPL GGCCRGVKGLLGA
187 QAUALINO MEMFGKI ACFVWFCMAWVAPHAEBL SCGEVTSGLAPCLPYL EGRGPL GGCCGGVKGLLGA
188 P93224 MEMFGKI ACFVWFCMWNWVWVAPHAESL SCGEVTSALAPCL PYL EGRGPL GGCCGGVKGELLGA
189 P27056 MEMVSKI ACFVLLCMWVYAPHAEAL TCGQVTAGLAPCL PYL QGRGPL GGCCGGVKNLLGS
190 TR RK K o KR RAKRAAK LKk **x Kkk*k *kk
191

192 QAUAINL AKTTVDRQAACTCLKSAASSFTGLNLGKAAALPNTCSVNI PYKI SPSTDCSKVQ- - -
193 E2GLP6 AETPADRKTACTCLKSAANAI KGLNLGKAAG PSACQVSI PYKI SPFTDCSKVKTL
194 K4D1U9 AKTPADRKTACTCLKSAANAI KGLNLGKAAG PSACQVSI PYKI SPFTDCSKVQ- - -
195 AUAALNO AKTPEDRKTACTCLKSAANSI K@ DTGKAAGLPGVYCGVNI PYKI SPSTDCSTVQ- - -
196 P93224 AKTPEDRKTACTCLKSAANSI KA DTGKAAG.PGVCGVNI PYKI SPSTDCSTVQ- - -
197 P27056 AKTTADRKTACTCLKSAANAI KA DLNKAAG PSVCKWVNI PYKI SPSTDCSTVQ- - -
198 * % KAk kKKKKKKKK o k. KAK ok ok ok kkkkkkk kkkk Kk

199

200

201 B

202

203 *

204  GTGGTTGCACCCCATGCAGAGGCACTAAGT TGCGGCCAGGT TGAATCTGGCTTAGCTCCA 60
205 vV VA PHAEA AL SCGOQVESGL AP
206  TGCCTCCCTTATCTTCAGGGAAAAGGCCCT CTAGGAGGGT GTTGTCGTGGAGTTAAGGGT 120
207 cLPYL QGIKGPLGSGT CTCRGVKSG
208 CTATTGGGCGCAGCCAAGACCCCCGCGGAT CGAAAGACAGCATGCACTTGCCTCAAATCA 180
209 L L GA AKTWPADIRIKTATCTTCTL K S
210 GCTGCTAATGCTATTAAAGGCCTTAATCTAGGCAAAGCCGCTGGTATACCTAGTGCTTGT 240

211 AANAI KGL NL GKAAGI P S AC
212  GGCGTAAGCATTCCTTACAAGATCAGCCCTTTTACTGACTGCTCGAAgt acgtt at acat 300
213 GVv SsSlI PYKI SPFTDTZ CS K

214 ttctttagtttaattcatatacgacgattaataaaattatatgatttaacatgttaaaat 360
215 aatgatgtgtacttgtatcgatttgttaatgttggtttaatatggtatattgcagggttc 420
216 agtaaggttgat gaaagttcaattttccaaggcat aatt ggggaaaaat aagacggat at 480
217 atctatcgatcgatcgagtttaatccatcattttataatatgttgtctcttttattttgt 540

218 atttttgtttgttggagtacttatatgttgt cgAGTTTTGIAA 582
219 vV L -
220

221 Figure 1. Tomato 9 kDa LTP sequence#\) Multialignment of LTPsAlignment was obtained by
222  Clustal program (Sievest al., 2011). Conserved regions used for the constmicf@amplification
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224
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230
231
232
233
234
235
236
237
238
239
240
241
242
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244
245
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248
249
250
251
252
253
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255

primers TomGe-LTP_F and TomGe-LTP_R (Table I) apgeol. An asterisk indicates the first
amino acid of mature proteins. A vertical arrowigades the amino acid whose codon is interrupted
by an intron sequence. B) Tomato genomic sequent@iaing the mature LTP SM-22 cd®art of

the gene coding for the LTP SM-22 is shown. Thausage has been deposited at the European
Nucleotide Archive (ENA) (http://www.ebi.ac.uk/enajth the accession number LN810550. Exon
sequences are reported in capital letters; intregusnce is reported in small letters. Bold
nucleotides correspond to the region where the ggenused for the first genomic amplification
(TomGe-LTP_F and TomGe-LTP_R, see Table I) werégded (see also panel A). Sequences in
light gray background correspond to the region whbe primers used for the 3'-RACE analysis
(TomSM-22_F and TomSM-22_FA) were designed. Nualestwith gray background correspond
to the degenerated primer TOM22_4 LTP_R used f@a iPCR on genomic DNA in couple with
primer TomGe-LTP_F. Underlined nucleotides correspoto primers SM4 pET F and
SM4_pET_R (joining the two exons), respectivelyedifor amplifyng the mature protein.

3.1.1. First genomic amplification. Four different sequences were obtained from the
amplification of genomic DNA with primers TomGe-LTP and TomGe-LTP_R (see Figure S1 in
Supplementary Material). In the comparison to kndamato LTP sequences one sequence (SM-
16) is identical to Q4A1N1, the other three seqesncorrespond to previously unknown LTP
genes. Sequences SM-17 and SM-21 show the highasities with the Q4A1N1 sequence (98
and 87 % respectively); sequence SM-22 has theskigentity with P27056 (97%).

3.1.2. RACE analysisOn the basis of genomic sequences SM-21 and SM22lesigned
two pairs of forward primers (Table 1) to be usedthe PCR and hemi-nested PCR steps of the 3'-
RACE. The analysis was carried out on single-stredMA synthesized on RNA extracted from
San Marzano tomato fruits, starting with the ol@jb-primer. RNA was purified from complete
fruit since the presence of allergenic LTPs in twraulp has also been reported (Pravetébmai .,
2009). Double-stranded cDNA molecules were obtaimgdCR using oligonucleotides TomSM-
22 F (or TomSM-21_F) and the anchor primer (AP).RP&@mplification products were then
subjected to hemi-nested PCR, using the primersSIdf82_FA (or TomSM-21_FA) as novel
forward primers. Alignments of sequences obtairredhfthe RACE experiments are reported in
Supplementary Material (Figure S2).

3.1.3. Second genomic amplification. According to the sequences obtained by the 3'-
RACE analysis, we designed new reverse primersetodupled with primer TomGe-LTP_F (see

Figure 1). Primer Tom22_4 LTP_R corresponds tdaketen nucleotides of the coding sequences,

10
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264
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266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

plus the first nine nucleotides of the 3’ untratearegion (UTR). Some degeneracies were
introduced in order to take into account any seqgeeheterogeneity. Primer Tom21 LTP_R
corresponds to the first nucleotides downstreathefttop codon.

Using the pair of primers TomGe-LTP_F and Tom22 PP LR, a specific amplification
product was obtained (Figure 1). PCR amplificatioagied out using primers TomGe-LTP_F and

Tom21 LTP_R always resulted in non-specific seqgaegernot shown).

3.2. Cloning and expression of LTP SM-22
Genes encoding LTPs listed in Table Il are constitlby a first large exon of 335 nucleotides
(coding for a 23 amino acid presequence, plus 88a@ucids of the mature protein) and a second
small exon of only 10 nucleotides. To obtain thenptete coding sequence for the mature form of
LTP SM-22, the genomic sequence was used as sigbftraa conclusive PCR using a forward
primer (SM4_pET_F) containing the first 19 nucldes of the SM-22 mature form coding
sequence, and a reverse primer (SM4_pET_R) comespp to the 10 nucleotides of the second
exon joined to the last 22 nucleotides of the fasbn. Both primers contain extra-sequences for
specific restriction sitesNdel and BamHI, respectively) for directional ligation into pETLb
vector. For the expression of the recombinant tonhdiP protein, whose peach homolog contains
four disulfide bonds (Pasquagbal., 2006),0rigami (DE3) cells were used. Recombinant protein
was expressed by IPTG induction and purified frgsed cells by ion-exchange chromatography
through HiTrap Sepharose column using a stepwiggl jeadient. Contents of the fractions was
verified by SDS-PAGE (Figure 2). Fractions 5-9 wpomled, and protein concentration evaluated
(0.33£0.04 mg/mL), using the available tobacco L(DRiprot Q42952) molar extinction coefficient
€280 = 3480 M' cmi*. The identity of the protein in the major bandabbut 9 kDa in the 200 mM
NacCl fractions was obtained by mass-spectrometajyais of the corresponding tryptic digest. The
analysis confirmed the presence of the recombib@f SM-22 protein (Supplementary material,

Table SI).

11
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285
286
287
288
289
290
291
292
293
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296
297
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299
300
301
302
303
304
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306

100mM 200mM 300mM  500mM ™

kD MImpFTWsWa 4 5 7 9 3 4 3 4 2 3
170—«-__—_
—:1
70— .
—
3D — -
25— -
15— -
C— A

Figure 2. SDS-PAGE analysis of rLTP SM-22 expressioand purification. From left to right:
Molecular weight marker (M)Total soluble proteins from transformed cells (Imnpjoteins not
retained in the chromatographic column (FT); waghmactions (W, W,); proteins from elution
steps at different NaCl concentrations (numberer rief respective fractions).

3.3. Functionality assays of recombinant LTP SM-22
The proper folding into a functionally active forof rSM-22 was verified by fluorescence assays
carried out using l-palmitoyl-sn-glicero-3-phospblo® (Lyso-Ge) as substrate. The intrinsic
fluorescence of LTP molecules, due to two highipsmrved tyrosine residues, is enhanced after
lipid binding, also allowing to measure the compgability (Gomaret al., 1996). The intrinsic
fluorescence of rSM-22 at M concentration, was recorded at room temperatsirggua 275 nm
wavelength for excitation. It results in an emissaurve (registered in the 280-400 nm range) with
a maximum at 305 nm (Supplementary Material, FigRf8¢, similar to those observed for other
LTPs (Ramazzinat al., 2012). In Figure 3 the fluorescence intensityQi-22 in the presence of
increasing amounts of Lysoz; is reported. The dissociation constant for th422/Lyso-Ge
complex was calculated by fitting the relative estoa curves using GraphPad Prism software. A
Kd of (0.56+0.04)1¢ was obtained which is in good agreement with \@heported for other plant
LTPs (Gomaet al., 1996).

The thermostability of the protein was evaluateddipwing its capacity to bind Lyso-

after incubation at different temperatures. Eveough increasing fluorescence intensities due to
complex formation is quite evident up to 105 °Cg(Fe 3), a general decrease of the difference

between emission values at 305 nm of lipid-assediand free protein can be observed, indicating

12



307

308

309

310

311

312

313

a slightly lowered complex stability. After incub@at at 120 °C the protein shows a completely
different fluorescence capacity, in the presencsutiistrate or not. The thermostability of rSM-22
up to 105 °C is a good indication of the correddiftg of the protein, including the possible
establishment of disulfide bridges among the pairsysteines 4-50, 14-27, 28-73 and 48-87, as
identified in the peach LTP (Pasquatal., 2006). The recombinant molecule however is someho

unfolded after 120 °C heating and can no longeciefitly bind the lipid.
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Figure 3. rSM-22 fluorescence assay#) Relative fluorescence intensity of LM rSM-22 LTP

at increasing amounts of Lyso4CB) rSM-22 fluorescence intensity after heat-treattméfter
cooling, fluorescence was measured at room tempetaising four-fold molar excess of Lys@sC
Open and full squares refer to measurements withadt with substrate, respectively. In both
experiments fluorescence was measured at 305 rier, éfcitation at 275 nm. Points represent
mean values from three independent experiments.
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3.4. Structural analysis
Allergenic plant LTP proteins are currently consetk as pan-allergens. Attempts to identify
possible epitopes have been carried out by immuaetixéty analysis of site directed mutants of the
peach LTP allergen (Garcia-Casad@l., 2003), synthetic peptides derived from LTP akerg of
apple, apricots, peach and plum (Borgeal., 2008; Garcia-Casads# al., 2003), and IgE-reacting
phage-displayed random dodecapeptides (Patis 2008). According to these analyses a map of
linear and conformational epitopes can be estaddiglirigure 4). With the exception of a three
nucleotide region (corresponding to the first boxsadjuences), tomato LTP SM22 shows high
degrees of sequence similarity with the allergdni®s identified inRosaceae. For example, the
three amino acids identified as strictly required dllergenicity in peach LTP (R39, T40 and R44)
(Garcia-Casadet al., 2003) are highly conserved in SM-22, which camtahe amino acids K39,
T40 and R44. Thanks to the epitope mapping stuadgaking advantage from the available three-
dimensional structure of peach LTP (Pasquettal., 2006) mapping of conserved sequences
corresponding to possible epitopes on the threesdsnonal structure of rSM-22 has been obtained
by the One-to-One threatening tool of the Phyre®téh Homology/analogy Recognition Engine)
server (Kelley and Sternberg, 2009) using the siracof the peach LTP allergen as reference. It is
interesting to note that they are all exposed an gshrface of the protein, strengthening their

possible involvement in IgE recognition.

Conclusion

This is the first report of a tomato 9 kDa LTP awerized in its recombinant form for activity,
resistance to thermal denaturation and potentiatganic structural characteristid®ecombinant
allergens are of fundamental interest for advamesdarch in allergology. They constitute a pure
form of allergen to be used in diagnosis and aeebiisis of studies for establishing relationships
between structural characteristics and allerggniditoreover in the cases of allergens which are
highly diffused in nature, the availability of renbinant allergens can considerably accelerate the

comparison of the allergenicity grade of the ddéfar isoforms. More LTP isoforms should be
15
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characterized in the available tomato varietiessgy also studying their capacity to react with
IgEs of allergic patients. These studies will pdevia comprehensive analysis of tomato LTPs

allergenicity, useful for both clinical and plarnekding applications.

A TR}
1 . . . 1 .
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Peach - | TCGQVSSALAPCI PYVRGGGAVPPACCNG INL ARTIT|P! CNCLKQLSASVP
Pl um - | TCGQVSSNLAPCI NYVKGGGAVPPACCNG NNLART[TADRRAACNCLKQLSGSI P
Apri cot - | TCGQVSSSLAPCI GYVRGGGAVPPACCNG NNL RT(T|P! T CNCLKQ_SGSI S
** * * **** *:-. * .** s -k K * % : * *** .
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Figure 4. SM-22 structure analysisA) Multialignment of LTPs and epitopes. Sequenadsrrto
tomato LTP rSM-22, apple (EBI accession number QQEK)5peach (Pastorellet al., 1999), plum
(Pastorelloet al., 2001), apricot (Pastorelld al., 2001). Multialignment was obtained by Clustal
Omega (Sieveret al., 2011). Sequences with a light gray backgroundespond to linear epitopes
detected by using 15 amino acid long synthetic idept (Borgeset al., 2008). Underlined
sequences correspond to linear epitopes detectedibg 10 amino acid long synthetic peptides
(Garcia-Casadet al., 2003). Vertical arrows indicate amino acids whiive been identified as
strictly required for allergenicity in peach frui{§arcia-Casadat al., 2003). Boxes indicate
regions corresponding to possible conformation#ébpps (Paciost al., 2008). Tomato sequences
with a dark gray background correspond to conseegtbpe regions. B) Localization of possible
epitopes in the deduced structure of rLTP SM-22 free-dimensional structure of rLTP SM-22,
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as deduced by modelling using the peach LTP streq®DB: 2ALG, chain A) as reference, is
shown. The figures in the two panels are intercdibte by 180° rotation around a horizontal axis
passing through the center of the structure. &egyramino acids 17-24 (see Figure 4A); in cyan,
amino acids 37-51; in yellow, amino acids 64-69prange, amino acids 76-91. The three amino
acids identified as necessary for allergenicitp@éach LTP are in red and indicated.
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Highlights

* A novel plant lipid protein gene has been idendifie tomato, San Marzano variety;
* The recombinant protein (rSM-22) has been produtéd coli cells;

* rSM-22 is active in lipid binding up to 105 °C;

* The protein shows potential epitome regions osut$ace;

* Recombinant allergens can contribute to allerggmtisis and treatment.
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Supplementary Material

Figure S1

SM 21 GTGGT TGCACCCCATGCAGAGGECAGCGATTTGT GGTCAAGTCACATCTGGTGIGECTCCT 60

SM 22 GT'GGTTGCACCCCAT GCAGAGT CACCGAT TTGCGECGAGGT TACGTCTGECTTGECTCCT 60

SM 16 GT'GGTTGCACCCCATGCAGAGCCTTTAACTTGTGGTCAAGT TACATCTACCTTGCECTCCT 60

SM 17 GIGGT TGCACCCCATGCAGAGECATCAATTTGTGGTCAAGT TACTGCTGECTTGECTCCT 60

SM 21 TGTCTGCCTTATCT TACCGECCGECGECCCCCT CCGAGGGET GCTGT GGCEGAATTAAGSGT 120

SM 22 TGCCTCCCTTATCTTCAAGGCCGTGECCCTCTAGGAGCCTGI TGTGGTGGTGT TAAGAAT 120

SM 16 TGTCTCCCTTATCTAATGAACCGCGGTCCTCTCAGAAACTGT TGTGATGGTGTTAAGGGT 120

SM 17 TGTCTCCCTTATCTAATGAACCGCGGT CCTCTCAGAAACTGT TGTGATGGTGTTAAGSGT 120
**k kk kkkkkkkk **k*k *k*k *k*k k% * % * %k kk kK * % * Kk k k Kk *

SM 21 CTTTTGGGT GCAGCCAGGACT CCAGCT GATCGAAAAAT GGCATGCAATTGCCTAAAATCA 180

SM 22 CTGITGGEGT TCAGCCAAGACT ACCGCGGATCGAAAGACAGCATGCACTTGCTTGAAATCA 180

SM 16 CTTTTGGEGT CAAGCCAAGACT ACAGT AGACCGACAGGCCGCATGCACTTGCCTAAAATCA 180

SM 17 CTTTTGGGT CAAGCCAAGACTACAGT AGACCGACAGGCCGCATGCACTTGCCTAAAATCA 180
* Kk kkkkkk kkhkkkk khkkk Kk k *k Kkkk Xk khkkkhkkkk hhkkk Kk Kkkkkkk

SM 21 GCAGCTACTGCTATTAAGGEGCAT TGATGCCTGGTAAAGCTGCTGGTCTCCCTAGIGITTGT 240

SM 22 CGCTGCTAATGCTATAAAGGGAATTGATTTGAACAAAGCTGCTGGTATTCCTAGTGITTGT 240

SM 16 CCTGCTTCTTCTTTTACAGGACTCAATTTGGEGCAAAGCTGCTGCTCTCCCTAACACTTGT 240

SM 17 GCTGCTTCTTCTTTTACAGGACT CAATTTGGGCAAAGCT GCTGCTCTCCCTAACACTTGT 240
* %k kkk * k% *x % * % * XKk kkkkkkk*x * * kkkk * k k%

SM 21 GGCGTCAACATTCCTTACAAGATCAGCCC 269

SM 22 AAAGT CAACATCCCTTACAAGATCAGCCC 269

SM 16 AGTGTCAACATTCCTTACAAGATCAGCCC 269

SM 17 AGTGTCAACATCCCTTACAAGATCAGCCC 269

kkkhkkkhkhkhkk Khhkkhkhkhkhkhhhhkhdhkkhhk

Figure S1. Clustal multialignment of genomic sequeses obtained by PCR amplification using
LTP primers TomGe-LTP_F and TomGe-LTP_R. Sequences highlighted in green correspond to
the forward primers used for the PCR and hemi-deB@R steps in 3'-RACE analysis.



Figure S2

S\ve1-3 AAAGCTGCTGGTCTCCCTAGT GTTTGTAGT GTCAACATCOCT TACAAGATCAGCCCCTCT 60
SVR1-6 AAAGCTGCTGGTCTCCCTAGT GTTTGTAGT GTCAACATCOCT TACAAGATCAGCCCCTCT 60
SMVR1- 4 AAAGCTGCTGGTCTCCCTAGT GTTTGTAGT GTCAACATCOCT TACAAGATCAGCCCCTCT 60
IR R S R R R RS R E R E R E SRR R E R RS RS R E R RS RS R R R EEEE RS REREEEESEEEEEERESEESEESESE]
S\ve1-3 ACTGACTGCTCTAAAGT TCAGTAAAGCT GATCATCAGAATTTGGTTTCATGAGGAGAATT 120
SVR1-6 ACTGACTGCTCTAAAGT TCAGTAAAGCT GATCATCAGAATTTGGTTTCATGAGGAGAATT 120
S\VR1- 4 ACTGACTGCTCTAAAGT TCAGTAAAGCT GATCATCAGAATTTGGT TTCATGAGGAGAATT 120
IR R S R RS RS R E R E R RS RS R E R RS RS R E R RS RS R R R EEEEREEREEREEEESEEEEEEESEESEESSE]
S\ve1-3 AAGAATAAGATAGATAGCATTGATCTTGCTTATGGATCCTTTCTTTCTATGTTGTATCAG 180
SVR1-6 AAGAATAAGATAGATAGCATTGATCTTGCTTATGGATCCTTTCTTTCTATGT TGTATCAG 180
SVR1- 4 AAGAATAAGATAGATAGCATTGATCTTGCTTATGGATCCTTTCTTTCTATGT TGTATCAG 180
S\ve1-3 TTGTCACTTTCTCTTTTTTCTGTGTTTCGTTTAAAATCGTATGTACTCGAGTCTTGTTTC 240
SVR1-6 TTGTCACTTTCTCTTTTTTCTGTGTTTTGTTTAAAATCGTATGTACTCGAGTCTTGTTTC 240
S\VR1- 4 TTGTCACTTTCTCTTTTTTCTGTGTTTCGTTTAAAATCGTATGTACTCGAGTCTTGTTTC 240
khkkkhkkhkkhkhhkhkhkhkhrhhkhhkhkkhhkhkhkhhdxkk khkkhkhkkhkkhkhhkhkhkhkhhkhhhkkhkkhkhkhkhkhrhrhhdhkkkx
S\ve1-3 GAAATTTGACGATTGATTATATTATATCAGTTGTTACTTTCTGTTTTCCTGTGTTTCTTT 300
SVR1-6 GAAATTTGACGATTGATTATATTATATCAGTTGTTACTTTCTGTTTTCCTGTGTTTCTTT 300
SMVR1- 4 GAAATTTGACGATTGATTATATTATATCAGTTGTTACTTTCTGT TTT- - <= <= =< = - = - - 287
S\ve1-3 TAAAATCGTGTGTAGT CGAGT CTTGTATCGAAATTTCACGATTGGCTATGTTGTATTAAT 360
SVR1-6 TAAAATCGTGTGTAGT CGAGT CTTGTATCGAAATTTCACGATTGGCTATGTTGTATTAAT 360
SMRI-4 e
S\ve1-3 CTAATCTTTGATAATACACATCTATCTTATTTGGTATAAAAAAAAAAAAAAAA 413
SVR1-6 CTAATCTTTGATAATACACATCTATCTTATTTGGTATAAAAAAAAAAAAAAAA 413
SMR1-4 e AAAAAAAAAAAAAAAAA- 304
* kkkkkkkkkkhkkkhkkkkx
SM 22_15 GCTGCTAATGCTATAAAGGGAAT TGATTTGAACAAAGCTGCTGGTATTCCTAGTGTTTGT
SM 22-3 GCTGCTAATGCTATAAAGGGAAT TGATTTGAAAAAAGCOGCT GBGCT CCCTGGAGT TTGT
SM 22- 4 GCTGCTAATGCTATAAAGGGAAT TGATTTGAACAAAGCOGCT GGTATACCTAGTGCTTGT
PR R EEEEEEEEEREEEEEEEEEEEEEEEEEESEES * Kk k k k * Kk k k k * * % % * * * k k%
SM 22_15 AAAGTTAACATTCCTTACAAGAT CAGOCCCT CCACT GACT GCTCCACGGT TCAGTAAAGT
SM 22-3 GGAGTCAACATTCCT TACAAGAT CAGOCCT TCCACT GATTGCT CAACGGT CCAGTAAGGT
SM 22- 4 GGOGTAAGCATTCCT TACAAGATCAGCCCT TTTACTGACTGCTCGAAAGT TTTGTAAGGT
* % * khkhkhkhkhkhkhkhkdkhkhkhkhkhkkkkkk*k * * ok ok k k * Kk k k k * * * * k k% * %
SM 22_15 TGATCATCAGAATAT GGAACCAT TTGAGGAGAAGT TATAAGAATAAGA: - - - - = - - - - - -
SM 22-3 TGATGAAAGCTAAAT CTGGCT TGTGGAGATGAAGAATAAG - - - ATGGATTTATCTATC-
SM 22- 4 TGATGAAAGT TCAATTTTOCAAGGCATAAT T GBGGAAMAATAAGACGGATATATCTATCG
*kkk ok *
SM 22_15 - TGAATGGAGT GTGATCCTGCTTATGGATCCATTAGT TATATGTTGTGTTTGTTGTCTTT
SM22-3  ee-e-- GAGTTTGATCCATCATTATATATATATATATATATATATAT- - - < - < < - < - - -
SM 22- 4 ATCAATCGAGTTTAATCCATCATTTTATAATA- - - - - - - - - TGITGIC - - oo -
*hkkk Kk Kkkk*k *  %x
SM 22_15 TTGTTTCTTTTTTCGTTTTGTCTTTTGEGGGTCTTGTATCGAAA: - - - - - - - - - CTTCAC
SM 22-3 ATGTTGTCTCTTTTCTTTTGTAATTTGGAGTACT TATATATTGTCGAGTCTTGTAATGAA
SM 22- 4 TCTTTTATTTTGTATTTTTGTTTGT TGGAGTACT TATATGTTGTCGAGTATTGTAATGAA
* % * * * * kkkkk * k k% * * % % * % %
SM 22_15 TATCGATGGATTGTATTACTTTAATGCAATCTTGATA- - - ATATATATCTATCTTTTTTA
SM 22-3 CATTGGTGGTTGCTTATGTTACAACCCAAT CTTCATATAGTAATACATGTTAGT - - - - TT
SM 22- 4 CTTTGGTGGT TGGT TGTATTACAACCCAATCTTCATAGT AATATATATACATCATATTTT
SM 22_15 GTACCTTAGAAGGAAAAA: - - - - - - - = s oo oe e e e oo
SM 22-3 CTGCTTTAAAAAAAAAAAAAAAAGT CGACAT CGATATACGGGGTC
SM 22- 4 ACTTTAAGAAAAAAAAAAAAAAAGT CGACAT CGATACGCGTGGTC

* % *kkkk

Figure S2. Clustal multialignment of cDNA sequencesbtained by 3-RACE analysis.
Sequences derive from the hemi-nested PCR ampidficausing the TomSM-22_FA (A) and

2



TomSM-21_FA (B) as forward primers. Forward primars highlighted in green. Stop codons are
highlighted in pink.



Figure S3
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Figure S3. Fluorescence spectra of rISM-22) emission of a 1QuM rSM-22 solution (excitation
at 275 nm)B) as in A plus four molar excess of lyse@sC



Table SI. MS/MS protein identifications of SDS-PAGE bandse(§¢g. 3)

No. of . Protein ID
bgr?clis mﬁo(rklggf Matches' unique ggs' Sequences '\gizcrgt NC'\? ;G' [Solanpm
peptides ) ' lycopersicum]
K.GLLGAAK.T
K.GPLGGCCR.G
R.GVKGLLGAAK.T
PREDICTED:
Lines K.ISPFTDCSK.V . 4 non-specific
5.9 12.07/9.0 76 (35) 9 (6) 58% K.GLLGAAKTPADR.K 473 gi|460407212 lipid-transfer
K.SAANAIKGLNLGK.A tein 2-like
K.AAGIPSACGVSIPYK.| protemn -
K.TACTCLKSAANAIK.G
K.AAGIPSACGVSIPYKISPFTDCSK.V

#Values between brackets indicate statisticallpificant peptides (p < 0.05)
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Figure S1

SM 21 GT GGT TGCACCCCAT GCAGAGGCAGCGAT TTGT GGTCAAGT CACATCTGGTGTGGCTCCT 60

SM 22 GT GGT TGCACCCCAT GCAGAGT CACCGAT TTGCGGCGAGGT TACGTCTGGCTTGGCTCCT 60

SM 16 GT GGT TGCACCCCATGCAGAGGCT TTAACT TGTGGTCAAGT TACATCTACCTTGGCTCCT 60

SM 17 GT GGT TGCACCCCAT GCAGAGGCATCAATTTGT GGTCAAGT TACTGCTGGCTTGGCTCCT 60
R R R R R R S * kk*k k% * k*k k% * % *kkkkkkk

SM 21 TGTCTGCCTTATCTTACCGGCCGCGECCCCCT CGGAGGGT GCTGTGGCGGAATTAAGGGT 120

SM 22 TGCCTCCCTTATCTTCAAGGCCGT GGCCCT CTAGGAGGCT GTTGTGGTGGTGTTAAGAAT 120

SM 16 TGTCTCCCTTATCTAATGAACCGCGGT CCTCTCAGAAACT GTTGTGATGGTGTTAAGGGT 120

SM 17 TGTCTCCCTTATCTAATGAACCGCGGT CCTCTCAGAAACT GTTGTGATGGTGTTAAGGGT 120
**k kk kkkkkkkk *k*k *k*k *k*k k% * % **k kk kK * % * Kk k k Kk *

SM 21 CTTTTGGGTGCAGCCAGGACT CCAGCT GATCGAAAAAT GECATCCAATTGCCTAAAATCA 180

SM 22 CTGT TGGGT TCAGCCAAGACTACCCCCEATCCAAAGACAGCAT GCACTTGCTTGAAATCA 180

SM 16 CTTTTGGGTCAAGCCAAGACT ACAGT AGACCGACAGGCCGCATGCACT TGCCTAAAATCA 180

SM 17 CTTTTGGGTCAAGCCAAGACT ACAGT AGACCGACAGGCCGCATGCACTTGCCTAAAATCA 180
**k *kkkkkk *kkk*k *kkkx * *x **k *kk*k *x khkkkhkkkk *hkkk Kk Kkkkkkk

SM 21 GCAGCTACTGCTAT TAAGGGCAT TGATGCT GGTAAAGCTGCTGEICTCCCTAGIGITIGT 240

SM 22 CCTCCTAATCCTATAAAGEEAATTGATTT GAACAAAGCT GCTGGTATTCCTAGTGTTTGT 240

SM 16 GCTGCTTCTTCTTTTACAGGACT CAAT TTGGGCAAAGCTGCTGCTCTCCCTAACACTTGT 240

SM 17 GCTGCTTCTTCTTTTAOAGBACTOAATTTWAAG:TG:TG:TCTCCCTAAOACTTGT 240
* %k kX kk * k% *x % * % * XKk kkkkkkk*x * * kkkk * k% %

SM 21 GGCGTCAACATTCCTTACAAGATCAGCCC 269

SM 22 AAAGTCAACATCCCTTACAAGATCAGCCC 269

SM 16 AGTGTCAACATTCCTTACAAGATCAGCCC 269

SM 17 AGTGTCAACATCCCTTACAAGATCAGCCC 269

khkkhkhkhkhkk Fhkdkdkdkhkdkdkhkhkhkhkhkkkkk

Figure S1. Clustal multialignment of genomic sequences obtained by PCR amplification using
LTPprimersTomGe-LTP_F and TomGe-L TP_R. Sequences highlighted in green correspond to
the forward primers used for the PCR and hemi-nested PCR steps in 3’-RACE analysis.
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AAGAATAAGATAGATAGCATTGATCTTGCTTATGGATCCTTTCTTTCTATGT TGTATCAG
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TTGTCACTTTCTCTTTTTTCTGTGTI TTCGTTTAAAATCGTATGTACTCGAGTCTTGTITTC
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TTGTCACTTTCTCTTTTTTCTGTGI TTCGT TTAAAATCGTATGTACTCGAGICTTGITTC
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GAAATTTGACGATTGATTATATTATATCAGTTGTTACTTTCTGI TTTCCTGTGT TTCTTT
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GAAATTTGACGATTGATTATATTATATCAGTTGTTACTTTCTGI TTT- - - - - - = - - - - - -

L e

TAAAATCGT GTGTAGT CGAGT CTTGTATCGAAATTTCACGATTGGCTATGI TGTATTAAT
TAAAATCGT GTGTAGT CGAGT CTTGTATCGAAATTTCACGATTGGCTATGT TGTATTAAT

CTAATCTTTGATAATACACATCTATCTTATTTGGTATAAAAAAAAAAAAAAAA 413
CTAATCTTTGATAATACACATCTATCTTATTTGGTATAAAAAAAAAAAAAAAA 413
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Figure S2. Clustal multialignment of cDNA sequences obtained by 3’-RACE analysis.
Sequences derive from the hemi-nested PCR amplification, using the TomSM-22 FA (A) and

2



TomSM-21 FA (B) as forward primers. Forward primers are highlighted in green. Stop codons are
highlighted in pink.



Figure S3
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Figure S3. Fluorescence spectra of rSM-22. A) emission of a 10 uM rSM-22 solution (excitation

at 275 nm); B) asin A plus four molar excess of 1yso-Cie.



Table SI. MS/MS protein identifications of SDS-PAGE bands (see Fig. 3)

No. of . Protein ID
bgr?clis -II\-/Ihv?/o(rliIEE)gJ Matches’ | unique g%c\]/' Sequences Ivécagr:gt NC,\?; el [Solanum
peptides® : ' lycopersicum]
K.GLLGAAK.T
K.GPLGGCCR.G
R.GVKGLLGAAK.T
PREDICTED:
. K.ISPFTDCSK.V =
L&'S[‘gs 12.07/9.0 | 76(35) 9(6) | 58% K.GLLGAAKTPADR.K 473 | gil460407212 I?;'gj‘?;gg
K.SAANAIKGLNLGK.A N 21k
K.AAGIPSACGVSIPYK .| P
K. TACTCLKSAANAIK.G
K.AAGIPSACGV SIPYKISPFTDCSK.V

& Values between brackets indicate statistically significant peptides (p < 0.05)
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