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Abstract

The larvae of escamolera ant (Liometopum apiculatum Mayr) have been considered a
delicacy since Pre-Hispanic times. The increased demand for this stew has led to
massive collection of ant nests. Yet biological aspects of L. apiculatum larvae remain
unknown, and mapping the proteome of this species is important for understanding its
biological characteristics. Two-dimensional gel electrophoresis (2-DE) followed by liquid
chromatography-tandem mass spectrometry (LC-MS/MS) analysis was used to
characterize the larvae proteome profile. From 380 protein spots analyzed, 174 were
identified by LC-MS/MS and homology search against the Hymenoptera subset of the
NCBInr protein database using the Mascot search engine. Peptide de novo sequencing
and homology-based alignment allowed the identification of 36 additional protein spots.
Identified proteins were classified by cellular location, molecular function, and biological
process according to the Gene Ontology annotation. Immunity- and defense-related
proteins were identified including PPlases, FK506, PEBP, and chitinases. Several
hexamerin proteoforms were identified and the cDNA of the most abundant protein
detected in the 2-DE map was isolated and characterized. L. apiculatum hexamerin
(LaHEX, GeneBank accession no. MH256667) contains an open reading frame of 2199
bp encoding a polypeptide of 733 amino acid residues with a calculated molecular mass
of 82.41 kDa. LaHEX protein is more similar to HEX110 than HEX70 from Apis
mellifera. Down-regulation of LaHEX was observed throughout ant development. This
work represents the first proteome map as well as the first hexamerin characterized

from L. apiculatum larvae.
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1. Introduction

Insects are an excellent alternative protein source to meet the increased food demand
of the rapidly growing global population (FAO, 2013). Entomophagy is practiced
primarily in regions of Asia, Africa, and Latin America, where insects are considered as
delicacy. Recently, entomophagy has been promoted in Western societies, and its
practice has been successfully introduced in The Netherlands (Jansson and Berggren,
2015). Worldwide, there are an estimated 10 millions of insects/km? of which
approximately 2,000 species are edible (Van Huis et al., 2013). The most common
insects used as food are beetles belonging to the Coleoptera order (31%), caterpillars
from Lepidoptera order (18%), and bees, wasps, and ants of the Hymenoptera order
(14%) (Ramos-Elorduy et al., 2008; Van Huis et al., 2013).

In Mexico, there are 525 documented ants species (CONABIO, 2008), 5 of which are
considered edible: the leafcutter ants (Atta cephalotes L. and Atta Mexicana Bourmeir),
the escamolera ant (Liometopum apiculatum Mayr), and the honeypot ants
(Myrmecosistus melliger Llave (Luc.) and Myrmecosistus mexicanus W.) (Ramos-
Elorduy and Levieux, 1992; Ramos-Elorduy and Pino, 2003). L. apiculatum belongs to
the Hymenoptera order, Formicidae family, and Dolichoderinae subfamily (Ward et al.,
2010). L apiculatum was originally named Formica masonium, but based on workers
ants collected in Mexico, Mayr (1870) renamed them as L. apiculatum (Lara-Juarez et

al., 2015). L. apiculatum larvae are known in Mexico as “escamoles”, derived from the



Nahuatl (language of the Aztecs) "azcatlmolli" from azcatl=ant and molli=stew.
Escamoles have been consumed since pre-Hispanic times, and currently are
considered a delicacy (Ramos-Elorduy and Pino, 2003). L. apiculatum larvae are rich in
proteins (37.3 to 39.7%), which contain most of the essential amino acids such as
lysine, leucine, methionine, tyrosine, and tryptophan. The larvae also contain fats
(36.87%), and carbohydrates (19.2%) as well as vitamins including A, C, B1, B2, B3
(Ladron De Guevara et al., 1995; Ramos-Elorduy et al., 2002; Del Toro et al., 2009;
Ramos-Rostro et al., 2012; Melo-Ruiz et al., 2013). Despite this current information
about the nutritional composition of L. apiculatum larvae, information regarding their
molecular protein composition remains unknown.

Genome and transcriptome data generated via global gene expression analysis for
several organisms are insufficient to fulfill the necessary understanding in terms of
physiology and biological processes controlled by proteins. Proteins represent the most
fundamental and biologically active agents controlling every cellular process
(Pomastowski and Buszewski, 2014). Proteomics analysis is the most promising tool to
understand the molecular mechanisms that dictate the biological events of an organism,
not only by means of protein quantity or cellular location, but also the accumulation of
various protein species as well as their posttranslational modifications (Kaji et al., 2000).

Considering the limited knowledge about biomolecules present in L. apiculatum
larvae and their economic importance as an alternative dietary protein source, the aim
of this work was to generate information about the proteins present in larvae of L.
apiculatum Mayr that could help to better understanding of their nutritional and

physiology properties. Our results demonstrate that protein composition in L. apiculatum



larvae is associated with different metabolic pathways (carbohydrates, amino acids, and
lipids). Results also have shown the presence of immunogenic and defense proteins.
Several hexamerin proteoforms were identified, and the full open reading frame of the
most abundant was isolated by means of Rapid Amplification of cDNA Ends (RACE). L.
apiculatum hexamerin (LaHEX) was characterized in silico and its expression was

examined at different stages of ant development.

2. Materials and methods
2.1. Sample collection

Liometopum apiculatum Mayr larvae samples were collected at Pocitos municipality
of Charcas, San Luis Potosi, Mexico. Biological triplicates were collected from three
different colonies. Each replicate contained a minimum of 50 larvae of 18-25 days of
age. Samples were transported on ice to the lab and contaminant soil was removed with
a soft wash of distilled sterile water. Larvae were ground with liquid nitrogen in a coffee
grinder (Braun, Naucalpan, Mexico) to obtain a fine powder. Powders of each biological
triplicate were divided into two samples and stored at -80°C until use. One sample was

used for total protein extraction, and the second sample for RNA extraction.

2.2. Total soluble protein extraction

Larvae powder samples (5 g) were suspended in cold acetone, mixed by vortexing
for 2 min and centrifuged for 10 min at 13,000 x g at 4°C (Super T21; Sorvall, Kendro
Laboratory Products, Newton, CT, USA). Supernatants were discarded, and the pellets

were dried under vacuum (Vacufuge Plus, Eppendorf, Hamburg, GER). Dried pellets



were suspended in rehydration buffer (8 M urea, 2% CHAPS, 0.56% dithiothreitol
(DTT), and 0.002% bromophenol blue), and sonicated at 20 kHz (GE-505, Ultrasonic
Processor, Sonics & Materials Inc., Newtown, CT, USA) for 3 min. After sonication,
samples were centrifuged for 10 min at 13,000 x g at 4°C (Super T21; Sorvall).
Supernatants were filtered through Miracloth filters (Merck KGaA, Darmstadt, GER) and
centrifuged for 10 min at 13,000 x g at 4°C. The resulting supernatants were
precipitated with 10 parts of 0.1 M ammonium acetate and incubated overnight at -20
°C. After 30 min of centrifugation at 13,000 x g at 4°C, the protein pellets were washed
once in cold methanol and three times in cold acetone, dried, and finally suspended in
rehydration buffer. Protein concentration was determined using the Protein Assay
reagent (Bio-Rad, Hercules, CA, USA) with bovine serum albumin (BSA) as the

standard.

2.3. Two-dimensional electrophoresis (2-DE)

Isoelectric focusing (IEF) was carried out onto 24 cm IPG linear gradient strips pH
3-10 and 5-8 (Bio-Rad). Strips were rehydrated with 2.25 mg of total protein. Focusing
was conducted at 20°C with an Ettan IPGphor system (GE Healthcare, Piscataway, NJ,
USA) at constant 50 mA per strip under the following conditions: (I) 150 V gradient for 2
h, (1) 300 V gradient for 2 h, (Ill) 1000 V gradient for 2 h, (IV) 3000 V gradient for 3 h,
(V) 6000 V gradient for 3 h, and (VI) holding at 6000 V for 10 h. After IEF, the IPG strips
were equilibrated for 15 min in equilibration buffer (6 M urea, 30% glycerol, 2% SDS, 50
mM Tris-HCI buffer pH 8.8) containing 1% DTT. Strips were placed directly onto 13%

polyacrylamide-SDS slab gels, and separation was conducted using the EttanDaltsix



Electrophoresis unit (GE Healthcare). Gels were stained with PhastGel Blue R (GE
Healthcare), and documented with Pharos FX Plus Molecular Imager (Bio-Rad). Image
analysis was performed with PDQuest 2-D Analysis Software v8.0 (Bio-Rad).
Experimental molecular mass of each protein spot was estimated by comparison with
molecular weight standards (BenchMark Protein Ladder, Invitrogen, Carlsbad, CA,
USA). Experimental pl was estimated by migration of protein spots on the IPG linear
gradient strips. Three different extractions were prepared for each biological replicate

and for each pH range (3-10 and 5-8).

2.4. In-gel digestion and tandem mass spectrometry analysis (LC-MS/MS)

Protein spots were excised from the 2-DE gels, distained, and reduced with 10 mM
DTT in 25 mM ammonium bicarbonate followed by protein alkylation with 55 mM
iodoacetamide. Proteins were digested overnight with sequencing grade trypsin
(Promega, Madison, WI, USA) at 37°C. Separation and analysis of tryptic peptides was
performed with a nano ACQUITY UPLC System (Waters, Milford, MA, USA) coupled to
a SYNAPT HDMS Q-TOF (Waters) as previously reported (Huerta-Ocampo et al.,

2014).

2.5. Database search and protein identification

The MS/MS spectra datasets were searched against the Hymenoptera subset of the
NCBInr protein database (219 251 sequences; 79 008151 residues, September 2013)
using the MASCOT search engine v.2.3 (Matrix Science, London, UK available at

http://www.matrixscience.com). Trypsin was used as the specific protease, and one



missed cleavage was allowed. The mass tolerance for precursor and fragment ions was
set to 20 ppm and 0.1 Da, respectively. Carbamidomethyl cysteine was set as fixed
modification and oxidation of methionine was specified as variable modification.
Identifications were considered successful when significant MASCOT scores (230) were

obtained, indicating the identity or extensive homology at p<0.05.

2.6. De-novo sequencing and FASTA peptide homology

LC-MS/MS data from protein spots not identified by database search with MASCOT
search engine was used to perform peptide de novo sequencing using Protein Lynx
Global SERVER™ V 2.4 (PLGS, Waters). Mass tolerance for precursor and fragment
ions was set to 20 ppm and 0.1 Da, respectively, whereas carbamidomethyl cysteine
and oxidation of methionine were set as fixed and variable modification, respectively.
FASTA algorithm (Pearson, 2000), available at https://www.ebi.ac.uk/Tools/sss/fasta/
and http://fasta.bioch.virginia.edu/fasta_www?2/fasta_www.cgi?rm=select&pgm=fap, was
used to identify highly similar regions between the de novo predicted peptides and
proteins from UniProt Knowledgebase. Peptide alignments with more than 80% of

identity were considered as significant (Mackey et al., 2002).

2.7. Gene Ontology analysis

Identified proteins were grouped into different functional categories according to data
from Gene Ontology (http://www.geneontology.org/). Proteins with multiple likely
isoforms were considered as one protein. Unique proteins were submitted to a Gene

Ontology (GO) analysis using Blast2GO v3.0.8 (www.blast2go.org) (Conesa et al.,



2005). Protein sequences were compared against the NCBInr protein database
(BLAST-P) of the most likely L. apiculatum orthologous (previously obtained after
MS/MS data-based protein identification). The input parameters used were as follows:
number of BLAST hits requested for each query, 20; BLAST expect value (i.e., eValue),
1%%. Then, GO mapping was performed to obtain GOs for hits retrieved by the BLAST-
P step and annotation was obtained. Annotation parameters were as follow: e-value hit
filter; 1°%°; annotation cutoff, 55; and GO weight 5, graphs of biological processes,
molecular functions and cellular components of the proteins with GO annotations were

obtained with the Make Combined Graph Tool.

2.8. Hexamerin cDNA isolation and characterization

Primers for hexamerin amplification were designed using the peptide information
obtained from LC-MS/MS data, bioinformatics analysis, and multiple sequence
alignments (Clustal Omega at http://www.ebi.ac.uk/Tools/msa/clustalo/) with annotated
and predicted Hymenoptera hexamerin cDNA sequences deposited in NCBI database.
Oligonucleotides within conserved regions were designed with MacVector Software
(MacVector Inc., Apex, NC, USA). RNA was extracted from L. apiculatum larvae of
three independent collections with Trizol Reagent (Thermo Fischer Scientific Inc.,
Waltham, MA, USA) following the manufacturer’s instructions. RACE was performed
with the SMARTer RACES’/3’ kit (Clontech Laboratories Inc., Mountain View, CA, USA)
and Phusion High Fidelity DNA polymerase (Thermo). Subsequent gene specific
oligonucleotides were designed and verified with MacVector Software. The list of

oligonucleotides used is shown in Supplementary Table S1. All oligonucleotides were



synthesized by Sigma-Aldrich (St. Louis, MO, USA). Amplified fragments were analyzed
on a 1.2% agarose gels, cDNA bands were excised from gel, and purified with
StrataPrep PCR Purification Kit (Agilent Technologies, Santa Clara, CA, USA).
Fragments were sequenced by Laboratorio Nacional de Biotecnologia Agricola, Médica
y Ambiental (IPICYT, Mexico) in a 3130 Genetic Analyzer (Applied Biosystems, Foster
City, CA, USA). Nucleotide sequences were checked by chromatogram quality and
assembled with a minimum match of 75%. Liometopum apiculatum (LaHEX) protein
sequence was predicted by in silico translation using the EXPASy server
(http://www.expasy.org). Conserved hemocyanin N, M, and C domains were identified
using the CD database (https://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml) and
HMMER web server (ebi.ac.uk; Finn et al., 2015). Phosphorylation sites were predicted
with NetPhos (expasy.org). Sequence similarities of LaHEX with 23 hexamerins,
hemocyanins and arylphorins deposited at GenBank were determined using the Clustal
omega (http://www.ebi.ac.uk/Tools/msa/clustalo/).

Phylogenetic analysis was performed using Molecular Evolutionary Genetics Analysis
6 (MEGA 6, https://www.megasoftware.net/). Multiple alignments of amino acid
sequences were performed using Muscle software
(https://www.ebi.ac.uk/Tools/msa/muscle/). The phylogenetic tree was constructed
using the Maximum-likelihood method with a Jones—Thornton—-Taylor (JTT) model to
estimate the distances. The statistical analysis was performed with at least 1000
bootstrap repetitions. The circular phylogenetic tree was completed using the online

Interactive Tree of Life resource (Letunic and Bork, 2007).
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2.9. Hexamerin regulation through ant development

Frozen powder of L. apiculatum larvae (50 mg) of each biological replicate was
used for total RNA extraction using TRIzol Reagent (Invitrogen) following the
manufacturer’s instructions. RNA was quantified using the NanoDrop 1000 (Thermo),
and its integrity was evaluated by electrophoresis in formaldehyde RNA gel. To remove
genomic DNA, 1 pg total RNA was incubated for 15 min at room temperature in
presence of 1 uL of deoxyribonuclease | amplification grade at 1 U/uL (Invitrogen),
according to manufacturer’s instructions. Primers for hexamerin and hemocyanin
expression analysis as well the ribosomal protein L18 (RPL18) gene, which was set as
reference gene (Supplementary Table S2), were designed using the Primer3 program
(Rozen et al.,, 2000). Quantitative real time-polymerase chain reaction (qRT-PCR)
analysis was performed using a RT-PCR System (Bio-Rad) in a 10 uL-reaction volume
containing 0.5 uL of cDNA template, 5 uL Fast Eva Green Supermix (Bio-Rad), 0.5 pL
of each primer (10 mM), and 3.5 pL of nuclease-free water. Relative expression levels
for validated genes were calculated by the AACt method as described by Livak and

Schmittgen (2001). All samples were run in triplicates.

3. Results
3.1. 2-DE proteome profile of L. apiculatum larvae

L. apiculatum larvae proteome profile was analyzed using 2-DE. Protein separation
on the first dimension was performed on IPG strips with a pH range of 3-10. As shown
in Supplementary Figure S1A, most of the proteins were located between pH 5-8.

Therefore, IPG strip with a pH in this range was used, which resulted in higher

11



resolution (Supplementary Figure S1B). To avoid losing information at pH extremes, a
composed 2-DE map of L. apiculatum larvae was generated, and a total of 380 proteins
spots were analyzed (Figure 1). Although L. apiculatum genome is not sequenced and
only few proteins (28) and nucleotide sequences (38) for this organism are reported in
public databases, homology database search against organisms belonging to the order
Hymenoptera allowed the identification of 174 protein spots (46%). In 23 cases, more
than one protein per spot was identified (Table 1, Supplementary File S1). The
number and score of peptides matched to proteins were generally better from
organisms belonging to the Formicidae family than from other members of the
Hymenoptera order. In some cases, the best matches were against non-ant
Hymenoptera (Table 1). Interestingly, in most of homology database identifications
carried out with the Mascot search engine, different peptides belonging to the same
putative identified protein but matched against different organisms were observed

(some examples are shown in Supplementary File S2).

3.2. Peptide de novo sequencing of unidentified protein spots

MS/MS data sets of protein spots that were not identified by homology database
search with the Mascot search engine were subjected to peptide de novo sequencing
and FASTA homology search against the Uniprot Knowledgebase (Vyatkina, 2017).
Most of the significant alignments were against non-ant Hymenoptera, whereas 14 were
for ants and only two for other insects. Based on this approach, 36 additional protein
spots were identified. An example, for the identified Cu-Zn superoxide dismutase, is

presented in Figure 2. Most of the identified peptides corresponded to hexamerins and

12



hemocyanins (Supplementary File S3, Supplementary Figure S2), showing the high

diversity of proteoforms of these two proteins in the L. apiculatum larvae proteome.

3.3. Functional annotation of L. apiculatum larvae identified proteins

Proteins identified by LC-MS/MS were assigned into functional groups according to
the GO annotation using Blast2GO (Conesa et al., 2005). From 146 unique identified
proteins, 134 were classified using the available annotations (Figure 3). In the
molecular function ontology, the main groups were catalytic activity, binding, structural
molecules, and transport. In relation to their cellular component; proteins were grouped
to organelle, cell, macromolecular complex, and membrane proteins. According to the
biological process, the main categories were related to metabolic and cellular

processes, biological regulation, biogenesis, and single-organism process.

3.4. Hexamerins and hemocyanins proteforms in L. apiculatum proteome map

Multiple hexamerins proteoforms (spots 70, 342, 354, 355, 357, and 359) were
detected by proteomics (Table 1), and several others were identified by de novo
sequencing approach (Supplementary Table S3 and Supplementary Figure S2).
Hemocyanin was identified in L. apiculatum larvae proteome map in only one spot
(351), but using de novo sequencing, 11 more proteoforms were identified. Hemocyanin
is present in many insects (Amore et al., 2011), but its presence or absence in distinct
group of insects is unknown (Burmester and Hankeln, 2007).

Because the high amount of hexamerin proteoforms detected in the L. apiculatum

larvae proteomic map, coupled with absence of information about L. apiculatum
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hexamerins, as well as the interest in hexamerins’s evolutionary relationships
(Burmester, 1999 and 2015), we proceeded with the cDNA isolation of the most

abundant L. apiculatum larvae hexamerin (spot 70).

3.5. L. apiculatum hexamerin (LaHEX) isolation and characterization

LaHEX cDNA was cloned (GenBank accession no. MH256667) and found to
contain a 2199 bp open reading frame of encoding a 733 amino acid residues with a
predicted molecular mass of 8241 kDa and an isoelectric point of 5.66
(Supplementary Figure S3). The evolutionary relationship of LaHEX was analyzed by
comparison with different hexamerins and hemocyanins sequences deposited at
GenBank from different Orders including Hymenoptera, Blatodea, Decapoda,
Lepidoptera, Coleoptera, and Diptera. The Phylogenetic tree, shown in Figure 5,
reflects the molecular grouping of different insect orders. Within the Hymenoptera order,
LaHEX was grouped more closely with HEX110 than with the other Apis mellifera HEX.
Clustal analysis shows regions corresponding to the conserved Hemocyanin (N, M, and
C) domains presented in hexamerins (Supplementary Figure S4). A schematic
diagram of LaHEX structure compared with the most well-known hexamerins, the
HEX100 and HEX70 from Apis mellifera, is presented in Figure 6. As observed,
Hemocyanin C domain in LaHEX is larger than the domain reported for HEX110

(Martins et al., 2010).

4. Discussion
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Proteomics is a powerful tool that has been used widely to analyze biochemical and
physiological processes of insects including viral infection in Bombyx mori (Gao et al.,
2017), resistance mechanisms in Plutella xylostella (Xia et al., 2016), testis
development of Bactrocera dorsalis (Wei et al., 2018), as well as the innate immune
response and reproductive proteins in Drosophila melanogaster (de Morais et al., 2005;
Findlay and Swanson, 2010). Proteomics is a suitable tool for the discovery of
unannotated genes/proteins using MS and bioinformatics approaches (Findlay et al.,
2009).

Although newer shotgun-MS approaches have been developed, 2-DE MS remains a
valuable top-down analytical approach (Oliveira et al., 2014). 2-DE proteomic maps
allows for visualization of proteome in two dimensions, pl and MW, information that is
lost when shotgun approaches are used (Magdeldin et al., 2014). 2-DE maps resolve
thousands of intact protein species in a single run, enabling the identification of different
protein isoforms and post-translational modifications (Oliveria et al., 2014; Pomastowski
and Buszewski, 2014). For these reasons, 2-DE LC-MS/MS was used to obtain the L.
apiculatum larvae proteome profile (Figure 1). Although the L. apiculatum genome is not
yet sequenced, the 46% of resolved proteins spots were successfully identified by LC-
MS/MS, and 36 more protein spots were identified using de novo sequencing and
bioinformatics tools. Identified proteins were grouped according to its function such as
metabolism, cell structure, transcription and translation, protein degradation, stress

proteins, and other functions.

4.1. Proteins related with metabolism

15



4.1.1. Carbohydrate metabolism

In relation to the glycolysis pathway, several proteoforms of glyceraldehyde 3-
phosphate dehydrogenase (spots 33, 36, 38, 39, 125), triose phosphate isomerase
(spots 100, 101, 232, 233), were detected. Enolase (spots 140,146, 158, 199), an
enzyme with functions both in and outside of the glycolytic pathway (Diaz-Ramos et al.,
2012), was also detected. In insects, enolase is reported as one chorionic protein of the
mature egg (Nguyen et al., 2013). Phosphoglycerate kinase (PGK, spots 140, 146, 147,
158, 199, and 348) was detected (Table 1) as well as the phosphoglycerate mutase
(PGAM, spots 27 and 94). Drosophila nubian mutants disrupted in PGK showed
reduced lifespan, abnormal motor behavior, and defective neurotransmitter release
(Chiarelli et al., 2012). Spots 17, 42, and 77 were identified as nucleoside diphosphate
kinase (NDPK). NDPK in insects helps to the successful development of the larval stage

(Sinha et al., 2012).

4.1.2. Amino acids and purine metabolism

Among proteins related to amino acid metabolism, arginine kinase (AK, spot 226),
an enzyme that catalyzes the reversible conversion of L-arginine to phosphoarginine
(Bragg et al., 2012), was detected. Due to its important role in energy metabolism and
because it is absent in vertebrates, AK is an excellent target for the development of new
chemotherapeutic agents against parasitic diseases (Wu et al., 2008). Pterin-4a-
carbinolamine dehydratase (PCD, spots 79, 81, and 360) is involved in the production of

tetrahydrobiopterin (BH4). BH4 is an essential cofactor in phenylalanine metabolism

16



(Eskinazi et al., 1999), its deficiency in Bombyx mori larvae produces a colourless
cuticle (Fuijii et al., 2013).

Aminoacylase-1 (ACY-1, spots 222 and 223) hydrolyses N-acetyl amino acids into
free amino acids as well the hydrolyzes fatty acid amino-acid conjugates (FACs) (Cheng
et al.,, 2017). ACY1 may allow specialized larvae to obtain nitrogen supplies despite
limitations in food heterogeneity (Kuhns et al., 2012; Cheng et al., 2017).
Fumarylacetoacetate hydrolase (FAH, spot 110) catalyses the last enzymatic reaction in
the tyrosine catabolism pathway. FAH silencing in insects did not affect survival, but
FAH knockdown in adult females produced the complete suppression of reproduction
(Sterkel and Oliveria, 2017). Spot 329 was identified as homocysteine S-
methyltransferase. The regulation of homocysteine accumulation in young Drosophila
leads to increased life span (Parkhitko et al., 2016). The bifunctional purine biosynthesis
protein PurH (5-amino-4-imidazolecarboxamide ribonucleotide transformylase/IMP
cyclohydrolase) was detected in spots 45 and 46. PurH catalyzes the last steps in the
inosine 5-monophospahte synthesis pathway. This enzyme has been of particular

interest for development of anticancer molecules (Bulock et al., 2002).

4.1.3. Lipid metabolism

The 3-hydroxyacyl-CoA dehydrogenase (spot 96) and the long-chain 3-ketoacyl-
CoA thiolase (spot 127) are involved in fatty acid metabolism. In Drosophila, the
deficiency of these proteins reduces lifespan and fecundity (Kishita et al., 2012). Spot
140 was identified as 4-hydroxybutyrate coenzyme A transferase, which plays a key

role in butyrate formation in gut bacteria (Charrier et al., 2006; Zhang et al., 2009).
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Medium-chain acyl-Co A dehydrogenase (MCAD, Spot 130) is involved in mitochondrial
fatty acid B-oxidation, which fuels hepatic ketogenesis or fat-burn under conditions of
low carbohydrate consumption. Short/branched chain acyl-CoA dehydrogenase
(SBCAD, spots 344 and 349) is also involved in metabolism of fatty acids or short-
branched chain amino acids; its deficiency leads to defects in L-isoleucine catabolism

(Madsen et al., 2006).

4.2. Proteins related to cell structure

Both myophilin (spot 24) and stathmin (spot 177) were detected in L. apiculatum
larvae. The first is a protein implicated in the regulation of smooth-muscle contractions
and cytoskeletal organization (Horowitz et al., 1996). Stathmin is a regulatory protein,
and its activity is regulated by phosphorylation in response to signaling or cell cycle
phases (Yip et al., 2014). In Drosophila, stathmin is essential for germ cell migration and
is also important in the maintenance and regulation of axonal microtubules (Duncan et
al., 2013). Thymosins (spots 234 and 254) are important in the development and
maintenance of the immune system (Zhang et al., 2012). Cofilin (spots 236 and 271) is
fundamental for induced motility (Gurniak et al., 2005), while profilins (spots 256 and
257) have several regulatory functions in actin filament assembly and are involved in
signal transduction cascades (Lu and Pollard, 2001). Tropomyosins (spots 305 and
372), identified in striated and smooth muscle, are essential for the development and
body morphology of Caenorhabditis elegans (Anyanful et al., 2001). Actin (spots 323
and 324) has diverse physiological functions such as muscle contraction, cytoplasmic

streaming, phagocytosis, morphogenetic movement, and mitosis. Kinesin 6 (spots 192
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and 216) is a class of molecular motor important for intracellular transport (Shimizu et

al., 2000).

4.3. Proteins related to transcription and translation function

Several proteins within the L. apiculatum proteomic map were identified as
proteoforms related to translation and transcription such as ribosomal proteins (spots
56, 58 and 255), elongation factors (spots 62-64, 331, 345, and 346), translation
initiation factors (spot 274) as well as upstream activation factor subunits (spots 327
and 328). The transcriptional activator protein Pur-alpha (spot 329) and bromodomain-
containing proteins (spot 66) were also identified (Table 1). These proteins are
emerging as being involved in adipogenesis regulation and transcriptional control (Denis
et al., 2010; Wang et al., 2012). Splicing factor arginine/serine rich 7 (SFRS7, spot 237)
plays an important role in regulation of gene expression. SFRS7 modulates splicing of
Tau, a microtubule-associated protein in the nervous system (Burnouf et al., 2016), as
well the splicing of Tau exon 10, which is a protein involved in several

neurodegenerative diseases (Van Abel et al., 2011).

4.4. Protein folding, degradation, and immune proteins.

Several proteoforms of heat shock protein 70 (HSP70) and heat shock cognate
protein 70 (HSC70), spots 312, 313, 314, 338, and 342 were identified. HSC70 are
involved in various diseases and have become a novel target for treatment of various
diseases (Liu et al., 2012). HSP60 (spots 319, 320, and 321) together with the HSP10

co-chaperone (spots 2 and 6), are important for the proper folding of mitochondrial
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proteins. In Galeruca daurica, both HSP60 and HSP10 are expressed at all
development stages and in all tissues analyzed, and both are down-regulated in the 2"
instar larvae by heat and cold stresses (Tan et al., 2017). Prefoldin (spot 363) is a
molecular chaperone that acts together with other chaperonins to correctly fold of
nascent proteins (Whitehead et al., 2007). On the other hand, the ubiquitin-proteasome
system (UPS) is the main proteolytic pathway responsible for protein degradation
(Lipinszki et al., 2013). Several UPS proteoforms were identified in L. apiculatum larvae
(spots 83, 106, 128, 243, 311, 317, 318, and 347).

PPlases, identified in spots 22, 91, and 282, belong to the peptidyl-prolyl cis-trans
isomerase family, which have a role in the folding of newly synthesizes proteins (Shaw,
2002; Zhang et al., 2013). They are classified into three distinct classes: cyclophilins,
FK506-binding proteins, and parvulin-like PPlases. Cyclophilins (CYPs, spot 76) and
FKBPs (spot 60) are referred to as immunophilins (He et al., 2004). Calreticulin (spot
67) is important in the folding of nascent polypeptides as well as in calcium

homeostasis, signaling, apoptosis, and immune functions (Sun et al. 2017).

4.5. Cell signaling and antioxidant activity

Cell signaling related proteins such as calmodulin (spot 55) and C-type lectin (spot
100) were also identified in L. apiculatum larvae. Calcium signaling mediates cold
sensing in insect tissues through calcium/calmodulin-dependent protein kinase 1l (Dodd
and Drickmar, 2001; Teets et al., 2013). Peroxiredoxins (PRXs) play important roles in
the insects’ protection against the toxicity of reactive oxygen species (Wang et al.,

2016). In L. apiculatum larvae proteome, the PRX-5 (spot 78) and PRX-6 (spots 229,
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289, and 290) were detected. In Drosophila, mitochondrial PRX-5 plays an important
role in the maintenance of the cellular redox state, survival and prevention of apoptosis
(Radyuk et al., 2010), while PRX-6 was detected in seminal fluids in the bug Cimex
lectularius (Reinhardt et al., 2009). 2-Cys peroxiredoxin was detected in spot 253, and
PRX-1 in spot 369. 2-Cys acts as antioxidant enzyme in Bombyx mori (Wang et al.,
2016), and PRX-1 functions to protect against oxidative stress caused by bacterial
infection in Acyrthosiphon pisum (Zhang and Lu, 2015).

Manganese superoxide dismutase (spot 98) is a well-recognized ROS scavenger
enzyme; in Hyphantria cunea it has been associated with stress response to heat, cold,
starvation, and heavy metals (Kim et al., 2010). Phospholipid hydroperoxide glutathione
peroxidases (PHGPX, spots 247 and 364) are essential cellular antioxidant defense
enzyems. In Bemisia tabaci PHGPXs expression was increased in the larvae stage, and

was higher in female than male adults (Jiu et al., 2015).

4.6. Transport and oxide-reduction processes

Myelin P2 protein-like (spots 34, 75, and 249) is an extrinsic basic protein
membrane localized in the central and peripheral nervous system (Hunter et al., 2005;
Maddalo et al. 2010). Electron transfer flavoprotein (ETF) is a mitochondrial matrix
heterodimer with a (ETFA; 30 kDa, spot 183) and 3 (ETFB; 28 kDa, spots 105 and 107)
subunits. Defects in EFTA and EFTB are the cause of glutaric aciduria type 2A, an
inherited disorder of fatty acid, amino acid, and choline metabolism (Rosenbohm et al.,
2014). The 11p-hydroxysteroid dehydrogenase type 2 (11B-HSD2, spot 128) catalyzes

the inactivation of glucocorticoids. This enzyme is expressed within the placenta; its
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function is to limit the passage of glucocorticoids to the fetus. The absence or down-
regulation of 11B3-HSD2 is associated with reduced in fetal growth and birth weight
(Cottrell et al., 2014). Protein disulfide isomerase (PDI, spot 315, 316, 333, and 336) is
responsible for regulating cytoskeletal reorganization by the exchange of thiol-disulfide

bonds in B-actin (Soblerajska et al., 2014).

4.7. Other processes

The phosphatidylethanolamine-binding protein (PEBP, spots 23 and 230) binds
phospholipids (Zhang et al., 2007). In transgenic flies, PEBP overexpression is
associated with protection against bacterial infection (Reumer et al., 2009). Calumenin
(spot 65) is a multiple EF-hand Ca?*-binding protein, highly expressed during the early
stage of the heart development (Lee et al., 2013). The nucleoplasmin-like, detected in
spot 299, has a function in the assembly of nucleosomes (Padeken et al., 2013).
Several cuticle proteoforms were identified (spots 27, 51 and 99), and together with
chitin fibers, are the composite material of the extracellular matrix (Charles, 2010).

Poly(A) specific ribonuclease (PARN, spot 32), one of the most well-characterized
deadenylases, is the enzyme responsible for trimming and maturation of Ago2-cleaved
pre-miR-451 (Yoda et al., 2013). PARN are the major deadenylase in Aedes albopictus,
and are part of the mRNA decay machinery (Opyrchal et al., 2005). Ferritin (spot 295) in
insects works to store and transport iron, while transferrin (spots 339, 340, 341, and
343), which is present in the hemolymph, may also function as an iron transport protein
(Pham and Winzerling, 2010). Hemolymph ferritin is an alternative protein for dietary

iron delivery in insects, whereas in addition to the role in iron delivery, transferrin also
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participates in oxidative stress reduction and to enhance insect survival to infections
(Geiser and Winzerling, 2012). Several spots (129, 135, 350, 366, and 367) were
identified as related to chitinase 3 and chitinase-like proteins. Chitinases are well known
proteins to several functions; they are involved in digestion, arthropod molting,

defense/immunity, and pathogenicity (Kock et al., 2014).

4.8. Hexamerins structure and expression along the L. apiculatum life cycle

Interest in hexamerins relates to their function as storage proteins, providing energy
during non-feeding periods of ant development (Martins et al., 2010; Guo et al., 2013),
but also to their versatility. Hexamerins may function in the transport of hormones
(Braun and Wyatt, 1996), as well as play a role in immune response (Hakim et al., 2007;
Poopathi et al., 2014). Given the critical role of hexamerins in insect development,
studies concerning their structure, biosynthesis, regulation, evolution, and caste
differentiation have been carried out (Cunha et al., 2005; Tsai et al., 2014; Xie and
Luan, 2014; Burmester et al., 2015; Rao et al., 2016; Okada et al., 2017).

Hexamerins have diverse amino acids composition and functions (Burmester,
2015). Arylphorins are characterized by high content of Phe and Tyr (up to 25%), while
others hexamerins are rich in Met (Telfer and Kunkel, 1991). The deduced LaHEX
amino acid sequence (Figure 4) consists of high content of GIn (20.7%), Ala and Tyr
(6.3 and 6.0%, respectively), as well as essential amino acids such as Lys (1.9%),
Met+Cys (1.2%), His (3.3%), Phe (3%), Trp (0.4%), Leu and lle (7.2 and 5.9%,
respectively), and Val (7.8%). This composition is similar to that reported for the

Bactrocera dorsalis hexamerin (Tsai et al., 2014). LaHEX primary protein structure
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shows the conserved N, M, and C hemocyanin domains (Figure 6). Hemocyanin N
contains the all-alpha domain and Hemocyanin M is described as metalloprotein
containing two copper atoms, which are considered to function in oxygen transport.
Hemocyanin C contains Ig-like domains and plays key roles in immune system, with
antibacterial and phagocytic activities against bacteria (Zhang et al., 2009; Quin et al.,
2018).

L. apiculatum is holometabolous (undergoes complete metamorphosis), with four
stages of life: egg, larva, pupa, and imago or adult (Kaspari, 2003). In the Mexican
Plateau, the L. apiculatum life cycle begins with the nuptial flight between March and
April (Lara-Juarez et al., 2015). Oviposition starts two days after the flight; by the fifth
day, queens place 400 to 600 eggs in their nests, eggs hatch approximately 30 days
later. Larvae thicken and turn from opaque white to having clearly distinguished body
segmentation. Pupas start to emerge and black points (eyes and legs) are visible.
Workers and the first generation arise after 45-60 days (Ramos-Elorduy et al., 1984).
Expression levels of hemocyanin and LaHEX transcripts were analyzed at different
stages of ant development (egg, larvae, pupa, and adult ant, Figure 7A). Hemocyanin
expression was similar in egg, larva, and pupa stages, but was down-regulated in adult
ants (Figure 7B). Hexamerin was up-regulated in larval and pupa stages but down-
regulated in eggs and adult ants (Figures 7A). This could suggest that hexamerins may
serve as protein storage that is used during the metamorphosis events (Burmester,

1999, 2015).

5. Conclusions
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This work presents the first 2-DE proteome map of L. apiculatum larvae. From the
380 protein spots analyzed, 174 were successfully identified by LC-M/MS, highlighting
the accumulation of different proteoforms of several proteins including hexamerins. The
analysis of de novo sequencing and bioinformatics resulted in identification of 36
additional protein spots, most of which were hexamerins and hemocyanins isoforms.
Most identified proteins have not been described for L. apiculatum larvae, or had only
been narrowly described in ants or other hymenopterans, but were widely described in
humans, Drosophila, and C. elegans. Identified proteins in L. apiculatum proteome were
related to macronutrients metabolism. Immunogenic and defense proteins such as
PPlases, FKB506, PEBP, cuticle proteins, and chitinases were identified. Hexamerins
were highly accumulated in L. apiculatum larvae and the cDNA for the most abundant
was isolated and characterized. LaHEX contains the canonic N, M, and C hemocyanin
domains, and is evolutionarily related to Apis mellifera HEX110. Our results reinforce
that proteomic analysis of non-sequenced species was successful, giving valuable
insight into the L. apiculatum larvae proteome that could help to understand their

biochemistry and physiology and opening new interest in escamolera ants research.
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Figure Legends

Figure 1. Composed proteomic 2-DE map of Liometopum apiculatum Mayr larvae. In
the first dimension (IEF), proteins were separated on 24 cm IPG strips with a linear
gradient of pH 3-10 and 5-8 to obtain better resolution. In the second dimension, 13%
SDS-PAGE gels were used. The most intense protein spots were cut from three

different gels and analysed by LC-MS/MS.

Figure 2. Representative MS/MS analysis. Cu-Zn superoxide dismutase peptide
identification by de novo sequencing and FASTA homology-based search. (A) Tandem
mass spectrum of the de novo sequenced peptide, TLVLHADPDDLGQGGHELSK,
using ProteinLynx Global Server. (B) Local alignment of the novo sequenced peptide

with Cu-Zn superoxide dismutase through FASTA algorithm.

Figure 3. Gene ontology annotation of Liometopum apiculatm Mayr larvae proteins
identified by LC-MS/MS and database search. Proteins were classified into categories
according to Gene Ontology by using Blast2GO v3.0.8. (A) Molecular function, (B)
Cellular transport, and (C) Biological processes. Proteins with multiple proteoforms were

considered as one protein.

Figure 4. Liometopum apiculatum larvae deduced hexamerin amino acid sequence.
Hemocyanin N domain is underlined; hemocyanin M domain is double underlined,
hemocyanin C is underlined with dashed lines. Asterisks above letter indicate the

putative phosphorylation sites (NetPhos at exapsy,org).
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Figure 5. Phylogeny of 23 insect species representing five orders and crustaceus
based on hexamerin storage proteins sequences. The phylogenetic tree was
constructed using the Jones—Thornton—Taylor (JTT). Maximum likelihood tree was built
to estimate distance and based on a Bootstrap method with at least 1000 repetitions.
The circular phylogenetic tree was done using the online Interactive Tree of Life

resource.

Figure 6. Liometopum apiculatum hexamerin showing the hemocyanin domains and
compared with hexamerins from Apis mellifera HEX110, HEX70a,b,c. Sequence
features  were  obtained using the < HMMER  biosequence  analysis

(https://www.ebi.ac.uk/Tools/hmmer/) which uses profile hidden Markov Models.

Figure 7. Relative expression of hemocyanin and hexamerin transcription determined
by qRT-PCR. A) Developmental stages of Liometopum apiculatum: eggs, larva, pupa,
and adult ant. B) hemocyanin amplification, and C) LaHEX amplification. Bars represent

the mean of triplicates £SD. Bars with different are significantly different at P<0.05.

35



ACCEPTED MANUSCRIPT

Figure 1

kDa

100

50

20

10—

36



Figure

A Precursor mass 701.3617, charge 3

100
k")

<

3
3 75
°
2 so
~
o~

"

x
HE
*

o

vy

—1n—tv4+—tH—t A0 -

P 0= 0 == L -t @ ——t—1—Hi—t— E ——= L =+ 8 +— K —| bMax
-k —+s 4+ L+ —4+— H—t+r+—r o — P

2.

: NS i e fro—tA =N =l Ve LT M
| " L) 1 ol vy g0 8 o o { L g g1 gt @ £y i) 1 ! 1 21020384
1 h L 1 1 ooeloy 4 % iw A I 11 Vgl g E s LA h LA 3M236
- T 1 | gty gt R T g g 3 1oy Ll i cF i
1 ll U | 1 | Yy g o ! R Vgl Ty ¢ ' h '
1 ¥ g | ) ey A4d Ny ¢ A 3 g ! & 41 el g L | (] 1 1 g
1 h L | 1 By g L U B v A 8 [ B h ¥ o
- | h L% 1 ) Wil g aqd N ovp 0 L I S g1 Sagl 0 L [ h b g
1 h L 1 ! ¢l g ad . L o8t N g8 Lol o8 ¢ Ry h 1 4
1 :l : 1 | : |: 1 |: g 1 : ! 1 : :| |: :I: 1 : 1 :1 “ : |
1 1 1 1 1 1 1 1 - 0 c U I 1 1 ! 1 1 |
1 &8 g8 & ks el b8 0 fH ) ! 1L
1 1 1 1 1! 0 a - | 1 1 1 . 1 1 1
Vo ) o ’2’93797 & T NI T yie 1 a1y
’h [N L] 1 ! Y, ] 1 1 ¢ ) & N B 1 | | 18870202
4 100781 ] 1o | 1 1oy 13526376, . | 1 Wi
Ho 1313225 T 5L " i t100611 Y13 | 1538.7073; 11 Tyie
I | lu b3 | 070\}%542 '5::_’-3 3865 T b11 || U=, YAB | | || I oy
1
Moth be ¢ Be 6wt b g vy Juorie 4o g gl
y T y T y T Y T
0 500 1000 I 1500 2000

Spot 90

>>TR:E2BMV6_HARSA E2BMV6 Superoxide dismutase [Cu-Zn]

(Fragment) OS=Harpegnathos saltator 0X=610380 GN=EAI_ 10388

PE=4 SV=1 (136 aa)

initn: 133 initl: 133 opt: 133 Z-score: 268.1 bits: 52.6 E(112022089): 4.5e-05
Smith-Waterman score: 133; 95.0% identity (100.0% similar) in 20 aa overlap (1-20:97-116)

10 20
TLVIHADPDDLGQGGHELSK

TR:E2B NVEADANGVAKVNITDSIIQLCGPHSIIGRTLVVHADPDDLGQGGHELSKTTGNAGARLA
70 80 90 100 110 120

TR:E2B CGVIGITKAQ
130

37



Figure 3

A Molecular function B Cellular component
Elecln::‘camer Antioxidant
4%

Enzyme regulator
1%

C Biological process

stimulus
6%

38



10
ONLLGAKNYQ

20
TLLATAAWAR

30
VHVNEGQFVK

0 , 50
AFIAAVLOHP ETQGIIVPSA

70
ARITIQEAQNT

130
AGYFLPQQQQ

. 80
AAQGSQDOVG

” 140
TPVQYQOOON

90
HQQSVVIPVN

* » 150
VHSQESQTGQ

" 100 , , 110
YTATLPDDEQ QLSYFTQDIG

" 160 170
GSLYYYLNQQ LLAHYELNRL

60

YEIDPQLYFD

120
LANYYAFVNL

* 180
TNGLGPIKDT

190
DFVNVQAPY(Q

« 250
QGAFLSLYQP

310
ELGQVAVRDP

% 370
YVHLDNAVQOQ

200
PHSRQINGLQ

260
QGLDILGDLI

320
AFYQLYKKVI

380
PINNNQOOOV

. 210
SPGRPDNLHL

¥ w200
QGTGRSVNPR

330
QLFQHYONSL

229 230
APANNQLIQT VMKLEQRLVE

* 280 290
YYGSLOAAAC QLLGNAPQVQ

" 340 350
PAYQYNDLVL PGVTIQNVQI

» 240
AIDSGYVITP

« 300
NIYDYTPSVL

3 360
SPFVTFFNDY

120

130

140

470

LA90 ,500 510 , 520
NIINRQSQQA SGQSFDYPSI QQIQQNINSA TQPGTFYITE PHQIFGFPAR LALPKGQPQG
550 560 570 589 590 , 600
VPLOLLVMIS QPEQLNVPYG PVIPEQIQTF QQHMYQVADS AEYSSQTQQ0 SGKHVGVSQT

610 620 630 640 650 660
VEVMPENAQQ NSQAMRNOYA NLYTQQHGQY PYTHGHYQVG QTTGQGOVOG ONAWSIQONVQ

* 670 680 690 700 710 720
GOHSQGOOGO QDNIIDVQOGV PASVODMOOG MOOGAQOGAQ GVQGIQVGOG VHGIYGLOGM

730
DFGGQHGFKG KYH

Figure 4

39



Figure 5

A
g
Js
) of |
iz s £ & o
3% g @ g ! Q! W2
"za og § {)1“'; \0\)
S5 g 83 &
e B F & o
T & y & i
‘8; :. < '\0 “\)‘“‘)\\e
£ G
Af

Trachymyrmex i
Hex-like P_msmcgsr':;etm

Order

Hymenoptera
[ Blatodea
- Decapoda
I Lepidoptera
'] Coleoptera
Diptera

0.1

40



Figure 6

Hemo_C Hemo_C —— LaHex
) A w 4 4
1 329 332 397 584 733
Hemo_C
1 250 500 750 1008
: Hemo_C - Hex70a,b,c
4 4 4

1 125 250 375 500 625 684

41



Figure 7

A)

o
-

—
o

©w o =T N

uiuefooway jo
uoissaidxa anePy

o

O O~ O N T ™MAN— O

X3JHET jo
uoissaidxa aAneey

adult

pupa

larva

42



Table 1. Liometopum apiculatum larvae proteins spots analyzed by LC-MS/MS and
identified against the Hymenoptera subset of the NCBInr protein database.

Spo Protein ° Organis Accessio Exper Theor Masco Peptides
t m n . . t /Sequenc
No. number © MW/pl MWI/p score e coverge
a d e f 0
| (%)
Cell structure
(24)  Myophilin Harpegnath 0i|30721219 25.9/4.2 15.6/9.0 102 1/12
0s saltator 9 4 5
177  Stathmin-4 Acromyrmex  @i|33201866 41.2/5.6 34.9/9.4 277 4/13
echinatior 1 3 4
214  Actin-interacting protein 1~ Acromyrmex  @i|33202326  97.9/6.1  70.2/6.3 336 4/10
echinatior 1 0 2
234  Thymosin beta-4 Camponotus  @i|30718941 22.6/6.4 18.4/5.9 121 3/17
floridanus 1 3 0
236  Cofilin/actin- Camponotus  @i|30718775 17.1/6.4 19.6/8.5 136 4/27
depolymerizing factor-like  floridanus 1 0 0
protein
254  Thymosin beta-4 Camponotus  @i|30718941  15.7/7.2 18.4/5.9 138 4/28
floridanus 1 1 0
256  Profilin Camponotus  @i|30717363  12.0/7.0 13.9/5.6 140 2/20
floridanus 5 4 5
257  Profilin Acromyrmex  gi|33202889  11.1/7.0 20.3/9.5 44 1/12
echinatior 9 2 4
271  Cofilin/actin- Camponotus  @i|30718775 17.7/6.9 19.6/8.5 291 4/30
depolymerizing factor-like  floridanus 1 0 0
protein
305  Tropomyosin 1 isoform B Nasonia 0i|22957729  45.6/7.7 32.7/4.7 359 3/10
vitripennis 6 1 3
323  Actin, clone 403 Harpegnath  @i|30719544 59.8/7.1 42.3/5.3 45 1/2
os saltator 7 5 7
324  Actin, clone 403 Acromyrmex  @i|33202448 56.8/7.1 42./5.29 39 2/8
echinatior 6 5
372 Tropomyosin-1 Harpegnath  @i|30719697 45.2/8.0 32.3/4.7 262 4/18
os saltator 3 0 2
Transcription and translation
(27) Phosphoglycerate mutase = Harpegnath 0i|30720382 34.5/4.7 28.7/7.7 133 7127
1 os saltator 0 8 7
56 60S acidic ribosomal Harpegnath  @i|30721225 16.3/9.6 13.3/4.5 96 4/46
protein P1 os saltator 8 5 3
58 Hypothetical protein Solenopsis gi|32279570 14.9/8.2 11.9/4.7 120 3/31
SINV_06628 (60S acidic  invicta 1 9 7
ribosomal protein P2-like)
62 Elongation factor 1-beta’ Camponotus  @i|30717089  30.7/8.3 24.3/4.6 65 1/6
floridanus 1 2 3
63 Elongation factor 1-beta’ Camponotus  @i|30717089 30.1/8.2 24.3/4.6 76 2/9
floridanus 1 9 3
64 Elongation factor 1-beta’ Harpegnath gi|[30721514 31.4/8.4 24.3/4.7 70 217
os saltator 5 0 2
66 Hypothetical protein Solenopsis gi[32279915 64.0/8.7 125/4.81 30 1/1
SINV_02215 invicta 2 3
(Bromodomain-containing
protein 8)
68 Mitochondrial Nasonia 0i|15655145 66.9/8.2 52.7/9.2 39 1/2
ribonuclease P protein 1 vitripenis 3 4 5
homolog
94 Phosphoglycerate mutase Harpegnath gi|30720382 31.4/5.0 28.7/7.7 150 4/16
os saltator 0 1 7
(146  Hypothetical protein Solenopsis 0i|32279127 55.0/5.6 51.7/8.1 297 6/13
) SINV_08663 invicta 1 8 7
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(Phosphoglycerate
kinase)

237  Splicing factor, Camponotus  @i|30718029 17.5/6.3 17.8/8.7 94 2/13
arginine/serine-rich 7 floridanus 5 2 3
255  40S ribosomal protein Camponotus  @i|30718775 15.1/7.2 15.6/5.4 86 2/19
S12 floridanus 9 7 7
274  Eukaryotic translation Camponotus  @i|30718008 18.8/7.4 18.05/07 97 2/14
initiation factor 5A floridanus 1 7
327  Upstream activation factor Acromyrmex  @i|33201810 45.4/7.2 37.2/8.9 87 2/8
subunit spp27 echinatior 4 8 1
328  Upstream activation factor Harpegnath 0i|30721455 45.5/7.2 34.3/8.4 43 3/8
subunit UAF30 0s saltator 5 0 2
(329 Transcriptional activator Camponotus  @i|30719055 46.6/7.0 33.7/6.8 214 5/21
) protein Pur-alpha floridanus 8 9 6
331 Elongation factor 2 Camponotus  @i|30717029 49.6/6.9 94.3/6.1 164 4/6
floridanus 8 8 1
Spot Protein ® Organism Accession Exper. Theor. Masco Peptides
No. number ° MW/pI® MWI/pl® tscore matched
a f /Sequenc
e
coverge
345  Elongation factor 1 alpha  Bombus 0i|27501884 39.3/6.7 42.5/8.4 58 2/2
mendax 6 2
346  Elongation factor 1 alpha Bombus 0i|27501884  42.1/6.5 42.5/8.4 41 2/2
mendax 2 2
(348 Phosphoglycerate kinase =~ Camponotus  gi|30717742 48.6/6.7 45.0/6.1 393 6/16
) floridanus 9 7 6
Metabolism and energy production
17 Nucleoside diphosphate Harpegnath 0i|30719376  18.4/4.8 17.4/7.7 67 1/7
kinase os saltator 1 8 9
(33) Glyceraldehyde-3- Acromyrmex  gi|33202636 47.6/3.8 37.6/8.1 39 5/10
phosphate echinatior 8 9 5
dehydrogenase 2
36 Glyceraldehyde-3- Acromyrmex - gi|33202636  48.8/4.3 37.6/8.1 97 8/30
phosphate echinatior 8 3 5
dehydrogenase 2
(38) Hypothetical protein Solenopsis gi[32279474  48.9/4.2 74.1/6.7 151 6/9
SINV_01281 invicta 7 1 2
(Glyceraldehyde-3-
phosphate
dehydrogenase)
(39) Hypothetical protein Solenopsis gi[32279474  48.7/4.0 74.1/6.7 146 6/9
SINV_01281 invicta 7 8 2
(Glyceraldehyde-3-
phosphate
dehydrogenase)
42 Nucleoside diphosphate Camponotus  @i|30717308 18.6/4.7 19.6/8.4 30 1/4
kinase floridanus 2 6 1
(45) Hypothetical protein Solenopsis gi[32279579 93.9/5.0 65.2/7.5 62 2/4
SINV_11660(Bifunctional  invicta 1 2 8
purine biosynthesis
protein PURH)
46 Hypothetical protein Solenopsis gi|32279579 93.0/4.9 65.2/7.5 46 2/4
SINV_11660(Bifunctional  invicta 1 6 8
purine biosynthesis
protein PURH)
77 Nucleoside diphosphate Harpegnath 0i|30719376  17.0/5.0 17.4/7.7 45 2/13
kinase os saltator 1 2 9
79 Pterin-4-alpha- Acromyrmex  gi|33203054 10.6/5.4 15.7/9.6 34 4/17
carbinolamine echinatior 3 3 7

dehydratase 2
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81 Pterin-4-alpha- Harpegnath  @i|30720644  10.5/5.6 15.5/9.7 100 1/11
carbinolamine os saltator 0 1 2
dehydratase 2
(100 Triosephosphate Acromyrmex  @i|33202452  28.9/5.6  26.9/7.7 57 2/9
) isomerase echinatior 0 9 1
101  Triosephosphate Acromyrmex  @i|33202452  27.8/5.6  26.9/7.7 353 4/22
isomerase echinatior 0 2 1
110  Fumaryl acetoacetate Camponotus  @i|30717320 36.9/5.4 36.5/8.8 89 217
hydrolase domain- floridanus 8 7 1
containing protein 2A
124  Malate dehydrogenase, Camponotus  @i|30716639  45.2/5.4 39.2/7.0 354 5/21
cytoplasmic floridanus 1 3 3
(125 Glyceraldehyde-3- Acromyrmex  @i|33202636  43.3/5.0 37.6/8.1 325 3/18
) phosphate echinatior 8 2 5
dehydrogenase 2
126  Fructose-bisphosphate Nasonia 0i|28304676  47.3/5.0 39.8/6.6 165 2/8
aldolase isoform A vitripennis 1 2 7
(127 3-ketoacyl-CoA thiolase, Camponotus  @i|30717262  47.9/5.0 = 42.3/8.1 152 2/3
) mitocondrial floridanus 3 2 8
(127  Fructose-bisphosphate Acromyrmex  gi|33202126  47.9/5.0 40.4/8.0 75 2/9
) aldolase echinatior 2 2 5
(129 Hypothetical protein Solenopsis 0i|32278598 70.0/5.0 59.3/9.0 116 4/11
) SINV_08923 (ATP invicta 5 3 4
synthase subunit alpha,
mitochondrial)
(129 PREDICTED: chitinase- Apis 0i|66514614  70.0/5.0 49.0/8.0 116 2/6
) like protein 1dgf4-like mellifera 3 6
135 PREDICTED: chitinase- Apis 0i|66514614  75.0/5.3  49.0/8.0 94 1/3
like protein Idgf4-like mellifera 7 6
(140 4-hydroxybutyrate Acromyrmex  gi|33202491 62.9/5.5 53.3/7.9 160 3/9
) coenzyme A transferase echinatior 3 8 5
(140 Putativeenolase Aphidius 0i|26125978 62.9/5.5 47.2/5.9 65 1/3
) ervi 0 8 3
(146 Putative enolase Aphidius 0i|26125978 55.0/5.6  47.2/5.9 35 1/3
) ervi 0 8 3
147  Putative enolase Aphidius 0i|26125978 59.1/5.8 47.25.93 238 4/17
ervi 0 1
158 PREDICTED: enolase-like Megachile 0i|38385964 44.7/5.8 47.2/6.1 153 2/8
rotundata 9 3 3
Spot Protein ® Organism Accession Exper. Theor. Masco Peptides
No. number © MW/pl®  MWI/pl® tscore matched
é f /Sequenc
e
coverge
198 PREDICTED: kinesin 62 Apis 0i|32878277 96.6/5.9 97.5/9.1 30 1/1
mellifera 2 0 7
199 Putative enolase Aphidius gi[26125978 67.1/5.8 47.2/5.9 77 1/3
ervi 0 4 3
216 PREDICTED: kinesin 62 Apis 0i|32878277 82.2/6.1 97.5/9.1 31 1/1
mellifera 2 2 7
222  Hypothetical protein Solenopsis gi[32280015 64.2/6.3 45.9/5.4 69 1/2
SINV_00964 invicta 4 8 0
(Aminoacylase-1)
223  Hypothetical protein Solenopsis gi|[32280015 66.0/6.5 45.9/5.4 146 2/6
SINV_00964 invicta 4 3 0
(Aminoacylase-1)
232  Triosephosphate Acromyrmex  @i|33202452  28.6/6.0 26.9/7.7 100 3/17
isomerase echinatior 0 6 1
233  Triosephosphate Acromyrmex  @i|33202452 28.7/6.0 26.9/7.7 188 3/17
isomerase echinatior 0 1 1
292  Pyruvate dehydrogenase Camponotus  @i|30717804 33.2/6.5 38.5/5.8 62 1/4
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E1 componentsubunit floridanus 9 1 7
beta, mitocondrial
297  6- Camponotus  @i|30718595  33.3/7.7 27.2/4.9 86 217
phosphogluconolactonase floridanus 0 8 5
(317 ATP synthase subunit Camponotus  @i|30718147  71.3/7.3 55.1/5.3 452 7116
) beta, mitochondrial floridanus 2 5 3
(329 Homocysteine S- Harpegnath 0i|30719333  46.6/7.0 36.0/5.7 198 2/9
) methyltransferase os saltator 8 9 2
(350 Putative chitinase 3 Acromyrmex  @i|33202735 51.3/6.8 33.9/5.3 61 2/9
) echinatior 2 8 6
360  Pterin-4-alpha- Acromyrmex  gi|33203054 10.7/5.3 15.7/9.6 127 2/18
carbinolamine echinatior 3 5 7
dehydratase 2
366 PREDICTED: chitinase- Apis 0i|66514614  70.0/5.0 49.0/8.0 141 2/6
like protein Idgf4-like mellifera 3 6
367 PREDICTED: chitinase- Apis gi|66514614  49.6/5.0 49.0/8.0 43 1/3
like protein Idgf4-like mellifera 5 6
Protein folding and degradation
6 10 kDa heat shock Acromyrmex  @i|33201971  11.7/3.1  18.0/9.4 72 3/14
protein, mitochondrial echinatior 2 8 3
2 10 kDa heat shock Acromyrmex  gi|33201971 12.6/3.1 18.0/9.4 46 2/11
protein, mitochondrial echinatior 2 7 3
22 Peptidyl-prolylcis- Harpegnath 0i|30721146 24.7/3.7 22.4/8.7 67 1/4
transisomerase 5 os saltator 1 3 7
60 FK506-binding protein 14  Camponotus  gi|30718084  28.3/8.3 14.3/4.5 144 4/38
floridanus 6 9 7
67 Calreticulin Acromyrmex  @i|33202111 68.5/8.5 45.3/4.4 79 3/6
echinatior 0 0 6
76 Cyclophilin-like protein Nylanderia 0i|29239787 16.3/5.0 18.0/8.8 48 4/17
nr. pubens 0 3 9
83 Ubiquitin Harpegnath gi|30719216 9.1/5.61 7.7/5.76 198 3/55
os saltator 2
91 Peptidyl-prolyl cis-trans Acromyrmex  @i|33202573  20.2/5.0 22.0/8.8 80 2/12
isomerase 5 echinatior 1 2 5
106  Proteasome subunit alpha Camponotus  @i|30717733 30.8/5.3 27.7/7.5 40 2/6
type-6 floridanus 4 8 6
(128 26S protease regulatory Harpegnath gi|30721206 51.8/5.0 45.8/8.5 139 5/17
) subunit 8 0s saltator 4 2 5
243 Ubiquitin- Camponotus  gi|30717913 16.3/6.1 16.4/6.5 104 3/27
conjugatingenzyme E2 floridanus 2 9 9
variant 2
245  Heat shock protein Trichogram gi|28418015 13.4/6.0 8.8/6.51 141 2/20
ma chilonis 5 1
282  Hypothetical protein Solenopsis 0i|32279883 22.2/7.9 19.3/4.6 111 3/23
SINV_11930 (Peptidyl- invicta 0 1 9
prolyl cis-trans isomerase)
286  Heat shock protein beta-1 Camponotus  gi|30718330 30.9/6.6 29.5/6.3 326 5/25
floridanus 5 6 7
287 Heat shock protein beta-1  Camponotus  gi|30718330 32.6/6.7 29.5/6.3 42 2/11
floridanus 5 2 7
311  26S protease regulatory Camponotus  @i|30719028 69.7/7.5 47.9/4.9 567 10/34
subunit 6A floridanus 9 5 8
312  Hsc70-interacting protein Harpegnath gi|[30721525 66.0/7.7 31.3/4.5 206 3/14
os saltator 8 3 6
313 PREDICTED: heat shock  Apis florea gi|38003003 107/7.45 106/5.71 427 718
70 kDa protein cognate 3 2
314 PREDICTED: heat shock  Megachile 0i|38384851 109/7.49 106/5.52 311 5/7
70 kDa protein cognate 3 rotundata 3
Spot Protein ® Organism Accession Exper. Theor. Masco Peptides
No. number ° MW/pI®  MWI/pl® tscore matched
é /Sequenc
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e

coverge
(317 26S protease regulatory Camponotus  @i|30717285 71.3/7.3 45.8/5.1 48 1/2
) subunit 6B floridanus 6 5 6
318 26S protease regulatory Camponotus  @i|30717285 74.1/7.2 45.8/5.1 263 5/16
subunit 6B floridanus 6 8 6
319  Hypothetical protein Solenopsis 0i|32278769 89.4/7.3 60.3/5.6 336 7/18
SINV_14312 (60 kDa invicta 7 1 0
heat shock protein,
mitocondrial)
320 PREDICTED: 60 kDa Apis 0i|66547450 91.3/7.2 60.5/5.6 371 6/12
heat shock protein, mellifera 8 4
mitochondrial-like
321 Hypothetical protein Solenopsis 0i|32278769 90.0/7.2 60.3/5.6 305 6/16
SINV_14312 (60 kDa invicta 7 0 0
heat shock protein,
mitochondrial)
322  Mitochondrial-processing Harpegnath 0i|30720709 67.2/7.1 ~ 53./5.77 355 6/11
peptidase subunit beta 0s saltator 1 6
338 Heat shock 70 kDa Camponotus  @i|30718192 104/6.86 72.3/6.3 547 8/12
protein cognate 5 floridanus 3 7
(342 Heat shock 70 kDa Camponotus  @i|30717632 106/6.97 71.7/5.4 541 9/21
) protein cognate 4 floridanus 6 3
347  Proteasome subunit alpha Camponotus @gi|30718028 42.0/6.5 31.1/5.9 196 4/15
type-1 floridanus 6 7 1
363  Prefoldin subunit 3 Camponotus  @i|30717240  29.4/7.2 22.1/5.2 94 3/18
floridanus 4 5 7
Cell signaling
55 Calmodulin Camponotus  @i|30718103 14.8/9.6 17.7/4.1 94 3/25
floridanus 9 2 4
(100 Hypothetical protein Camponotus - gi|30716612 28.9/5.6 27.0/6.3 84 1/6
) EAG_02089 (C-type floridanus 8 9 0
lectin)
226  Arginine kinase Harpegnath 0i|30719799  48.5/6.4 40.0/5.7 276 5/23
os saltator 6 8 5
Antioxidant activity
78 Hypothetical protein Solenopsis gi[32279653 16.1/5.4 20.3/9.0 107 1/9
SINV_03933 invicta 5 1 6
(Peroxiredoxin-5,
mitocondrial)
98 Mn superoxide dismutase  Apis gi[33089106 23.0/5.3 24.7/9.1 121 2/12
mellifera 7 1
ligustica
229 PREDICTED: Bombus 0i|34071848 29.6/6.3 25.4/5.4 56 1/6
peroxiredoxin-6-like terrestris 1 2 6
247  Probable phospholipid Harpegnath  @i|30719250 18.8/5.5 19.3/6.9 140 2/15
hydroperoxide glutathione os saltator 8 5 6
peroxidase
253  2-cys peroxiredoxin Bombus 0i|22797694  16.7/6.6  21.9/6.9 46 1/5
ignites 8 5 0
289  Hypothetical protein Solenopsis 0i|32279765 31.2/6.5 26.5/5.9 64 1/4
SINV_03768 invicta 7 7 8
(Peroxiredoxin-6)
290 PREDICTED: Bombus 0i|34071848 30.5/6.5 25.4/5.4 81 1/6
peroxiredoxin-6-like terrestris 1 4 6
364  Phospholipid Acromyrmex  @i|33202761 24.7/7.8 38.2/6.5 46 2/11
hydroperoxide glutathione  echinatior 9 0 4
peroxidase
369  Peroxiredoxin 1 Acromyrmex  @i|33202132  28.9/5.0 21.8/5.9 116 1/7
echinatior 1 6 4
Transport
34 Similar to PREDICTED: Megachile 0i|38385358 14.8/5.0 15.2/6.3 136 2/10
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myelin P2 protein-like rotundata 0 3 7

(75) Fatty acid-binding protein, Acromyrmex  @i|33202457 14.4/5.0 15.6/6.4 52 2/16
muscle echinatior 0 6 3

(75)  Myelin P2 protein Harpegnath 0i|30720604 14.4/5.0 19.8/6.6 138 5/16

0s saltator 0 6 4

105  Electron transfer Acromyrmex  @i|33202565 31.8/5.4  27.7/6.9 44 1/4
flavoprotein subunit beta echinatior 7 8 2

107  Electron transfer Acromyrmex  @i|33202565 32.0/5.3  27.7/6.9 86 2/10
flavoprotein subunit beta echinatior 7 5 2

183  Electron transfer Camponotus  @i|30718167 37.0/5.1 35.7/8.9 50 1/3
flavoprotein subunit alpha  floridanus 3 5 7

249  Myelin P2 protein Harpegnath 0i|30720604 14.8/6.6 19.7/6.6 145 3/9

0s saltator 0 6 4

Spot Protein ® Organism Accession Exper. Theor. Masco  Peptides

No. number ° MW/pId MW/pl®  tscore matched

é f /Sequenc

e
coverge

Oxidation-reduction processes

26 3-hydroxyacyl-CoA Acromyrmex  gi|33202426  35.5/3.0 30.3/8.7 113 6/13
dehydrogenase type-2 echinatior 3 5 0

(96)  3-hydroxyacyl-CoA Acromyrmex  @i|33202426 33.9/5.0 30.3/8.7 64 1/4
dehydrogenase type-2 echinatior 3 1 0

(128 Hypothetical protein Solenopsis 0i|32280130 51.8/5.0 42.9/8.8 95 1/4

) SINV_12515 invicta 6 2 3
(Hydroxysteroid
dehydrogenase-like
protein 2)

130 Probable medium-chain Harpegnath 0i|30719903 54.5/5.1 42.5/8.1 106 1/3
specific acyl-CoA os saltator 2 5 5
dehydrogenase,
mitochondrial

201  Hypothetical protein Solenopsis 0i|32279047  75.8/5.9 59.0/8.5 225 4/10
SINV_02533 invicta 5 7 4
(Dihydrolipoyldehydrogen
ase)

202  Hypothetical protein Solenopsis gi[32279047 75.1/5.9 59.0/8.5 73 217
SINV_02533 invicta 5 5 4
(Dihydrolipoyldehydrogen
ase)

315  Protein disulfide- Harpegnath 0i|30720778 80.7/7.8 56.3/4.7 249 3/6
isomerase os saltator 7 4 3

316  Protein disulfide- Harpegnath  @i|30720778 79.7/7.8 56.3/4.7 193 4/6
isomerase os saltator 7 6 3

333  Proteindisulfide- Camponotus  gi|30716798 69.3/6.9 48.6/5.1 185 4/8
isomerase A6 floridanus 2 9 4

336  Protein disulfide- Acromyrmex  @i|33202318 92.5/6.7 56.1/5.6 184 5/9
isomerase A3 echinatior 0 9 6

(344 Short/branched chain Camponotus  @i|30718256  90.2/6.7 44.6/6.2 50 1/2

) specific acyl-CoA floridanus 4 2 1
dehydrogenase,
mitochondrial

(348 Retinal dehydrogenase 1 Camponotus  @i|30717853 48.6/6.7 53.5/5.4 64 1/2

) floridanus 7 7 6

349  Short/branched chain Harpegnath 0i|30720212 48.9/6.8 43.0/6.0 211 4/15
specific acyl-CoA os saltator 9 4 6
dehydrogenase,
mitochondrial

(350 Retinal dehydrogenase 1 Camponotus  @i|30717853 51.3/6.8 53.5/5.4 48 2/3

) floridanus 7 8 6

351 Hemocyanin Acromyrmex  gi|33202519 66.5/6.1 85.2/6.8 51 1/1
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echinatior 8 5 5
Other processes
23 Phosphatidylethanolamin ~ Bombus 0i|35040378 24.6/4.0 23.1/8.8 82 1/6
e-binding protein homolog impatiens 0 2 5
(27)  Cuticle protein 21 Camponotus  @i|30717591 34.5/4.7 26.1/6.2 59 2/9
floridanus 0 8 0
(27) PREDICTED: cuticle Nasonia 0i|15654808 34.5/4.7 35.0/7.2 32 1/3
protein vitripennis 4 8 9
(32) Poly(A)-specific Camponotus  gi|30716744 54.9/3.2 65.5/6.3 41 1/1
ribonuclease PARN floridanus 2 9 5
(45)  Non-specific lipid-transfer ~ Harpegnath 0i|30719493 93.9/5.0 60.0/8.6 38 2/4
protein 0s saltator 8 2 6
51 Flexible cuticle protein 12 Acromyrmex  @i|33202342 11.4/8.5 11.3/4.5 59 1/12
echinatior 2 1 0
59 Myosin light chain alkali Harpegnath 0i|30720833 16.9/8.5 17.3/4.5 152 4/37
os saltator 5 7 7
65 Hypothetical protein Solenopsis 0i|32279678 51.4/8.5 40.0/4.5 79 3/10
SINV_02991 (Calumenin- invicta 1 1 5
B)
70 PREDICTED: hexamerin-  Bombus 0i|34072185  143/8.4 120/6.19 53 1/1
like terrestris 2
(96) Voltage-dependent anion-  Harpegnath 0i|30719843 33.9/5.0 30.9/8.2 75 1/3
selective channel os saltator 9 1 1
(99) Cuticle protein 21 Camponotus  @i|30717591  28.7/5.7 26.1/6.2 42 1/3
floridanus 0 7 0
152  Uncharacterized glycosyl ~ Acromyrmex  gi|33201957  55.3/5.7 45.8/8.5 32 1/3
transferase AER61 echinatior 7 7 1
153 PREDICTED: Bombus 0i|35041308 53.9/5.7 35.1/7.6 42 1/4
dehydrodolichyl impatiens 8 6 7
diphosphate synthase-like
Spot Protein ® Organism Accession Exper. Theor. Masco Peptides
No. number © MW/pI®  MWI/pl® tscore matched
é /Sequenc
e
coverge
169 PREDICTED: Bombus 0i|35041308 48.0/6.0 35.1/7.6 32 1/4
dehydrodolichyl impatiens 8 5 7
diphosphate synthase-like
170 PREDICTED: Bombus 0i|35041308 46.7/6.0 35.1/7.6 31 1/4
dehydrodolichyl impatiens 8 5 7
diphosphate synthase-like
174 PREDICTED: Bombus 0i|35041308 45.0/5.9 35.1/7.6 33 1/4
dehydrodolichyl impatiens 8 7 7
diphosphate synthase-like
230 Phosphatidylethanolamin ~ Acromyrmex  gi|33202880 26.5/6.1 13.8/9.3 69 3/41
e-binding protein 1 echinatior 6 7 6
295  Ferritin subunit Acromyrmex  @i|33202716 35.9/7.0 26.0/5.6 60 3/14
echinatior 5 8 6
299  Nucleoplasmin-like Acromyrmex  @i|33201723  29.9/7.9 24.2/4.6 49 1/4
protein echinatior 4 1 7
302  Chondroitin proteoglycan-  Harpegnath gi|[30721277 41.0/7.9 29.7/5.2 103 217
2 os saltator 0 0 0
330  Hypothetical protein Solenopsis gi[32280019 47.5/7.0 42.7/5.3 50 1/3
SINV_15827 invicta 7 6 5
(Regucalcin)
334  Selenium-binding protein ~ Acromyrmex  @i|33202186 88.1/6.8 52.7/6.9 150 2/6
1-A echinatior 7 2 9
335  Selenium-binding protein ~ Acromyrmex  @i|33202186 89.4/6.9 52.7/6.9 161 3/9
1-A echinatior 7 2 9
337  Selenium-binding protein Camponotus  @i|30719119 91.0/7.0 52.5/5.4 83 2/5
1-A floridanus 9 1 9
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339  Transferrin Acromyrmex  @i|33202925 120/6.82 79.4/5.4 185 4/6
echinatior 6 7
340  Transferrin Solenopsis 0i|62912066 125/6.74 78.6/5.6 174 4/6
invicta 6
341  Transferrin Acromyrmex  @i|33202925 123/6.89 79.4/5.4 172 4/5
echinatior 6 7
(342 Hypothetical protein Solenopsis 0i|32278122 106/6.97 103/6.66 36 1/1
) SINV_08631 invicta 1
(Hexamerin)
343  Transferrin Solenopsis 0i|62912066 124/6.96 78.6/5.6 139 3/5
invicta 6
(344 Selenium-binding protein Acromyrmex  @i|33202186 90.2/6.7 52.7/6.9 171 3/8
) 1-A echinatior 7 2 9
354 PREDICTED: hexamerin-  Bombus 0i|34072185 45.2/6.2 120/6.19 36 1/0
like terrestris 2 0
355 PREDICTED: hexamerin-  Bombus 0i|34072185 46.2/6.3 120/6.19 42 1/0
like terrestris 2 4
357 PREDICTED: hexamerin-  Bombus 0i|34072185 46.5/6.2 © 120/6.19 44 1/0
like terrestris 2 3
359 PREDICTED: hexamerin-  Bombus 0i|34072185 53.7/6.2 120/6.19 50 1/0
like terrestris 2 2
Unclassified function
(24)  Muscle protein 20-like Solenopsis 0i|28502769 25.9/4.2 20.5/8.4 171 2/17
protein invicta 7 4 8
102 PREDICTED: protein Megachile 0i|38385238  29.6/5.6 22.5/5.5 132 2/19
lethal (2) essential for life-  rotundata 2 0 0
like
103 PREDICTED: protein Megachile 0i|38385238  30.5/5.6 22.5/5.5 102 2/14
lethal (2) essential for life-  rotundata 2 0 0
like
268  Hypothetical protein Solenopsis 0i|32279106 16.2/7.6 15.7/4.8 66 1/7
SINV_12721 (Natterin-3) invicta 6 5 6
Unknown function (no putative conserved domains were detected)
21 Hypothetical protein Harpegnath 0i|30719524  24.6/3.3 25.6/9.2 60 1/4
EAI_12686 os saltator 5 1 0
25 Hypothetical protein Harpegnath 0i|30719524  29.0/3.1 25.6/9.2 56 2/8
EAI_12686 0s saltator 5 1 0
31 Hypothetical protein Solenopsis gi[32279339  49.1/3.1  40.8/9.0 107 1/4
SINV_13437 invicta 0 8 4
(32) Hypothetical protein Camponotus  @i|30718853 54.9/3.2  43.7/9.0 98 4/9
EAG_16350 floridanus 5 9 7
(33) Hypothetical protein Solenopsis gi[32279339 47.6/3.8 40.8/9.0 66 2/8
SINV_13437 invicta 0 9 4
35 Hypothetical protein Solenopsis gi[32279339 55.1/4.6 40.8/9.0 116 2/6
SINV_13437 invicta 0 7 4
(38) Hypothetical protein Solenopsis gi[32279339  48.9/4.2 40.8/9.0 104 1/4
SINV_13437 invicta 0 1 4
Spot Protein ® Organism Accession Exper. Theor. Masco Peptides
No. number © MW/pl®  MWI/pl® tscore matched
é /Sequenc
e
coverge
(39) Hypothetical protein Solenopsis gi[32279339  48.7/4.0 40.8/9.0 113 1/4
SINV_13437 invicta 0 8 4
43 PREDICTED: hypothetical Nasonia 0i|34548701 18.0/4.5 24.0/9.0 34 1/6
protein LOC10068051 vitripennis 7 8 3
44 Hypothetical protein Solenopsis gi[32279339 35.0/4.2 40.8/9.0 86 1/4
SINV_13437 invicta 0 0 4
a7 Hypothetical protein Solenopsis gi[32279339 103/3.94 40.8/9.0 104 1/4
SINV_13437 invicta 0 4
48 Hypothetical protein Solenopsis gi[32279339 102/4.29 40.8/9.0 101 1/4
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49
50

(99)
(125

)
161

180

224

275
280
293

368

SINV_13437
Hypothetical protein
SINV_13437
Hypothetical protein
SINV_13437
Hypothetical protein
G5I1_06293
Hypothetical protein
SINV_13437
PREDICTED: hypothetical
protein LOC100743670
isoform 1

hypothetical protein
EAG_07856
PREDICTED: hypothetical
protein LOC100743670
isoform 1

Hypothetical protein
SINV_01247
Hypothetical protein
EAG_04387
Hypothetical protein
SINV_03310
Hypothetical protein
SINV_13437

invicta
Solenopsis
invicta
Solenopsis
invicta
Acromyrmex
echinatior
Solenopsis
invicta
Bombus
impatiens

Camponotus
floridanus
Bombus
impatiens

Solenopsis
invicta
Camponotus
floridanus
Solenopsis
invicta
Solenopsis
invicta

gH32;;9339
gn32;;9339
gﬂ33ég2507
gH32£é9339
gH35§}1120

0i|30718978
9

0i|35041120
3

0i|32279700
guso;isszg
gﬂ32£;9366
guszé?gssg

103/4.64

92.8/4.6
4

28.7/5.7
7

43.3/5.0
2

52.1/5.9
6

43.4/6.1
2

76.2/6.5
7

18.3/7.4
6
18./7.92

33.9/6.3
7

49.8/5.0
1

4
40.8/9.0
4
40.8/9.0
4
27.3/8.6
2
40.8/9.0
4
42.6/8.9
5

35.4/9.3
1

42.6/8.9
5

22.0/5.7
9

17.3/5.0
2

30.3/6.0
1

40.8/9.0
4

98

62

38

44

32

152

31

95

80

140

48

1/4

1/4

1/2

1/4

1/3

2/6

1/3

3/23

1/8

2/10

1/4

% Spot numbers according to Figure 1, numbers in brackets when more than one
protein was identified; ® Protein names in brackets indicate the most likely protein
obtained after BLASTP of the hypothetical protein sequences. ¢ Accesion numbers
in NCBInr protein database; ¢ Experimental molecular weight and pl; ® Theoretical
molecular weight and pl; T Mascot score reported after searching against the
Hymenoptera subset of the NCBInr protein database, scores 230 indicate identity or
extensive homology (p<0.05).
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