Toxins 2019, 11, 448; doi:10.3390/toxins11080448 S1 of S11

Supplementary Materials: Bottom-up Proteomic
Analysis of Polypeptide Venom Components of the
Giant Ant Dinoponera quadriceps

Douglas Oscar Ceolin Mariano, Ursula Castro de Oliveira, André Junqueira Zaharenko,
Daniel Carvalho Pimenta, Gandhi Radis-Baptista and Alvaro Rossan de Brandio Prieto-da-Silva



Toxins 2019, 11, 448; doi:10.3390/toxins11080448 S2 of S11

Contig164_BZ-2 D. quadriceps venom dipeptidyl peptidase 4
[Corrected] 5'3' Frame +1 insertion G position 359

1 cgtcgcgectgecageggtattttcgaacate
ik N T T T, S T T R i
76 ATGGCAGGACACACGGTTCTCCCACTTTTG
171 FREETE F SR G R T R/ B TG )
151 GCGCTGTTCAGCTGTCTGTTCGTCATCGGGCAA
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Figure S1. Structural nucleotide organization of venom dipeptidyl peptidase-4 of D. quadriceps expressed
transcript contig164_B2-2. The product of this transcript is found in SDS-PAGE, gel band 1. (Figure 2, in
the main text). In purple, part of the 5’UTR is shown, followed by the start codon that initiates the signal
peptide of 21 amino acids predicted by SignalP 5.0 (in yellow). Followed by the coding region of a mature
protein with 752 amino acids (pink), the active site is indicated by the catalytic triad (green diamonds).
Followed by the stop codon, the 3 'UTR region (purple) and the polyadenylation signal (ATTAAA),

indicated by a yellow box.
Contig75_B2-2 D. quadriceps Glucose dehydrogenase [FAD, quinone] 3'5' Frame 2

(TR /AT 7\ S G (T T S TS S T ( S < B B R = S/
ATGGGCATCGAGAGCGTTCTGGCAGGGGGTTTGACCACGGCCTCGACCGGGTTCTCTTGGTTCTATCCAGT
25'n A A A L V ¥ F H ¥ E ¥ M D N E A
451 CCTCGCCGCGGCGCTCGTCTACTTCCATTACGAAGTTATGGACAACGAGGC

polyadenylation signal

‘ Active Site (Proton acceptor)
7] Nucleotide binding, FAD
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Figure S2. Glucose dehydrogenase precursor [FAD, quinone] encoded by Contig75_B2-2. The mature
peptide was found in the venom proteomics, according to explanation in the main text. The cDNA
encodes a precursor with 627 amino acids, the mature part of which is indicated in salmon. The
nucleotide binding site is indicated by the pink box. The 5 'and 3'-untranslated regions (UTRs) are
indicated in purple. The polyadenylation signal is indicated by the yellow box. The proton acceptor of

the active site indicated by a green diamond.
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Figure S3. Structural nucleotide organization of the precursor of D. quadriceps MRJP-like venom protein.
The contig98_B2-2 cDNA code for major royal jelly protein-like in giant ant venom gland.The mature
toxins were found in the venom by the proteomic analysis (this study). Non-coding regions 5 'and 3'-
UTRs are indicated in purple. The predicted signal peptide is shown in yellow. The coding region for the
mature protein (detailed in the main text) is indicated in beige/orange. Start and stop codons are indicated

Contig98_ B2-2 Dinoponera quadriceps transcribed RNA sequence
Yellow like protein precursor [Major royal jelly protein domain] 430 aa

5 UTR g r v I L L A T L S V A
gccgtectecggagcagaccaggtctaccgattecaaacgat ATGTTCTATATACTGCTAGCCACTCTGTCCGTGGCG
A G H T EEEEREGENEEENEE T G T T
GCTGGCCACACCTTCGACACCTTCAATACCGTTTACTCGTGGAAGCAGGTCGAATACGAACTCCCAAATGACACC
I RN KL I A S G D Y V P Q NNTIPIL G UL A I W R
ATCCGAAACAAGCTCATAGCTTCCGGCGATTACGTTCCGCAGAATAATATACCGCTGGGTCTGGCTATTTGGCGC
DR M BRI E SR WK KRS G T AR NS VA NG SRR S MBS D
GACARAATGTTCGTCACCGTGACGCGGTGGAAGAARAGGCGTTTTGGCCAACGTAARCAGCTTCTCGATGCACGAC
K5 5 5 RN PSS PR R R NN ST PR NG Y
AAATCGTCTAGTCCAATCTTGAAACCGTACCCCGACTTTGAGACARACAACATCCACTCGCCCGATGGCATCGTA
N I F R L RIDSCDU RMW®WSGUILUDTGV DODTI MG
AACATCTTCCGTCTCAGAATCGATTCCTGCGATCGCATGTGGGGCCTCGATACGGGAGTGGACGATATTATGGGC
Ef NG S RSP MR LT B DT K NS K TR R YT
GAGGGAACAGTCGTACGGCCGATGAGACTAATCGTATTCGATTTGAAAACAAACAAGATTATCCGCAAATACACT
L. ¥k pb® DK K P D T E I A DL A V DV L B G @ C G
CTGAAGGACACGGACAAGAAGCCGGACACGTTCATTGCCGACCTCGCGGTTGACGTGTTACCTGGACAGTGCGGC
K A ¥ A Y M 8 b F A A Y G I VV Y S WEZXKNTD S W
AAAGCATACGCGTACATGAGCGATTTCGCAGCGTACGGGATAGTGGTGTATAGCTGGGAGAAGAATGACTCTTGG
R I N H N Y F HF NPV DTUDYNUVNGGYNTF Q W
CGGATTAATCACAATTATTTCCACTTCAATCCGGTGGACACTGACTACAACGTCAATGGTTACAACTTCCAATGG
TAD G VB E MBS TS P KSR A D Gy RS Ty SRR H S
ACCGACGGTGTCTTCGGGATGTCGCTGTCGCCGAAGATTCGTGCTGACGGT TACAGAACGCTCTACTTCCACTCG
MESSEE G SENT RN E SRS VA SAE E DR Vi SR ORI SRR S K S RS
ATGTCCGGCAGCACAGAGTTCTCGGTGTCCACGGACGTTCTGCAGGATCAGACGCTGAACAAATCGAGCAAGTTC
H N F BE I VvV G NKGZPTILTOOG®PS s I I DPE T C
CACAATTTCCACATCGTCGGCAACAAAGGGCCGCTCACTCAGGGGCCGTCCTCCATCATCGATCCGGAAACGTGT
I b Y F T Q VNI RUNGTIA AC®WUDTIEXKTITZ ETLT®PET
ATTGACTATTTCACTCAGGTGAACAGARACGGCATCGCATGTTGGGATACCAAAATCGAAT TAACTCCGGAAACA
F K L Vv A2 9 DN XK T L V F P Q DIL T I DN K S R K
TTCAAATTGGTAGCGCAGGACAACAAGACGTTGGTGTTCCCTCAAGATCTAACTATCGATAATARATCTCGGAAG
T/ AT B S N AT 2~ S TG < T T E A S T S G
ATATACGTTCTCTCGAATAACATACCGCGATTCCTGCAATCTACCT TCAATCCGTCCGAGACGAATTACTACATT
T M A DL N KL A I L € K QN P M G P R W P M K I
ACCATGGCCGATCTCAACAAATTAGCGATcTTGTGCAAACAGAACCCAATGGGACCAAGGTGGCCAATGAAGATA
TR S SR TINN R SR F R E T/ )V VI T R P [
ACGAAGTCATTGAAATCGGATGAGAAAGATGACTATATGATATTTCCCGACTATTAé%AGtacgatgcgaaacaa
ccctgtaagggcgtgatattcecgagaatattatatgaatattattcaatattaaaataatattecgecataatttte
taagaatatgccgggaatattattacgcgettatagagaacgcagcgagcgaggcatagactgtatacaacccat
gattgcattaattcaagcatatcaacgttatctctttattcctcaaaagttttatatttaatcttttgtaattge

ttgaaaktataadtgcacatgtaaatgcaaaaaaaaaaa ,
polvadenylation signal 3'UTR

with asterisks. The putative polyadenylation site is indicated by the yellow box.
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Contig27_B2-2 transcribed RNA sequence, phospholipase A1 2-like, Dinoponera quadriceps

1 KRR AC T T R R S
76 ATGAAGTTCATCACCGCAATTCTCGTAATTTTTTGCGTGTATTTACTATCT

‘ Active Site (Charge relay system) peljeacnylanonsizaa,

Figure S4. Structural organization of the Contig27_B2-2 cDNA that code for phospholipase Al in the D.
quadriceps venom. The full-length precursor is 379-amino acid residues long. A signal peptide with 20
amino acids, as predicted by SignalP 5.0, is indicated in yellow. The 5 'and 3'-untranslated regions are
indicated in purple. The mature sequence is indicated in light pink and the putative propeptide is visible
in the region indicated in orange. The mature peptide has 11 cysteines of which 10 are conserved among
the PLA1s from the venom of hymenopterans. The mature peptide is found in the venom as detected by
proteomic analysis (this study). The amino acids in the active site are indicated by green diamonds. The
predicted polyadenylation signal is indicated by a yellow box
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Contig385_B2-2 Dinoponera quadriceps venom Hyaluronidase

L B ¥V R N 5§ L, =T T A F A T V¥ I, VW A G F F
TGCTACCAGTTCGAAACTCTCTGATTACTGCCTTCGCGACCGTCCTGGTCGCCGGTTTCTTC

G S5 B A
GGCTCAGATGCG

Figure S5. The venom hyaluronidase precursor, transcript contig385_B2-2, from D. quadriceps venom
gland. Venom hyaluronidase was identified in proteomic analysis (this study) and confirmed the
presence of the transcript product in the venom. Structurally, the untranslated regions, 5'-UTR and 3'-
UTR, are indicated in purple. The coding region comprises a precursor of 368 amino acids, containing a
signal peptide of 25 amino acids, as indicated in yellow, and a mature protein with 343 amino acids, as
initiated in rose. This venom component belongs to the family of glycosyl hydrolases 56. The conserved
cysteine residues, that form intramolecular disulfide bonds are indicated in bold and the proton donor
of the active site is indicated by a green diamond. These characteristics are typical of a catalytically active
hyaluronidase, in D. quadriceps venom.



Toxins 2019, 11, 448; doi:10.3390/toxins11080448 S7 of S11

Contig12_B2-2 Dinoponera quadriceps Major Allergen-3 Precursor (CAP/SPC)

76
1 8§ & © M oL o F o I W o I A

151 ATGTCGAGTTGTATGTTGTTCTTTACTGTAATCATAG
14 G W B o E O A ]
226 CGGGGGTGTTTATGGGCACAATCGCG
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Figure S6. Structural nucleotide organization of transcript contigl2_B2-2 that code for major allergen-3
in D. quadriceps. The major allergen-3 was identified in the proteomic, in this study, as one of the
predominant components in the crude venom. In orange, the mature polypeptide is evidenced with its
conserved 8 cysteine residues (in bold). This protein structure is typical of the V5-SCP/CAP (CRISP)
family. Highlighted in purple, is indicate the 5'- and 3’-untranslated regions. In yellow the putative

signal peptide as predicted by SignalP5.0. In yellow, the polyadenylation signal is boxed.
Contig8_B2-2 Ant Venom Allergen 2/4 (OBP/PBP)precursor Dinoponera quadriceps

RO T/ M R TR AR L S T T R TR AR G A A (5
ATGAAGTCTGTGATGATAATTGTAGCTATATTGGCTATTACGACAGTGGGTTACGGT

pataaaa

Figure S7. Structural organization of D. quadriceps venom gland transcript for Venom allergen 2/4
(Contig29_B2-2) and respective protein precursor product. The sequence is 675 bp-long. In purple the
untranslated regions (5 'and 3' UTRs) are shown. In yellow the signal peptide region predicted by
SpecialP 5.0 (19aa) and in pink the mature peptide (112aa). A polyadenylation signal is indicated by a
yellow box. Four conserved cysteines in the Ant venom Allergen 2/4 family are indicated in bold type
and may form two disulfide bonds by similarity.
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Contig511_B2-2 BPTI/Kunitz serine protease inhibitor
Dinoponera quadriceps

3'5' Frame 2

1
1 FL Y R O VI NI TS (R A B 7
61 TGGCCTATATCAARAGAATCGARCCTGTT TTGTTTCTTTGCE
15 vV I ¢ T L L H E I T A [ESmtEm
121 CGTCATTTGCACCCTGTTGCACGAGATAACAGCTGA
35
181
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661 polvadenylation signal
Figure S8. The D. quadriceps venom component BPTI/Kunitz-serine protease inhibitor. The structural
organization of transcript Contigb11_B2-2 from the D. quadriceps venom gland, identified by peptide
mass fingerprint mass spectrometry analysis is shown. The signal peptide is shown in yellow; The mature

part in salmon. The yellow box indicates the polyadenylation signal. In purple the untranslated regions.
Dinoponeratoxin pilusulin-like [Dq-1969.45]P
Contig 1_A12_G5_1_DVC1

1 K L S A L
TGAAACTCTCCGCTTT

7 EESHERT: VA G M G T TS M A M G T M S VA T N 2
121 GTCGCTCGTTTTTGGCATGATTCTTATGATGACGATCATGTACACTAATGCAC
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Dinoponeratoxin pilusulin-like peptide [ Dq 2532.04 Da]
Contig 1_F07_C7_2_DVB1

1
1. KO SERATE T
61 TGAAACTGTCCGCTTT
7 ST e G M TR T Ve M T To M Ve T KO A S B AT
121 GTCGATCATTTTTGGCATGATCCTTGTGATGACGATCATGTACACTAAAGCAGAAGCGGA
181
47
241 1
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(B)
Dinoponeratoxin ponericin-like precursor [Dq-2562]
Contig 1_F12_E3_DVA2

K L S A L

TGAAACTGTCCGCTTT
SERTE T FE G MO TV M T T MOV T KO A E A A
GTCGATCATTTTTGGCATGATCCTTGTGATGACGATCATGTACACTAAAGCAGAAGC

©
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Dinoponeratoxin pilusulin-like peptide [Dq-3164.76]
Contig Consensus_34 TX09_DIQUA

AACTGTCGGC TTTCACGTTG GCTTTCGCCT TAATCCTTAT

M K L A F A L I L M

g e e
Signal Peptide
GATGGCGATC ATGTACAATA TGGCGGAAGC
MR AT M Y N M A E A

(D)

Figure S9. D. quadriceps venom gland transcript precursors for dinoponeratoxins (pilosulin- and
ponericin-like peptides) with their respective peptide products, identified by proteomic analysis. The
structural organization of transcrips and respective mature peptide, are as follow: A. Contig
1_A12_G5_1_DVC1 Pilosulin-like Precursor Peptide [Dq-1969]; B. Contig 1_F07_C7_2_DVB1 Pilosulin-
like Precursor Peptide [Dq- 2532]; C. Contig Consensus 34 Pilosulin-like Precursor Peptide; D. Contig
1_F12_E3_DVA2 Pilosulin-like precursor peptide [Dg-2562]. In purple, the transcript untranslated
regions (UTR) are shown; in yellow the signal of peptides as predicted by the SignalP 5.0 algorithm and
in salmon the regions of the pro-peptide. A yellow box indicates the signal of polyadenylation
convenience in every 3’-UTR sequence. The amino acid sequence of the mature peptide, of which
fragments were identified by mass spectrometry analysis (this study) are indicated by open box or
underlined.



Toxins 2019, 11, 448; doi:10.3390/toxins11080448 S11 of S11

D. quadriceps poneritoxin ICK-like

1
1 M N
61 ccgtattttagtagaacagatttcttcgaactagccagcacatcttttcgatﬁﬁgfﬁﬂl\
3 T T VT T T T 2\ S T I T S/ T, B2 SR /AR ST S SIS S D) B 2\
121 CATTTATTTAATGTTCACGTTAATTGCCCTGCTTGTATTGGCAGTTTCTTCTTCTGACGC
23 E* I c) 1 K - N M 1 CHRWART N P ¢ (A C
181 18 1 ATA"
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(A)
D. quadriceps Knottin-like Contigb16_B2-2

1 AT T S T A R AT G R
[AIEEECARATIAATCCICIICEICEICETIALCECIICRIAGCTENILC LG

18 I M A
121 TATCATGGCAACT
38/€ A N I
181
58
241
301
316:
421
481
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(B)

Figure S10. Structural organization of transcripts encoding knottin (ICK)-like toxins from the venom
gland of D. quadriceps, of which identifiers of mature peptides were found in the venom proteomics. A.
Contig 1_D07_A11_4_DVB1 coding for an ICK-like toxin (Ul-poneritoxin-Dq5a) similar to neurotoxins
from honey bee and Conus sea snail. B. structural organization of the transcript contigbl6_B2-2
gi15788953991 encoding a toxin similar to neurotoxins from honey bee and the ponerine ant O. monticola.
The 5 'and 3'-UTR transcript termini are shown in purple. The signal peptides were predicted by SignalP
5.0 and are indicated by yellow boxes. The mature peptides, of which the full sequences matched several
peptide fragments identified by in-solution proteomics, are enlightened in pink color. The
polyadenylation signal (AATAA) are indicated by yellow boxes. The start codon and the stop codon are
indicated the conserved cysteines which may form disulfide bonds are indicated in bold.



