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Supplementary Table S1. Sequences of ticks and mites used for the phylogenetic tree reported in Fig. 1

>VdesOBP1_XP 022672530 .1 uncharacterized protein LOC111255133 [Varroa destructor]
MKVFVIIALVGMAKAAPQAPASATPAKVPVIEWGKCEQLKPSESERTSKAAVVDKCLOSLPLPDPEKATQQEIDKHRESVTTCALKAEGWFDDEGVYKFDRARNEIKNKKLDSEVEEAVLLKHDACQKEATEKH
DDYINQVQLYQACMDYNISQICGIKVMV

>VdesOBP2_XP_ 022645714 .1 uncharacterized protein LOC111243821 [Varroa destructor]
MKTFIGLVLVGMAMAAPPASGGPEAGKPPTIEWGKCSQLKPSDSERMTKAAVVEKCVQSLPLPEAGKASQAEIEKHREDVTTCALKAEGWFDDKGVYKFDRARDEIKNKKLASDIETPVLEKHAECQKEAGEKH
TSDYIKQVQLYQACMDFNISQICGIKVVS

>VdesOBP3_XP_ 022653293 .1 uncharacterized protein LOC111247029 [Varroa destructor]
MNAAVYIVTAMLACCCSADTASGDHASDTSQFGKWRTCLADKLPAKKREVFDECFIKPGGTDMNKFRRGLNCVLTSDGLLKNHKVDLKKMSMTAASAGSPELKKAYENCPKDDKNTSEDRSIKCLIDHLEVDCK
LASK

>VdesOBP4_XP_ 022653281 .1 uncharacterized protein LOC111247024 [Varroa destructor]
MYENRLLHLNGICGGGIQADRCEPAYLPDTVVRIIVKMKTLVVALLASTACLTAADTATGDHQPDSNQFGRWRTCLKSKIPENKQPGMEACINKPGGTDMSKFRRGLGCVLESYGIVNNHRVDLTKMRSSASLV
TSPELKKAFMECPKDDKNSSLDRSIKCVIDHLETSCSAVKAQG

>VdesOBP5_XP_ 022666940 .1 uncharacterized protein LOC111252778 [Varroa destructor]
MHRSFVLQCCGLLFIVGLALAGPLAKDKSERITPKQTVEEFFTSNWGECEPLKNPLVLPEISDAATWERCRVHIPLSPDQVEEALPNLSRCMLKVIGWVRANGNMNLTKYMDYLSQAGLDDKTLELTKTAHEKC
SORALSDGSGDYKEQDKIYVECIFRHFDKTCPPNFQAAVKQGYIVGITQISFVPRYDEVEVESDTDAETEGQAGPSVADATGEAAANDNANGSGGPQ

>Turt_XP_015786166 .1 uncharacterized protein LOC107363453 [Tetranychus urticae]
MKNLQSITILCLIFGFIVSTVYSQPLGSSDSNPDTQDTKEASTSVNDKSSDQEGSSESDEDAPTPVAGPHRPPTINWGKCPQLEPKEAEKKQKADITIRTCLKSITLPENITQESVEKHRTEVAKCALNAENWFA
EDGSYRYDKAESETIKNKKLOQPETIEPQIVNQHSECRKEAEEQFPSGIAQIQLYQACMDYHISMICGIQIVGTGYSQ

>Turt XP_015794342 .1 uncharacterized protein LOC107370892 [Tetranychus urticae]
MNYLSLCVFIIFFLTIGFSESARLPRSTSSPATSSSTTTTSSTVNNKKNEENQPSTSSASSSAGSATGGPTINWGRCPQLEPTNEEKIKKAAVITKCLESTPVPVNITRETVELHREQVAACALRMEGWEFNGQG
LYRFDKAENEIKAKKLTREVEEKVLSFHRQCKDEAEEKYPVSSNQLIAQIQLYQACMDYFISEVCGIEVQIAGSEGSSE

>Turt XP_015782945 .1 uncharacterized protein LOC107360741 [Tetranychus urticae]
MFLISLCLIVLVVNSSNCAPQATPNRQGGFSGQLOGPPQPPQINWGKCPQLEPVESDKKAKADIISSCLKSIALPENMTQETVEKHRTEVARCALNAENWFTEDGKYRYDKAESETIKAKKLSQEVEPQILRQHG
ECRKEAEGQFPSGIAQIQLYQACMDYHISQICGITIVGPSSPQ

>Turt_XP_015791022 .1 uncharacterized protein LOC107367785 [Tetranychus urticae]
MILITLCLVVLAINSSYGQPQRFLAPQPTSDQLEGSPQGGFPGQPQGPPQPPQINWGKCPQLEPKESDKKAKADIISSCIKSIPLPENVTQESTIEKHRTEVAICALNAENWFSADMKYRYDKAESEIRAKKLVS
DVEPLVLRQHGECRKEAEGQFPSGIAQVQLYQACMDYHISQICGITIVGASSPQ

>Hgin AAX37829 .1 HqO05 [Haemaphysalis ginghaiensis]
MVSLKAVLFVCALAFFTCVGSAPAAEPKQPEVNWGKCPQLKPTEEEKQQKAQVVDQCLDKIPIPDLDTANETVILKHREDVTTCALKTEGWFNKNGHYRFDRAKTEISNKKLPADVQPQVIAKHDECKKEAETK
FPKNFIAQVQLYQACMDHHISQLCGVKIEGDSHGGHSAGGKKASA

>Hfla AYH64978 .1 immunogenic protein [Haemaphysalis flava]
MVAFKAALFICALALPVYAQNAPAAEPQRPEINWGKCPQLQPSKEERQQKALVIDTCLEKVPLPDVEHANETVIQQHREDVTTCALHSEGWFNKNGQYRFDRARTEILNKKLAAEVEPQVLAKHDECKKEAEEK
FAHQFVAQVQLYQACMDYHISQICGIQIQALPQAGAAPPAQG

>Hlon ADK47399.1 immunogenic protein [Haemaphysalis longicornis]
MVAFKAALFICALALPVYAQNAPAAEPQRPDINWGKCPQLQPSKEERQQKALAIDTCLEKVPLPDVEHANETVIQQHREDVTTCALHSEGWFNKNGQYRFDRARTEILNKKLAAEVEPQVLAKHDECKKEAEEK
FAHQFVAQVQLYQACMDYHISQICGIQIQAGAPAGGVPQQPPQOG

>Isca_XP_ 002399632 .1 uncharacterized protein LOC8038114 [Ixodes scapularis]
MVAFKVSVAVLLCVGSAFAIPAGGKDLDAAAQTQAGVPPRPQINWGKCPQLQOPSENERQQKALVIDQCLDKVPLPDVDTANDTVIQQHROQDVTTCALKTEGWEFNSNGQYRFDRARTEILNKKLAKDVEPQVLSK
HDECKKEAEEKFAKNFVAQVQLYQACMDYHISQICGIQIAQAAEAHPQGAQQG

>Isca_EEC12103 .1 hypothetical protein IscW_ISCW008703 [Ixodes scapularis]
MWTSAGKSALVTLGVLLAVGVGLGDAGPVDPKKTDKPEKQTIHEFFSSNWGACEPLKNPLVIPEMSNPTTWVKCQKHLPEHPQDIEEYLPRLSRCMLKSTGWVRSNGNMNLSKYLQYLSLLGLDDETMNGTREA
HKGCIAKAYKEKDYKTQDKVYVECIFKFFTKSCSANFQGAVKEGYIVGITQLSFMPRMGPLEVVDDVEAEVSEDDAPQDVLPVTNSTSTS

>Isca_XP_002433530 .1 uncharacterized protein LOC8051706 [Ixodes scapularis]
MKILLITVVVCVFAATDASRRSTRRQOFTDWRNCMVEQLPSEKKPIYDACYNRSRGTDMHKFREGLKCVLTDYNLLNGTKIDLAAMTTRASSVSGKLGQAFTDCPKDDHNRNAAKGVKCIIDRLETDCPVPTGS
TAH

>Gocc_XP_003747300 .1 uncharacterized protein LOC100900705 [Galendromus occidentalis]
MKIFFAVALTILVCEVSADTASGDHTSDDSKFGKWRSCLASKLPADKQKVHEDCFKKPGGTDMSKFRRGLSCVLDSYGVVKDHKIDQAKMASTATSITSPELKKAFTECPKDDKNVSEDRTIKCVIDNLETTCK
LST

>Gocc_XP_003742126 .1 uncharacterized protein LOC100907366 [Galendromus occidentalis]
MNTFSCVLLGVLVAGACAGPIAKDKSERISPKQTVEEFFTSNWGSCEPLKNPLVLPEISDASTWERCRAHIPISPEQVEEALPNLSRCMLKVIGWVRPNGNMNLSKYMDYLSQAGLDGKTLELTKIAHEKCSSR
AFSQAANDYKEQDKIYVECIFRHFDKTCPPNFQAAVKQGYIVGITQISFVPRYDEVDEAGPVEEDAEPQQTQQEDSNSSIKDSDAQ

>Gocc-2_XP 003741537 .1 uncharacterized protein LOC100907454 [Galendromus occidentalis]
MKVFVLAAFVGLALAAPQAQQGASGGAPKNPIIEWGKCNQLKPSEGERTSKAAVVDKCLQQOLPLPDPEKASQAEIDKHRESVTTCALKAEGWFDDKGVYKFDRARNEIKNKKLDSEIESQVLVKHDECQKEATE
KHTDFINQVQLYQACMDYNISQICGIKVMV

>Tmer OQR79252 .1 hypothetical protein BIW1ll 05867 [Tropilaelaps mercedesae]
MKTLVIALIAGTACLAAADIATGDHQPDTNQFGOWRTCLKSKIPQDKQATMDNCVKKPGGTDMAKFRRGISCVLESYGVVNGHRVDLRKMGSTASSVRSPELKKAFQECPKDDKNASLDRSIKCVIDHLETSCP
LVKAQG

>Tmer OQR80083 .1 hypothetical protein BIW1ll 00054, partial [Tropilaelaps mercedesae]
VEQFFTSNWGECEPLKNPLVLPEISDGSTWERCRAHIPLTPEQVEEALPNLSRCMLKVIGWVRPNGNMNLTKYMDYLSQAGLDEKTLELTKIAHEKCSQRALSDGAGNYKEQDKIYVECIFRHFDKTCPPNFQA
AVKQGYIVGITQISFVPRYDDVEMEVDSDADAEDPNGAYPGPGADDANASSGGSSNNNNKDDSNNNNKADSNGDAQ

>Tmer OQR73552 .1 hypothetical protein BIW1ll 09656 [Tropilaelaps mercedesae]



MKVFVVMALMGMAMAAPQAPAAPTSAKAPVIEWGKCDQLKPSENERTSKAAVVDKCLOSLPLPDPEKATQQEIDKHRESVTTCALKAEGWFDDKGVYKFDRARNETIKNKKLDGEIEAAVLVKHDACQKEATEKH
EDYINQVQLYQACMDYNISQICGIKVMV

>Rann_ABV53333 .1 unknown larval protein [Rhipicephalus annulatus]
MVAFKAALILCVLVLPAYAQTAGAEPPRPEINWGKCPQLQOQPSKEERQQKALVIDTCLEKVPLPDVEHANETVIQQHREDVTTCALHSEGWFNKNGQYRFDRARTEILNKKLAADVEPKVLAKHDECKKEAEEKF
AHQFVAQVQLYQACMDYHISQICGIQIQGGAGAPAHG

>Rsan_AQP25670 .1 Rs 05br antigen [Rhipicephalus sanguineus]
MVAFKAALILCVLVLPAYAQTAGAEPPRPEINWGKCPQLQOQPSKEERQQKALVIDTCLEKVPLPDVEHANETVIQQHREDVTTCALHSEGWFNKNGQYRFDRARTEILNKKLAADVEPKVLAKHDECKKEAEEKF
AHQFVAQVQLYQACMDYHISQICGIQIQGAGGAGAPAHG

>Ldel RWS22631 .1 hypothetical protein B4U80_ 07214, partial [Leptotrombidium deliense]
PPQOGOOFHPQOQOGPPOOQOQOGPGGEQPPYPGSPQIYWGRCPQLEPTMDEKVKKAAVITKCLETTPVPONITQESVEVHREQVAACALOQMEGWFNDKGLYKYDKAESEIKAKRLSKEIEERILSYHKQCKEEAEE
KFPVSNKALISQIQLYQACMDYFISDVCGIDVLRR

>Ldel RWS28635 -.1 hypothetical protein B4U80 06376 [Leptotrombidium deliense]
MLKTVCFLLFATIAAVKCQQQPPEAPQPVPQAPPQPPPQPRINWGQCPQLEPKESDKQAKAKVIQGCLOKIPVPTNITQETIVQHQOREVALCALTTEQWFNEQGKYRYEKAENEIKRKGLOQPVIQTRIVFHHNKC
QTEAKEKQDVIQEVOMYQACMDYYIAQICGITVTTQ

>Dtin RWS02013 .1 hypothetical protein B4U79_ 11820 [Dinothrombium tinctorium]
MWKTVAIVIFFCVLFVDCQQPQEPKINWGKCSKIEPTEQDKQEKAKVIQGCLKQVPLPKNVTRESVAQHQREVAVCALNAENWFNEEGKYRYEKAERQIKSKKLEKEIETKILFHHNKCKREAQEKTEIIEEVQ
LYQACMDYYIAQICEITVN

>Dtin RWS11187 .1 hypothetical protein B4U79_15176 [Dinothrombium tinctorium]
MFHFLLLFVCFELIHCAPQRNVRLPEVNPSALPQKPSTPQQLOPQLNGQPRNSPQELFQLOPQAPNVRPQDQSAFPSEGPNENNRQHHNQPQOPPPPLPPIGPPQISWGQCPQLEPTMEEKIKKAAVITKCLEL
TPVPTNITRESVELHREQVAACALOMEGWFNEKGTYRFDKAESETIKNKKLOQKDIENRVLTYHKQCKEEAEEKFPISSONLIAQIQLYQACMDYFISEVCGIEVGPSAPAEF

>Dpte XP_027195173 .1 GATA zinc finger domain-containing protein 10-like [Dermatophagoides pteronyssinus]
MFRSIIFTLLLAMMMFIIVDANIPNHYHHQQHNTSIKLASSMQQOPSTQSIPLOASASQQOSNTIMNKQOOQOQQOOHSHOQOHQOPTLLTLEQQQODLLEQLAQLOROTQOQOLLAAQQSLAAVAAAAAVNNNGDANSQTGG
NIPASGSANIGHLHHHQHQQQQOPNHAQQFGRQQOSINQSNTRSSSSSSSSSNVGHNNKPIQLONTNGSDGNNNNSGNNNNNGNSQTTAINNGLPQSPQINWGKCPELEPSEQEKLAKANVITKCLETTPLPTNIT
RESVEQHREQIAACALRSEGWFTQQGGYDFSKAEKEIKNKRLQEDLENQVLNYHSQCRVESEDKYPTSTNSSIIAQIQLYQACMDYFISDVCGIEVNDSDVPQF

>Dpte XP_ 027194279 .1 uncharacterized protein LOC113788996 [Dermatophagoides pteronyssinus]
MKFSTIFAITLATSSMMMMTVMAANKKNKIVAAASEPSTVSVQPADQTPRRPKINWGRCPQLEPTERDIESKSNILQECLRONPPPQSESITQEQITQHQQOKVTECALKIENWFDKNGEYKYSKAEKEIKNKNL
AKDMEKKLLESHKQCSQIAKDRSQAVKNMTIVEQVQVYQGCMDAHITQNCQIEISAV

>Ssca_KPM10909 .1 hypothetical protein QR98 0094740 [Sarcoptes scabiei]
MIANMNLYALAITLLLAHLCDAQSTEKLDKSKLKQQQOQOLPQRPKIDWGKCPQLEPSEKDIKSKSNILOQRCLKENPPPNODSITPELIIGHQKNVTECALKIENWFDKKGDYKFEKAEKEIKNKKLSSEMQKALV
GSHQDCAEVSKTQKKQSKTPMDVVEQVQIYQGCMDAHITQHCQIKIGA

>SscaOBP_KPM10930 .1 hypothetical protein QR98 0094950 [Sarcoptes scabiei]
MMATIHQLFLTTVASLWSVMLMTAVVALPQPLNTSTNNKPADSISTASSSSIDSNVPLMASASSPSGONLRSSSQOPMLLTLEQQQELLDQLAQLOROTQQOLLAAQQSLAAVAAAAAVNGNNNGVSIGTPLDGNS
NNDAGSHSPITSGSIQYHRQONQQQTHPTTQQOLNNPTSNQQSAATRNDNIDQGSLEQSQSKSNQLNOMINNAQNSQSQSMSGLPQSPQINWGKCPELEPSEQEKLAKANVITKCLETTPLPANITRESVEQHRE
QIAGCALRSEGWFTPNGGYDFSKAEKEIRNKHLQADLENQVLNYHGQCRVESEEKYPTSNSSITAQIQLYQACMDYFISDVCGIEVNDTDSPQF

>Rmay_ OTF72123 -.1 hypothetical protein BLA29 010316, partial [Euroglyphus maynei]
QLPRAPKINWGRCPQLEPTQRDIEAKSSILQECLROQNPPPQSESITQEQITQREYKYEKAEKEIKNKNLAKEMEKVLLESHKQCSQIAKDRKQAVKNLSNVEQVQIYQGCMDAHITONCQIQISAV



Supplementary Table S2. Assigned disulfide bridged-peptides identified in the tryptic/chymotryptic digest of OBP1, OBP2 and OBP5 from Varroa
destructor. Reported are the protein under investigation, amino acid sequence, amino acid position within corresponding protein sequence,
experimental/theoretical mass value of the observed parent ion, modified cysteine residue, and software used for characterization. $ Cysteine involved in

disulfide bridge; * bridged or linear peptide with aspecific cut; * software used for identification.
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Supplementary Table S3. Ligands tested with the four OBPs of V. destructor. Ligands are arranged in order of number of carbon atoms (No C).
Tested ligands with each of the four proteins are marked by “v”.

OBP1 | OBP2 | OBP4 | OBP5
No C Ligand Tryptophan Competitive
quenching binding
Terpenoids
8 Vanillin v Vv Vv
10 Safranal Vv v v Vv
10 Coniferyl aldehyde Vv v Vv v
10 (+) Carvone v
10 (-) Carvone Vv
10 Citral v
13 | B-lonone v v \ \
13 Geranyl acetone Vv v
15 Farnesol Vv v
10 | Ocimene Vv
Aromatics
9 Homovanillyl alcohol v v v v
8 Piperonyl alcohol Vv
8 Methyl p-hydroxybenzoate Vv Vv Vv v
10 | Carvacrol Vv v
7 4-Methylcathecol \ Vv
13 Methoxybiphenyl \ Vv
7 Benzyl cyanide v Vv
10 Eugenol Vv Vv \
10 Thymol \ Vv
9 4-1sopropylphenol %
11 Methyleugenol \ Vv
9 Methoxyvinylphenol \ Vv
11 p-tert-Butylbenzaldehyde \ Vv Vv
10 Methoxycinnamaldehyde \ Vv
13 Cyclamen aldehyde Vv v
11 Methoxyeugenol \
14 | a-Pentylcinnamaldehyde \ v v v
Acids, esters, aldehydes, alcohols
10 Decanoic acid v
10 Decanal Vv
10 9-Ketodecenoic acid \ Vv Vv v
12 Dodecanoic acid \
12 1-Dodecanol Vv
12 Ethyl decanoate v
16 Z11-Hexadecenal Vv Vv
16 Ethyl myristate Vv
18 Ethyl palmitate Vv
18 | Oleic acid Vv v




Supplementary Table S4. Primers used for cloning and expression of varroa OBPs. Restriction sites are underlined, stop codons are in bold.

Name Sequence
VdesOBP1-Nde CGCATATGGCCCCTCAGGCACCTGC
VdesOBP1l-Eco CGGAATTCCTAAACCATGACTTTGATACC
VdesOBP2-Nde CGCATATGGGCCCCGAGGCCGGAAA
VdesOBP2-Eco CGGAATTCTTAAGATACAACCTTAATACC
VdesOBP3-Nde CGCATATGGATACCGCCTCCGGAGA
VdesOBP3-Eco CGGAATTCTTACTTTGACGCCAACTTACA
VdesOBP4-Nde CGCATATGGATACTGCTACAGGGGATCA
VdesOBP4-Eco CGGAATTCCTAGCCTTGAGCCTTTACGGC
VdesOBP5-Nde CGCATATGGGACCTCTGGCCAAGGA
VdesOBP5-Eco CGGAATTCTTACTGCGGGCCGCCGCTGCCATTG
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Supplementary Figure S1. Fragmentation spectra of disulfide-bridged peptides identified in the tryptic-chymotryptic digest of V.

destructor VdesOBPS5 as revealed by nanoLC-ESI-Q-Orbitrap-MS/MS analysis. The fragments are highlighted in different colours depending on

peptides present in S-S-linked species, and on the corresponding b and y ion series. Complete data on disulphide-bridged peptides are reported in

Supplementary Table S2 online.



SECMALS at different pH

pH 9.7

pH 4.5

Supplementary Fig. S2. Analysis of VdesOBP1 aggregation in solution at different pH values, namely 4.5, 7.0 and 9.7, using HPLC with multi-angle
laser light scattering /UV/ refractometry (SEC-MALLS-RI) coupled detectors (Wyatt, Santa-Barbara, USA). Mass values of 15,708 Da (pH 4.5, blue),
16,143 Da (pH 7.5, green) and 15,306 Da (pH 9.7, red) were measured.
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Supplementary Fig. S3. Ligand-binding assays with VdesOBP1 and VdesOBP2. With these two proteins we could not observe any blue shift in
the fluorescence emission spectrum of 1-NPN in the presence of the protein. Therefore, we monitored the quenching of tryptophan intrinsic
fluorescence caused by the entrance of a ligand in the binding pocket. Only chemicals capable of energy transfer were used in such assay.
Tryptophan was excited at 295 nm and emitted fluorescence was measured around 335-340 nm.



Supplementary Fig. S4. Predicted phosphorylation sites (highlighted in blue) in the sequences of the five varroa OBPs. The six conserved cysteines
are highlighted in yellow. The software used was NetPhos 3.1, which predicts serine, threonine and tyrosine potential phosphorylation sites in
eukaryotic proteins. The predictions are relative to the following kinases: ATM, CKI, CKIll, CaM-Il, DNAPK, EGFR, GSK3, INSR, PKA, PKB, PKC,
PKG, RSK, SRC, cdc2, cdk5 and p38MAPK.

Reference: Blom, N., Gammeltoft, S. & Brunak, S. Sequence- and structure-based prediction of eukaryotic protein phosphorylation sites. J. Mol. Biol.
294, 1351-1362 (1999).
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