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Eepuawis Corstraimts m the chameterizating of micoo bt community that cirenbates in the bust have limitge] the ecten of
Hukr-iembiuls inlire o oo-nitecidon sudles innawral popolaioes, 1 this smdy, we used 2 memproseomecs approach 1o charectenize the
Tulercuhesh

mandibular [pmph mdes microchiogs of wid boar (Sas wenly] mapdly exposed oo acreasing oend of
Mfreabaciiriure mdercufid comphes (AT - ieer resshis shermad o riloction in mirebick, dharmily el
changes In the composition, sractene and heedenality of che microbéma coanmamity resociaged with in Increase
in milroniceds provabond, Inom 45% o 2MI206 w0 B3% in 2012, Thise rempors] chingis wins sdoaim-
e by an meremse inoshe selative abundanoe of Sohesa, Tiwlms and Pestine geoere and 3 decrease mche
Ascapraparies pd Chlorello & pisfilve asscdmion was alse evidenced betvween the prevalence of inbeoulosis
il T pegeien of micteahial peatsing aesponshle Far calwliilessn tostssor aml menbalism, Oue Godings
suggest BITC-host-nuicrobicts invermctions at the popadation level, which may oocor in order o ensuns sefficient
inelahilie resoirees far M sareval, grsth asd aasnissis. We drangly rerommend te ise ol mistapns.
renmics when stsdying microhism communities inowildlife popalations, S which mditdonal diagacetic pch
niygues o Himited aml in which new organisme wiif o pathsgesic poiciial e domesstic aptmaly sl homems
Ay AT

Microbloin diverscy
Fabsiy, Thalerte el P gesed
e hwalih

1. Introduction reseryiat of MTC (9], sinee (hese Mediterransin pepulalions hapve thi

highest prevalence reported worldwide [10], Sudies have shown that

Tubsereilesia C16), which 8 chsed ll:f H}'{Iﬂdﬂml LR e (TR
comples [MTC), s a chirmle ifecioe dissase tha alfecs domestke
pnimnals [1], wildlife epecies [2] snd humans [7]. Degpite the hape of-
foms made o comdred animinl TH io the indvesrialized world (4], this
eoonoiic disease is qill highly prevabent i othe cande of certain coun-
mrirs as a consequence of MTG being maintained in wild reservairs
[5-7] omd orher demestic andimale |8], In the Thorian Pepinsula, the
Furasiin wild boar {5us crofe) i considersd o be the main wild

e porectic Focioes of Boaie §01-13), parhegen cradis [04] ass on-
whronimental condiidues | 00,15] are e madn dovers of MTC infecibon
in these populsdions. Howover, bttle &= known about the impacts of
mirrabion interactions oo a host popolatian that s namally ceposed
i T infectbon. The interaction betwesn MTC and ather miore:
arganizms fias been peorly chamcrerized, and those results that exest
were ahtaimed from studies thar focused om a lemited simber of mi-
cronrganisme, which were principally maoropamsiees and vimoses | 06].
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HNopwith=ianding, Imereasing evidence suggesin thar ther co-peoirrence
af madsiple microsnganizms crcolating wishle o lest populstion may
profoundly aler the infection, cithar by fecring infections through a
hiest vin emrmene soppressdon and resaurce depletion, ar by hampering
intecrior thaczh the induerion of crosi-cffecrive immane maponses o
the competition for resources within the hast | 17-15].

Coelnfecrions (Le.. muldple microoegenisns ciroalating within o
hiowl} are expected o oeewr ona widespread beis in mstural popEolatioee
owing Bx e DOSTE CXPOSIIT: [0 Var KNG TuicTooTRAndsms [ L3, The co-
infection of mycobacterin apnd parasites bas been studied in human
[ 23,21 ], domestie animal [22] dnd wildbife hose (T8 231 I che e of
wilel boar, prsitive interactons. hawe been foursd Between MTC iafer.
o aonl porcioe cinoo it trpe 3, Aujeseky's discase viow, or Mens:
drongplin spp [ 18], However, desplie the relesance of ihese finfings =
regards a better understanding of TD dynamdcs, they were decived fram
simdies that assessed . limited nomber of pashogens from the mécro-
bicda commnndty thal might co-oviur e the o, In addition, o
fevtios studics hove ofwen loeesed an the kaown arbagens of o specithe
hioet, e placing bees releranoe on the rale of the commenzal and ather
potential pathogenic misorganiams: Pafil pecently, consieainie with
which to cheracierize the host microbiot have limited tke capabilsy o
arclerstand the complex processes underlving micmoorganism ooosys-
tems il their imtersction within the host popalaliens (241

Reoeni advanoes i “mem-omic” approaches have subsantialky
improsted the abiliey 1w investigie micredinl eoalogy [25.26), Whike
metagenaniies makes i peasible o aceosnt for microbhia potestlal,
metaprolenmics goes further amd establizhes a direct link etweee the
genetic potentiol and o Mectional metabolism (27,251 Metmroteomics
sriidies have provided phylogenetie and fanctienal ingights inpo eom-
plex micrmehiad sonwnonitics & & given point in tme, apd mamcly o
the aalysls of soil [29], marise and [redhaster eeogystess 30,97, the
anestinal ract of humans and anismals | 32,33, natursl and bioengi-
neerel systems [54,35] and dek miceobiomw [26,37]. Hssever, [ow
sridies have wied metaproteomies in order © atoin & botter usder.
standing of the mfecticn parterns ard mechanicns thar ane respoisible
for co-infections in the same host gystem [28). These madecular me-
chandsims may provide targer prodeing or biological pathways with
which to develop mew intervention peotocols far the dimgnasis, pre
ventiom, and contrcd of mfectious diseases [30],

The: Burriun wild Boar is the ancestor of the demiste pag, and &
ane of the mast importans model spocies wsed when researching bumnnn
infretons disensns maring bo the simidlanitics n the pdyoalogy and me
manc respoeess af hoth specics 153%9,000, Wild boar sre highhy suscephible
o yveahocrerin o reproduce some off the clinend siges observed in
humans [%.41 §. Infectinn oceurs mneily through aral-nass] mules; with
the mandibadar ymph modes being thae tissae mest feqoenly affeosd
(h.e., mone e (e of M0 lesons are presest i the mandibalae
lymph nedles [42]), and is possilly the main ergen resporsible Tor ihe
progression of the discasc after the disseminaiion of the infocien
thrawiglsain e arpanism. Comsmsinides of sinbkle micmarganiens hawe
been described o the vmph podes of healiby wild ungulates [43] and
sloughter pigs [44,45), smpuesting that the commensal, esdemic and
pitential pathogenic microngmisms thal ciroolate within a ko po-
pularion may be concendmated in these Hames [46-448], We, therofone,
nsed the Berasian wild boar g8 8 maded and applaad & meetaproicoemics
aprraach i vecler pr charcienize the srocwre aml nclooaliy of tee
microbiota commurity co-oxisting in a host population thet is notveslly
exposed 10 MTC Infection, amd for which an increasing tend of TR
provialenoe wa abssrved.

2. Materials anel methods
1. Bohival approval ol consenl ie participane

Al opdmal campling tock placy pea-mortem. The wildlifo aameples
wrre nhtained From buter-haneested individuals thar were shoe during
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ErmEns programs imglemenied on J nanine reserve independenily and
priar 1o our research, Accorddisg o EU and Mavenal legislaclon (20107
637UE Diireclive aed Sponish Boyed Deceee 53/3013) omd to the
Uimiversity of Costilla - La Moncha guidelines, no permission or consent
i required o eomduer the refearch reported herein,

22 Wik boor sampling

The: sampling ook plce O @ Bare Teserve lecated In the eeniral-
saulhen reglon of Spain (308 $0E219E, 436319%N ), This natere e
werv s casping o o bong e survey proagrnse [ aaing 30 pears) witk
the nhjective of monitoring the demagraphic and healh ends of s
wibid boar popalacion. The poevalence of TH has almost doubled in this
prepulnthn aver the |ase T years, wichaut any evident charges im ba-
hitat oo management poactioes [12]. We employed retrozpeciive data
Tecondds a8 4 basis on which 2o select rvesile (e, Jess than twe vears of
age] aml ixlalt {Le, more ihim wo yeiars of agel animals thal were
indected aind eninléened with BTG in the nea sampling periods in which
the greatest - differenos in TH prevalencoe war recorded: Time 1 (20027
NE—45% TEI and Timwe 2 (HHA12-F53% TRL A toal of fen groape of
animals were sampled, fve io oeach sammpling-periocd: i) juveniles
withoud TB compatible lesions amd & negetse mycobactenia onliure
Ll TB- = 5 i) juveniles with TBoompatible lessons el o poilive
myenhacteria culoe Loy T8+ n = &5 i} adalis withount TH com-
it lesiors fusd a wegative mvcolacteris daliee (&0 TB-, 0 = 43 iv)
adulis with TH eompatifde Sesions locallzeid only in the mandibolar
Tvmph nodes and a postiive myoobaeteris coliure CAd TR+, 0o = 4}, and
vl alulis. with dissemdpaicd TH compatible besions (e mamdibular
Iymph nodes and other orgass/rissues) and o pesitlve mycobacteria
culture (Ad TR+ +, n = 4L This classificatinn was ahinined for each
imdieidund after we had performcd o detsbed pecopsy o slfe [49],
which mecinded the dissection of mandibular lymph nodes azd ole
sarage of 1bsse frapmenis of sppreximaredy 2 em™ i gl nirogen for
the: suwhsequent extractlon of DMA, ENA and proteins [50]. The e
maining portion of The smpk was ssed ke the MTC culnare (511,
tdmals with TH compatible kesions and a segative mycobacterind
culinre, or vice verse, wene i selecied,

L3, Protefr exmacion asd promeemics analyel

Provelos from the mondibuber lymph zodes were exiraced usng the
Alllrren DRAENAPratein Mind Kin ((hagen, Ime Valdenein, CA, LISA)
according o the mamifacturer’s instructions. Precipitated proteins from
imdividund gamples were resuspended in 20 mM Teis-HCL pH 7.5 with
4% SIS apd the protein concentriion was delermined by employing
e BCA Profeln Assay (Thermo Sclentfic, San Jose, C4, USAY, using
buvine serum albumin (BsAd a5 a stasdard. For both sampling perocds,
egpiial amounts of prodcies rom 4 we 5 ERlividel semples wene poaled
fror eowch ‘groap {(Juv 'TB-, Juv T4, Ad TH-, Ad TO+ and Ad TH+ =)
pnd mn binlogical seplicanes wern aralyssd mdividilly e eaeh preaip
21 the sume time, Foaled probein extracts (150 pg per samplel were on-
ol concenirabed wsing SD5-PAGE and trpsin digested, as provioasly
deseribed [52] The desalted proten digeses seere ressispernlad in 0.0%
af formic acid and analyzed by means of BP-LC-M5/MS using an Exsy-
nLCIl SVSEEM l:l:’l.l[!l'.“l] wirh am e Irap LIy minss BRI | Thasrma
Eclenafic). The pepihies were conceniraies] (on-line) by employing ne-
virsn phase chromatogmphy mming o ] = 30 mm CI8 TP precslumn
[Therma Scicatifich, and then separaced wsing & BOF5 = L0 mm C15
RP codumn TThermsy Soentifich operating of 0.3 ml/min. The peplides
waere oluted using a 180-min gradient from 5 fa 40% sadvent 8 (Salvent
A 1% of feemde ackd in water, solvenr B 1% of doemie aeld s
aceionitrile). ESE iomization was performed ising a Pisedssilice FrooTip
Emifrier [ B0minm (Mes Ojective, Woebam, MAL USA) nerfaoe, Tha
peplides detecied in our survey scans wene from 400 o 1600 o (1
meesin), Follawied by Afeen dotncdependent MS/ME s [Top 154
using an lsnlation width of 2 mass-toacharge mtio unirs, o normalized
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eollEgiam CTEY ul 5%, ami l|:|'I3|.F|I'I'I|[' earlasion Hl'ﬁ]l‘ll"lll IJIJI'I!IH. g 1Y
perdods. The mass spectruneiey proteomlos dez have been placed o
the Meptidefithne repoaibocy (v peplidantlisargd with the daiaag
ideritifler PASSON 187

The raw BSOS fles were searched for in o coampiled darabss:
containing all the sequences for Swoscrofiz {34,381 Uniprat entries in
Muarch 2005], Actinohacoeria (10508968 Uniprot emries In March
20L5) Alphaproteobactecs (3, 203,527 Uniprol entries in Barch 2005],
Vimases 2,226,548 Unlprot emamnes (n March 20051 and Apdcomplbexa
(408,493 entries in February 200 59 taacnomass (i Ssowwaniprar,
arg] uElag the SEQUEST slgerithen [Proteome Disedverer 104, Tl
Srieptific], This daabass was [Enited oo geoop of micrearganismes,
gince it wae o pesible 1 search sl the possibie 1axa ewing 1o com-
puintbonal lmleations. The bllvadng corsirelms were used for the
searches: trypdic cheavage after Arg and Lys, up b bwo miseed cleavags
slies, amdl toberances of 1 D for precursor jons asd 008 1k for M5/
fragment joms, while the searches were performed by allowing opdicmal
Mer cocldarion and Cyscarchamidomethylation, A False dizeovery mos
(FIEL) = 01 woe corsidersd as 2 conditicn far suceessful poptids
asslgmments and-ar beast 2 peptides per pooteln anid & siegle peptide
wire e pecesary conditions fur the identification of protein.

2.4, Dote aarmfysis

Tl cornpassion af heet ailerabiora was deermbned by psaignies all
thie proteins identified o thedr phyligeeetic caegeries secording to dhe
Umiprot protein dxtabase, Microbbsal prodeins were then srowped inbs
three descendent categaries, phylum, family pod genus, inoorder
imerense phvlegenic. specificity. When the microorganisms were ol
cmicgorized in n phylogenetic grosp, they were maintained 25 =ngle
i, Beosuse larpe profeing temd o cemiribite swee pepride fapectsa
than small oees, 2 poemalized grecirad abundance factar (NEAT) was
wzed o aeoaunt for the effect of provein lemeth o the spectral coun
[5%,54]. The NEAF for ench prodeln was fusther normalized againe the
eeital pumber of NEAF obeained i each rui An adjusned RSAF makes il
possible o compare the abundance of ndividual proteics in onehiple
Indeperulent samples: |55 ], The differcoces beween the spectml mes-
suremends of the two Hological replicates {1 and 2} were ssseeed using
i Sudent's t-test, axd only the eniified proteins that were nod statis-
thasdly alifferent regands the speciral cowmits wene eonsidered for further
analyses. Microbiol commurity functions were onalyzed by groupdng
prodeing into ther reepaetive chaters of arthalogons group (O0G), COG
assignments for each microhial protein sequence were oldained by
ruaning 6 rpe blase agalnst e COG dambase fom the BCET wing the
WebMGA platform [56) amd an Fovalue threshold of 4.000, and the top
Rt was usedd for the sesigomeent [57],

MaAls fom all the migrobial prolein goovps were added  and
grouped inie cheir respegrive COG e  phybogenetic calcgorics. The
differenees in the mirobiots community sreciure and fancrinnaliy
hersssen groipe Al anbaeals aod asmpling poeciads wene chesckod by
means of a Stedent’s Llest and 2ssemiing 2 pevaloeg of 005 The NSAF
wirs trnnsfarmied imio logarichm base tes (Logn) for siatisteal annlyses
oimy Ly Uhee Beteregeneity of svarianoes ohserqed, A principal compur
ment snnlysis (PCAY was applied noorder to identify the key pammeters
affeeting U arpenere and function of the microbial eomenibniey assoe-
claten] winhs ihe shmpling periods and MTE hdecion Aaddibiomally, al
thouph the bost posteing were charncterized nod validated in Lipes
et al. [50], 8 PCA was conducted vsing the NSAR from the wild hoer
profems. All statismcal analyses were conductad oxing B statistical
saftware %], inchiding the PUA, for which we osed the proomp
package,

o Peal-tiwr PER

The mulspratecmics romlis woere validsted by selecting two of the
most differentially represcnted microhial genern (Bobede and Theileria)
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i prder o cionsloet & sem guEntimtive real-dime PCRL Individaal DA
samples of wikl busar msandibuber brmph nodies were wsed wgether velel
specific primers for the Bobesie (BT1-FS-GOTTGATOCTCCAGTAGT
T ETL-RSGOCTOCTOOCTTOCTIA-3) and  Theilerdn  genera (HSE
S-GGETAATTOCAGCTOCAAT A3 185A 5 -ACCAACAAAATAGAACITA
AAGTE-3T [0 ). A& realtime PCR was pesformed using the Quan-
UTex SYBR Green RT-PCR ki and & Robor Gene Quhenmoey cler (Qiagen,
e Valencia, CA, USAY, fallowing the manufsciurers  rsommenda-
norE. Amplificagion efficlmoies were normalized agininsg &5 sono
H3E3A-higtone and botg-actin [09.040]. We used Encar regresson
models m determine the trend & rogards the seseciafon bersosn md-
rrohial TA feseix and the adjisted HEAF of microhind proteine

5. Eesulis
a1 Meraprofeamics

& pratcoives peedile of the mandibealar lpmph sodes ol juvende and
adult wild boars wns chamcterized for pronpes of animals that ware
Indieried and unisdecte] with MTC in the two ssmpling periods Time §
[2002/06-45% TH] amd Time X (2009°12-53% TB)L The average
number of micrabial proicins {rwo beologicnl replicates] varsd bepween
BT (Ad TH-} and 88 {Jav TR+ for Tiewe 1, amd betwveen 63 (Juv TH=)
and P4 (Ad 18+ ] for Time 2, The host profeins mnged between 154
Lla TE-F anid 175 (Ad TR+ fw Time B, and begween 196 (Fuy TH-)
and 232 (ALY T-) for Time 2 {see-detalls in Appemdie 1 and Fig. 2110 The
proportion of will boar and microbial probains of the various groops of
animals was compared both within and betwoen sampling periods
iz 11 A sigrificant deerease in the microbénl prowein composition was
ahserend during Time 2 in comparnisos with Tome 1 for all growps, with
thse exevpthon of Juy TB- (sec detmls in Tabde 51 s Figg 515

2.2 Microdices compusiton and s

In rotal, e microbiad profeie wene clagilod inoeiphe phila, 81
Inmilics and 123 distinet generm. The number of phylogenetc groops
wis wlimllas within ssch sampling perlod, slthough there wore differ-
ences in the composition af the microbicta betwesn Time 1 and Time
2at both family and gens levels (Fie 2 and see detalls in Tabie 515
st 0% of the famiies and genera wene shared between sampling
pericds: Morcover, a higher number of families and gerera were ob
eorued in Time 1 when compared to Time 2 [(Fig, 2h

The relative praportinn of the noemalized speomal shundmee facnor
IMEAF], wiich wins caloalaed fos eoch phvlogenetic group, revealed
significani differences among the gronps of amnals as regards phyla
both within and between the sampling peslods (. 3 and gee details in
labie 521 The major differences between the sampling pericds wene
regisiered for the Apdeomplega, Chrophyin and Wimses phyla Al
ithoegh the Apicomplexa and Yimases had higher relative propartions of
e WRAF i thee e aF all the groaps diselag Thse 2wl eompaced
with Timee 1, willh the exceptson of Viruses for Juv TB-, the opposite
puttern was cheerved for the Clorophvta groap, which had a lower
propostion in Time 2 when compared with Time 1.

Detatled research int the relative proporticn of the KSAF was also
performed For ench [Amily, fecosing particalarly on e fookiles be-
lnaging iu the Apcomplesa, Qorophpa and Vioeses phyla (Fg. @ and
sor detnily in Trehle £3), Chiorellsoese was the only family identifed in
thit Chlorophyta phyiem, whersas varioons famdlies wore identified for
the Apicamplesa and Virases, OF the fasities witkin the Apicomples
phivlam, these thar were significantly diffierent between the sampling
pecids o dor all the proaps of asimols were Babesiidas, Lecudinldae
and Theilerisdae. While the relative propontion of KSAFs obtained fom
Babssiiilag s Thelleriidse was lgher during Time 2 whets compared
ix Time 1, Leasdinidae had the reverse pattern. In addition wo e dif-
leremees betvwieen the mmpling periads, the Thedleriides omed Locudi-
nidae families were different in the wrinos groags of andmals within
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-

Relative percentage

3 § 8§ % 8 08 8 8§ § B

A TH e THe A TR

Time 1

by TH e TEe

the first sampling period (Toable 530, In the case of Theileriidae, Ad TR+
= had kigher relaclve progomions of WSAFe ihan d&d Ad TB- [-
teg = — 508 df = L p < D05Yand Ad TR+ (paest = — 1210, df = 2,
P = 0,05 In the case of Locudinddee, Jav TB- had o higher relatis
progortion af NEAFE when compared b Juy TB= {#es = 451, df = 1,
P = L) Pith regand en the Winases, 19 famdlies were chamactenzed
for all the groups of animals aml sompling periods, and the major dif-
fernces were fownd for the Flavividdse fomily botween sanipling
periods and acruss all the groups of animak (a higher valee in Time 27,
with the cxception of the &d TH+ + anbmals [see detadls in Table 52}
I order too lurther incrensd the specifieity of the phylogesoric
analyses, the microbial proteins were grouped according fo mécro-
nr'ganlsm EEnera, Im rhee eases in which & sinele senus was iGenriiied
witln a family, the sanse staustcal ousputs wene olialzesd (Teble 545
Thie acoarred fic the Babesiidae, Lecadinidas and Thebeciidae milics,
for which oaly the Habeda, Ascogeegennog and Thefero grnera werne
idenrified respecrively. Chloradla wis also the osly genos idenrified in
the Chlarellacear family. However, three genera fromn the Flaviviridas
faally were (deneifled, ditheugh only the Petbdrns penes was dg-
nificaatly different os regards the relstive proportions of NSATs - bes
pween sampling perods Ior &l the aroups of animals; with the exeep-
tion of Al Th ¢+ . Moreover, vadous geewera bad diferom proporiioos
all NEAFS secording ta tha group of animals, both witlin asd berween
the sampling periods, alithnagh mo evident palem vwas ovidenced when
cnmparing MTC infacted and uninfected groups asd Time | and Time 2
(o details im Tahle 54k
Wie then nued 1he NSAF adjusted by genus ooy nat a princpal
component malysis (PCA which clearly segrogaiod the groups of an-
irmals sxmpled at Timee 1 fram these sumphd ot Time 2 (Fiz. 391 1o Time
1, the achill grougn (%f TH-; Ad TE+ and Ad TB+ -+ hod & mere
homogensos distribution across the axes, while the Jov The and Jow
TH + amlmals kad o mee splli divergent simcnaring, Hiweser, the
differences between the growps infecied and uninfected with 3MTC or ==
repards aduls and javendle animals were more evident in Time 2 than in
Time 1 (Fip 51 The relabve contritnisgtion of each genous 1o the pwn
principal compaments was subsoquently assessed, and this prosess re-
venled thar the Tlotherto, fabasin, Momedlin, Ascopregadon and Chie
efla getiem wers mostly welgheed moward principal component 1, which
represeoted 5374 of the total varizmen (see details in Tabie 55),

Microbial ™ Wild boar

I

Rd 18- Ad T+ Al THa

Tuhercplais 104 Q207000 104 22

Ieg. 1. Oisiribastinn of wild boor and microhind e
teins for the van biological repdicares. The adjnsmesd
MeAFY obtaimtd from wild Baar (Blise) and micrakial
{grern) prodein proups were added ap e cach greap
of gmimal (x-aais] and phatel e gerceni of the
tenl profein diseeted For e age dliss (aehilis - A
Jeveniles - vk TR cuepory | no tabarouloss- TH-;
slth tubsculosts — The+ | oand I the cise of wdilis,
animals with rubsroulicks resiricisd o mandibular
Dyriapen nosdes CIHH] ol omioials sedth dssminngod
mbensalees (TH+ +1] and sempling persod [Time
1=200206; amd Time 2=2008/ 130, The vaziahility
Bttt Bt hiologieal replicanis o ok, oA
evidmend by b stindargd deviaten valees (shown
e live da perceniinges) obininesd oo beth Che microbisl
and wild baar protels prowps Time 1 - Ad TR
= [46%, Ad TH+ = 0266, Ad TH+ = 065%, v
TH- = LG4% Jduv TH+ = B10%; Thee 2 - Sl TH-
= fL25%, Ad TH+ = LB Ad Th = 35404, kv
TH- = 255, Juv TB+ = D044 (Fur inerpieaion
of the refrrences o enlnor in this Agere kegosd, the
resader i meferned g0 the Weh verdom of this article. |

Jire T s THe

Time 2

22 Micrrdinan fimetanality

The microbial proteins were characterized acconding to their fune-
ton in thee respective clisters of thelr or thobogous groun (COG), and the
acljustied NRAF from swch COG was compared as regands animal groups
and sampling prerods, [Rfferences were particularly chserved in mast of
the nnimnl groupe beiveeen sampling poseds for the BNA processing
wnd medification (006 -A] (Tuv TB-, too8l = 7.90,00 = X, p = {005
Jury TH+, it =411, & =2 p= 0054 Ad TH., fdest = 43473
df = Lp < 0,05 AdTB+, biost = 11.43,df = 2, p < .05 Ml T8+
£, test = 5100 df = 2, p o= 0.05), ard carbohydrate ranspart dnd
mesabalism {0006 G (v TH-, Lt = =813, dF = L p = 05 v
TH+, et = —6 1% df = 2, p < 005 Ad TH, Hed = —2ZF0
dlfl = Z2p = 0114 Ad TR+, clest = — 215, 0 = 2, p <= 005, AJTE
by el = —FA20 00 = L g = DU05), The relabive prapiriion of the
MEAF from the (MG - A was higher for all the groups (with the e
ceptian of Juv TE+ 1 in Time 1 when compared with Timse 2, wheseas
there were higher propartions af CO0 -G in all the animal groups (with
the excepthsn of Ad TB-1 In Time 2 when compared wich Time 1{FL &
and see delails in Table 561 A PCA was addiGomally conducted using
thv: Telablve proporiion of the NEAF grouped by D06, whick revealed
similar resulis to e observed in ghe picrdral stoeciure analyvsiz {Tiz
223 apd Tabile 570

A4 Howd et commpoaition anid atfoelie

Altheugh the studdy was focssal on mirolial proteiss, ke global
distril=oiios patiem of wild bour provens was alse 2sessed using 3 1CA
[Fiz Th This enalyvses ooy segregoted the mimal grosips into the twin
different sampling perkod=, Howewer, in contrast to microbinl proteins,
thie dEferenees prnag the groups ol amimals were mome evident (8 Tinse
1 than in Time 2. In Time 2, a more homogenous desribution across
axes was ohserved among grougs, with the exceptinn of Ad TB+, while
& divergenl splil among groups was more evidenl i Time 1. In the
latter, Juv T8+ amd Ad TH+ were placed tegether and far sway from
Juw TH-and Ad Th-, wiherens Ad T+ -+ was posdtioened cleser oo Ad Th-
than o Ad TR The peladdve comtsibanions msde by cheh probein o the
Pane prmcipal compooents e shown in Toble 58
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Number of identified families

duw TH+ Juw TR- Juw TB+ Juw TB-

Fig. X, Maapher of famibice nwl genera seniificd o cach groep ol aresaly (edaliz vtk e jubcroolioiy; A T3 el with sestricied iuborcadboss, Sl TH o adulis
wbdh ol lesemimaned berenlosis, Ad TR+ 4 el with mo berendssis, e TR juvendes with maberrolosls, Jew T1% # 3 both within srsd betyseen samplag periocks
e 1-2002406 and Time 2-200971 21

il
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4.5 Validarton of meproeomics resols

In order 0 validase the metaproteamics reselts, the Hobesta and
Theifeda genera weee sebected far o semi-quanticative ceal-time PGH
amplificazion. A significant positive conrelation berween microbial DNA
bevels and the adusted MSAF peotelne was obtained for both the Babesds
(ANOVA-P = 649, df = 1, p < 0.05) unad Theierie (ANOVA: F = 5.66,
df = 1, p = W5 genera, The microbdal ENA levels qouapiificd by a
real-time PCR tendied g0 incrense an the asdusted NSAF incrensed in the
atipeatatmles dnalysla [Flg 531, These seailes peaviledid o validatkon
far the metaprotenmirs. resali= ehtained wsing a diffeneat methodogo.
wical approach, and provided additional support for the resedis pre-
sented in this study.

. Discussion

We used 4 metaproteamnics approach to characterize the mécrobiota
communiy cirenlaing ina wild boar popalsdion that i nemrmlly ex-
poed 10 MTC infection, this cviscomicg provious methodalogical
constmins relawed i tha tdendfcaton of mottpie micraorganisms n
corinfretion smdies (24-20], Our mein findings rovesled & roduction in
rdicrolidors diversiny (e, the nomber of fomilie/geneen] ssenooted
with an increase in TH prevalence. The temporal changes @ the come
positien and sirueture of the mdersbicds eommuniy were scoompanded
by an increse in the relstive abundance of the Bobesin, Theilera amd
Perpins genera and a decreass in the Ascogregaring and Chinreile
gener, which had a higher oelitve abisndance dusing the period of
fomrer TH prevalenoe.

Druring the st years of e stedy (2002065, T seas prisend in
groumil 454 of the wild boar stndied. which wos almost half the pre.
walpnee fopmdd only a few peor later (AT in 2000712 Thin ricing

R
]
& Frmicutas
= Chaniaky
| & Sorophyta
| - Bacloroiles
& Apioorngilian
l = Ariinicihectecis

Ag PO Ad TE A T+ Jre TR A THa
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g, A Micrabial proscos ssgecd by phylum e
wroped for fach groop of animals (adults with oo
fubertaloegs A T adulbsy with ressricted tabencii-
kesks, A TB = L adlidlrs wich dissrminsnd onbearciilsss,
Al T 4 prvenilies with no peherculnss, dny T
" Proieobosietda  § ilzd with 1l lesiin, B TH), The relative
abundanres: weee colcalaced from che = of the
BMEAFS lound Dy et prosp in (e mspolss sam-
pling period (Time 1-2002 A0 Gand Time 2-0005,/12)

werkl has been associated with an incresse in both the hosis' genedc
spcnplihility te MTO [1X] and tha hasty” populatiaon aboemdanca [10],
e rerognized TR sk fartprs for wild boar populations mhahdbing
Maxdirerragean Theria 117,151, Neverheless, in this snsdy oor sesults
suggesied that the hosts’ micrebial community alss plays o e in this
wemporal ehange In TH prevalence, panbenlady the micoorganlans
assigned to the Bohesie, Thetlarin and Pestivirus yeneme. n 200912,
B¥% af ke animals were mecoed with M which mighs hase
prompied an inoreased suscepribility to thee pathogens and have fn-
varal thelr disseminarion thrsughour the pogiitarios. Tadesd, i hag
heen shown that TH redures the health stans of wild boar, indocsng
neacly 309 of the pdult moeinlity i this reglen [54], Momoyer, mi-
troutanisme/drims belonging 1o the Brbesin, Theilerio and Pestiviras
genern can akso dehilitate the bosts' health system and, therefime, fa-
eilitnte tnfection with MUC and the progression of the disease [65-47],
Furthermare, in Che case of Sabesta and Thetlerio genera. differences
borween the mlaive abundasnes of the MEAF 18 MTC inlected and un-
inferfed groops were alsp evidenoed during the pereod of bow TR pres
valenos, wiiich reinforee their putatlve effeee on e health seatus of
wild boar. In summary, although a facilitedive mlemciion between
mycnharcteria and Bobean, Theilerto and Pesthirus genera would appoar
1o b evidens ar the population beeel, the ciisses and oo s e of
thiese interactons, aleng with the maoleculis mechanlsms responsibie
fiar - dlem,, shomld be investigated in gooser depih,

The redisctlan in microbiotn eompositben ond divorsity (Le., men-
aured] a5 the pomber of Bamilies amel pendral,. cheerved in o me=t of the
graveps of animals herween the sampling periods, meght be axplained by
il Increase n the sbundance of e wild boar popularion over tine
|12], the artivation of the hosts' fmmuene system againat ke pathogenic
sgents |50, or both, & previsig study (o plka {Seharom cursoning)
populadions has shown an assochation betwesn the hosls' populaizon

Fig, 4 Mirabial prodeins friom (e Apcomplesa

i
s | e . | Theieidas
MEs | B Sarencyslides
e | * Pammsdidon
m- ® Lacudinkion
| * Gregadnas
= %o | I & Eimweien
£ oam | ® Crpptvmpenidiilan
E e | I Bezarsatin
| Ha
il " SN

Ad TE- &l The el THet e TH- Jiw THe
Tiene 1

Bei TH. doe TH# A THi® e TH- Jire PR
Time 2

144

phvp e groopel i chetr faoilies and displaped fur
sach prap of ammule {sdulas weith oo fubsronliess;
Ad 18 adels with ressrkced tubercubosiz, ad TR
atlultz with dizseminated iaberodoeds, Ad TG+
Jeveniles with no tubsrosiods, Juy TB- uveniles with
iuberonloeds, Juy T+ | Belagve sbondinces were
eilenlited fross b saiin of the NSAF fonied Tor cach
gmup in the respective =snpling perind  (Time
1-200 T T Z-2000, 120
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Principal componant 2

Principal component 1

abumcanes snd berabial divessiny in the gor [GE], High pogailatian
ahumcance was cornelnted with a bawer interindividunl varation in the
pibas mierobial diversiyy, This densiy-dependent effecy coubl be par-
ticalardy relévamt in Mediterrandan habits, in which wild boar tind 1o
comeenirate at the few watcrholes (hat remain during the dry periods,
thius baosting the widespread ransmission of micreorganisme and their
staniard iation throughour the population. A large amount of MTC weas
receniby feund in the mud of these waterholes, thus dememsirating the
mide ol the Indires ransmission of WTC b sdlel populstbone [59)].
Purtherman:, & presioes sudy in amass bas shown that T8 modidales
the micrebdal diversity of che gus, and that MTC infertion keads i s loss
af micrabial divessing as a result al setivating te Bosts iniaine Sycemn
7).

T e dog q ILHHP.H'-H] Hﬂl’lﬂﬁ-ﬁ;‘l e Doty e roienzs t‘lIITIII'I.Li'Ile.
aue findlegs evidersed that the levels of T B the wild boar population
ales influsmesd the prodeome prrafile of the groups of smignadk: thait weps

&L "B sC W0 ®E ®F =g &Y ®) &)

i i i
wTe b e W A

= T ___I__-

| & Ti Ad TRe=

K SL WE R

Thtvrondoxin § 14 @207 00 1k 22

Fig. & Mot sbeewing che romatie of the priscipsl
mmponent anodyss perfommed osing the relodve
proporiion of NEAPS from the micrhial protems
gronged hy genes B each groap of animils Gadiles
wilh no mbercelicsis Al TH-: ol with restrionesd
mbdreudosls, Ad TH4+ ; sdodis with &Eoomibrumed e
bercubnss Ad TS+ -+ joveniles wath no tuborouleds,
Juv T Jusemiks with puberoslonis, Juy TH+ | el
sumpling pesinds [T1, Time 1-2000 %Mand 12, Time
E-JERTER The Twa princpal clmgenenis thai ac-
coumt for 96.5% of ol esplalmed vorlanee arc
showm.

ET2 dare TE

® TEAa T

B T24d T

T duw TE-

islorred and uninioerd with BITC. Duiring the period ol high THE pre-
valeneore, there was a high divergenee in the compaosition and stnacture
ol miceehial proteing and & mom bomogenous dissdbuton ol bost
profeins between the groups thal were infeeted asd uninfeeted with
MTC, Hoewever, during the perfod of low TB prevalence there was &

high divergence in e camposiion of host peolems and a more
homogenons composition and sirocture of microbioga propeing amsong

the groaps The hypotheses of host imsune sueppression fargely ox-
plored b eoeinfection wnedive; and the implication of several bt [n-
mune System profeins in determining MTC infection and disease pro-
grosmiom i will haar, mdght explain  these resobis  [50,71,72].
Meveribeless, oflwer Esctors at the popalation level night Eesfoe with
& hest's abdiey to respond o MTC infection over fime. For instance, we
alrsrrved an Iechase i e hons gepetic suscepaialiny oo TB vver 1ime,
wldch mighs have contribued tw the sinailar provels prafile of the hose
pugnilation in thiz sampling pericd a2 rezull of miense genetic drift

‘N WD WP EQ WR WE T EJ GUNH TY X

E-r--l—ﬂ—e‘__l_ : - -l

Fig. 6. Mirmmbial proteing assigned 1o each Goder of Orthnlogs group (C00GE] nd diaplayed for cach groem ol animals (adeli wish me toberonlis fd T8 adolas
wikdn resimicied neverciloss, A TE -+ adchs with deseminated mherculoss, Ad TE+ + joveniles wails ko mberrules, Juy T8 juveriles with suberculess, Jus T8
+ ) e snpling perkcads U1ime 1 snd Tims 25 Belwtive sbandances wore coleulaied Erom the sumy of che N5Fs found for each groap in the respective ssuphng
ol (T 1—-2INEL 06 seie! Timie 2-200191 20 The: D068 wiore greniped as: BNA procesing snd madification — A Chromsigin strocture arsd dymimics — B Enorgy
production sl crmyersiin = C; Cell cycle oontrd, el divisios, chromosome partitioning — 8 Amino acid trassport-sod. meizbolsm — E; Mackokde iroresport and
metablizai — FL Carbelivdzaie transpor and metabolism - & Coeszyme amipon aid metabolisn - H; Lipid ranspon and mecabalism - L Trasslasion, ribosomal
srrecnire and biogemests - J; Tramecripion - ¥; Heplicaclon, recambdnation and repalr -+ 12 Cell wally membrases ervssinpe biogenesls - B; Mulople unction class - MG;
Cuk molillity — B Pestien nslnzionsd nuslifizationg, peadoin tameeser, chapserones - O; Isocgemic oo mnspord el messkbalism - 0 Seeandary meinbalives hinaysihesis,
eraneart and catubolsm — O General funcion predicoon oly — B Pencion enkeoem - 5; Signal marsdecion mechaaismes — T2 nmacellular rafficking, seoretion,
and vesicalar tramspont - U Usdeienmined 006G - UNE; Delense mechansmes - ¥; Cybeskeleton - £
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amd Th-mediated selectiom [ 12].

The awident divergence (o the compesition of the miceolial eom-
munily between sampling periods and the higher divergence in mi-
crohial progrin stnecture between the andmals that wers infected and
those that sere uninfeetsd sith WTC diriig the period of high TH
presacdenee led o the bypothests thor mycobacteria might alsy modnlae
the comgosien wul functionaliy of micoebicts @ oorder © e fo-
wornble sonditdens for thedr survival, growth ond dissemdooton. The
emirgy regquired by BTG G survive s grony withim the ot [75] may
cxplain the finctional differences obsorved in carbohydraie: imnspari
aitd peiabeam B the rwe daimpling perioda. The comgperition. avail-
whiliny of rlse Bests osoaress moy alie explaln these cleanges in the
compnsiton of the merabizl community and the pasitve assciatson
between MTC and the micreorganisms of the Bofredin ard Theilerie
gencen. Like most microsegonions, MTC bo absolurely dependont oo
ewogenous irom e fE survival within the host [74], amed memmbers af
hoth tha: Habesioand Thelerin gereta can infect eryhmeytes throughoo
thedr life cyebe, causlng thedr dediructing and thereby an Ineredse in the
circulation of free dron within the host's systess. [sereasing the relarive
abuncanee of these two potential pathopenic genern by a wild boes
pooulation could, therefore, bave beneficial efects on MITC mdection in
ihe luny e [P5]. [y palerracmin b been shown 1o bea bos dofiss
mechanizm during tnfection ond inflammation [ 76 ], and MTC has been
siggested o manipulne the host imsune feapeng sechanisme i
anler o increase the availabiliey of iron circulation for bacterial grovwth
and transmEsion [50], The mbechanisns wderlying thise possible fn-
terictions should be explored b greater depth

Alihemgh metaprotenmies oaiputs may infrechisce @ bias toward
beger-knowe micooorgamnicms, becanse 1¢I5 Based on the gemomle and
pootes pefensnes duabases available, aseraprotesnies provides o wew
perspective with which bo shady cocinfections in ool popolations
atil licane the fuscsinnal robe of Intersctions srmong micreorganisms,
The epidemioliogics] dvmamics of TH in natura] populations i very
compley ‘owing 1o the internetions of irs mald-hosi-muoli-path ogens,
The saratcgics emploved s eominod TH in nanral popilations slold,
thierefore, take into account the poxsible MESTAMNNS amang mecrn-
wryanisms el ane cinculatiog within te hose pepulation o ander s
ke adeguate messuces that will incrcase the eficacy of control pro-
FTHITES.
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IGg. 7. Ploi shawing the resliz of the poncipnl
commponent analysis perfimmnel 2gmg the eloive
proporisn of NEAFE ram (he wild béar proteing for
cich o of animals Jadults with B nibeculoeks;
ful T mludis weithy ressmicied fubescukosis, Al TR
adubsm with diveminaped vabereeleers, fd TH 42
Jeveniles with no cubsronbnss. fuy THe; juvendles with
wubercalosis, Juy TR+ ol smghing periods (T1,

B TEAd TR Time 1-300206 aed T2, Time 3-009713]. The tweo
primsipnl sEnpoaents thel eoount or 77 ol 19tal
caplidned warianee sre shown,

TednTh Tl Te
]
& &
TaAul T4+ T2 8 TE-
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