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Abstrakt

Prachovi rozto¢i (Dermatophagoides farinae a Dermatophagoides pteronyssinus) jsou
adaptovani na ziskavani potravy ze zbytkl kiize, vlas a nehtli z t€la ¢loveéka a zvitat. Tyto
zbytky koznich derivati jsou vSak rovnéz pokryty mikroorganismy, které hraji zasadni roli ve

vyziveé potravni biologii téchto prachovych roztoci.

V této préci byly provadény experimenty se zbytkovym ristovym médiem (SPGM), coz je smes
zbytkl experimentalni diety, svlecek, mrtvych tél a exkrementi roztoci po laboratorni kultivaci
rozto¢il. Byl pfipraven extrakt z SPGM a testovan jako zdroj mikroorganismil pro rekolonizaci
prostfedi roztocii. Modelové druhy D. farinae a D. pteronyssinus byly chovany na kontrolni

diet¢ a diet¢ obohacené extraktem z SPGM z jednoho a tfi mésice starych kultur roztocu.

Houbovy 1 bakteridlni mikrobiom se mezi druhy roztoci lisil, ale pfidani SPGM do diety
roztocu signifikantné ovlivnilo zastoupeni bakterii v profilu D. farinae. Zmény v profilu
spocivaly ve snizeni zastoupeni bakterie Lactobacillus spp., zatimco u bakterii rodt Cardinium,
Staphylococcus, Acinetobacter a Sphingomonas doslo k narustu jejich zastoupeni u jedincii na
SPGM obohacené dieté. Piidani SPGM do diety rozto¢h mélo za nésledek pokles respirace
mikrokosmu s vyjimkou mikrokosmu s D. pteronyssinus po ptidani jeden mésic starého SPGM.
Populacni rtst D. farinae nebyl pridanim SPGM ovlivnén, zatimco u D. pteronyssinus byl vliv

zavisly na stafi SPGM.

Tato prace ukazuje, Ze rekolonizace prostiedi roztoc¢ti mikroorganismy z SPGM ovliviiuje

mikrobiom a potravni biologii prachovych roztoce pouze okrajové.

Klicova slova:
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Abstract

The house dust mites (HDM; Dermatophagoides farinae and Dermatophagoides
pteronyssinus) obtain nutrients from the debris of the skin, hairs and nails, that get off the human
and animal body. These debris are covered by microorganisms and the microorganisms are the

key factor in the survival of HDM in human-made environments.

In this study we made manipulative experiments with the extract from spent growth medium
(SPGM). SPGM is the medium after mite cultivation, composed from mite feces, debris of the
diet, dead mite bodies and microorganisms. The extract from SPGM (one and three-month-old
mite cultures) was used as the source of microorganism to transfer them into diet of D. farinae

a D. pteronyssinus.

The composition of the bacterial and fungal microbiomes differed between the HDM species,
but the SPGM extract addition into diet influenced only the bacterial profile of D. farinae. In
the D. farinae microbiome of specimens on SPGM-treated diets compared to those of the
control situation, the Lactobacillus spp. profile decreased, while the Cardinium,
Staphylococcus, Acinetobacter, and Sphingomonas profiles increased. The addition of SPGM
extract decreased the microbial respiration in the microcosms with and without mites in almost
all cases. Adding SPGM did not influence the population growth of D. farinae, but it had a
variable effect on D. pteronyssinus. The results indicated that the HDM are marginally

influenced by the microorganisms in their feces.
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1. UVOD

Predmétem této prace jsou prachovi rozto€i, a to konkrétn¢ prachovka americka
(Dermatophagoides farinae Hughes, 1961) a prachovka prachova (Dermatophagoides
pteronyssinus (Trouessart, 1897)). Tito roztoCi jsou celosveétoveé rozsifenymi obyvateli
lidskych domacnosti. Nachazi se v prachu, kobercich, postelich a kieslech, kde Zziji
komenzalnim zptsobem zivota s ¢lovékem. Rozto€i se Zivi na zbytcich kize, nehtd a
vlast. Zaroven se v posledni dob¢ ukazuje, ze dilezitou slozkou potravy roztoct jsou
mikroorganismy, které se nachdzi pravé na odpadajici kizi (van Bronswijk & Sinha
1973). Prachovi roztoci ¢lovéku pfimo neskodi na rozdil od jim fylogeneticky piibuznym
skupin organismtim, jako je napt. zakozka svrabova (Sarcoptes scabiei (De Geer, 1778)),
ktera Zije ve svrchnich vrstvach ktize, kde si tvoti chodbicky, do kterych klade vajicka.
Zakozka svrabova se Zivy tkanovym mokem a rohovinou hostitele (Van Neste &
Lachapelle 1981). Hlavni medicinalni vyznam prachovych roztoct spociva v produkci
alergent, které se vyskytuji v jejich télech a exkrementech. Alergeny se poté hromadi ve
zbytcich mrtvych tél, exkrementech a v jimi osidlovaném prostiedi, odkud se jiz lehce
dostavaji do ovzdusi a tim i do kontaktu s ¢lov€kem. Alergickd reakce na vSechny
alergeny vcetné alergentli roztocu je prehnand odpoveéd imunitniho systému na cizorodou
latku. Muze se projevovat atopickym ekzémem, alergickou rymou nebo astmatem,
pfipadné az anafylaktickym Sokem. U alergie na roztoCe se nejCastéji setkdvame
s astmatickymi problémy. Astmatickymi problémy trpi okolo 10 % lidské populace a
z toho je senzitivnich na alergeny roztoct az 85 % jedinct (Platts-Mills & de Weck 1989).
V posledni dobé se ukazuje, ze za alergické reakce nejsou zodpovédné pouze alergeny
pfimo zroztoce, ale i lipopolysacharidy a chitin, které jsou disledkem piitomnosti

bakterii a hub v rozto¢i (Gregory & Lloyd 2011; Jacquet 2011; Hubert et al. 2019a).

Na zédklad¢ fylogenetické analyzy se predpoklada, ze prachovi roztoci ptesli v evoluci
z parazitického zpisobu zivota ke komenzalismu (Klimov & OConnor 2013).
V soucastnosti se objevuji nazory, Ze za touto zménou jsou velkou mérou podepsané
mikroorganismy, které napomohly pfeorientovat se roztociim z potravy bohaté na cukry
a dalsi vyZivoveé bohaté latky na hilife stravitelnou potravu, kterou jsou zbytky kiize, vlasy
a nehty (Klimov & OConnor 2013). Cilem této prace je charakteristika vztahiti mezi

mikroorganismy a prachovymi rozto€i. Prace byla zameéfena na vliv zbytkového



rustového média (SPGM; spent growth medium) jako zdroje mikroorganismi, které
znovu osidluji laboratorni kulturu roztoci. SPGM se skladd ze zbylé diety, svlecek
roztocl, odumienych t&l roztoci a exkrementi (Stewart et al. 1986). Byly
charakterizovany mikroorganismy, které jsou pienaseny roztoci, a soucasn¢ byl studovan
vliv téchto mikroorganismi na roztoCe. V této praci byly provedeny manipulativni
pokusy se slozenim diety, kterd byla obohacovana o zbytkové ristové médium z riizné

staré kultury (jeden a tfi mésice).
Vstupni otazky byly nasledujici:

(a) zda je mikrobiom roztoce ovlivnén mikroorganismy pfenesenymi prostfednictvim

SPGM do pasterizované diety roztocu;

(b) jestli je populacni rist roztocl ovlivnén mikroorganismy obsazenymi v SPGM a

pfenesenych do pasterizované diety;

(c) jaky vliv ma pridani mikroorganismu do pasterizované diety roztocu prostrednictvim

SPGM na celkovou respiraci mikroorganismi v mikrokosmu.

2. Prachovi roztoci

2.1. Biologie a ekologie prachovych roztoch
Prachovi rozto¢i (obrazek 1) jsou =zastupci rodu Dermatophagoides (Celed

Pyroglyphidae, fad Astigmata, tfida Arachnida) (BioLib 2019). Prachovi rozto¢i jsou
volné Zijici organismy, které se Zivi komenzalnim zptisobem. Komensalismus je interakce
mezi dvéma organismy, kde jeden organismus ma z tohoto souziti prospéch, zatimco
druhy neni prospéchem prvniho organismu ovlivnén (Mitchell et al. 1969; Walshaw &
Evans 1987). Zaroven jsou prachovi roztoci povazovani za jeding, ktefi v evoluci ptesli
zpét od parazitismu ke komenzalnimu zpisobu Zivota. Podporou této teorie je
fylogenetické analyza pomoci morfologickych a molekularnich znak, ze které vychazi,
ze vSechny nejbliz§i ptfibuzné skupiny (napf. Onychalginae, Psoroptidae atd.) jsou
parazitické (Klimov & OConnor 2013). Prachovi rozto¢i se vyskytuji celosvétove a ziji
v tésné blizkosti ¢lovEka. Nejcastéji je miizeme najit v postelich, calounéném nabytku a
kobercich. Zasadni problém v pteziti v tomto prostiedi bylo hospodafeni s vodou.
V matracich dochazi ¢asto k velkym zménam ve vlhkosti. Vlhkost zavisi na teploté okoli,
poceni ¢lovéka a 1 na stlani pefin. Na tyto zmény jsou prachovi roztoci ptipraveni diky

7l4zam na bazi prvniho paru nohou (Wharton et al. 1979). Zlazy jsou plné roztoku



chloridu sodného a chloridu hofe¢natého. Diky nim dochézi k vychytavani vlhkosti ze
vzduchu a pti poklesu vzdusné vlihkosti vytvoii chloridy krystaly a tim zabrani ztrat¢ vody
(Colloff 2009). Zivotni cyklus roztoét zahrnuje vajicko, larvu, nymfalni stidia a
dospélce. Délka jejich vyvojového cyklu je siln€ zavisla na teploté¢ (Gamal-Eddin et al.
1983; Colloff 2009) a vlhkosti ovzdusi (Hart et al. 2007). Pii 25 °C a 75% relativni
vlhkosti jsou schopni dospét za 3 az 4 tydny. Dospélci poté piezivaji az 6 tydnti, béhem
nichz samice vyprodukuje 40—60 vajicek. Vyvojovy cyklus jedince je ale velmi odlisny

od vyvoje a populacniho ristu v komirkdch v laboratornich podminkach.

Obrazek 1 Samice Dermatophagoides farinae

V ptirozeném prostiedi poskytuji vyzivu rozto¢im zbytky kize, vlasy a nehty
(Colloff 1998). Nicméné presnd potravni strategie prachovych roztocti stile neni
objasnéna. Z lidské kiiZze se béhem dne odlupuji miliony pokozkovych bunék, na kterych
jsou S$irokéd spektra mikroorganismli (Brandwein et al. 2016). O dulezitosti bakterii
v potrave svédci i fakt, Ze roztoci nejsou schopni prezit na sterilni kizi (van Bronswijk &

Sinha 1973).

2.2. Mikroorganismy a prachovi roztoci
Mikrobialni profil jednotlivych druhti prachovych roztoci se lisi (Kim et al. 2018; Hubert

et al. 2019b). OdliSnosti 1ze pozorovat i v rdmci jednoho druhu v zévislosti na stafi

populace nebo na urovni riznych kultur jednoho druhu (Hubert et al. 2019b). Nejasnosti

jsou stale 1 ve stylu prenosu bakterii a osidlovani zazivaciho traktu bakteriemi.

Symbiotické bakterie jsou ¢asto piendseny vertikdln€é z matky na potomka ptes vajicko.

U bakterii v zazivacim traktu se tento pienos nepfedpoklada. U ¢lenovct Casto dochazi

k ptenosu téchto bakterii tzv. koprofagii (Sudakaran et al. 2012; Rahman et al. 2015).
3



Koprofagie je potravni strategie, kdy se juvenilni stadia Zivi na nestravenych zbytcich
potravy a exkrementech a diky tomu dochdzi k osidleni zazivaciho traktu
mikroorganismy od dospélci (Weiss 2006). Symbiotické bakterie Zzijici v zazivacim
traktu saprofytickych roztoc¢h byly zkoumény pro svoji schopnost travit celulozu
(Stefaniak & Seniczak. 1976). V praci Barabanova & Zeltikova (1985) se tvrdi, Ze za
celulazovou aktivitou prachovych roztoct stoji prave stievni symbiotické bakterie. Navic
byly popsany i bakterie se schopnosti travit keratin z pefi ptakt (Lucas et al. 2003).

V predchozich pracich se podafilo ztéla roztocli vyizolovat bakterie rodu Bacillus,

Micrococcus a Staphylococcus (Valerio et al. 2005; Lee et al. 2019).

Na rozdil od D. pteronyssinus je D. farinae osidlen endosymbiotickou bakterii
Cardinium (Hubert et al. 2019b). Candidatus Cardinium je bakterie z tfidy Bacteroidetes,
ktera je zodpovédna za zmény pohlavi u ¢lenovct. Nachazi se v reprodukéni soustavé a
u infikovanych jedincti zpisobuje cytoplazmatickou inkompatibilitu, partenogenezi a
feminizaci (Zchori-Fein & Perlman 2004). Ackoliv jsou tyto procesy podrobné popsany

u jinych €lenovcel, vliv bakterie Cardinium na rozto€e nebyl doposud pozorovan.

Castym obyvatelem prostiedi v t&sné blizkosti ¢lovéka jsou mikroskopické houby
(tj. vlaknité houby a kvasinky). Pfedchozi studie ukazuji na dileZitost kvasinky
Saccharomyces cerevisiae v potrave roztoce (Andersen 1991). Kvasinka S. cerevisiae se
stala zékladni slozkou diety pro laboratorni tcely. Dalsi hojné zastoupenou kvasinkou,
kterou muzeme v roztoCich najit, je rod Candida (Hubert et al. 2019b). Nové studie
ukazuji, ze se v prachovych rozto¢ich vyskytuje i kvasinka rodu Malassezia (Molva et.
al. 2019). Kvasinka Malassezia Zije v kizi ¢lovéka a dalSich teplokrevnych Zivocicht. Je
tak soucasti spoleCenstva mikroorganismu, které se nachédzeji na odumirajici pokozce.
Malassezia muze u cloveéka zpusobovat kozni problémy a v extrémnich ptipadech az

systémové infekce (Prohic et al. 2016).

Vlaknité houby rovnéz ptichazi do kontaktu s rozto¢i. Houby poskytuji roztocim
vitaminy a steroly (de Saint Georges-Gridelet 1987). Bylo pozorovano, ze nékteré houby
maji pozitivni vliv na populaéni rlst roztocl. Patii mezi né Eurotium amstelodami (syn.
Aspergillus amstelodami), Aspergillus penicillioides a Wallemia sebi (van Bronswijk &
Sinha 1973; Lustgraaf 1978a). Alternaria alternata, Cladosporium sphaerospermum a
Wallemia sebi byly navic roztoci preferovany v preferenc¢nich testech a jsou povazovany

za chutné houby pro prachové roztoce. Naopak Penicillium chrysogenum, Aspergillus



versicolor a Stachybotrys chartarum byly na zdklad¢ téchto testdi posouzeny jako

odpudivé pro roztoce (Naegele et al. 2013).

Existuji ov§em 1 mikroorganismy, u kterych pozitivni vliv nebyl pozorovan a jsou
potencionaln¢ akaropatogenni, napt. Lysinibacillus (Bacillus) sphaericus prodlouzil dobu
dospivani u D. pteronyssinus (van Bronswijk & Sinha 1973; Saleh et al. 1991; Hay et al.
1992a). Nejbeznéjsimi mikroorganismy v roztocich jsou bakterie rodu Staphylococcus,
Kocuria, kvasinky Candida a Saccharomyces, ktera je zaroven soucasti diety roztocu, a
vlaknité houby Aspergillus, Peniciloides, Cladosporium a Mucorales (Davies 1960;
Galikejev 1965; Lustgraaf 1978b; Hay et al. 1992b; Hubert et al. 2019b).

Potravni strategie prachovych roztoc¢t neni doposud zcela prozkoumana. Diive
uznavand predstava, ze se rozto¢i zivi kuzi, vlasy a nehty, neni uplné spravna.
V poslednich vyzkumech se do popiedi z hlediska vyzivy roztoct dostdvaji stale Castéji
mikroorganismy, které na klizi Ziji a nasledné se jejich zbytky vyskytujii v exkrementech.

Proto je tato prace zaméfena na vztahy prachovych roztoc¢ii a mikroorganismil.

2.3. Prachovi roztoci: pivodci alergennich onemocnéni

Vyznam prachovych roztoci pro ¢lovéka spociva v produkci alergenii. Alergeny jsou
biologicky aktivni latky, ve vétSin€ ptipadii bilkovinné povahy. Mira reakce na tyto latky
zavisi na typu latky, mnozstvi latky a dob€ a mistu expozice. Alergie vznika v disledku
poruchy imunitniho systému. Pfi kontaktu s alergenem dojde k piehnané reakci
imunitniho systému. Alergenni latky mohou byt rozdéleny do nékolika skupin na zakladé¢
jejich biochemické aktivity. Nejvyznamnéjsi skupinou jsou hydrolytické enzymy. Mezi
hydrolytické enzymy patii naptiklad proteazy, které jsou klinicky nejCastéjsi pti¢inou
alergii (Stewart & Thompson 1996). Dalsi skupiny zahrnuji inhibitory enzyml a
transportni proteiny a regulacni proteiny. Jen u D. farinae bylo v Cervenci 2019
charakterizovano 35 alergennich latek se zndmou funkci a u D. pteronyssinus je

v ¢ervenci 2019 znamo 30 alergennich latek se znamou funkci (WHO/IUIS 2019).

Alergenni latky ztél prachovych roztoct se kumuluji v trusu roztoCl a trus se
nasledné nachazi ve velkém mnozstvi v rozto¢i kontaminovaném prostiedi (Stewart &
Thompson 1996). Roztoci tvofi ve své zaZivaci soustave potravni balicky, které nasledné
vylu€uji. Tyto balicky se zacinaji vytvaret ve stfednim stfevu, kde se zbytky potravy
vlivem dehydratace a odumirani Zivych bunék zacinaji shlukovat. Nasledné¢ dojde

k obaleni balicku peritrofickou matrix a vylouceni z téla. V takto vytvofeném trusu je
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nashromazdéno velké mnozstvi enzymt a biologicky aktivnich latek, které se po
vylouceni a rozpadu balicku dostavaji do prostiedi, a pot¢ mohou aktivovat imunitni
odpovéd’ Cloveéka. NejznamejSim enzym vyskytujicim se v trusu je cysteinova protedza

Der p 1 (Colloff 2009).

Pticinou alergie na roztoce nicméné nejsou pouze enzymy, které produkuji roztoci
piimo. Ukazuje se, ze alergickou reakci vyvolavaji i lipopolysacharidy a beta-glukany,
které se vyskytuji v trusu roztocu jakozto pozustatek po bakteriich a houbach v jejich
potravé (Jacquet 2011). Dalsi latkou vyvolavajici alergické reakce u senzitivnich lidi je
chitin, ktery lze nalézt jak v téle roztoce jakozto soucast kutikuly, tak i v exkrementech,
kam se dostava bud’ jako zbytek peritrofické membrany nebo zbytek bunééné stény hub
(Gregory & Lloyd 2011). Z tohoto diivodu jsou vyznamnym zdrojem alergentli i mrtva

téla roztocu.

2.4. Vakciny a produkce rozto¢l pro imunomodulace

Prachovi roztoc¢i jsou chovani v laboratornich podminkach na produkci vakcin slouzicich
k zmirnéni alergické reakce na prachové roztoce. V soucasné dobé existuje nékolik
komerénich producentii (napt. ALK, Hersholm, Dansko nebo Stallergenes, Antony,
Francie). Vakciny jsou vyrabény z zivych i mrtvych tél roztoci a exkrementt, kde je
koncentrace alergenu nejvyssi. Zde se nachazi také mikroorganismy, které jsou schopny
u clovéka rovnéz vyvolavat alergické reakce. Alergeny jsou poté vyuZivany
v imunoterapii na tzv. imunologické desenzibilizaci (Batard et al. 2006; Chang et al.
2009). Desenzibilizace je proces, kdy se citlivy ¢loveék vystavuje alergenu a postupné si
na n¢j zvyka, az dojde k omezeni pfehnané imunitni reakce na pottebnou miru (Larche

2000).

Pti produkci roztoc¢t v laboratornich podminkach dochazi v komurkach s prachovymi
rozto€i ke ttem zakladnim rGstovym fazim populace roztocl. Béhem prvni dochazi
k mirnému nartistu populace, v druhé je riist vyrazné rychlejsi a béhem tfeti dochazi
k postupnému odumirani populace roztocii (Eraso et al. 1998). Béhem téchto fazi dochazi
také k rizné intenzité produkce alergenti. Nejvyssi produkce je béhem rtistové faze (Eraso
et al. 1997b). Odumirani roztoc¢l by mohlo byt zpiisobeno akaropatogenni bakterii,
nicméné béhem ptedchozich pokusi nebyla Zadna takova bakterie charakterizovana.

Doposud nebylo zjisténo, z jakého diivodu dochazi k odumirani roztoct po urcité dobé.
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Ptedchozi prace uvadi rozdilné zastoupeni a skladbu proteinli v ramci riiznych rastovych

fazi (Eraso et al. 1997a). Odlisnosti v rizn¢ staré dieté jsou patrné i vizualné (obrazek 2).

1.
Obrazek 2 Komtirka s jeden mésic starym (nahote) a tfi mesice starym (dole) chovem roztoce
D. pteronyssinus.

Tato prace byla zamétfena na mikroorganismy obsaZené v zbytkovém rlistovém médiu
(SPGM), které by mohly mit vliv na zivotaschopnost roztoce. Z tohoto diivodu bylo

SPGM odebrano ve dvou riznych ¢asech, které zachycuji ristovou a odumirajici fazi.

3. Material a metody

3.1. Rozto¢i

Dermatophagoides pteronyssinus a Dermatophagoides farinae byli uchovavani
v komiirkdch o objemu 70 ml (IWAKI flasks; katalogové ¢islo 3100-025; Sterilin,
Newport, Spojené kralovstvi). Komurky byly ulozeny v exikdtoru pfi teploté 25+1 °C a
relativni vlhkosti 75 %. Vlhkost byla udrZzovana pomoci nasyceného roztoku NaCl.
K pokustim byl pouzit laboratorni chov D. farinae, ktery byl ziskan ze Slezské univerzity
v Katovicich v roce 2005 od prof. Krzysztofa Solarze. Chov D. pteronyssinus byl ziskan
vroce 2012 zfirmy v Ttreboni od RNDr. Alexandra Zgarbovského. Tato firma se

zamétuje na imunodiagnostiku a produkci alergenti a vakcin. K obnové chovii dochazi



mesicné tak, ze je vybrano okolo 5 000 jedincii ze starého chovu, ktery se nachdzi

v exponencidlni fazi rlstu, a preneseno do nové komirky s 0,5 g nové diety.

Roztoc¢i byli krmeni potravou (HDMd), ktera je slozena z krmiva pro psy, pSeni¢nych
klickd, suseného krmiva pro ryby, suSeného drozdi — mauripan a zelatiny, dle receptu
z tabulky 1. Potrava byla rozmixovana a vystavena teploté 70 °C na piil hodiny (Erban &

Hubert 2008).

Tabulka 1 Slozeni kontrolni diety

Slozka Hmotnost (g)
Krmivo pro psy 30

Psenicné klicky 30

Rybi potrava 10

Susené drozdi (mauripan) 6

Zelatina 3

3.2. Pfiprava extraktu ze zbytkového ristového media

Pro ptipravu SPGM bylo zaloZeno 12 komirek pro kazdy druh z dlouhodobych chovi.
Do kazdé komurky bylo vlozeno okolo 5000 roztoc¢t a 0,5 g diety. Z Sesti komurek bylo
odebrano SPGM po jednom mesici a Sest komirek bylo nechano tfi mésice a poté bylo

odebrano SPGM. SPGM z 6 komiirek bylo smichano a pfeneseno do sterilni kadinky.

Do kédinky bylo pfiddno 50 ml sterilizovaného fosfatového pufru (PBST).
Fosfatovy pufr byl pfipraven podle tabulky 2. Poté byl obsah kadinky pfefiltrovan pies
40 pm sito (Falcon® 40 um Cell Strainer) a centrifugovan 5 minut pii 845 g. Pelet byl
znovu rozmichan v PBST a centrifugovan stejné, jako v predchozim kroku. Vycistény
sediment byl rozpustén v 10 ml PBST a pouzit pro pfipravu obohacené diety extrakci

DNA.



Tabulka 2 Slozeni fosfatového pufru (PBST)

Chemikalie Mnozstvi
NacCl 82¢g
Na;HPOux12H;0 29¢
KH2PO, 028
KCl 0.2 g
H>O 1000 ml
Tween 20° detergent 0,5 ml

Diety se zbytkovym ristovym médiem byly pfipraveny ze standardni diety (HDMd)
(10 g) a 4 ml extraktu. Tato smés byla opct promichana a ususena ve vakuu. Nésledné

byly s dietou provadény experimenty dle schématu (obrazek 3).



( Komtrka s roztoci )
SPGM

HDMd DF1

Respirace [ooFi| b1

RUOstovy test  DbF

Mikrobiom DF1

Dermatophagoides farinae Dermatophagoides pteronyssinus .

Obrazek 3 Design experimentu.

Do takto pfipravené diety byli vloZzeni prachovi roztoci. Na vSech kulturdch byla
zméfena respirace, kterd méla za cil urcit stabilitu mikroorganismti v kultufe a aktivitu
rozto¢l na téchto dietdch. Nasledné byl stanoven populaéni rist, ktery byl zaméfen na
vhodnost diety pro rychlost vyvoje a reprodukci roztocu, a byla provedena detekce
mikrobiomu roztoci, kterd zjistila spektrum mikroorganismt v prachovych rozto¢ich
a zmény v ramci rizné starého SPGM. Pokusy byly provadény nejdiive bez roztoct, poté
s rozto¢i na kontrolni dieté a aZ nasledné s obohacenou dietou za ptitomnosti roztoci (viz

obrazek 3).

3.3. Populaéni rist

Nartst populace za konkrétni ¢as byl sledovan na vSech typech diety. Pfedpoklada se, ze

na vhodnéjsi dieté se bude roztoci 1épe dafit a bude se vice a rychleji mnoZit, a proto za
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casovy usek bude na vhodnéjsi dieté vyssi pocet roztoct (Matsumoto 1965). Naopak
v pripad¢, ze by byla do diety ptidana nevhodna slozka potravy nebo by byla tato slozka
po ukonceni experimentu vyjadiuje vhodnost dané diety s pifidanym mikroorganismem

pro populaci prachovych roztocu.

Do komurky s obohacenou dietou (hmotnost diety 0,01 g+0,005 g (MS Mettler-
Toledo, Greifensee, Svycarsko)) bylo vloZzeno 50 jedincti (40 samic a 10 samci (viz
obrazek 4)) a ponechano 21 dni v exikatoru rist a mnozit se (pii 25+1 °C za relativni
vlhkosti 75 %). Po této dobé byl obsah komurky zalit 10 ml Oudemansova roztoku
(tabulka 3).

Obrdzek 4 Vybirani prachovych rozto¢t z komtrky. Sipky ukazuji samce a samice D. farinae
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Tabulka 3 Slozeni Oudemansova roztoku (Green 2001)

Slozka Pomeér jednotlivych slozek
70% Ethanol 87 mL

Kyselina octova 8 mL

Glycerol SmL

Dospé€lci a nymfalni stadia roztoct z kazdé komirky byli spocitani tfikrat v objemu 1
ml. Mililitr obsahu komurky byl pfenesen pomoci pipety na Petriho misku a roztoci byli
pocitani pod binokularnim stereomikroskopem (obrazek 5). Z téchto tii technickych
opakovani byl u¢inén priimér. Pro kazdy druh roztoce s ptislusnou dietou bylo zalozeno
12 komirek, tzn. 12 opakovani pro kazdy pokus.

L3

Obrazek 5 Pocitani roztocl pod binokularnim stereomikroskopem. Jednotlivi roztoci jsou
oznaceni Sipkou.

3.4. Respirace

Respirace byla méfena jako mnozstvi CO», které systém vyprodukuje za urcity cas.
K detekci CO2 v systému byl pouzit plynovy analyzér IRGA, ktery detekuje plyn pomoci
infracerveného zareni a aparatura (katalogové Cislo RP1LP, Qubit Systems, Kingston,

ON, Kanada).

Do komtrky s ptislusnou dietou (hmotnost 0,01g+0,005 g (MS Mettler-Toledo,

Greifensee, Svycarsko)) bylo vloZzeno 50 rozto&t (40 samcii a 10 samic) a komirky byly
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inkubovany 7 dni v exikatoru (relativni vlhkost 75 %, 25+1 °C). Sttikacka (B. Braun,
Omnifix®-F objem 1 ml, kéd 9161406V) byla ze spodu uzaviena kouskem navlhéeného
srolovaného filtracniho papiru, aby nedoslo k proniknuti roztoc¢h a diety do aparatury a
zaroven se ve stiikaCce udrzela vlhkost na piijatelné urovni pro roztoCe. Dieta s roztoci
byla vysypédna na navazovaci lodicku a zvaZena na analytickych vahéach. Nasledné byla
dieta s roztoCi prenesena z lodicky do stiikacky pomoci Stétecku a trychtyte, aby
nedochazelo ke ztratam pii piesypani. Stiikacka byla uzaviena na objemu 0,2 ml. Takto
piipravené stiikacky byly zapojeny do respirometru pomoci trojcestného ventilu
(katalogové ¢islo S7521, Sigma-Aldrich, St. Louis, MO, Spojené staty), ktery lze uzaviit

vzdy pro jeden smér. Zpusob zapojeni je zobrazen na obrazku 6.
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Obrdzek 6 Schéma respirometru (Hubert et al. 2010). 1 — stlaceny COz; 2 — stlaceny synteticky
vzduch; 3 — nadoba na CO, ke kalibraci; 4 — nadoba na synteticky vzduch; 5 — trojsmérny ventil;
6 — vzduchova pumpa; 7 — promyvacka; 8 — odklon od promyvacky; 9 — zapojené sttikacky; 10 —

v W

susicka vzduchu; 11 — odklon od susic¢ky vzduchu; 12 — priitokovy méfic; 13 — IRGA-CO; senzor;
14 — vystupni promyvacka se silikonovym olejem.

K respirometru bylo zapojeno vzdy 16 stiikacek, z toho bylo 12 se sledovanou
dietou a 4 prazdné, které slouzily jako negativni kontrola. Negativni kontrola byla
umisténa vzdy pied a za Sestici stiikacek se sledovanou dietou. Po ustanoveni stabilni
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koncentrace CO; v systému se zacalo s vyménou vzduchu ve stiikackéch a to tak, ze pist
u prvni stiikacky byl otocen ve sméru ptichodu syntetického vzduchu (Linde, 80 % N,
20 % 0O3) a nasan na objem 1 ml. Poté byl vzduch vytlacen ve sméru k analyzéru az na
hodnotu 0,1 ml. Poté znovu nasan synteticky vzduch na 1 ml a na zavér byl vytlacen
vzduch ze stiikacky na objem 0,6 ml (inkubacni objem). Takto pfipravené stiikacky byly
vlozeny na dvé hodiny do termostatu (26 °C+0,5 °C). Nésledné byly opét pfipojeny na
respirometr. Vzdy bylo nutné vyckat az se hladina CO> v respirometru ustali. Otevienim
systému z diivodu zapojeni stiikacek k respirometru dochéazi k nasani vzduchu, a tudiz se
musi zajistit nejprve navrat hladiny CO; na pivodni hladinu. Nasledné byl trojcestny
ventil otevien a pist stlacen na 0,1 ml. Méfeny objem by tedy 0,5 ml. Zapnuty analyzér
zm¢étil koncentraci prochazejiciho COz za 120 s. Tento postup byl opakovan postupné pro
vSechny stfikacky. Po 120 s klesla ve vSech ptipadech koncentrace CO; v systému na
pocatecni uroven (obrazek 7). Métfeni bylo provadéno pomoci softwaru LoggerPro3
(Vernier, Beaverton, OR, Spojené staty). Od naméfenych hodnot byla odectena primérna
hodnota z dvou negativnich kontrol. Vysledna koncentrace byla pfepocitana na pL. CO>
za hodinu na miligram testované diety. Béhem ptedchoziho méteni bylo zjisténo, ze
produkce CO> samotnych roztoct bez diety za 2 hodiny je zanedbatelna, proto tento

pokus vypovida o stavu diety a aktivit¢ mikroorganisml v ni (Hubert et al. 2010).
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Soubor Upravy Experiment Data Analjza VloZit Nastaveni Stanka Napovéda

DEWa@| feet -+ BB AAALLLTAMD W

Z3dné zafizeni neni pfipojeno.

Posledni méfeni M
cas Cconc Conc cas
(s} (ppm) | (ppm) s)
1 0,00 10475 |4 Q-S151 C022
2 0,05 105,84
3| o010 105.29 ppm
4 | 015 105,29 1000
5 | 0,20 105,84
6 025 104,75
7| 0,30 105,74
8 | 035 105,29
9 | 0,40 10547
10 | 045 105.74
1 0,50 104,93
12 | 055 105,74
13 | 0,60 105,20
14 | 065 10529
15| 0.70 10565
16 | 075 104,75
7| 0,80 105,65
18 | 0585 105,20
19 | 0,90 105.29 =
20 | 095 105,74 =
21 | 1,00 104,75 =
22 | 1,05 105,84 S 500
23 | 1,10 105,20 3
24 | 115 105.29 =
25 | 1,20 105.74 > .
BBl 125 10434 o MéFeny vzorek
27 | 1,30 105,84
28 | 1,35 105,20
29 | 1.40 105,29
30 | 145 105,74
31 | 1,50 104,75
32 | 1,55 105,84
33 | 1,60 105,20
34 | 169 105,29
35 | 1,70 105.74
36 | 175 104,84 .
37| 180 105,65 \
38 185 105,20 . ,
39| 190 105.29 Negativni kontrola
40 | 195 105,74 0 . - ‘ - . . .
41 | 2,00 104 84 0 50 100
42 205 10574 |x ;
Al 3 cas (s)

Obrazek 7 Mgteni prutoku CO, ptes senzor. Graf vyneseny programem LoggerPro3.

3.5. Extrakce DNA

Rozto¢i byly odebrani pomoci Stétecku z povrchu a vicka komurky. Na Stétecku byli
pfeneseni do Eppendorf zkumavky (1,5 ml), povrchové omyti etanolem a nésledné byl
etanol vyménén za destilovanou vodu. Rozto¢i byli ve zkumavce zhomogenizovani
pomoci plastového tloucku zapojeného na elektrické vrtacce ve 100 pl destilované vody.
Po homogenizaci byla pfiddna mala kopistka Chelexu 100 (katalogové cislo C7901,
Sigma-Aldrich, Saint Louis, MO, Spojené staty). Smés byla nasledn¢ zahtata na 100 °C
po dobu deseti minut. Poté byly zkumavky centrifugovany 1 minutu pii 8 000 g
(centrifuga CL31R, ThermoScientific). K ziskdni DNA byl v dalSich pokusech pouzit

supernatant.
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3.6. Amplifikace DNA
Bakterialni DNA  byla zmnozena pomoci primera CS1  515F (5°-

ACACTGACGACATGGTTCTACAGTGCCAGCMGCCGCGGTAA-3") a CS2 806R
(5-TACGGTAGCAGAGACTTGGTCTGGACTACHVGGGTWTCTAAT-3"), které
byly zaméfeny na V4 oblast 16S rRNA genu (Caporaso et al. 2012). Pro zmnozeni DNA
zhub byly pouzity primery CS1 FF390 (5-ACACTGACGACATGGTTCTACAC
GWTAACGAACGAGACCT-3")aCS2 _FR1 (5-ACGGTAGCAGAGACTTGGTCTA/
I/CCATTCAATCGGTA/I/T-3") (Chemidlin Prévost-Bouré et al. 2011), kter¢ cilily na
18S rRNA genu. DNA byla namnozena polymerazou Takara Ex Taq DNA a pfipravenou
smési (katalogové ¢islo RROO1A, Takara Bio, Saint-German-en-Laye, Francie). Reakce
byla provadéna v 25uL. Reakéni smés na jeden vzorek zahrnovala 1 pL F primeru (10
uM), 1 uL R primeru (10 uM), 17,375 pL H>O, 2 pL nukleotidt, 0,125 uL polymerazy
a 2,5 uL pufru. Do reakce byl pfidan 1 pL supernatantu z homogenatu. Negativni kontrola
byla provedena reakci s 1 pL destilované vody misto DNA z roztocl. Pfipravend smés

byla promichédna a vlozena do cykleru (C1000 Thermal Cycler, Bio-Rad).

......

minut pii 95 °C. Nasledovalo 30 cyklt amplifikaéni faze (30 sekund pii 95 °C, 45 sekund
pii 55 °C, 30 sekund pii 72 °C) a celd reakce byla ukoncena terminacni fazi (7 minut pii
72 °C). Pro houbovou DNA byla polymerazova fetézcova reakce provedena nasledovne:
Iniciacni faze (8 minut pii 95 °C), 30 cykli amplifikaéni faze (30 vtetin pii 95 °C, 45

vtefin pii 50 °C, 2 minuty pii 68 °C) a terminacni faze (10 minut pii 72 °C)

3.7. Gelove elektroforéza
Produkty byly vizualizovany na gelové elektroforéze. Gel byl ptipraven z 0,8 g agarozy

(Lonza SeaKem®LE agar6za 500g (katalogové ¢islo 50004, Lonza, Spojené staty)) a 80
ml pufru na elektroforézu (ROTIPHORESE® Pufr 50xTAE, (katalogové ¢islo R.CL86.2,
CARL ROTH, Némecko)). Smés byla zahiata a rozmichana v roztoku. Nasledné bylo
pfidano 5 uL SYBR® Safe DNA Gel Stain (katalogové ¢islo S33102, Invitrogen, Spojené
staty). Smés byla nalita do vany na elektroforézu (horizontalni Mini Gel systém B1A,
(katalogové ¢islo B1A, Thermo Scientific™, Spojené staty)). Prvnim vzorkem byl vzdy
standard (ZipRuler™ Express DNA Ladder Set (katalogové ¢islo SM1373, Thermo
Scientific™, Spojené staty)). Z naSich vzorkl byly odebrany vzdy 4 uL a smichény s 1
uL barvicky (PCR vkladaci pufr Yellow load (katalogové &islo P065, Top-Bio, Ceska
republika)). Takto pfipravené vzorky byly naneseny na gel. Elektroforéza probihala 20
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min pii 100 V (zdroj: Thermo Scientific™). Zbytek z kazdého vzorku byl uchovan pii
20 °C.

3.8. Zpracovani sekvenci
Amplifikované vzorky byly odeslany do laboratofe v Chicagu (Research Resources

Center, Univerzita Illinois), kde byly sekvenovany na pfistroji Illumina MiSeq (Illumina,
San Diego, CA, Spojené staty). Antiparalelni vldkna byla spojena a upravena pomoci
programtit MOTHUR 1.39.5 a UPARSE 10. Pouzity byly metody a programové ptikazy
popsané v pracich Kozich et al. (2013) a Sagova-Mareckova et. al. (2017). Tento
algoritmus vylucoval chiméry a mitochondridlni a plastidovou DNA. Operacné
taxonomické jednotky (OTUs) byly charakterizovany na zdkladé 97% podobnosti
sekvenci. Identifikace opera¢né taxonomickych jednotek (OTUs) byl proveden podle
Ribosomal Database Project s pfedpiipravenou databazi ¢islo 15 a Silval28 (Quast et al.
2013). Navic pro kazdou operacné taxonomickou jednotku byla reprezentativni sekvence
porovnéna s databazi sekvenci v GenBanku pomoci BLASTn (NCBI 2019). Bakterialni
sekvence zastoupené mén¢ nez 1 000 Illumina ¢tenimi (reads) v celkovém souboru byly
odstranény. Tim bylo odebrano cca méné nez 3 % sekvenci. Houbové sekvence byly
ponechdny vSechny, které se podafilo taxonomicky zatadit. Nasledn¢ byla data
standardizovana pomoci prepocteni na 5 000 ¢teni na vzorek a opera¢né taxonomické

jednotky byly zndzornény pomoci Krona zobrazeni (Ondov et al. 2011).

Originalni sekvence byly uloZeny do GenBanku, jako SRA bioprojekt PRINA449428
(SRP139166). Ptehled jednotlivych sekvenci je uveden v pftiloze 1.

3.9. Analyza dat

Ziskana standardizovana data byla analyzovana v programu PAST (Hammer et al. 2001)
a XLSTAT (Addinsoft, New York, NY, Spojené staty). Jako testované proménné byly
druhy roztoct (D. farinae a D. pteronyssinus) a experimentalni dieta (kontrolni diety,
dieta s 1 mésic starym SPGM a dieta s tfi mésice starym SPGM). Data byla programem
pfevedena do Brayovy—Curtisovy matice (Bray & Curtis 1957) podle vzorce na obrazku
8. Vliv téchto faktorli na beta diverzitu byl sledovan pomoci permuta¢ni analyzy variance
(PEMANOVA) pro data v Brayové—Curtisové matici s vyuzitim 10 000 permutaci. Byla
vyuzita dvoufaktorova PERMANOVA (Anderson 2001) a v dalSim kroku byla data
rozdélena pro jednotlivé druhy zvlast s vyuzitim jednofaktorové PERMANOVA.

Nasledné byla provedena parova porovnani (pairwise-test) s vyuzitim Bonferroniho
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korekce. Poté byla podobnost vzorkti zobrazena pomoci mnohorozmérného nemetrického
Skalovani (NMDS). Podobnost je znazornéna v pfiloze 3. Gama diverzita byla
vyhodnocovédna pomoci analyzy METSATATS (White et al. 2009) v programu
MOTHUR pro data rozdélena pro jednotlivé druhy a stejné proménné jako v predchozi

analyze.

Zxﬂ —xh‘

i

i

Obrazek 8 Vzorec Brayovy—Curtisovy matice. djx— rozdilnost j a k, i- index proménnych

Vyslednd data zrespirace a populaéniho ristu byla dekadicky zlogaritmovéna
a analyzovana pomoci neparametrického Kruskalova—Wallisova testu s Dunnettovym
parovym (pairwise) porovnanim po Bonferroniho korekci. Tyto operace byly provedeny

v programu PAST.

4. Vysledky

4.1. Mikrobiom

Mikrobialni slozeni vzorkll prachovych roztocl na vSech dietach i mikrobialni sloZeni
SPGM bylo zjisténo na zaklad¢é sekvenace a nasledné vizualizovano pomoci KRONA
zobrazeni (pfiloha 2). Standardizovana data pouzita pro dal$i analyzy zahrnovala 14 OTU
bakterii a 12 OTU hub. Mikroorganismy byly ureny na zaklad¢ referen¢nich sekvenci
bakterii a hub v datab4dzi GenBank s vyjimkou rodu Cardinium, ktery bylo urceno
porovnanim s celou 16S RNA sekvenci genu z tohoto roztoce. Piehled OTU spolecné
s jejich podobnostmi se sekvencemi v GenBank jsou uvedeny v tabulce 4 a 5. Nizsi
podobnost sekvence s referenénimi sekvencemi v GenBanku neZ 99 % byla dosaZena
pouze u OTU 5 a FOTU13. OTU byla oznacena za Serratia marcescens s podobnosti 94
%. Tuto OTU lze zatadit do celedi Enterobacteriaceae. Zatazeni do niz8ich taxont je jiz
problematické. FOTU 13 bylo urceno jako Torulaspora delbrueckii s podobnosti 96 %

vudi referenéni sekvenci v GenBanku.
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Tabulka 4 Identifikované bakterie s kody referencnich sekvenci v GenBanku.

OTU NejbliZe podobny druh Pristupové Cislo | Podobnost
OTU1 Staphylococcus arlettae NR 024664 100
oOTU2 Lactobacillus fermentum NR 104927 100
OTU3 Kocuria koreensis NR 116745 100
OTU4 Cardinium sp. JN236360 100
OTU7 |Acinetobacter radioresistens NR 114074 100
OTU6 Pantoea rwandensis NR 118121 100
OTUS5S Serratia marcescens NR 114043 94
OTU9 |Lactobacillus amylovorus NR 117064 100
OTUS Corynebacterium glutamicum NR 074663 100
OTU12 |Sphingomonas alpina NR 117230 100
OTUI11 |Bradyrhizobium manausense NR 133986 100
OTU13 |Lactobacillus aviarius NR 104979 100
OTU183 | Staphylococcus capitis NR 117006 100
OTU208 | Acinetobacter seifertii NR 134684 99

Tabulka 5 1dentifikované mikroskopické houby s kody referencnich sekvenci
v GenBanku.

oTU Nejblize podobny druh Pristupové cCislo | Podobnost
FOTU2 |Saccharomyces cerevisiae MG101837 100
FOTU3 | Candida glucosophila ABO013519 99
FOTU4 | Aspergillus penicillioides DQ985959 99
FOTUS | Candida allociferrii AB536784 99
FOTUS | Cladosporium sp. KU512834 99
FOTU13 | Torulaspora delbrueckii XR 002431969 96
FOTU23 | Sporobolomyces jilinensis KJ708450 100
FOTU2S5 | Pleospora herbarum AY741244 99
FOTU33 | Cryptococcus sp. KM586996 99
FOTU35 | Cryptococcus sp. KT279435 99
FOTU36 | Phoma herbarum GU004245 100
FOTU37 | Fusarium oxysporum MF522223 100

4.2. Vliv SPGM na mikrobiom

Ptidani SPGM do diety mélo rizny vliv na mikrobiom jednotlivych druhti roztoct a lisilo
se pro bakterie a houby. Slozeni bakteridlniho mikrobiomu bylo ovlivnéno druhem
roztoce a stafim SPGM. Statisticky byl tento fakt testovan dvoucestnou permutacni
analyzou (PERMANOVA). Statistické zhodnoceni tohoto pokusu je uvedeno v tabulce 6.
Pro kazdy druh zv1ast byla pouzita jednocestnda PERMANOVA, a i zde byl vliv SPGM

signifikantni (tabulka 6). Parové testy ukézaly, ze u D. farinae se signifikantné lisi
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mikrobiom po ptidani mésic starého SPGM 1 tii mésice starcho SPGM od kontrolni
situace. AvSak neli$i se mikrobiom po ptfidani mésic starécho SPGM od mikrobiomu po
pfidani tfi meésice starého SPGM. Ackoliv vliv SPGM dle jednofaktorového
PERMANOVA testu signifikantné ovliviiovalo slozeni mikrobiomu u D. pteronyssinus

(tabulka 6), parové testy tyto rozdily nepoukazaly (tabulka 7).

Houbovy profil mikrobiomu prachovych roztoc¢t nebyl ptidanim SPGM do potravy
statisticky vyznamné pozménén. Lze tedy pouze tvrdit, ze se 1is$i houbovy profil D.
farinae od D. pteronyssinus (viz tabulku 6), ale SPGM nema na houbovy profil statisticky
signifikantni vliv.

Tabulka 6 Porovnani vlivu SPGM na mikrobiom domacich prachovych roztoct zalozené na
jednocestné a dvoucestné permutacni analyze (PERMANOVA). Testované proménné byly druh

roztoCe a stati SPGM. Analyza byla pocitana v Brayové—Curtisové vzdalenosti. Statisticky
vyznamné hodnoty jsou tuéné zvyraznény.

Data set Faktor Df F P
Bakterie Druh 1 1,56 0,001
SPGM 2 0,705 0,001
interakce 2 0,007 0,02
Bakterie-DF SPGM 1 5,021 0,002
Bakterie-DP SPGM 1 4,171 0,024
Houby Druh 1 2,261 0,023
SPGM 2 1,153 0,21
Interakce 2 -062 0,15

Legenda: DF — D. farinae, DP — D. pteronyssinus; SPGM — roztoc¢i z diety obohacené
o extrakt ze zbytkového rlstového média.

Tabulka 7 Parové (pairwise) testovani po Bonferroniho korekci mikrobiomu roztoc¢t rostoucich
na obohacené dieté o SPGM a na kontrolni dieté. F hodnota je uvedena nad diagonalou, P
hodnota je ve spodni ¢asti. Statisticky vyznamné hodnoty jsou vyznaceny tucné.

DF DF3 DF1  DFC

1,995 4,338
DF1 0,3204
DFC 0,0486 0,018
DP DP3 DP1  DPC

2,675 2,387

DP1 0,3381
DPC 0,357 0,052
Legenda: DF — D. farinae, DP — D. pteronyssinus; C — roztoci z kontrolni diety bez

ptidaného SPGM, 1 — roztoci Zijici na diet€ obohacené o mésic star¢ SPGM, 3 — roztoc¢i

cey

zijici na dieté obohacené o SPGM star¢ tfi mésice.
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V mikrobiomu obou prachovych roztoct zijicich na kontrolni dieté je vysoké
zastoupeni bakterie rodu Lactobacillus (OTU2). U D. farinae obohacenim diety o SPGM
doslo kredukci zastoupeni této bakterie v mikrobiomu. U ostatnich operacné
taxonomickych jednotek doslo k nartistu zastoupeni v mikrobiomu v dasledku obohaceni
diety o SPGM. K vyraznému narastu doslo u bakterii rodu Staphylococcus (OTUL),
Sphingomonas (OTU12) a Acinetobacter (OTU7). Rozdily jsou patrné z tabulky 8, kde
je uvedeno priimérné zastoupeni bakterie ve vzorku a statistické porovnani kontrolni diety

s obohacenou.

Z hlediska osidleni houbovymi organismy se jednotlivi rozto¢i lisi, nicméné
pfiddnim SPGM nedoslo k zméné zastoupeni hub v mikrobiomu (tabulka 6). Nejcasté&ji
zastoupenym mikroorganismem byl S. cerevisiae (FOTU2). Rozdily mezi jednotlivymi
druhy byly zpiisobeny A. penicillioides (FOTU4). Houbové slozeni mikrobiomu SPGM
se lisi od houbového profilu roztoce. V. SPGM roztoce D. farinae je fidce zastoupen druh
S. cerevisiae a pocetné vyrazné€ zastoupen rod Candida (FOTU3). Slozeni SPGM D.
pteronyssinus je charakteristické opét vysokym zastoupenim Candida (FOTUS) a
zaroven A. penicillioides (FOTU4) (ptiloha 2).
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Tabulka 8 Vysledky analyzy METASTATS mikrobiomu D. farinae. Statisticky vyznamné hodnoty jsou vyznaceny tu¢ne.

DFC DF1 DF3 DFC/DF1  DFC/DF3
oTU Druh pramér stderr pramér stderr primér stderr p-hodnota p-hodnota
Otul Staphylococcus arlettae 0,022 0,011 0,102 0,012 0,089 0,026 0,001 0,014
Otu2 Lactobacillus fermentum 0,809 0,101 0,143 0,081 0,315 0,101 0,000 0,001
Otu3 Kocuria koreensis 0,016 0,015 0,010 0,007 0,013 0,007 0,821 0,895
Otud Cardinium sp. 0,090 0,059 0,303 0,091 0,041 0,013 0,037 0,524
Otu7? Acinetobacter radioresistens 0,004 0,001 0,108 0,054 0,158 0,079 0,041 0,048
Otu6 Pantoea rwandensis 0,017 0,006 0,054 0,009 0,105 0,060 0,003 0,135
Otu5 Serratia marcescens 0,000 0,000 0,068 0,051 0,069 0,069 0,188 0,386
Otu9 Lactobacillus amylovorus 0,013 0,003 0,050 0,038 0,088 0,036 0,383 0,034
Otu8 Corynebacterium glutamicum 0,002 0,001 0,002 0,001 0,002 0,002 0,812 0,739
Otul2 Sphingomonas alpina 0,003 0,001 0,071 0,032 0,021 0,006 0,026 0,004
Otull Bradyrhizobium manausense 0,017 0,006 0,049 0,012 0,037 0,017 0,017 0,311
Otul3 Lactobacillus aviarius 0,004 0,003 0,026 0,018 0,029 0,011 0,237 0,019
Otul83  Staphylococcus capitis 0,001 0,001 0,003 0,001 0,006 0,003 0,104 0,178
Otu208  Acinetobacter seifertii 0,001 0,001 0,010 0,005 0,026 0,019 0,100 0,191

.......

obohacené o tfi mésice staré SPGM. Stderr — stfedni chyba praméru.
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4.3. Respirace

Situace v mikrokosmu bez rozto¢i: Pfidanim SPGM do diety doslo k poklesu respirace
mikrokosmu oproti respiraci kontrolni diety (obrazek 9A a 9B). Ke snizeni respirace doslo

u SPGM ziskanym od obou druhti prachovych rozto¢i. Staifi SPGM nemélo na respiraci

mikrokosmu signifikantni vliv.

Situace v pritomnosti roztofi v mikrokosmu: Respirace byla ovlivnéna pfitomnosti
prachovych rozto¢t v mikrokosmu pouze u D. pteronyssinus. Jeho ptitomnost zptsobila snizeni
respirace kontrolni diety desetkrat (obrazek 9B). Naopak u diety obohacené o 1 mésic staré
SPGM doslo k nartstu respirace mikrokosmu s D. pteronyssinus v porovnani se situaci bez

pritomnosti roztoce.

Ptitomnost D. farinae neméla na respiraci mikrokosmu zadny vliv (obrazek 9A). Respirace
mikrokosmu po pfiddni SPGM vykazuje stejny klesajici trend bez D. farinae i s jeho

pritomnosti.

4.4. Populacni riist
V tvodnim pokusu, kde prachovi roztoci Zili na kontrolni dieté bez SPGM, byl populaéni rlst

dvakrat vy$si u D. farinae nez u D. pteronyssinus. Populacni rust D. farinae nebyl ptidanim
SPGM ovlivnén. Odlisnost v popula¢nim ristu Ize pozorovat pouze u D. pteronyssinus na dieté

obohacené o 1 mé&sic staré SPGM. Zde doslo k rychlejSimu rlistu oproti ostatnim situacim
(obrazek 9C a 9D).

A B K=1 48c D
*Te € T 'T p=o,a85 | K520/91 tegend:
K=55,22 |b K=48,43 35 T T’ T P<0:‘001 Bez roztoll
25T P<0,001 |7 P<0,001 i ' ‘_‘
".-‘: ) “'T bc __—_'— 315 T _I— T D Defmatop}ngoides
= .1. ‘E' 25 1 4 Jfarinae
8 ab ab _E Dermatophagoides
u 1,5 a [ T & 2 T preronyssinus
c 215 1 4
s 11 1 3
o e |
[
05 1 T 05 || 4
1] Ll L o A
ODF 1DF  3DF ODP  1DP  3DP DFC DF1 DF3DPCDP1 DP3

Obrdzek 9 Respirace a riist prachovych roztoci na experimentalnich dietdch. Data analyzovana
pomoci Kruskalova—Wallisova testu. P hodnota znac¢i signifikanci a K hodnota znazoriuje hodnotu
testovaného kritéria. Pismenka a, b, ¢ znaci signifikantn¢ odlisné hodnoty
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5. Diskuse

Vysledek této prace podporuje predchozi studie, které uvadi mikroorganismy jako vyznamnou
slozku potravy pro prachové roztoce (de Saint Georges-Gridelet 1987; Douglas & Hart 1989;
Naegele et al. 2013). Tato strategie se zda byt vyhodna ve vnéjSim prostredi, kde se nachazi
celé spolecenstva mikroorganismu zijicich na koznich derivatech, které jsou zdrojem potravy
rozto¢ll. Zejména v tésném kontaktu s clovékem, kde se vyskytuji zbytky kiize. Ty jsou pokryty
mikroorganismy (Brandwein et al. 2016) a mohou tak slouzit jako zdroj potravy pro prachové
roztoce. V této studii byla napodobena situace z bézného prostiedi, kde se kumuluji exkrementy
a zbytky tél roztocl a kontaminuji tak prostedi a zaroven potravu roztoc€e. Pfidani SPGM do
diety ovlivnilo mikrobiom D. farinae. U tohoto roztoce doslo ke zméné bakteridlniho profilu,
kde je patrny pokles zastoupeni bakterii rodu Lactobacillus a naopak dochazi k vy$simu
zastoupeni bakterii rodli Acinetobacter a Staphylococcus. Zvyseny vyskyt Staphylococcus je
zpisobeny jeho zastoupenim v SPGM, atudiZz byl v obohacené dieté zastoupen vice nez
v kontrolni dieté. Houbovy profil obou prachovych roztoct ovlivnén nebyl. Tento fakt je
nejspise zplisoben vybérem S. cerevisiae jako preferované slozky potravy, ktera je navic uméle
dodavana do vSech diet. Houbovy profil obou roztocii je malo pestry a pfevlada zde vzdy jeden

druh mikroskopické houby, ktery zaujima standardné pres 90 % vSech houbovych sekvenci.

Respirace diety bez roztocu byla snizena ptidanim SPGM. Dieta bez SPGM obsahuje
pouze nékolik mikroorganismi, které se navzajem neovliviiuji. Maji tak prostor
k rozmnoZovani a vyvoji. Jejich produkce CO; je tim padem vysokd. SPGM obsahuje Sirsi
spektrum mikroorganismi a po piidani SPGM do diety se rovnovaha mikroorganismt narusi a
dojde tak k poklesu rastu mikroorganismu a tim 1 jejich respirace. Tento efekt byl pozorovan
Jjiz dfive u jinych typi diet a jinych druht bezobratlych zivocichli (Hanlon 1981; Seastedt 1984;
Lussenhop 1992; A'Bear et al. 2014). Pfidanim prachovych roztoct do diety doslo vzdy
k mirnému nartistu respirace diety, at’ uz dieta byla s SPGM nebo bez néj. Samotna respirace
prachovych roztocl je ovSem zanedbatelna, tudiZ nartist musel byt zpiisoben interakci roztoce
s mikroorganismy. Rozto¢i svym pohybem roznaSeji mikroorganismy na nova mista, kde
mohou rist a tim dochazi k nartstu celkového metabolismu (Hanlon & Anderson 1979).
Zaroven rozto¢i okusuji mikroorganismy v dieté a tim aktivuji metabolismus mikroorganismu

(Hanlon & Anderson 1979; Bengtsson & Rundgren 1983; Siepel & Maaskamp 1994).

Ackoliv jiz dfive byl pozorovan negativni vliv mikroorganismii na délku vyvojového

cyklu roztoce (Saleh et al. 1991) i na celkovy rist rozto¢i populace (van Bronswijk & Sinha
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1973), pfiddanim SPGM do diety nedosSlo k zasadni zméné v rychlosti popula¢niho ristu.
Mikroorganismy jsou schopné populacni rust roztoct jak zrychlovat (napt. u D. farinae
zrychluje populaéni rist Micrococcus lysodeikticus (Erban & Hubert 2008)), tak i zpomalovat
(napf. A. penicillioides (van Bronswijk & Sinha 1973)). V této studii doslo ke zmén¢é dynamiky
populacniho riistu pouze u D. pteronyssinus, ktery rostl na dieté s mésic starym SPGM. V tomto
Case byl popula¢ni rast urychlen oproti ostatnim piipadim. Zaroven je v tomto piipad¢€ napadné
zvySena respirace mikrokosmu (obrazek 9A a 9C). U D. pteronyssinus na dieté s jeden mesic
starym SPGM se navic vyskytuje v mikrobiomu roztoCe nejvyssi zastoupeni bakterie
Staphylococcus arlettae. Zastoupeni této bakterie v mikrobiomu po ptidani tfi mésice starého
SPGM klesa, ackoliv je piitomno v extraktu z SPGM ve stejné mife v obou Casech. Prestoze se
v laboratornich kulturach typicky projevuji tfi ristové faze u experimentu s tfi mésice starym
SPGM, nepodafilo se nam navodit odumirajici ristovou fazi. Divodem miiZze byt nizka
koncentrace SPGM a tudiZ nizké zastoupeni mikroorganismil zapficifiujici tuto fazi vyvoje,
nebo fakt, ze tato faze je zptisobena jinym vlivem nez mikroorganismy (napi. hromadicimi se
chemickymi latkami atd.). Dal$im moznym vysvétlenim mize byt skutecnost, ze se v dieté
vyskytuje velké mnozstvi jinych bakterii, které roztoCi preferuji a zivili se vyhradn€ na nich.
Prestoze se v mikrobiomu vyskytuje velké mnozZstvi sekvenci identickych s S. cerevisiae,
v exkrementech se tyto houby vyskytuji minimaln€. To naznacuje, Ze S. cerevisiae je strdven

kompletné a je vyuzivan jako potrava.

V SPGM D. farinae se vyskytuje symbiotickd bakterie rodu Cardinium. Vzhledem
ke své lokalizaci v reproduk¢ni soustavé neni mozné, aby bylo Cardinium vylu¢ovano z téla
v exkrementech. Tento fakt indikuje, Ze se v SPGM krom¢ exkrementii a zbytkd potravy

vyskytuji 1 rozpadajici se zbytky tél mrtvych roztoci.

Tato prace ukazuje, ze ptidani zbytkového ristového média do diety prachovych roztoct
ma pouze maly vliv na Zivotaschopnost populace roztoct. Z toho vyplyva, Ze se zde nenachézi
zadny akaropatogenni mikroorganismus, ktery by mél vliv na vyvoj populace roztoct. Pfidanim
SPGM do diety se ndm nepodaftilo simulovat odumirajici f4zi populace, ke které standardné po

trech mésicich v laboratornich populacich dochazi.
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6. Zaver

e Mikrobiom rozto¢e je ovlivnén mikroorganismy pfenesenymi prostiednictvim SPGM
do pasterizované diety roztocl, avSak pouze v piipadé bakterii u druhu
Dermatophagoides farinae. Nepodatfilo se prokéazat vliv SPGM na slozeni mikrobiomu
roztoce Dermatophagoides pteronyssinus. Nebyl rovnéz prokazéan vliv pienosu hub
v SPGM na sloZzeni mikrobiomu hub u obou druhti roztoci.

e Populacni riist prachovych rozto¢i nebyl ovlivnén mikroorganismy obsaznymi v SPGM
a prenesenych do pasterizované diety s vyjimkou dodani SPGM z jeden mésic staré
kultury, ktera vedla ke zvySeni populacniho rlstu D. pteronyssinus.

e Pfidani mikroorganismu do pasterizované diety roztoct prostfednictvim SPGM sniZuje
celkovou respiraci mikroorganismt v mikrokosmu, pokud nejsou roztoc¢i pfitomni.
Pfitomnost roztoCt casteCné zvySuje respiraci, ktera je vSak stale nizS§i nez
v mikrokosmech bez SPGM.

e Mikrobiom byl vice ovlivnén u druhu D. farinae, avSak populacni rlst a respirace
mikrokosmu se ménila signifikantnéji u druhu D. pteronyssinus.

o Vysledky byly publikovany jako clanek Molva, V., Nesvorna, M., Pekar, S.,
Shcherbachenko, E., Erban, T., Klimov, P., Hubert, J. 2019. Dynamics of the microbial
community during growth of the house dust mite Dermatophagoides farinae in culture.

FEMS Microbiology Ecology. Clanek byl pfilozen jako piiloha.
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Priloha 1 Sekvence mikrobiomu Dermatophagoides farinae a Dermatophagoides pteronyssinus za riznych experimentalnich podminek. Bakterialni a houbovy

mikrobiom byl popsén na zaklad¢ fragmetd genu 16S rRNA a 18S rRNA. Sekvence byly uloZzeny do GenBanku jako SRA bioprojekt PRINA449428 (SRP139166).

Id.
D1
D2
D3
D4
D5
D6
D7
D8
D9
D10
D11
D12
D20
D21
D22
D23
D24
D25
D33
D34
D35
D36
D37
D38
D39
D40
D41
D42
D43
D45
D46
D47
D48
D49
D50
E1l
E2
E3
E4

Nazev

SAMNO08903310
SAMNO08903311
SAMNO08903312
SAMNO08903313
SAMNO08903314
SAMNO08903315
SAMNO08903316
SAMNO08903317
SAMNO08903318
SAMNO08903319
SAMNO08903320
SAMNO08903321
SAMNO08903322
SAMNO08903323
SAMNO08903324
SAMNO08903325
SAMNO08903326
SAMNO08903327
SAMNO08903328
SAMNO08903329
SAMNO08903330
SAMNO08903331
SAMNO08903332
SAMNO08903333
SAMNO08903334
SAMNO08903335
SAMNO08903336
SAMNO08903337
SAMNO08903338
SAMNO08903339
SAMNO08903340
SAMNO08903341
SAMNO08903342
SAMNO08903343
SAMNO08903344
SAMNO08903345
SAMNO08903346
SAMNO08903347
SAMNO08903348

Druh

Dermatophagoides farina
Dermatophagoides farina
Dermatophagoides farina
Dermatophagoides farina
Dermatophagoides farina
Dermatophagoides farina
Dermatophagoides farina
Dermatophagoides farina
Dermatophagoides farina
Dermatophagoides farina
Dermatophagoides farina
Dermatophagoides farina
Dermatophagoides farina
Dermatophagoides farina
Dermatophagoides farina
Dermatophagoides farina
Dermatophagoides farina
Dermatophagoides farina
Dermatophagoides pteronyssinus
Dermatophagoides pteronyssinus
Dermatophagoides pteronyssinus
Dermatophagoides pteronyssinus
Dermatophagoides pteronyssinus
Dermatophagoides pteronyssinus
Dermatophagoides pteronyssinus
Dermatophagoides pteronyssinus
Dermatophagoides pteronyssinus
Dermatophagoides pteronyssinus
Dermatophagoides pteronyssinus
Dermatophagoides pteronyssinus
Dermatophagoides pteronyssinus
Dermatophagoides pteronyssinus
Dermatophagoides pteronyssinus
Dermatophagoides pteronyssinus
Dermatophagoides pteronyssinus
Dermatophagoides farina
Dermatophagoides farina
Dermatophagoides pteronyssinus
Dermatophagoides pteronyssinus

vzorek
dieta+SPGM-3M
dieta+SPGM-3M
dieta+SPGM-3M
dieta+SPGM-3M
dieta+SPGM-3M
dieta+SPGM-3M
dieta+SPGM-1M
dieta+SPGM-1M
dieta+SPGM-1M
dieta+SPGM-1M
dieta+SPGM-1M
dieta+SPGM-1M
Kontrola
Kontrola
Kontrola
Kontrola
Kontrola
Kontrola
dieta+SPGM-3M
dieta+SPGM-3M
dieta+SPGM-3M
dieta+SPGM-3M
dieta+SPGM-3M
dieta+SPGM-3M
dieta+SPGM-3M
dieta+SPGM-3M
dieta+SPGM-3M
dieta+SPGM-3M
dieta+SPGM-3M
Kontrola
Kontrola
Kontrola
Kontrola
Kontrola
Kontrola
SPGM-1M
SPGM -3M
SPGM-1M
SPGM -3M

16S DNA
D1_R1_001.fastq
D2_R1_001.fastq
D3_R1_001.fastq
D4_R1_001.fastq
D5_R1_001.fastq
D6_R1_001.fastq
D7_R1_001.fastq
D8 _R1_001.fastq
D9_R1_001.fastq
D10_R1_001.fastq
D11_R1_001.fastq
D12_R1_001.fastq
D20_R1_001.fastq
D21_R1_001.fastq
D22_R1_001.fastq
D23_R1_001.fastq
D24_R1_001.fastq
D25_R1_001.fastq
D33_R1_001.fastq
D34_R1_001.fastq
D35_R1_001.fastq
D36_R1_001.fastq
D37_R1_001.fastq
D38_R1_001.fastq
D39_R1_001.fastq
D40_R1_001.fastq
D41_R1_001.fastq
D42_R1_001.fastq
D43_R1_001.fastq
D45_R1_001.fastq
D46_R1_001.fastq
D47_R1_001.fastq
D48_R1_001.fastq
D49_R1_001.fastq
D50_R1_001.fastq
E1_R1_001.fastq
E2_R1_001.fastq
E3_R1_001.fastq
E4_R1_001.fastq

16S DNA
D1_R2_001.fastq
D2_R2_001.fastq
D3_R2_001.fastq
D4_R2_001.fastq
D5_R2_001.fastq
D6_R2_001.fastq
D7_R2_001.fastq
D8_R2_001.fastq
D9_R2_001.fastq
D10_R2_001.fastq
D11_R2_001.fastq
D12_R2_001.fastq
D20_R2_001.fastq
D21_R2_001.fastq
D22_R2_001.fastq
D23_R2_001.fastq
D24_R2_001.fastq
D25_R2_001.fastq
D33_R2_001.fastq
D34_R2_001.fastq
D35_R2_001.fastq
D36_R2_001.fastq
D37_R2_001.fastq
D38_R2_001.fastq
D39_R2_001.fastq
D40_R2_001.fastq
D41_R2_001.fastq
D42_R2_001.fastq
D43_R2_001.fastq
D45_R2_001.fastq
D46_R2_001.fastq
D47_R2_001.fastq
D48_R2_001.fastq
D49_R2_001.fastq
D50_R2_001.fastq
E1_R2_001.fastq
E2_R2_001.fastq
E3_R2_001.fastq
E4_R2_001.fastq

16S DNA
D1b_R1_001.fastq
D2b_R1_001.fastq
D3b_R1_001.fastq
D4b_R1_001.fastq
D5b_R1_001.fastq
D6b_R1_001.fastq
D7b_R1_001.fastq
D8b_R1_001.fastq
D9b_R1_001.fastq
D10b_R1_001.fastq
D11b_R1_001.fastq
D12b_R1_001.fastq
D20b_R1_001.fastq
D21b_R1_001.fastq
D22b_R1_001.fastq
D23b_R1_001.fastq
D24b_R1_001.fastq
D25b_R1_001.fastq
D33b_R1_001.fastq
D34b_R1_001.fastq
D35b_R1_001.fastq
D36b_R1_001.fastq
D37b_R1_001.fastq
D38b_R1_001.fastq
D39b_R1_001.fastq
D40b_R1_001.fastq
D41b_R1_001.fastq
D42b_R1_001.fastq
D43b_R1_001.fastq
D45b_R1_001.fastq
D46b_R1_001.fastq
D47b_R1_001.fastq
D48b_R1_001.fastq
D49b_R1_001.fastq
D50b_R1_001.fastq
Elb_R1_001.fastq
E2b_R1_001.fastq
E3b_R1_001.fastq
E4b_R1_001.fastq

16S DNA
D1b_R2_001.fastq
D2b_R2_001.fastq
D3b_R2_001.fastq
D4b_R2_001.fastq
D5b_R2_001.fastq
D6b_R2_001.fastq
D7b_R2_001.fastq
D8b_R2_001.fastq
D9b_R2_001.fastq
D10b_R2_001.fastq
D11b_R2_001.fastq
D12b_R2_001.fastq
D20b_R2_001.fastq
D21b_R2_001.fastq
D22b_R2_001.fastq
D23b_R2_001.fastq
D24b_R2_001.fastq
D25b_R2_001.fastq
D33b_R2_001.fastq
D34b_R2_001.fastq
D35b_R2_001.fastq
D36b_R2_001.fastq
D37b_R2_001.fastq
D38b_R2_001.fastq
D39b_R2_001.fastq
D40b_R2_001.fastq
D41b_R2_001.fastq
D42b_R2_001.fastq
D43b_R2_001.fastq
D45b_R2_001.fastq
D46b_R2_001.fastq
D47b_R2_001.fastq
D48b_R2_001.fastq
D49b_R2_001.fastq
D50b_R2_001.fastq
Elb_R2_001.fastq
E2b_R2_001.fastq
E3b_R2_001.fastq
E4b_R2_001.fastq

18S DNA
H1_R1_001.fastq
H2_R1_001.fastq
H3_R1_001.fastq
H4_R1_001.fastq
H5_R1_001.fastq
H6_R1_001.fastq
H7_R1_001.fastq
H8_R1_001.fastq
H9_R1_001.fastq
H10_R1_001.fastq
H11_R1_001.fastq
H12_R1_001.fastq
H20_R1_001.fastq
H21_R1_001.fastq
H22_R1_001.fastq
H23_R1_001.fastq
H24_R1_001.fastq
H25_R1_001.fastq
H33_R1_001.fastq
H34_R1_001.fastq
H35_R1_001.fastq
H36_R1_001.fastq
H37_R1_001.fastq
H38_R1_001.fastq
H39_R1_001.fastq
H40_R1_001.fastq
H41_R1_001.fastq
H42_R1_001.fastq
H43_R1_001.fastq
H45_R1_001.fastq
H46_R1_001.fastq
H47_R1_001.fastq
H48_R1_001.fastq
H49_R1_001.fastq
H50_R1_001.fastq
EE1_R1_001.fastq
EE2_R1_001.fastq
EE3_R1_001.fastq
EE4_R1_001.fastq

18S DNA
H1_R2_001.fastq
H2_R2_001.fastq
H3_R2_001.fastq
H4_R2_001.fastq
H5_R2_001.fastq
H6_R2_001.fastq
H7_R2_001.fastq
H8_R2_001.fastq
H9_R2_001.fastq
H10_R2_001.fastq
H11_R2_001.fastq
H12_R2_001.fastq
H20_R2_001.fastq
H21_R2_001.fastq
H22_R2_001.fastq
H23_R2_001.fastq
H24_R2_001.fastq
H25_R2_001.fastq
H33_R2_001.fastq
H34_R2_001.fastq
H35_R2_001.fastq
H36_R2_001.fastq
H37_R2_001.fastq
H38_R2_001.fastq
H39_R2_001.fastq
H40_R2_001.fastq
H41_R2_001.fastq
H42_R2_001.fastq
H43_R2_001.fastq
H45_R2_001.fastq
H46_R2_001.fastq
H47_R2_001.fastq
H48_R2_001.fastq
H49_R2_001.fastq
H50_R2_001.fastq
EE1_R2_001.fastq
EE2_R2_001.fastq
EE3_R2_001.fastq
EE4_R2_001.fastq

Legenda: SPGM - zbytkové rustové médium, 1M — 1 mésic stara kultura roztocii, 3M — 3 mésice stara kultura roztoca
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Priloha 2 Krona vizualizace bakteridlniho a houbového mikrobiomu D. farinae a D. pteronyssinus na
ruznych dietdch. A — Bakteridlni profil D. farinae na dieté obohacené o 1 mésic staré SPGM. B —
Bakterialni profil D. farinae na kontrolni dieté. C — Bakterialni profil D. farinae na dieté obohacené o
3 mésice staré SPGM D — Bakterialni slozeni 1 mésic starého SPGM z kultury D. farinae. E —
Bakterialni slozeni 3 mésice starého SPGM z kultury D. farinae. F — Houbové slozeni 1 mésic starého
SPGM z kultury D. farinae. H — Houbové slozeni 3 mésice star¢ého SPGM z kultury D. farinae. I —
Houbovy profil D. farinae na dieté obohacené o 1 mésic star¢ho SPGM. J — Houbovy profil D. farinae
na dieté obohacené o 3 mésice starého SPGM. K — Houbovy profil D. farinae na kontrolni dieté. L —
Bakterialni sloZeni 1 mésic starého SPGM z kultury D. pteronyssinus. M — Bakterialni slozeni 3
mésice starého SPGM z kultury D. pteronyssinus. N — Houbové slozeni 1 mésic star¢ho SPGM

z kultury D. pteronyssinus. O — Houbové slozeni 3 mésice starého SPGM z kultury D. pteronyssinus.
P — Bakterialni profil D. pteronyssinus na dieté obohacené o 1 mésic staré SPGM. Q — Bakterialni
profil D. pteronyssinus na dieté obohacené o 3 mésice staré SPGM. R — Bakterialni profil D.
pteronyssinus na kontrolni dieté. S — Houbovy profil D. pteronyssinus na dieté¢ obohacené o 1 mesic
starého SPGM. T — Houbovy profil D. pteronyssinus na diet¢ obohacené o 3 mésice starého SPGM. U
— Houbovy profil D. pteronyssinus na kontrolni dieté.
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Priloha 3 Mikrobiom prachovych roztoc¢t. (A) Mnohorozmérné nemetrické skalovani
bakteridlniho slozeni mikrobiomu rozto¢t na riznych typech diet (DFC, DF1, DF3, DPC,
DP1 a DP3) a bakterialniho slozeni rizné€ star¢ho SPGM (DF1M, DF3M, DPIM a DP3M)
(B) Bakteridlni profil prachovych roztoct na riznych typech diet a bakterialni profil
jednotlivych diet. (C) Mnohorozmérné nemetrické skalovani houbového slozeni mikrobiomu
roztocu na ruznych typech diet a rizné star¢ho SPGM (B) Houbovy profil prachovych roztoc¢i
na ruznych typech diet a houbovy profil jednotlivych diet.
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Do the microorganisms from laboratory culture spent growth
medium affect house dust mite fithess and microbiome

composition?
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Introduction

Abstract The interaction of house dust mites (HDM) and microorganisms is the key
factor in the survival of these mites in human-made environments. Spent growth medium
(SPGM) provides the rest of the diet, along with dead mite bodies and microorganisms.
SPGM represents a source of microorganisms for the recolonization of mite food and the
mite digestive tract. An experiment was performed to observe how adding SPGM to the
HDM diet affects HDM population growth, the microbiome composition and the
microbial respiration in microcosms. We analyzed American house dust mite
(Dermatophagoides farinae) and European house dust mite (Dermatophagoides
pteronyssinus) originating from control diets and diets treated with an extract of SPGM
from 1- and 3-month-old mite cultures. The microbiome was described using 16S and 18S
barcode sequencing. The composition of the bacterial and fungal microbiomes differed
between the HDM species, but the SPGM treatment influenced only the bacterial profile
of D. farinae. In the D. farinae microbiome of specimens on SPGM-treated diets
compared to those of the control situation, the Lactobacillus profile decreased, while the
Cardinium, Staphylococcus, Acinetobacter, and Sphingomonas profiles increased. The
addition of SPGM extract decreased the microbial respiration in the microcosms with and
without mites in almost all cases. Adding SPGM did not influence the population growth
of D. farinae, but it had a variable effect on D. pteronyssinus. The results indicated that
the HDM are marginally influenced by the microorganisms in their feces.

Key words diet; feces; feeding; house dust mites; microbiome; microorganisms; mites
+420 233 022 111; fax: +420 233 310 638; email: hubert@

vurv.cz

House dust mites (HDM, Dermatophagoides farinae and production of a wide spectrum of allergens that endanger
Dermatophagoides pteronyssinus) are inhabitants of human health (Arlian, 2002).

indoqr environments. These mites are fF)und in beds, By viewing the human skin microbiome to understand
bedding, carpets, and upholstered furniture (Colloff, the host’s development of a microbial community,
1998). They are parts of airborne materials and have been recent studies have shown that (Kong et al., 2012;
sampled from curtains, ledges, and the filters of forced-air Brandwein et al., 2016) humans transfer millions of
'furnac'es (Lang & Mulla, 1978). HDM are unwanted microbial cells and that the human microbiome interacts
inhabitants of human houses due to their with the indoor environment, creating a specific

Correspondence: Jan Hubert, Crop Research Institute,
Drnovska 507/73, CZ-16106 Prague 6-Ruzyne, Czechia. Tel:

microbial community (Lax ef al., 2014) that makes the
skin and nail debris available to mites. The HDM
interact with microorganisms, and microorganisms are
the key factor influencing their feeding (Hay et al., 1992,
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1993). Barcode sequencing is a very important tool for
studying mite—microbial associations, and it enables
researchers to identify the microorganisms in the mite
microbiome (Kim et al., 2018). Barcode analyses of
bacterial 16S DNA revealed that D. farinae is inhabited
by Enterococcus and Bartonella-like bacteria as the
prevailing taxa in the microbiome (Kim et al., 2018).

In the laboratory cultures of HDM, the specific
growth patterns have been characterized, and they
included a latent phase of low growth, an exponential
growth phase and the death phase of the culture (Eraso
et al., 1997a,b). Hypothetically, the death phase of the
mite culture could be caused by acaropathogenic
bacteria that were poisoning the mites. Spent growth
medium (SPGM), that is, the remains of the culture after
mite cultivation, is formed from the dead bodies of
mites, feces, and diet debris, and it was selected as the
source of microorganisms (Stewart et al., 1986; Erban
et al., 2016). We hypothesized that SPGM extract is a
source of microorganisms that grow in the diets of mites
and enhance mite survival on the treated diet, or that
these microorganisms have antagonistic effects on the
mites. In this study, we focused on comparing the effects
of the SPGM extract from 1- and 3-month-old cultures
on D. farinae and D. pteronyssinus. The SPGM fraction
was added to the mite diet, and we observed the effects
of the SPGM-treated diet on the mite microbiome and
the growth and microbial respiration of microcosms.

Materials and methods
Mites

Dermatophagoides pteronyssinus (DP) was obtained
from Czech facility for allergen production (Dr. A.
Zgarbovsky) in 2012. The laboratory population of D.
farinae (DF) was obtained as laboratory obtained from
Medical University of Silesia, Katowice, Poland (Prof.
K. Solarz)
in2005.Thebothcultureswerecultivatedinl W AKItissue
culture flasks with a 25-cm? surface and 70-mL capacity
(IWAKIT flasks; Cat. No. 3100-025; Sterilin, Newport,
WLS, UK) at 75% relative humidity in a Secador
desiccator (Bel-Art Products, Pequannock, NJ, USA) at
25 = 1 °C. The mites were provided with an HDMd diet
consisting of dog food/wheat germ/dried fish
food/Mauripandried yeast extract (Saccharomyces
cerevisiae)/gelatin at a ratio of 10/10/3/2/1 w/w. The
diet was mill-powdered, sieved (mesh size, 500 pm),
and heated to 70 °C for 0.5 h. For the experiments, the
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mites were collected from the surface of the chambers,
which were plugged.

Feces extract preparation

To prepare the spent growth medium, the mite
cultures were prepared in 12 chambers per species of
mite with the HDMd diet. To establish a new chamber,
approximately 5000 mites plus their diets were placed
in a new chamber containing 0.5 g of a freshly prepared
HDMd; the mites were obtained from mites in the
exponential phase of growth (Eraso et al., 1997a,b).
Then the cultures were cultivated for 1 and 3 months
when the spent growth medium (SPGM) was collected.
The contents of the six chambers were mixed and
transferred to sterile beakers. A 50 mL volume of
sterilized phosphate-buffered saline (PBST; 3.2 mmol/L
Na,HPOy4, 0.5 mmol/L KH,PO4, 1.3 mmol/L KCI, and
135 mmol/L NaCl) with 0.05% w/w Tweent 20
detergent (Sigma-Aldrich, Saint Louis, MO, USA) was
added and mixed. The mixture was then filtered through
a 40 um mesh Cell Strainer and centrifuged at 845x g
for 5 min. The supernatant was resuspended in PBST
and centrifuged again, and this step was repeated. The
cleaned pellet was resuspended in 10 mL of PBST and
used for diet preparation and DNA extraction. The
SPGM-treated
dietswerepreparedfromtheextractsobtainedfrom1-and
3-month-old cultures of both HDM species. The HDMd
(10 g) was mixed with 4 mL of extract and dried under
a vacuum (Hubert ef al., 2005).

Experimental design

The experiments (Fig. 1) included (i) a control
consisting of HDMd with or without the mites (0, ODF,
and 0DP) and (ii) SPGM-treated HDMd, with SPGM from
DF or DP cultures that were 1 and 3 months old and with
or without mites (DF1, DF3, DP1, and DP3 and 0DFI,
0DF3, 0DP1, and 0DP3).

Mite growth tests

The suitability of the treated diets for mite population
growth was compared using a growth test (Hubert et al.,
2005), that is, ODPF, DF1, DF3, 0DP, DP1, and DP3 (Fig.
1). It is expected that the high population growth of mites
correlated with the most suitable diet (Matsumoto, 1965).
Diets weighing 0.01 * 0.005 g were added to the flasks.
Sexed adult mites consisting of 40 females and 10 males
were added to the chamber at 10 replicates per treatment.



The flasks were kept at 25 £ 1 °C and 75% RH for 21 d.
The chambers were then filled with Oudemans’ fluid
(Hughes, 1976), and the mites (adults, nymphs, and
larvae) were counted using a dissection microscope.

Respiration

The microcosm experiments were performed according
to a previously described protocol (Nesvorna et al.,

' Mites culture DP/DF '
SPGM

Diets-HDMd

Mites

Microcosm
respiration

Growth test

Microbiome

Dermatophagoides farinae Dermatophagoides pleronyssinus .

Fig. 1 The experimental design describing the test on house dust
mites in spent growth medium (SPGM) and the isolated
microorganisms in relation to microcosm respiration and house
dust mite population growth in the laboratory. The control was
HDMd with or without the mites (0, ODF, and ODP); the
SPGMtreated HDMd had SPGM from DF or DP cultures at 1
and 3 months of age with or without mites (DF1, DF3, DP1, and
DP3 and ODF1, ODF3, ODP1, and 0DP3). Note: DF, D. farinae;
DP, D. pteronyssinus.

2018). In all the treatments, the total respiration was
measured in microcosms with or without mites, that is,
DF1, DF3, DP1, and DP3 and ODF1, ODF3, ODP1, and
0DP3 (Fig. 2). The microcosms consisted of diets with
SPGM or the control and were incubated in the Iwaki
chambers with or without mites (40 females and 10 males)
for 7 d. The same amount of diet was used as in the growth
test. The experimental design included twelve replicates
per treatment. The contents of the chamber were then
transferred into a syringe. The aperture of the syringe was
filled with a moistened piece of filter paper to prevent the
movement of mites into the apparatus. The volume of the
gas in every syringe was 0.6 mL. The controls were empty

- syringes. The syringes were incubated for 2 h in the
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ES-500 thermostat (Trigon Plus, Cestlice, Czechia) at a
temperature 26 + 0.1 °C. Following the incubation, the
CO; content was measured immediately by applying 0.5
mL of the gas from the syringe at 120 s intervals
(Nesvorna et al., 2018). The CO; produced by the chamber
was recalculated to the pL of CO; per g of fresh weight of
the diet. The contribution of the 50 mites to the
microorganism respiration was observed, but the CO,
production was not significantly different from that of the
empty syringes; that is, the respiration of 50 mites is
negligible.

DNA extraction

The mites (50 adult individuals) were surface-cleaned
with washing ethanol, and then, the ethanol was
removed with ddH,O (Hubert ef al., 2016). The mites
were homogenized using a plastic pestle homogenizer in
100 pL of resterilized ddH,O. We used a Chelex
extraction (Konakandla et al., 2006). Chelexx 100
sodium (Cat No: C7901, Sigma-Aldrich) was added to
obtain a 10% solution in PBST (w/v). The solution was
then boiled for 10 min and centrifuged (1 min at 8000x
g). The supernatant was used as a source of
microbial/mite DNA. DNA amplification

The DNA from the mite homogenates was amplified
with CS1515F and CS2806R primers targeting the V4
of the 16S rRNA gene and the fungal community using
CS1FF390 and CS2FR1 for 18S rRNA and previously
described conditions (Chemidlin Prevost-Boure et al.,
2011; Caporaso et al, 2012). For the DNA
amplification, we used Takara Ex Taq DNA
polymerase, and master mix (cat No. RRO01A, Takara
Bio, Saint-Germanen-Laye, France), and the negative
control, ddH»O, was added. The amplicons were
sequenced at the DNA Services Facility, Research
Resources Center, University of Illinois (Chicago, IL,
USA) on a MiSeq platform (Illumina, San Diego, CA,
USA) (Earley et al., 2015). The sequences were
demultiplexed, and the barcodes and primers were
removed by the company. The forward and reverse
sequences were aligned and processed using a
combination of MOTHUR 1.39.5 (Schloss et al., 2009)
and UPARSE 10 (Edgar, 2013, 2016) according to the
standard operation procedure (Kozich et al., 2013;
Sagova-Mareckova et al., 2017). The operational
taxonomic units (OTUs) were described according to the
Ribosomal Database Project (Cole et al., 2014), with
training set No. 15 and Silval28 (Quast et al., 2013).
The representative sequences for each OTU were then
compared to those in GenBank using the BLASTn. Raw
sequences of 16S rRNA and 18S rRNA genes are



accessible through SRA study accession number
SRP139166 (Table S1). In the bacterial dataset, all the
sequences with numbers lower than 1000 were
eliminated. Both datasets were standardized by
recalculating to 5000 reads/sample (Tables S2—S6). The
OTUs were visualized by Krona projections (Ondov et
al., 2011) (Figs. S1-S6).

Data analyses

The microbiome profiles were analyzed by two-way
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corrections. In all the analyses, the data were analyzed in
a Bray—Curtis distance matrix using 10 000 permutation in
the PAST 3.14 program (Hammer et al., 2001). The
differences were visualized by nonmetric
multidimensional scaling (NMDS) (Fig. 2). If significant
differences were found among the treatments, then
METASTATS analyses (White ef al., 2009) were applied
to identify the OTUs with significant differences (P <
0.05) among the treatments using MOTHUR

(Table S7).

The respiration and population growth data were

i

REST

l

[ Pl DP3
Foorm™ beanP™>  PPCopanPhpam

= Saccharomyces cerevisiae _2 m Aspergillus penicillioides_ 4 mREST
m Candida glucosophila_3 ™ Cand'l‘gu glucosophila _5

Fig. 2 Microbiome of house dust mites, (A) nonlinear multidimensional scaling of the samples of the bacterial microbiome for house
dust mites; (B) bacterial profiles of samples from house dust mites; (C) nonlinear multidimensional scaling of samples from the house
dust mite fungal microbiome; and (D) the fungal profile of the samples from house dust mites. Note: DF, D. farinae; DP, D.
pteronyssinus; C, mites receiving a control diet without any treatment; 1, mites receiving a 1-month-old spent growth medium extract-
treated diet; 3, mites receiving a 3-month-old spent growth medium extract-treated diet; and M, feces extract.

nonparametric multivariate analyses (PERMANOVA)
(Anderson, 2001) when the tested variables were mite
species (DF and DP) and treatments (DFC, DPC, DF1,
DF3, DP1, and DP3). If the species and treatments had a
significant effect, a one-way PERMANOVA was
performed separately for the species and a pairwise

comparison was performed after Bonferroni
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log(10)-transformed. The data were analyzed by
nonparametric test, that is, Kruskal-Wallis with a Dunnett
pairwise comparison after Bonferroni correction and
Mann— Whitney tests (Fig. 2). The analyses were
performed in PAST (Hammer ef al., 2001) and XLSTAT
(Addinsoft, New York, NY, USA).



Results

Spent growth medium induces changes in the bacterial
profile of D. farinae but not D. pteronyssinus

The addition of spent growth medium (SPGM) to house
dust mite diets (HDMd) caused changes in the bacterial
Table 1 The comparison of the effect of spent growth medium
to microbiome of house dust mites based on two- and one-way
permutational analyses of variance (PERMANOVA). The tested
variables were species of house dust mites and spent growth
medium treatment. The analyses were calculated in Bray—Curtis
distance. Statistical significant values are indicated by bold.

Dataset Factor df F P
Bacteria Species 1 1.560 0.001
SPGM 2 0.705 0.001
Interaction 2 0.007 0.020
Bacteria-DF SPGM 1 5.021 0.002
Bacteria-DP SPGM 1 4.171 0.024
Fungi Species 1 2.261 0.023
SPGM 2 1.153 0.210
Interaction 2 -0.620 0.150

Note: DF, D. farinae; DP, D. pteronyssinus; SPGM, mites from
HDMd (house dust mite rearing diet) treated with spent growth
medium extract.

Table 2 The pairwise comparison after Bonferroni correction
between diets treated by spent growth medium and control to
bacterial microbiome of house dust mites.

DF DF3 DF1 DFC
1.995 4.338

DF1 0.3204 10.92

DFC 0.0486 0.018

DP DP3 DP1 DPC

2.387

DP1 0.3381 7.242

DPC 0.357 0.052

DF3

DP3 2.675

Note: DF, D. farinae; DP, D. pteronyssinus; C, mites from
control diet without any treatment; 1, mites from 1 month spent
growth medium extract treated diet; 3, mites from 3 months spent
growth medium extract treated diet; F values are above
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diagonals; P values are in the diagonal. Statistical significant
values are indicated by bold.

microbiome compositions of the mites. Based on a
twoway PERMANOVA, the microbiome composition
was influenced by the species of mite, the SPGM and their
interaction (Table 1). When a one-way PERMANOVA
was applied separately for the species, the effect of the
SPGM was still significant for both species. The pairwise
comparison after Bonferroni correction revealed
differences (Table 2) among the bacterial microbiomes of
the control mites and the mites receiving the 1- or 3-
month-old SPGM-treated diets in D. farinae, but not in D.
pteronyssinus (Figs. S1 and S4). The situation with the
sample similarity is visualized by multiple dimensional
scaling (NMDS) in Fig. 2A.

The D. farinae bacterial microbiome contains a high
amount of Lactobacillus (OTU2), and the profile of this
bacterium decreased in the mite microbiome in response
to the SPGM-treated diet, in comparison to that of the
control (Table S7). The profile of the other OTUs
significantly increased in the mite microbiomes under
the SPGM-treated diet in comparison to that of the
control (Fig. S1). The influenced OTUs included
Staphylococcus (OTU1), Acinetobacter (OTU7), and
Sphingomonas
(OTU12)andpartlyCardinium(OTU4)(Fig.1B).Staphylo
coccus (OTU1) and Cardinium (OTU4) formed the
majority of the profile of bacterial sequences in SPGM.

Thefungalmicrobiomeofmitesdifferedamongspecies
(Table 1), but it was not influenced by adding SPGM to
the diet (Fig. 2C). Almost all the sequences of the fungal
microbiome belonged to S. cerevisiae (OTU2), and the
differences between mite species were caused by A.
penicillioides (OTU4) (Figs. S2 and S5). The SPGM
fungal composition differed from the mite fungal
microbiome (Figs. S3 and S6). The differences were due
to the low numbers of sequences in S. cerevisiae (OTU2)
profile and the high numbers of Candida (OTU3)
sequences in SPGM obtained from D. farinae cultures
as well as A. penicillioides (OTU4) and the Candida
(OTUS) obtained under SPMG treatment from the D.
pteronyssinus culture (Fig. 2D).

The influence of SPMG on microbial respiration and the
population growth of house dust mites

In the absence of mites, SPGM from the mite cultures
had inhibitory effects on the CO, production by
microorganisms in the microcosms. Adding SPGM to



the diet in the microcosms decreased the microcosm
respiration (Fig. 3A, B). The inhibitory effect of SPGM
on microbial respiration was the same for the SPGM
from the cultures of both species and was not influenced
by the culture age. When the mites were added to
microcosms receiving the control diet without SPGM,
the CO, production of the microcosms was species-
dependent (Fig. 3A, B). In comparison to the control,
that is, the control diet without mites, the presence of D.
pteronyssinus led to a 10 fold decrease in respiration,
while no D. farinae effect was observed on microcosm
respiration (Fig. 3A). The
populationgrowthofD. farinaewas2foldhigherthanitwasf
or D. pteronyssinus under the control diet without
SPGM addition (Fig. 3C, D). The combination of D.
farinae mites and SPGM resulted in no effect, nor did it
influence microbial respiration or DF growth.
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Discussion

The results of the study supported the ‘“nutritional
hypothesis” (Douglas & Hart, 1989) in that the mites
used the microorganisms as food sources. This strategy
seems to be beneficial for survival in an indoor
environment in the developed microbial community. In
this study, we demonstrated that SPGM contains fungi
and bacteria and that their addition changes the diet of
mites. This situation is analogous to the developed mite
cultures when the diet is contaminated by the feces of
mites, dead mite bodies and the microorganisms
growing on them (Stewart et al., 1986; Erban et al.,
2016). SPGM was shown to be the source of
microorganisms that were colonizing the diets in this
study. This finding was supported by the bacterial and
fungal profiles of SPGM. The respiration of microcosms

D

Legend:

D without mites

Dermatophagoides
farinae

P<0.001

0 |

Dermatophagoides
pteronyssinus

DFC DF1 DF3DPC DP1 DP3

Fig. 3 The effect of house dust mite spent growth medium (SPGM) and isolated microorganisms on the microcosm respiration and
house dust mite population growth. (A, B) Microcosm respiration with SPGM with and without mites: (A) D. farinae; (B) D.
pteronyssinus. (C, D) Population growth of house dust mites under the control and the diet treated with SPGM: (C) D. farinae; (D) D.
pteronyssinus. The columns are medians, and the error bars represent the interquartile range after log(10) transformation. The data
were analyzed by Kruskal-Wallis test, and the K and P values are shown. The letters indicate differences upon post hoc comparison
according to the Dunnett test using Bonferroni corrections. (E, F) The effect of isolated microbial species on microcosm respiration
and population growth in house dust mites. Note: DF, D. farinae; DP, D. pteronyssinus; 0, no mites in the experiment; 1, mites from
1-month-old spent growth medium extract-treated diet; 3, mites from 3-month-old spent growth medium extract-treated diet; and M,

feces extract.

The D. pteronyssinus population growth and
respiration showed different responses than those
observed for D. farinae. The results indicated that the D.
pteronyssinus presence eliminated the suppressive
effect of the spent growth medium (1-month-old
culture), but it disappeared during the interaction in the
3-month-old culture. The numbers of mites after 21 d of
growth were 2 fold higher under diets treated with 3-
month-old SPGM than those treated with the 1-month-
old spent growth medium and control and (Fig. 3D).
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without mites was inhibited by SPGM addition
compared to that of the control situation. The
explanation is that in the microcosm without SPGM,
there are a few random bacterial species without any
competition, resulting in massive growth and CO,
production. SPGM contains a more diversified
community of microorganisms, which is inhibited, and
the respiration is reduced by half. This result
corresponds to the experiments on the interaction
between mites or springtails and microorganisms in a
microcosm experiment (Hanlon, 1981; Seastedt, 1984;
Lussenhop, 1992; A’Bear et al., 2014). These effects
accelerated the respiratory production (CO;) of the
microcosms (Hanlon, 1981).



Microorganisms are known to have various effects on
mite population growth (van Bronswijk & Sinha, 1973).
For example, mite-feeding on A4. penicillioides resulted in
the reduced growth of HDM mites, but the mites cannot
survive without the fungus (Hay et al, 1993). Adding
Bacillus sphaericus (Lysinibacillus sphaericus) to the mite
diet prolonged the length of time needed for development
by D. pteronyssinus (Saleh et al., 1991b). However, in this
study, we found that the effect of adding SPGM to the diet
is only marginal in relation to the mite population growth.
The explanations for this finding may be that no
antagonistic microorganisms were in the SPGM or that the
composition of the diet was more complex and the mites
did not exhibit selective feeding on antagonistic microbial
species. The interaction between D. pteronyssinus and
SPGM from 1-month-old cultures differs from that of the
other situations. The mites had accelerated population
growth and decreased the suppressive effect of SPGM on
microbial respiration in the microcosm. The explanation is
that the mites were feeding on the microorganisms in the
microcosms, and they stimulated the microbial metabolic
activity by feeding, vectoring inside diets or feces
production, but no changes were observed in the
microbiome composition.

The observed differences between microbial profiles
from mite bodies and SPGM are caused by the inhibition
of bacterial growth, selective feeding, the presence of
symbionts in the mite bodies or random processes (Burns
et al., 2016). Dermatophagoides are known to produce
antibacterial proteins and hydrolytic enzymes; for
example, 14.5 kDa protein can inhibit bacterial growth,
peptidoglycan-degrading (lysozymes and/or chitinases)
hydrolyzing the peptidoglycan in the cell walls of
Grampositive bacteria and chitin in the fungal cell walls
(Mathaba et al., 2002; Erban et al., 2013; Tang et al.,
2015). These proteins can accumulate in the feces fraction
and inhibit microbial growth and respiration. Some fungi
(Eurotium amstelodami, A. penicillioides, and Wallemia
sebi) are known to have beneficial effects on population
growth in mites; W. sebi is a “tasty fungus” preferred by
mites in food choice tests (Naegele et al., 2013), indicating
selective feeding. In this study, the mites fed selectively
on yeasts (S. cerevisiae) as indicated by the 99% matching
sequences from this species for the fungal microbial
profile from the mite bodies. The high preference for
yeasts is well known, due to the rearing diet composition
(van Bronswijk, 1971; Andersen, 1991; Saleh et al.,
1991a). The absence of yeast sequences in the feces profile
indicatedthattheyeastsweredigestedcompletely.Iftherewas
selective feeding onbacteria, itwas hardtoevaluate dueto
missing data. It was previously demonstrated that adding
B Micrococcus lysodeikticus (Actinobacteria) to the diet
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accelerated the population growth of D. farinae, but not D.
pteronyssinus (Erban & Hubert, 2008). D. farinae hosted
the intracellular symbiotic bacterium Cardinium (Zchori-
Fein & Perlman, 2004), which strongly influenced the
bacterial profile. Cardinium was also present in SPGM,
although it was not defecated. This finding indicates that
when Cardinium is present, the SPGM is formed not only
by the feces of mites but also from the rest of the mite
bodies.

The observed changes in the D. farinae bacterial profile
induced by feeding on SPGM diets were connected to the
ingestion of Staphylococcus, which was present in SPGM
and replaced Lactobacillus. Staphylococcus formed
almost 90% of the sequences in the SPGM profile. Being
a Gram-positive bacterium, the Staphylococcus cell wall
is a suitable target for lysozyme-like enzymes in the guts
of mites (Erban & Hubert, 2008). The hydrolysis of
bacterial cell walls can provide nutrients to mites (Erban
& Hubert, 2008). However, both Dermatophagoides mites
are equipped with lysozyme-like enzymes. The significant
changes in the D. farinae microbiome indicated the
ingestion of bacteria from the SPGM-treated diet, but
without any effect on their respiration in the microcosms.

The ancestors of HDM were mites with parasitic
modes of life, but within indoor environments, the mites
return to a commensal lifestyle where the mites are
living all together with nonparasitic, free-living stored
product mites (SPM) (Klimov & OConnor, 2013). The
commensal lifestyle of house dust mites is dependent on
nutrients from human skin, nails, hairs and
microorganisms (Sinha et al, 1970; van Bronswijk,
1971; de Saint Georges-Gridelet, 1987; Hart et al.,
2007). Our experiments showed that the SPGM has
minimal influence on HDM growth and its microbiome
composition. Because the mites were not limited in
nutrients, this result indicates that no antagonistic
microorganisms were present in the SPGM or that there
were too few of them to influence the mites.
Alternatively, the influence of SPGM was not studied
under optimal dietary conditions, unlike the tested diet.
Based on these limitations, the observed fraction of
SPGM has no negative influence on HDM. The further
study is recommended to test the interaction between
mites and isolated microorganism to confirm the low
effect of microbes to HDM.
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Table S1. Sequenced microbiomes of
Dermatophagoides  farinae and Dermatophagoides
pteronyssinus at different experimental conditions.
Bacterial and fungal microbiomes are referred to by the
sequenced gene fragments, 16S and 18S rRNA,
respectively. Sequences were deposited in GenBank as
SRA bioproject PRINA449428 (SRP139166).

Table S2. The identification of bacterial OTUs based
on Ribosome database project.

Table S3. The identification of bacteria OTUs based on
comparison of representative sequences to GenBank.
Table S4. The identification of fungal OTUs based on
Ribosome database project.

Table SS. The identification of fungal OTUs based on
comparison of representative sequences to GenBank.

Table S6. Standardized profile dataset of bacterial
microbiome of house dust mites.

Table S7. The results of METASTATS analyses of D.
farinae microbiome.

Fig. S1. Krona visualization of bacterial OTUs
Dermatophagoides  farinae. A, Dermatophagoides
farinae bacterial microbiome of mites feeding on control
diet (DFC); B, Dermatophagoides farinae bacterial
microbiome of mites feeding on 1-month-old SPGM
medium-treated diet (DFIM); C, Dermatophagoides
farinae bacterial microbiome of mites feeding on 3-
month-old SPGM medium-treated diet (DF3M).

Fig. S2. Krona visualization of fungal OTUs
Dermatophagoides  farinae. A, Dermatophagoides
farinae fungal microbiome of mites feeding on control
diet (DFC); B, Dermatophagoides farinae fungal
microbiome of mites feeding on 1-month-old SPGM
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medium-treated
diet(DF1M);C,Dermatophagoidesfarinaefungalmicrobio
me of mites feeding on 3-month-old SPGM
mediumtreated diet (DF3M).

Fig. S3. Krona visualization of bacterial and fungal
OTUs of SPGM (Dermatophagoides farinae). A, the
bacterial composition of SPGM extract from 1-month-old
mite (Dermatophagoides farinae) culture (DFE1M); B,
thebacterial composition ofSPGM extract from 3-
monthold mite (Dermatophagoides farinae) culture
(DFE3M);
C.,thefungalcompositionofSPGMextractfrom1-monthold
mite (Dermatophagoides farinae) culture (DFE1M); D,
the fungal composition of SPGM extract from 3-month-
old mite (Dermatophagoides farinae) culture (DFE3M).

Fig. S4. Krona visualization of bacterial OTUs
Dermatophagoides pteronyssinus. A, Dermatophagoides
pteronyssinus bacterial microbiome of mites feeding on
control diet (DPC); B, Dermatophagoides pteronyssinus
bacterial microbiome of mites feeding on 1month-old
SPGM medium-treated diet (DP1M); C,
Dermatophagoides pteronyssinus bacterial microbiome
of mitesfeedingon3-month-oldSPGMmedium-treateddiet
(DP3M).

Fig. S5. Krona visualization of fungal OTUs
Dermatophagoides pteronyssinus. A, Dermatophagoides
pteronyssinus fungal microbiome of mites feeding on 1-
month-old SPGM medium-treated diet (DPCH); B,
Dermatophagoides pteronyssinus fungal microbiome of
mites feeding on 1-month-old SPGM medium-treated
diet (DP1M); C, Dermatophagoides pteronyssinus fungal
microbiome of mites feeding on 3-month-old SPGM
medium-treated diet (DP3M).

Fig. S6. Krona visualization of bacterial and fungal
OTUs extract of Dermatophagoides pteronyssinus. A, the
bacterial composition of SPGM extract from 1-month-old
mite  (Dermatophagoides  pteronyssinus)  culture
(DPE1M); B, the bacterial composition of SPGM extract
from 3-month-old mite (Dermatophagoides
pteronyssinus) culture (DPE3M); C, the fungal
composition of SPGM extract from 1-monthold mite
(Dermatophagoides pteronyssinus) culture (DPEIM); D,
the fungal composition of SPGM extract from 3-month-

old mite (Dermatophagoides pteronyssinus) culture
(DPE3M).
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