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ABSTRACT

Several attempts to describe the nutritional biplofyacaridid mites were undertaken, however full
understanding of these processes remains incomflate objective of this Ph.D. thesis was to
expand our knowledge concerning digestive physiplafgstored product and house dust mites and
to apply this knowledge to their nutritional biologrhe research approach adopted in this Ph.D.
thesis includesn vitro characterization of enzymatic activity in wholetenextracts (WME) and
spent growth medium extracts (SGME), evaluatiothefenzyme activities with respect to the gut
physiological pH, enzyme inhibition experimenits,vivo localization of enzyme activities in the
mite gut, determination of effects of nutrient atileedant additives in experimental diets on mite
population growth and determination of the feedimgferences of synanthropic mites as assessed
by in vitro andin vivo analyses. The gut contents of twelve species mdrgyropic acaridid mites
were determined to be within a pH range of 4 t;d@ showed a pH gradient from the anterior to
the posterior midgut. The pH in digestive tractsghanthropic acaridid mites corresponds to the
activity of proteasesy-glucosidasesg-amylases and bacteriolytic enzymes. The activitthese
enzymes represents the major digestive activitynites; however, different mite species vary in
enzymatic activity. The house dust and stored pbchites are capable of utilizing bacteria as a
food source. They are also adapted to digest seicetarch-type substrates and proteinsvivo
enzymatic results showed that bacteria, starchnaost of protein digestion were localized mainly
in ventriculus and caeca; however, some enzymeiies were localized in posterior midgut. The
enzymatic activity corresponds to the presenceoofifand the elevated enzymatic activity can
affect the metabolic needs of mites. The findings aunderline the importance of ecological
interactions between mites and other microorganidesause the digestive enzymes present in
mite feces are major human allergens, the mediwhle@onomic aspects of digestive enzymes are
also discussed. The results section of the Ph.Sisltemprises five peer-reviewed articles.

Keywords: digestion, enzyme, inhibitor, allergen, mite
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1. INTRODUCTION

Synanthropic acaridid mite species are usuallysdiad into two artificial groups: (1) house dust
mites (HDMs) and (2) stored product mites (SPMs)thBgroups are also known as “domestic
mites” (Hughes 1976, Colloff 2009, Colloff & Spistna 1992). It is believed that these
synanthropic acaridid mites are derived from areatral fungivorous mite that originally inhabited
the soil and migrated into human habitats fromrtésts of birds and mammals during the Neolithic
revolution (OConnor 1979, OConnor 1982). It is dislieved that Acaridida originated within the
Oribatida (Dabertet al. 2010) and that the sheep scab ni®oroptes ovids an ancestor of
Dermatophagoidespp. (Hamiltoret al 2003). Therefore, we can apply knowledge conoerthe
nutritional biology and digestive enzymes of redhteites to understand the biology of the stored
product and house dust species.

Many digestive adaptations of mites are based @n dtnucture of the mite feeding
“apparatus” and digestive enzymes (Schuster 1968ton 1972, Akimov 1985). Mites, like other
animals, are equipped with numerous enzymes tastlfged. House dust and stored product mites
have developed a diversity of enzymes, includingbaaydrases, proteases, phosphatases and
lipases/esterases needed to digest the differpestygf food found in their habitats. The presence
and activity of digestive enzymes is an importaatedninant of the feeding ability of mites
(Luxton 1972, Akimov & Barabanova 1976, Akimov & iBldanova 1978, Akimov 1985, Siepel &
de Ruiter-Dijkman 1993, Robinsat al 1997). The pH of the gut contents is considehedmost
important factors that affects digestive proces$és. pH in the gut is important for the activity of
digestive enzymes and there is a close relationsttiyween gut pH and the pH optima of digestive
enzymes (Terrat al. 1996, Funket al 2008).

The digestive capabilities of the mite gut are i from the nutritional biology of
synanthropic acaridid mites. The Ph.D. thesis dises the medical and economic importance of
these enzymes. The results and discussion sedicomposed of five published peer-reviewed
papers. The findings are applied to the nutritidnalogy of synanthropic acaridid mites.

2. AIMS OF THE Ph.D. THESIS

The goal of this Ph.D. thesis is to expand our Kedge concerning digestive enzymes of
synanthropic acaridid mites and to apply this krealgle to their nutritional biology.

Specific Aims:

a) Determine the pH in the gut of stored product amdske dust mites.

b) Characterize enzymatic activity in whole mite egtsa(WME) and spent growth medium
extracts (SGME).

C) Localize enzymatic activity in the mite gut.

d) Determine the effects of nutrient and/or antife¢dsdditives in experimental diets on mite
population growth.

e) Determine the feeding preferences of house dusstordd product mites as assessethby
vitro andin vivo analyses.
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3. METHODS

The research approach adopted in this Ph.D. thedisdesin vitro characterization of enzymatic
activity in whole mite extracts (WME) and spent\gtb medium extracts (SGME), evaluation of
the enzyme activities with respect to the gut pbiggiical pH, enzyme inhibition experiments,
vivo localization of enzyme activities in the mite gdgtermination of effects of nutrient or
antifeedant additives in experimental diets on npitgpulation growth and determination of the
feeding preferences of synanthropic mites as asddsgn vitro andin vivo analyses.

4. RESULTS

a. Determination of pH in the Midgut of Acaridid Mites

The gut contents of acaridid mites were determineok within a pH range of 4 to 7 and showed a
pH gradient from the anterior to the posterior jport The ventriculus and caeca of most species has
a pH ranging from 4.5 to 5, or slightly more alkalj whereas the intercolon/colon has a pH of 5 to
6. The pH of the postcolon is the most alkaling pathe gut and the pH ranges between 5.5 and 7.
Significant differences were found only ermatophagoides farinaandD. pteronyssinuswhich

had a more acidic anterior midgut (pH of 4 to 5l anlon (pH of 5) with postcolon (pH of below
6). Thus, the dust mites were most distinctive wébpect to their acidobasic gut conditions. It is
hypothesized that the more acid buffering in theajuDermatophagoidespp. explains why these
mites prefer a different food source than do théespiwhich predominate in stored products.
Studies of digestive enzymes should take into atcthe physiological gut pH. This condition is
crucial for enzymatic activity, as determined froime mite feces, which is commonly used as the
source of digestive enzymes of mites.

Erban, T., and J. Hubert. 2010. Determination of pH in regiof the midguts of acaridid mites.
Journal of Insect Science.42.

b. Bacteria as a Food Source for Synanthropic AcarididMites

Bacteriolytic (lysozyme-like) activity was detect&d whole mite extracts (WME) and in spent
growth medium extracts (SGME) of 14 species of sgima@pic acaridid mites. The highest activity
of digestive bacteriolytic activity was found irepidoglyphus destructpChortoglyphus arcuatus
andD. farinae The optimal pH of bacteriolytic activity was 4iro SGME for the majority of the
species tested and the absence of bacteriolytiitgcit pH levels above 7.0 suggests a digestive
rather than defensive function of the enzymes. tEggiecies showed a higher rate of population
growth on aMicrococcus lysodeikticudiet than on a control diet. The adaptation of riites to
digest bacteria was based on: (i) high enzymeiaciiv SGME, and (ii) the correlation of maximal
bacteriolytic activity at acidic pH values, whictedhe acidobasic conditions in the ventriculus and
caeca. Bacteriolytic activity in SGME was positivelorrelated with the standardized ratg @f
population growth, although no correlation was furetweengand lysozyme activity in WME.
The bacteriolytic activity in WME was negatively roglated with that in SGME. All of these
findings indicate that bacteriolysis in acarididtesi serves both defensive and digestive functions.

4
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We showed that then vivo digestion of fluorescein-labeldd. lysodeikticuscells began in the
ventriculus and continued during the passage oba fbolus through the gut. These results
demonstrate that mites are able to feed on bacdedaare equipped with enzymes that can digest
and/or protect the mites from bacteria.

Erban, T., and J. Hubert. 2008. Digestive function of lysomeyin synanthropic acaridid mites
enables utilization of bacteria as a food soutcgerimental and Applied Acarology: 199-212.

C. The Importance of Starch and Sucrose Digestion in iritive Biology of Synanthropic
Acaridid Mites

The optimal pH for the digestion of starch, maltasel sucrose in the WME and SGME of nine
species of synanthropic acaridid mites ranged fpbh# to 6.75, with maximal activity at pH 5 and
correspond to the acidobasic conditions in theramtenidgut. The equivalent release of glucose
from four types of starch, amylopectin, dextrin,ltmse and sucrose by hydrolysis of WME and
SGME indicated that the enzymes digesting thesstmaibs are produced in the anterior midgut,
not in the tissues of mites. The species with higitarch hydrolytic activities in the SGME are
more tolerant to acarbose, which inhibits staradestion. In addition, the high specific hydrolytic
activities of a-amylases and maltase demonstrated the importantieeio synergetic activity in
producing glucose from the starch. The stored mbdutesAcarus sirg Aleuroglyphus ovatys
Tyroborus liniand L. destructorexhibit elevated starch digestive activity and associated with
starch-type substrates. On other halddfarinag C. arcuatusand Sancassania rodiono\syn.
Caloglyphus redickorzeyi are associated with sucrose afgrophagus putrescentia@and
Carpoglyphus lactidhave low or intermediate enzymatic activity on #tarch-type substrates and
sucrose. Starch digestion was localizedirbyivo observation of starch azure digestion and the
primary component of starch digestion was in thetweulus and caeca; however, digestion also
occurs in the colon and postcolon. Oblyfarinae showed very poor activity towards starch azure
as determined b vivo observations. Biotests on starch additive dietsveldl accelerated growth
of species enzyme associated with the starch-typsttes. On other hand, the biotest did not
confirm that sucrose is a suitable addition tosdfet population growth; however, surprisingly, it
was partially suppressed. Therefore, we concluded the sucrose additive in the diets was
available for microbial growth, and high microbgebwth could suppress mite growth.

Erban, T., M. Erbanova, M. Nesvorna, and J. Hubert. 200® ifipportance of starch and sucrose
digestion in the nutritive biology of synanthropiacaridid mites: alpha-amylases and
alpha-glucosidases are suitable targets for irdrhiased strategies of mite contrékchives of
Insect Biochemistry and Physiolog$: 139-158.

d. Comparative Analysis of Proteolytic Activities in Sven Species of Synanthropic
Acaridid Mites

Microplate assays were optimized to screen protieosctivity in acaridid mites using seven p-
nitroaniline-bound specific substrates and azooasaoalbumin, keratin azure, azocol and elastin
orcein. Proteolytic activity was observed in eacitenspecies with every substrate tested. Whole
mite extracts from seven species of acaridid na@isbited non-specific proteolytic activity in a pH
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range of pH 2 to 12. We found that proteolysis nfde mite homogenates was optimal under
conditions corresponding to pH 3, 5 to 6 and pHRWther analysis at pH 3, 5, 6 and 10 showed
differences among specific and non-specific subestrand among the different mite species. The
difference in enzymatic activity of the speciepEt6 and at pH 5 using azocasein and azoalbumin
as substrates was not explained. Proteolytic &gtivsing BApPNA, SAAPFpNA, SApNA,
ZRRpNA and MAAPMpNA substrates was highest in akakithe pH, indicating the presence of
appropriate proteolytic enzymes in mite tissuescdntrast, AAPpNA and ArgpNA activity was
greatest at pH 6, which corresponds to the pH founthe mite gut. Proteolytic activity that
corresponded to the pH in mite gut was also obsengng MAAPMpNA. This activity likely
corresponded to the Grp 9 mite allergen, which megyresent the primary digestive enzyme.
Observed proteolytic activity at a pH of 3 indichtle presence of aspartate proteases, which are
probably limited to the acid lysosomes. The enzyoabofile of each tested species using; @A

and ZRRpNA was the same and very similar to thiactmeasured using BApNA, indicating the
possible interaction between different proteases.

The combination of measured proteolytic activitaasl biotests in this study showed no
remarkable correlation. Some influences of protiidition into the diets were observedTin
putrescentiaeand A. sirg which showed only intermediate protease actwjtieut the effect on
population increase was very low.

Because collagen and keratin are digested withaa pfiiciency at the pH found in the
midgut, we suggest that the substrates do notgsepteémportant direct sources of energy for mites.
On the contrary, effective utilization of nutrierftem skin, hair, nails and feathers by mites is
possible through the symbiotic interactions of miteth bacteria and microscopic fungi, which
serve as a food source for mites. Thus, microplsagyns to be more a favorable feeding strategy
for mites than feeding on skin, hair, nails or feas.

Erban, T. and J. Hubert. 2010. Comparative analyses of plgte activities in seven species of
synanthropic acaridid miteArchives of Insect Biochemistry and Physiol@gy 187-206.

e. Localization of Proteolytic Activities in Mite Gut

The protease activity was successfully localizeshgischromogenic substrates (azoalbumin,
AAPpPNA, SAAPFpNA, elastin—orcein, SANA, ZRRpNA, ArgpNA, and MAAPMpNA) and
fluorescent substrates (casein—fluorescein, albdiiorescein, AAPAMC, BAAMC, ZRRAMC,
ArgAMC, and AGPPPAMC). The results indicate thathepsins B, D, G and cathepsin H or
aminopeptidase-like activities are present in thegot of L. destructor In the midgut, trypsin-like
activity generated by hydrolysis of the BApNA subst was not observed, but the BAAMC
substrate allowed the visualization of trypsin-l&etivity in food boli in the posterior midgut. The
elastase-like activity was localized in gut bf destructorusing SApNA and elastin-orcein.
However no activity was detected using the keratiare. Then vivo visualized enzymatic activity
supported the previous vitro analysis that the chymotrypsin-like activity reggats important part
of protease action in the mites. The presendr wivo hydrolysis of both ZRRAMC and ZRRpNA
in the whole gut indicated that digestion of thibstrate begins in foregut. However, localization o
the cysteine proteases is problemic using the avialcysteine substrates ZRRpNA and ZRRAMC,
because of their specifity not only to cathepsinbBt also to trypsin. The fluorescence liberated
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from AGPPPAMC was observed in the whole midguk oflestructorsuggesting possible aspartate
protease activity. All protease activities mentidrage produced in the midgut lumen and form the
food bolus together with ingested food, afterwaeagging through the gut to be defecated. The
method used enables the visualization of protecipétaes in the gut of transparent animals.

Erban, T., and J. Hubert. 2011. Visualization of proteineditjon in the midgut of the acarid mite
Lepidoglyphus destructoArchives of Insect Biochemistry and Physiol@8y 74-86.

5. DISCUSSION

The results of this Ph.D. thesis showed that stpreduct and house dust mites are able to feed on
plant and animal material and on microflora. Theref these mites are panphytophagous species
based on Luxton’s classification (Luxton 1972). Teeding guilds described by Siepel and de
Ruiter-Dijkman (1993) and Bergt al. (2004) are based on the enzymatic activities dingse,
trehalase and cellulase (Siepel & de Ruiter-Dijkma893, Berget al. 2004). Previous
classifications into feeding guilds were also basedenzymatic activities that were probably
digestive (Schuster 1956, Luxton 1972). Here stuggested that defining feeding guilds based only
on the presence or absence of enzymatic activitiigncrude extract is too simplistic, may lead to
discrepancies and may not correctly determine fepduilds

Based on the results in this Ph.D. thesis, | catelinat stored product mites often found in
stored grain, such &s sirg, A. ovatusL. destructorandT. lini, are enzymatically best adapted for
the digestion of starch-rich substrates. HoweVeesd¢ mites also have higher activity of other
enzymes, such as proteases. In particllardestructoris a species with an extremely high
enzymatic activity with respect to every enzymelgd. On the other hanB, farinaeshowed very
low enzymatic activity with the exception of baabéytic activity. It was suggested thBt farinae
Is a species that is well adapted to the digestigroteins and keratin; however, the results sltbwe
that this mite has poor relative proteolytic adtivin comparison to the stored product species
tested. This conflicts with the supposedly hightpotytic and keratinolytic activity of house dust
mites. C. lactisis a species that infests materials with high swgamtent, especially dried fruit
(Hubertet al. 2011). Therefore, this mite should have high kac&zse activity. Howeveg. lactis
exhibited only intermediate activity on sucrose.

Why do different species of mites have differentygnatic activity? This may be due to
differences in nutritional needs among differenéces. Therefore, very low protease and starch
hydrolysis activity inD. farinae may correspond to a lesser nutritional need;tiay also be true
for C. lactis which has low saccharase activity. These enzynaatiivities could correspond to the
degree of mite mobility (personal observation). rEfiere, the level of enzymatic activity may or
may not correlate with the preferred food source tather, may be due to nutritional needs. This
factor also corresponds with mite population growth

The bacteriolytic activity observed . farinaeshowed that this mite has adapted to digest
bacteria. On other hand, similar species, suctDagteronyssinushave a lesser degree of
adaptation to feed on bacteria. However, these Dwomatophagoidespecies are not identical,
even though they live in the same habitat and irethipopulations. Previusly was suggested a
higher degree of bacteriophagybn farinaethan inD. pteronyssinuby Valerioet al. (2005).
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It appears that, althoudD. farinae has low proteolytic activity, it is able to digdscteria
with higher efficiency. It is probable that housestimites tend to rely on microphagy more than the
other species. A similar situation is suggestedHomvis which is most likely an ancestor of
Dermatophagoidespp. (Hamiltoret al 2003). In addition, it could be stated tRatfarinaeis the
most unique mite of the species studied, not omlyeiation to its gut acidobasic properties and
proteolytic activity, but also for its high degrekbacteriophagy.

The organization of animals into feeding guilds iddobe based on habitat. Siepel & de
Ruiter-Dijkman (1993) claimed that in the laborgtenvironment where food is plentiful, there is
no need for selective efficiency and species il feed on the components easiest to digest (cel
contents). Therefore, it is not surprising thatcsgereared in the laboratory even on algae anedfou
to digest fungi in the field (Siepel & de Ruiterfbnan 1993). The biotests performed in this Ph.D.
thesis were based on the enrichment of dietarytsaibs that are a target for appropriate digestive
enzymes. From these results, biotests, and enzyalgsas it appears that a favorable digestive
method or, in some environments, the essentialstiige strategy for the synanthropic acaridid
mites is microphagy (i.e. bacteriophagy and mycgghaMites are able to feed on many types of
food stored for human consumption as a direct ®mdce and also through symbiotic interactions.
Mite populations increased rapidly with the additimf bacteria to the diet. Thus, bacteria offer an
even higher nutrient benefit than does complex faduch is used in laboratory cultures, or food
enriched in starch, sucrose or protein.

6. CONCLUSIONS

. A wide range of the enzymatic activities were chtrazed for up to 14 synantrophic
acaridid mite species. Thesevitro enzymatic results are supported by biotests anithédiy vivo
observation of enzymatic activity in the mite gut.

. The acidobasic properties of the gut of 12 differepecies were determined. The gut
contents of acaridid mites were determined to khiwia pH range of 4 to 7. Enzymatic activity
outside of this pH range is not considered to beted to digestion in the gut.

. Stored product mites are able to feed on bacteribase equipped with enzymes that can
digest and/or protect the mites from bacteria. ifkeraction of house dust and stored product mites
with bacteria is more important than previouslygesjed.

. Examination of starch and sucrose digestion imtitative biology of synanthropic acaridid
mites showed that the mite gut is equipped witlyeres that digest these sacchariddsthe mites
utilize starch and sucrose as a source of nutrients

. Our results suggest that the primary mite digeginodeases are chymotrypsin-like proteases
and aminopeptidases. It was surprising that a lelative enzymatic activity corresponded to
trypsins and cysteine proteases.

. The low level of collagen and keratin digestiorsabstrates at the mite midgut pH suggests
that keratin and collagen are not so importantctlisources of nutrients. Thus, the effective
utilization of nutrients from skin, hair, nails afehthers by mites is possible through the symbioti
interactions of mites with keratinolytic and cokamplytic bacteria and fungi.

. Microphagy is a favorable digestive strategy fotewmiliving in environments where they
feed on the skin, hair, nails and feathers from &wsrand animals.



Tomas Erban Summary of the Ph.D. Thesis Prague, 20

. Dermatophagoidespp. and.. destructorwere the most unique mites tested. The different
enzymatic properties dbermatophagoidespp. are probably due to environmental constraints
destructorhas a uniquely high activity of digestive enzymebich was several-fold higher than in
the other species tested.

. Interesingly, the differences betweBnfarinaeandD. pteronyssinug standardized rate of
population increase on bacteria-enriched diet aackebiolytic activity in SGME showed the
various degree of bacteriophagy of these two specie

. Our results showed that typical stored product snitghich are often found in cereals,
exhibit higher enzymatic activity than house dustesm This may be dependent not only on the
food preference, but also on the metabolic demanhdse species. In particuldr, destructoris a
very active mite; therefore, its extremely high ynatic activity may be result of high nutritional
demand.

. Amylolytic, bacteriolytic, non-specific and specifprotease activity was localized to the
midgut of the mite#n vivo.

. The analysis of digestive enzymes in mites is apple to their nutritional biology, with
some limitations.

. It is not possible to reliably characterize feedmglds based only on enzymatic activity.
Nevertheless, in accordance with the feeding dlaatibns of Luxton (1972), the synanthropic
acaridid mites are best classified as panphytopsagpecies. Because stored product and house
dust mites are believed to have originated witli@ ©Oribatida, the ancestral stored product and
house dust mite may be similar to panphytophagabatad mites.
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ABSTRAKT

V minulosti bylo provedeno dkolik pokudsi o popsani potravni biologie akaroidnich reéato
nicméré plné porozurdni €mto proce8m pozbyva Uplnosti. Cilem této disemé prace bylo
rozStit naSe znalosti tykajici se travici fyziologie at#iStnich a prachovych rozioa aplikovat tyto
znalosti na jejich potravni biologii. Vyzkumnytiptup pouzity v této disertai praci zahrnujen
vitro charakterizaci enzymové aktivity v cellstich extraktech (WME) a extraktech zbytkového
rastového média (SGME), vyhodnoceni enzymové aktigsitghledem na fyziologické pHista,
enzymatické inhildini experimentyin vivo lokalizaci enzymovych aktivit ve g roztaiu, urceni
efekti vyzivhych neboist inhibujicich aditiv v experimentalnich dietach popul&ni rist rozt@u

a ugeni potravnich preferenci synantropnich réztoa zaklad vyhodnocenych iwitro ain vivo
analyz. pH deva dvanacti druhsynantropnich akaroidnich roztobylo determinovano v rozmezi
pH 4 az 7 a ukazalo gradient v pHizegniho do zadnihoistva. pH v travicim traktu synantropnich
akaroidnich roztéi koresponduje aktivitam proteaa;glukosidaz,a-amylaz a bakteriolytickych
enzymi. Aktivita téchto enzyni reprezentuje hlavni travici aktivitu v roztoh, nicmég razné
druhy rozt@a se liSi v enzymatické akti¥it Prachovi a skladistni roziojsou schopni vyuzZivat
bakterie jako potravni zdroj. Jsou také adaptoventraveni sachardzy, Skrobovych substit
proteini. In vivo enzymoveé vysledky ukazaly, Ze traveni bakterirpBla a ¥tSiny proteiri bylo
lokalizovano ve ventriculu a caecach, nictéwrkteré enzymové aktivity byly lokalizovany v
zadnim gtevu. Enzymaticka aktivita koresponduje st@gmnou potravou a zvySena enzymova
aktivita mize ovliiovat metabolické péeby rozt@a. Zjisteni také zvyra#uji vyznam
ekologickych interakci mezi roziba dalSimi mikroorganismy. Protoze travici enzyragrezentu;ji
v exkrementech roztd hlavni lidské alergeny, medicinské a ekonomick&kty travicich enzyiin
jsou také diskutovany. Vysledkovaiast disertace twd pét publikaci s impact-factorem a tedy

recenzovanych metodou peer-review.

Kli ¢éova slova:traveni, enzym, inhibitor, alergen, ro&to
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1. UvoD

Synantropni rozi® (Acari: Acaridida) jsou obvykle klasifikovani dalvou unglych skupin:
(1) prachovi roztei (HDM) a (2) skladistni rozt® (SPM). Ok skupiny jsou také znamy jako
»domaci roztéi“ (Hughes 1976, Colloff 2009, Colloff & Spieksma9P9. Ma se za to, Ze tito
synantropni akaroidni roztojsou odvozeni z fungivornihotedka, ktery pvodné obyval midu a
migroval do lidskych habitat hnizd ptak a savé v pribéhu neolitické revoluce (OConnor 1979,
OConnor 1982). Ma se také za to, Zedky Acaridida jsou Oribatida (Dabest al. 2010) a ze
rozta: prasSivka ovi Psoroptes ovige predkemDermatophagoidespp. (Hamiltonet al. 2003).
Proto nizeme aplikovat znalosti tykajicich se potravni dgi¢ a travicich enzyinpribuznych
roztodu pro porozunini biologie skladiStnich a prachovych radto

Mnoho travicich adaptaci rozip je zaloZzeno na strukt® potravniho systémucetns
astnich orgah a travicich enzyiin (Schuster 1956, Luxton 1972, Akimov 1985). Réketgou
stejre jako jini Zivatichové vybaveni mnozstvim enzynpro trdveni potravy. U prachovych a
skladistnich rozt®i se vyvinulo mnozstvi enzyimzahrnujici enzymy &pici sacharidy, proteazy,
fosfatazy a lipazy/esterazy, které jsouipbhé na traveniuenych tym potravy vyskytujici se
v jejich habitatech. itomnost a aktivita travicich enzynpe dilezity determinant travici schopnosti
roztata (Luxton 1972, Akimov & Barabanova 1976, Akimov &aibanova 1978, Akimov 1985,
Siepel & de Ruiter-Dijkman 1993, Robinsen al. 1997). pH devniho obsahu je povaZzovano za
nejvyznamgjSi faktor, ktery ovliviuje travici procesy. pH ve ist€ je dilezité pro aktivitu
travicich enzym a existuje Uzka souvislost s pH travici soustayyHaoptima travicich enzyin
(Terraet al. 1996, Funkest al.2008).

Travici schopnosti Bva roztéa jsou odvozeny z potravni biologie synantropnich
akaroidnich roztti. Prace diskutuje medicinalni a ekonomicky vyznaehto enzyni. Sekce
vysledky a diskuse jsou zaloZeny i publikacich recenzovanych metodou peer-reviepgtéhi
jsou aplikovana na potravni biologii synantropré&iaroidnich rozta.

2. CiLE DISERTACNI PRACE

Cilem této disertmi prace je roz&i naSe znalosti o travicich enzymech synantropakaroidnich
roztatu a aplikovat tyto znalosti na jejich potravni bigiio

Specifické cile:

a) Urcit pH ve stew skladiStnich a prachovych rozto

b) Charakterizovat enzymovou aktivitu v celoich extraktech (WME) a extraktech
zbytkového distového média (SGME).

C) Lokalizovat enzymovou activitu versig roztau.

d) Urcit vliv vyzivnych nebo st inhibujicich aditiv v experimentalnich dietach popul&ni
rast rozt@u.

e) Urcit potravni preference prachovych a skladiStnictiaid na zéklad vyhodnocenychn
vitro ain vivoanalyz.
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3. METODIKA

Vyzkumny gistup pouzity v této disertai praci zahrnujan vitro charakterizaci enzymatické
aktivity v celo€lnich extraktech (WME) a extraktech zbytkovéhistového média (SGME),
vyhodnoceni enzymové aktivity s ohledem na fyzialk§ pH steva, enzymatické inhitmi
experimentyjn vivo lokalizace enzymovych aktivit verstg roztaii, uréeni efekié vyzivnych nebo
rast inhibujicich aditiv v experimentalnich dietach popul&ni nist rozt@a a ukeni potravnich
preferenci synantropnich roztona zaklad vyhodnocenycln vitro ain vivo analyz.

4, VYSLEDKY

a. Uré&eni pH ve stew akaroidnich roztoca

pH steva akaroidnich roz#é bylo determinovano v rozmezi pH 4 a 7 a ukazabadignt v pH

z anteriorni do posteriorasti. Ventriculus a caeca&tginy druti ma pH v rozmzi od 4,5 do 5
nebo trochu vice alkalické, zatimco intercolon/colnd pH 5 az 6. pH v postcolonu je nejvice
alkalicka cast steva a pH je v rozmezi 5,5 a 7. Signifikantni rozddlyly nalezené jen u
Dermatophagoides farinaand D. pteronyssinuskteti mgli vice kyselé anteriorni &dni stevo
(pH 4 az 5), colon (pH 5) a postcolon s pH pod ®tdjsou prachovi rozto nejvice odlisni s
ohledem na acidobasické vlastnostiegd. Z hypotéz vyplyva, Ze kyselejSi pufrovaniesh
Dermatophagoidespp. vys¥tluje, pra tito roztai preferuji odliSné potravni zdroje, nez je tomu u
skladiStnich roztéi, ktefi se vyskytuji pedevSim v uskladmych produktech. Studie o travicich
enzymech by @y byt provadny s ohledem na fyziologické pH. Tato podminka ézhytna pro
enzymovou aktivitu, kterd je &mvana v exkrementech rozfg které jsou pouzivany jako zdroj
travicich enzym rozta:a.

Erban, T., a J. Hubert. 2010. Determination of pH in regiamighe midguts of acaridid mites.
Journal of Insect Sciendd.42.

b. Bakterie jako potravni zdroj pro synantropni akaroidni roztoce

Bakteriolyticka (lysozyme-like) aktivita byla dé&tvana v celainich extraktech rozta (WHE) a
extraktech ze zbytkovéhdstového media roztd (SGME) 14-i druli synantropnich akaroidnich
roztati. NejvysSi travici bakteriolytickd aktivita bylaisgna pro Lepidoglyphus destructor
Chortoglyphus arcuatua D. farinae pH optimum bakteriolytické aktivity bylo 4,5 v $4& pro
vétSinu testovanych draih Absence bakteriolytické aktivity nad pH 7,0 ZnapiSe travici nez
obrannou funkci enzytn Osm druld mélo vysSi populani rast na diet obohacené #icroccocus
lysodeikticus nez na kontrolni diét Adaptace rozi na traveni bakterii bylo zaloZzeno na: (i)
vysoké enzymoveé aktivitv SGME a (ii) korelaci maximalni bakteriolytickdtevity v kyselych
oblastech pH, které jsou acidobasickeé vlastnostiventriculus a caeca. Bakteriolyticka aktivita v
SGME pozitivie korelovala se standardizovanou rychlosfj popul&niho iistu, &koliv Zadna
korelace nebyla mezisra lysozymovou aktivitou v WME. Bakteriolytickd akta negativi
korelovala aktivie¢ v SGME. VSechna tato zjiti indikuji, Ze bakteriolyza v akaroidnich ro&ich
slouzi jak pro defensivni, tak pro travici funkdkézali jsme, Zén vivo traveni fluorescein-vdzané

4
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M. lysodeikticusbuinky zatalo ve ventriculu a poktavalo s piéichodem potravniho baku
strevem. Tyto vysledky demonstruji, Ze ragtfsou schopni Zivit se na bakteriich a jsou vylrave
enzymy, které travi bakterie a/nebo chrani réezf@ed bakteriemi.

Erban, T., a J. Hubert J. 2008. Digestive function of lysoeyin synanthropic acaridid mites
enables utilization of bacteria as a food soutcgerimental and Applied Acarology: 199-212.

C. Vyznam traveni Skrobu a sachardzy v potravni biolog synantropnich akaroidnich
roztocu

Optimalni pH pro traveni Skrobu, maltézy a sacha¥WME a SGME deviti drulhsynantropnich
akaroidnich roztéi se pohybovalo v pH od 4 do 6,75 s maximalni aktivipi pH 5 a
korespondovalo s acidobasickymi podminkami v aotein stednim stew. Ekvivalentni
uvolréni glukosy zectyt typa Skrobu, amylopektinu, dextrinu, maltézy a sachwrfiydrolyzou
WME a SGME indikovalo, Ze enzymy travici tyto swést jsou produkovany v ipdnim
mesenteru, ne ze tkari toztacu. Druhy s vysSi Skrobovou hydrolytickou aktivitolSGME jsou
vice tolerantni naa-glukosidazovy aa-amylazovy inhibitor acarbosu. Vysoka specificka
a-amylazova a maltdzova aktivita navic demonstrowa/anam jejich synergetické aktivity
v produkci glukosy ze Skrobu. Skladistni raztécarus sirg Aleuroglyphus ovatygyroborus lini

a L. destructormaji zvySenou travici aktivitu Skrobu a jsou aewéhni se Skrobovymi substraty.
D. farinag C. arcuatusand Sancassania rodionoysyn. Caloglyphus redickorzeyjsou na druhé
strart asociovani se sachardézouTgrophagus putrescentiag Carpoglyphus lactismaji nizkou
nebo stedni enzymovou aktivitu na Skrobovych substrateckaehardze. Traveni Skrobu bylo
lokalizovanoin vivo pomoci traveni Skrobu s navazanym barvivem (Skrpkazur). Hlavnic¢ast
traveni Skrobu probihala ve ventriculu a caecacdmeére traveni bylo pozorovano i v colonu a
postcolonu. Z testovanych drufen D. farinae mél velmi slabouin vivo aktivitu proti Skrobovému
azuru. Biotesty na Skrob®vobohacenych dietach ukéazaly zvySenistr druli enzymov
asociovanych se Skrobovymi substraty. Na druhénstiziotest nepotvrdil, Ze sachardza je
pouzitelny pidavek do diet pro populai nist, a pekvapiv parcialr rist supresovala. Proto jsme
vyvodili, Ze pgidavek sachar6zy do diet mohl byt pré&py pro mikrobialni ist, a zvy3eny
mikrobialni st tak mohl potl&ovat populdni rist rozt@u.

Erban, T., M. Erbanova, M. Nesvorna, a J. Hubert. 2009. ifygortance of starch and sucrose
digestion in the nutritive biology of synanthropiacaridid mites: alpha-amylases and
alpha-glucosidases are suitable targets for irdwhiased strategies of mite contrékchives of
Insect Biochemistry and Physiolog$: 139-158.

d. Komparativni analyza proteolytickych aktivit v sedmi druzich synantropnich
akaroidnich rozto¢a

Mikrodestickové analyzy byly optimalizovany pro screening podytické aktivity v akarioidnich
roztatich pomoci sedmi p-nitroanilin vazanych specifidkygubstrat a azocaseinu, azoalbuminu,
azocolu, keratin azuru and elastin orceinu. Prgtmtia aktivita byla sledovana v kazdém druhu a
s kazdym testovanym substratem. G#iotextrakty ze sedmi druhakaroidnich roziti vykazalo
nespecifickou aktivitu v pH rozmezi od 2 do 12 sHji jsme, Ze proteolyza WME &a maxima pi

5
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pH 3, 5 aZz 6 a 10. Dalsi analyzai pH 3, 5, 6 a 10 ukazala rozdily mezi specifickyani
nespecifickymi substraty mezi jednotlivymi druhytata. Rozdil mezi enzymovou aktivitou dniuh
pii pH 6 a 5 pomoci azocaseinu a azoalbuminu nebgigtten. Proteolyticka aktivita pomoci
substral BApNA, SAAPFpNA, SApNA, ZRRpNA a MAAPMpNA byla nej¥tsi v alkalickém pH
a indikovala hlava pritomnost pisluSnych enzyrin ve tkanich roztéi. Naproti tomu, hydrolyza
AAPpPNA a ArgpNA byla nejvysSiippH 6, coz koresponduje pH veaei€ roztatia. Proteolytické
aktivity, které korespondovaly pH veret¢ roztaiu byly také sledovany pomoci MAAPMpNA
substratu. Tato enzymova aktivita mohla korespoatls\Grp 9 roztiovym alergenem, ktery e
reprezentovat primarni travici enzymy. Sledovanétgmiyticka aktivita g pH 3 indikovala
piitomnost aspartatovych proteaz, které jsou pfawdobrg limitovany do kyselych lysozéin
Enzymaticky profil kazdého testovaného druhu ponf&ipNA a ZRRpNA byl stejny a velmi
podobny aktivi¢ métené BApNA, coz indikuje moZnou interakci mei&kmymi proteazami.

Kombinace msfenych proteolytickych aktivit a biotestu v této ditwukazala ne znatelnou
korelaci. Nekolik vlivi proteinového fidavku do diet bylo sledovano™. putrescentia@ A. sirqg,
tyto druhy nély stredni proteasové aktivity, ale efekt na zvySeni pagmiho ttistu byl velmi maly.

Protoze kolagen a keratin jsou traveny s velmi mn@tonnosti v pH odpovidajicimuistvu,
piedpokladame, Ze substraty megstavuji vyznamnéifmé zdroje potravy pro rozte. Efektivni
vyuziti Zivin z Kize, vlas (chlupl), nehti a pé&i muze byt zprosedkovano symbiotickymi
interakcemi rozt® s bakteriemi a mikroskopickymi houbami, které giojako potrava roztmm.
Mikrofagie se tedy zd& byt vyho#8i strategii pro roztte, nez je obZiva naiki, vlasech, nehtech
nebo pé.

Erban, T., a J. Hubert. 2010. Comparative analyses of plgiecactivities in seven species of
synanthropic acaridid mite8rchives of Insect Biochemistry and Physiol@§y 187-206.

e. Lokalizace proteolytickych aktivit v rozto¢im strewé

Proteazova aktivita byla &g lokalizovana pomoci chromogennich (azoalbumin, ANR,
SAAPFpNA, elastin—orcein, SANA, ZRRpNA, ArgpNA, and MAAPMpNA) a fluoresceénich
substral (casein—fluorescein, albumin—fluorescein, AAPAMEBAAMC, ZRRAMC, ArgAMC, a
AGPPPAMC). Vysledky indikuji, Ze cathepsin B, D, & H nebo aminopeptidazam podobna
aktivita jsou pitomné ve gew roztate L. destructor Ve stednim stevu nebyla sledovana
trypsinova aktivita generovana hydrolyzou BApNA suwétu, ale fluoresceéni ekvivalent
BAAMC umoznil vizualizaci trypsin-like aktivity v @travnim baklku v posterioru s$edniho
streva. Elastdzova aktivita byla @S lokalizovana ve séw L. destructorpomoci SApNA a
elastin-orceinu. Nicmeén Zzadné aktivita nebyla sledovana pro keratinovawr.aln vivo
vizualizovand enzymova aktivita podfla predeSlou analyzu, Ze chymotrypsinova aktivita
reprezentuje wezitou ¢ast proteazové aktivity v roatich. Ritomnostin vivo hydrolyzy obou
substrai ZRRAMC a ZRRpNA v celém & indikovala, Ze trdveni tohoto substratwina

v pirednim steve. Nicmeére lokalizace cysteinovych proteaz pomagihto substrdi je problémova,
protoZze specifita neni jen pro cathepsin B, aleétako trypsin. Fluorescence uvéha

z AGPPPAMC byla sledovana v celém mesodlewdestructora swdcila o mozné aspartatové
proteazové aktivét VSechny zmiéné proteolytické aktivity jsou produkovany v lumesitedniho
streva a formuji potravni bakk spoléné s pozenou potravou, pak prochazejiestem a jsou
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defekovany. UZitd metoda umoge vizualizaci protedzovych aktivit veis® transparentnich
zZivocich.

Erban, T., a J. Hubert. 2011. Visualization of protein diges in the midgut of the acarid mite
Lepidoglyphus destructoArchives of Insect Biochemistry and Physiol@8y 74-86.

5. DISKUSE

Vysledky této dizertace ukézaly, Ze skladiStniacpovi roztéi jsou schopni se Zivit na rostlinném
a zivaiisném materidlu a na mikrofié. Proto jsou tito rozto dle Luxtonovy klasifikace
panfytofagni druhy (Luxton 1972). Potravni guildgpgané Siepel & de Ruiter Dijkman (1993) a
Berget al (2004) jsou zaloZzené na enzymovych aktivitachirdu, trehalaz a celuldz (Siepel & de
Ruiter-Dijkman 1993, Berget al 2004). Redeslé klasifikace do potravnich guild byly take
zaloZzeny na enzymovych aktivitach, které byly pegadiobrg travici (Schuster 1956, Luxton
1972). V préaci je fedloZzeno, Ze definovani potravnich guild zaloZzesré na pitomnosti nebo
absenci enzymovych aktivit v surovém extraktu jéili zjednoduSené a ine vest

k nesrovnalostem a chybdeterminovanym potravnim guildam.

Na zaklad vysledki v této praci Ize shrnout, Ze skladistni r@gtéteri jsoucasto nalezeni
v uskladgném obili, jako jeA. siro, A. ovatus L. destructora T. lini, jsou enzymo¥ nejlépe
adaptovani na traveni Skrobem bohatého substr&atméx tito roztasi méli vySsi aktivitu i jinych
enzymi, coz bylo sledovano u proteaz. Konkketin. destructorje druh s extrémi vysokou
enzymovou aktivitou studovanych enzymovych aktiit. farinae mél naopak velmi malou
relativni enzymovou aktivitu, vyjimkou pro tohotmztate vSak byla bakteriolyticka aktivita.
Predpokladalo se, Ze je tento druh tioladaptovan na traveni protieia keratinu, avsSak vysledky
ukazaly, ZeD. farinae ma nizkou relativni proteolytickou aktivitu ve smani s testovanymi
skladistnimi roztei. Tento fakt je v rozporu s fpdpokladanou vysokou proteolytickou a
keratinolyckou aktivitou prachovych rozfo C. lactisje druh, ktery infestuje materél s vysokym
cukernym obsahem, zejména suSené ovoce (Hwbeal 2011). Proto tento druh by é&nmit
vysokou sacharazovou aktivitu, avSak vysledky ukazae C. lactisvykazoval jen sedni aktivitu
na sacharoze.

Praé maji tizné druhy acaritlodliSnou enzymovou aktivitu? Rozdily mohou byt witkeny
odliSnymi potravnimi naroky jednotlivych drih ZjisSttna velmi nizk4 proteazova a Skrob
hydrolyzujici aktivita nize odpovidat nizSim nuénim narokim, coz niize platit také pr&. lactis
ktery mel nizkou sacharazovou aktivitu. Tyto enzymové attimohou korespondovat s mirou
pohyblivosti druhu (osobni pozorovéani). Mira enzyé@ktivity tedy niZze, ale nemusi korelovat
s preferovanym potravnim zdrojem aife byt vyrazem potravnich energetickych nérokento
faktor také koresponduje s poptrdm ristem roztou.

Bakteriolyticka aktivita sledovana B. farinae ukazala, Ze tento rozatge adaptovan na
traveni bakterii. Na druhé stkajemu podobny drulD. pteronyssinusna nizsi miru adaptace Zivit
se bakteriemi. Tyto dva druhpermatophagoidesySak nejsou identické, i kdyz Ziji ve stejném
habitatu a ve smiSenych populacich. Ji#eal Valerio et al (2005) pedpokladali vysSi stupe
bakterifagie WD. farinaenez uD. pteronyssinus.
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Zda se, ze i kdyz m®. farinae nizkou proteolytickou aktivitu, je schopny se S&iy
efektivitou Zivit bakteriemi. Je pravdodobné, Ze prachovi rozio maji WwtSi tendenci
k bakteriofagii nez jiné druhy. Podobna situacepsedpoklada proP. ovis ktery je nejspise
piedkemDermatophagoidespp. (Hamiltoret al. 2003). Navic je mozné shrnout, Refarinae je
nejunikatijSi rozta: ze vSech studovanych difyha to ne jen k jeho acidobasickym vlastnostem
streva, ale i pro vysoky stupdakterifagie.

Zarazeni ziveichu do potravnich guild by o byt odvislé na habitatu. Siepel & de Ruiter-
Dijkman (1993) tvrdili, Ze v laboratornich podmicka kde je hojnd potrava, neni faiia
selektivni efektivity a druhy se budou asi Zivit tastech nejsnadiji stravitelnych (bugcny
obsah). Proto neniigkvapujicici, Ze druhy chované v laboratornich pio#tdch nap nafaséach,
Ziji v prirodé na houbach (Siepel & de Ruiter-Dijkman 1993). B&y provedené v této praci byly
zaloZeny na obohaceni potravnich substriteré slouzi jako cile pro konkrétni travici emgy
Z téchto vysledk biotesti a enzymové analyzy jergimé, Ze vhodny Zisob nebo v &kterych
prostedich nezbytna strategie traveni pro synantropnaroadni roztée je mikrofagie
(bakteriofagie a mykofagie). Roziojsou schopni travit mnoho typpotravy, kterou uskladlje
¢loveék pro konzumaci jako fimy potravni zdroj. Jsou vSak schopni travit i gkiymbiotické
interakce. Hdanim bakterii do diety se vyrazmzvysil popul&ni nist rozt@u v biotestech, a to
ziejme i proto, Ze bakterie nabizi vysSi noii benefit, nez komplexni potrava, ktera je uzivana
laboratornich kulturach nebo potrava obohacenaabSkachardzti proteiny.

6. ZAV ERY

. Bylo charakterizovano Siroké spektrum enzymovyctividkaz pro 14 drub synantropnich
akaroidnich rozt®i. Tytoin vitro enzymové vysledky jsou podfemy biotesty @n vivo sledovanim
enzymové aktivity ve sew roztaa.

. Byly ur¢eny acidobasické vlastnostiiesta 12 drub roztata. Stevo akaroidnich roztd
bylo determinovano mezi pH 4 a 7. Enzymova aktiniieno toto pH neni povaZzovana za travici ve
stre\e.

. Skladistni roztéi jsou schopni zivit se bakteriemi a jsou vybavenzymy, které mohou
travit a/nebo branit rozte ped bakteriemi. Interakce prachovych a skladiStnfoatasa

s bakteriemi je vyznangjsi, nez se five predpokladalo.

. Studium traveni Skrobu a sachardzy v potravni gioleynantropnich akaroidnich rozfo
ukazalo, Ze gevo rozt@e je vybaveno enzymy, které travi sacharidy. VSitim roztosi vyuzivaji
Skrob a sachar6zu pro vyZivu.

. NaSe vysledky ukazaly, Ze primarni travici proteé&zztait jsou chymotrypsinu podobné
protedzy a aminopeptidazy. Byldegkvapujici, Zze nizk& relativni enzymova aktivitgpoddala
trypsinu a cysteinovym protedzam.

. Nizky stupé& traveni kolagenu a keratinu veres€ roztatu znai, Zze keratin a kolagen
nejsou tak dlezité @gimé zdroje Zivin. Proto efektivni vyuZziti Zivin Zike, vlas (chlupi), nehti a
pefi roztaii je mozné skrze symbiotické interakce ra@tit@ keratinolytickymi a kolagenolytickymi
bakteriemi a houbami.

. Mikroféagie je vyhodna strategie pro rozéozZijici v prostedi, ve kterém se Ziviuki, viasy
(chlupy), nehty lidi a savcti pefim ptaki.
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. Dermatophagoidespp. aL. destructorbyli nejunikatjSimi druhy testovanych rozio.
Odlisné enzymove vlastnoddiermatophagoidespp. pravépodobré prameni z environmentalnich
omezeniL. destructorma unikatg vysokou aktivitu travicich enzyim ktera byla tkolikanasobg
vySSi nez u jinych druhtestovanych roztd.

. Byly sledovany znéné rozdily v popuknim ristu meziD. farinaeandD. pteronyssinusia
bakteriale obohacené digt také existovaly zrmé rozdily v enzymové aktivitv SGME, coz
prokazalo odliSny stupebakteriofagiedchto druli.

. NasSe vysledky ukazaly, Ze typi skladiStni roztdi, ktefi jsou casto nalézani v cerealiich,
vykazuji vySSi enzymovou aktivitu nez prachovi oozt Toto miZze zaviset nejen na potravni
preferenci, ale také na metabolickych narocich wrddonkrétré L. destructorje velmi aktivni
roztat, proto jeho velmi vysoka enzymova aktivitéaze byt odrazem vysSiho nutniho naroku.

. Amylolyticka, bakteriolyticka, nespecificka prote&a a specificka proteazova aktivita byly
lokalizovanén vivo ve stewe roztasu.

. Analyza travicich enzyiv akaridech je aplikovatelna na jejich potravradlogii s ugitymi
limitacemi.

. Neni mozné spolehlé/charakterizovat potravni guildy pouze na zékladzymové analyzy.
Nicmére vzhledem ke klasifikaci Luxton (1972) jsou synaptni akaroidni rozid nejlépe
klasifikovani jako panfytofagni druhy. Vzhledem HKizZké evolkni pribuznosti akaroidnich a
oribatidnich roztda lze pgredpokladat, Ze ifedek skladisStnich a prachovych ragiomize byt
podobny panfytofagnim Oribatida.
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