Oponentsky posudek na doktorskou diserta¢ni praci Mgr. Daniela Sojky ,,Multienzyme

proteolytic digestion of host blood in the gut of the tick Ixodes ricinus*

Piedlozena prace se sklada z 38 stran ivodniho textu a 4 pivodnich praci, z nichz
jedna je ve formé manuskriptu a tfi byly publikovany v mezinarodnich impaktovanych
¢asopisech. Dvé z praci se zabyvaji travicimi peptidazami klistéte Ixodes ricinus, jedna
cystatiny a jedna alfa-2-makroglobulinem klist'aka Ornithodoros moubata. U prvnich dvou je
Mgr. Sojka prvnim autorem.

V uvodnim textu podava autor vystizny ptehled znamych fakti o traveni krve u
klist'at, pfi¢emz se neomezuje pouze na literarni pfehled, ale text nanejvys vhodné dopliiuje
nékterymi vlastnimi dosud nepublikovanymi daji a pro kompletnost rovnéZ struénym
ptehledem publikovanych vysledki s odkazy na ¢lanky, jeZ jsou soucasti disertaéni prace.
Uvadi zde i pfedbézné cenné, i kdyZ zatim v podstaté negativni, vysledky s blokovanim
produkce enzymi pomoci interferenéni double strand RNA. Uvodni &4st proto piisobi velice
ucelenym dojmem a je velice Ctiva, aZ na drobné vyjimky psana velice slu$nou angli¢tinou
(drobné pieklepy, nepiesnosti a nejednotnosti v psani — napf. str. 7 je ,,we purpose™ misto ,,we
propose™, str. 9 ,,than die” misto ,,then die*, dale nékteré nepfesné uvadéné ndzvy organismu
—str. 12 ,,Amblyoma‘* misto ,,Amblyomma’”, str. 15 ,,Hemonchus* misto ,,Haemonchus*, dale
na str. 12 jsou bunééné inkluze nevhodné nazyvany organelami, bylo by dobré sjednotit psani
,»1n Vvitro a in vivo® normalnim pismem ¢i italikem a jako helmintolog si neodpustim
»rypnout®, Ze autor mezi patogeny pienasenymi klist'aty na str. 8 neuvedl pravé helminty). Na
str. 26 a 27 postradam v textu odkazy na pfiloZené papery.

Ptilozené piivodni publikace byly otiStény v asopisech s velice sluSnym impakt
faktorem a rovnéz publikaci ve stadiu manuskriptu povazuji za velice zdafilou a
predpokladam, Ze bude bez vétsich problémil pfijata v kvalitnim ¢asopise. Faktické komentaie
a otazky si ponechavam na konec posudku.

Autor ve své praci podava pomérné uceleny pohled na mozny mechanismus traveni
krve u klistéte obecného a spolehlivé doklada, Ze tento mechanismus je, co se tyce
enzymatické vybavy, obdobny traveni krve u schistosom (S. mansoni) a naprosto se lisi od
traveni krve u hematofagniho hmyzu. Byly odhaleny klicové enzymy, které byly sekvenéné a
¢astecné i fuk¢éné charakterizovany, vétsina z nich byla ,,vyrobena® i jako rekombinantni
proteiny. Jedna se o originalni vysledky, jejichZ vyznam je o to vé&tsi, Ze se nejedna pouze o
,Vysek* znalosti, napi. o popis jediného enzymu, jako tomu bylo u klistécich peptidaz

doposud.



Na zavér konkrétni dotazy a pfipominky:

1) Proé¢ byla provadéna exprese rekobinantnich enzymu, kromé IrAE, v E. coli a ne

2)

3)

4)

5)

6)
7)

8)

9

v Pichia pastoris 7 A¢koliv se tento systém neosveéd¢il pfi ziskani aktivniho
cathepsinu L u schistosom, v ptipadé CB se jednalo naopak o vhodné&;js$i systém,
jelikoz P.p. folduje Iépe (n€které) rekombinantni eukaryotni proteiny...

Na obr. 7 v tvodnim textu jsou na blotu nékteré nespecifické reakce — postradam
stripy s kontrolnimi neimunizovanymi séry.

Pro¢ nebyla funkce IrAE v trans-aktivaci cathepsinu testovana v homolognim systému
I ricinus, ale s CB S. mansoni, atkoliv rekombinantni CB klistéte je uz v praci
prezentovan ? Je to pouze tim, Ze IrCB byl ziskdn az v zavéru prace ?

V manuskriptu bych doporucil uvést popis, citace a ptivod afinitnich préb (znacenych
ligandi) jiz v kapitole ,,Material a metodika®.

Obrazek 1A manuskriptu — v legendé uvést, co znamenaji Gse¢ky kolem hodnot

v grafu (jakou vyjadiuji statistickou funkcei).

Strana 10 manuskriptu: odkaz na ,,Fig. 3* patfi jen k bodu ,,i*.

Obr. 4 manuskriptu — chapu spravné, Ze pfi afinitnim znaceni se ,,signal” CB a CL bez
pouziti specifickych inhibitord ptekryva ?

Obr. 9 manuskriptu — nedomniva se autor pii blizSim pohledu, Ze na rozdil od tvrzeni
uvedeného v textu, je jisty, i kdyz slaby, signal pro CD i v jinych tkénich nez ve stievé
(hlavné ovarium a Malpighické trubice) ?

Je spravné anglicky mnoZné &islo ,,helminthes®, anebo ,,helminths* ?

Autor bezpochyby prokazal schopnost samostatné védecké prace, stejné jako

schopnost sepsat velice kvalitni odborny text. Disertaéni prace spliiuje dle mého nézoru
vSechny formalni pozadavky a po obhajobé ji doporuéuji k pfijeti jako soudast fizeni
k udéleni védeckého titulu ,,Ph.D.*

V Praze dne 20. ¢ervna 2007 RNDr. Libor Mikes, Ph.]_;_).
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Oponentsky posudek diserta¢ni prace Daniela Sojky “Multienzyme
proteolytic digestion of host blood in the gut of the tick Ixodes ricinus”

Mgr. Sojka predklada disertaéni praci, vypracovanou na oddéleni molekularni
biologie a biochemie JihoCeské university a na Parasitologickém ustavu JihoCeského
biologického centra AV CR. Prace mé 32 stran plus &tyfi prilohy a je pojata jako shrnuti
problematiky a dosazenych vysledku s pfiloZenymi pracemi, které bud’ vysly v odbornych
Casopisech nebo v jednom pfipad€ byla prace zaslana. Kolega Sojka je prvnim autorem
dvou z téchto praci, a jeho podil na dalSich dvou je ze shrauti celkem jasny.

Autor v té€chto pracich charakterisuje proteolytické enzymy ze stfevni stény klistéte.
Pouziva dvou pfistupili: jednak biochemického, nebo mozna trochu médné fe¢eno
chemicky-biologického, tj. charakterisace proteolytickych aktivit extraktu stfevni stény
specifickymi substraty a inhibitory, jednak molekulédrné biologického: identifikaci cDNA
kodujicich ortology dobfe charakterisovanych proteolytickych enzymi ze Schistosoma

mansoni, kterou autor (ziejmé spravné€) vybral jako pouzitelny model.

vvvvvv

713-724, 2007, popisujici klonovani a rekombinantni expresi legumainu z klistéte. Jedna se
o velmi zajimavy enzym, neddvno prozkoumany u S. mansoni, ktery ziejmé& hraje
v proteolytické kaskadé pfevazne reguladni Glohu tim, Ze aktivuje dalsi cysteinové a
serinové proteasy.

Disertant v predkladané praci prokazuje, Ze si velmi dobie osvojil zna¢nou $kélu
experimentdlnich technik, od klonovani cDNA, RT-PCR, prace s rekombinantni DNA,

exprese a purifikace rekombinantnich proteini az po imunohistochemii a enzymovou



kinetiku a inhibi¢ni studie. Sou¢asné potvrzuje schopnost raciondln& experimenty
analysovat a stfizlivé zhodnotit jejich vysledky.

Rad bych také vyzdvihl, Ze se laboratofi disertanta podafilo ziskat ke spolupraci
naprostou Spicku oboru ze svéta. Zejména seznam autort prace ¢&. 2 se &te jako Who is who
v biochemii parasitl a pfilehlych obori: na kvalité a jejim metodickém zabéru prace je to
ostatné znat.

V praci jsem nasel jen velmi malo vécnych nebo formalnich nedostatkidl. Snad jen
anglictina ob&as trosku ,,drhne“, zejména slovosled nékterych pasazi v Uvodu zt&zuje
srozumitelnost. Praci také chybi seznam zkratek, ktery by ne-parasitologovi uréité pomohl.

Jako podklad pro diskusi bych disertantovi rad polozZil nasledujici otazky:

1/ na str. 23 se trochu omluvné zmifiuje o tom, Ze je nucen pro jasnost pouZivat pro
oznaceni orthologii cathepsinti zavadgjici a dnes uz mélo funkéni nomenklaturu. Uplné
s jeho nespokojenosti souhlasim. Jakou jinou nomenklaturu by pro tento typ enzymii

navrhoval?

2/autor v zavéru spekuluje o proteasovych inhibitorech jako 0 mozném terapeutiku
proti klistéti nebo klistétem pfenosnym chorobam. Pfitom v3ak sam ukazuje, Ze
proteolyticky aparat klistéte je zna¢né redundantni. Jaky by tedy zvolil cil terapeutického

zakroku?
4/ Byly ve stfevni stén¢ klistéte nalezeny také metalopeptidasy?
5/ Do jakého Casopisu (a s jakym vysledkem) zaslal autor praci ¢&. 1?
Na zavér s potéSenim konstatuji, Ze pfedloZena disertatni prace je vynikajici i podle

mezinarodnich méfitek, svrchované napliiuje pozadavky pfislusnych zakonnych ustanoveni

a plné ji proto doporucuji k obhajobé.

Jan Konvalinka
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Review of the PhD. thesis “Multienzyme proteolytic digestion of host blood in the gut
of the tick Ixodes ricinus” by MSc Daniel Sojka, University of South Bohemia, Faculty
of Biology Sciences, Department of Molecular Biology and Biochemistry

(Reviewed by Sirlei Daffre, University of Sdo Paulo, Biomedical Science Institute,
Parasitology Department)

The PhD. thesis from MSc Daniel Sojka is based mainly on the biochemical and
molecular characterization of five enzymes which belong to the gut protease network
from the hard tick Ixodes ricinus. Interestingly, he shows that the digestion of host
blood proteins in ticks is mediated by a protease network analogous to the intestinal
network of the blood fluke Schistosoma mansoni. Certainly the results obtained in this
thesis can be used in the near future for the control of Ixodes ricinus, which is an
important vector of human and animal diseases in Europe as well as in the control of
other ticks. The data about the digestive network from Ixodes ricinus are already
partially published in the International Journal for Parasitology (paper 2) which has a
good impact factor (3.346). In this paper, the authors characterize one of the gut
proteases, the tick legumain (IrAE), which might be involved in the trans-activation of
the tick cathepsin B, as well as in the digestion of the host hemoglobin. The
identification of the other four proteases (IrCB, IrCL, IrCC, and IrCD) is shown in
paper 1, which is already prepared for publication. Certainly it will be published in a
good Journal, since these data are innovative, being a significant contribution to the
limited knowledge on the biochemistry of blood digestion in ticks. Unquestionably
Daniel Sojka had a fundamental participation in the elaboration of these two papers,
since he is the first author of both. Besides his work in Ixodes scapularis, Daniel had an
unique opportunity to work on other tick species, Ornithodoros moubata, which has a
life cycle different from I ricinus, implying in cyclic activities of feeding and
oviposition. Two papers have been published already using O. moubata’s data based on
protease inhibitors. One of them (paper 3, impact factor 2.752) is about two secreted
cystatins which efficiently inhibit papain—like peptidases, including cathepsin B and C
from O. moubata, suggesting that they are probably involved in the protease network
regulation in the gut of this soft tick. Paper 4 (impact factor 2.733) relates biochemistry
and molecular data about op-macroglobulin expressed in the hemocytes and salivary
gland from O. moubata. This protease inhibitor may be involved in the immune
response of ticks as well as in the modulation of the host immune response during tick
blood-feeding. In these two last papers, Daniel appears as co-author, allowing him to
explore other physiological aspects of ticks, including control of the digestion and the
immune system. Moreover, as previously emphasized, he was able to work with two
different tick species, which certainly gave him interesting ideas about the physiology,
biochemistry and molecular biology of blood digestion, tick control and pathogen-
transmission. Finally, I would like to point out that Daniel had the opportunity to work
with several technical approaches which undoubtedly gave him the skills for the
enzymatic, cellular, biochemical, and molecular studies, besides others.

Taken the Thesis format into consideration, I would like to point out that the
introduction is concise but contains fundamental information to allow the readers to
understand several aspects of invertebrate digestion. The complementary data reported
in Results and Discussion (Item 3) let the readers have an excellent idea about the main
points of the first two papers. The content of the third paper could be better explored in
the Results and Discussion Section, since there is a straight connection between



protease inhibitors and proteases from the tick gut. Even the fourth paper could be more
thoroughly discussed in Item 3, linking protease inhibitor with tick control.

After that, I have a couple of more general questions and also specific ones from
each part of the Thesis:

1. Considering the different feeding strategies used by argasidae and ixodidae ticks,
could you give positive and negative aspects of each one for pathogen transmission?

2. Bearing in mind the cycle life of pathogens transmitted by Ixodes ricinus, e.g.
Borrelia burgdorferi, and encephalitis virus, could you speculate on how you could use
the network of digestive proteases to control their transmission?

3. If the hemoglobin crystals have a function in the preservation of nutrient reserves,
would you expect to have more of those crystals in soft ticks during a specific time of
their life cycle? Could you observe this phenomenon comparing your data from O.
moubata and 1. ricinus?

4. Can you discuss the statement of Delcroix et al. (2006) about how the transition from
cysteine/aspartic intestinal digestive proteases to serine proteases appears to have
occurred in arthropods or mollusks?

Papers I and II

1. For most of digestive proteases studied, you have found just one single cDNA type.
Did you expect that considering the methodology of the cDNA construction and also
other functional aspects of these proteases?

2. Can you separate completely the lumen content from the gut epithelia during the
preparation of the tick gut tissue extracts?

3. You have had a broad tissue expression of the IrCL gene (Paper I, fig 9). How can
you explain that considering the specificity of this enzyme? Speculate for other protease
genes.

4. Could you speculate about the role of IrCB on the processing of other enzymes? Or
would it be more important for hemoglobin digestion?

5. Pedro de Oliveira and collaborators (Lara et al. 2005, Graga-Souza et al. 2006)
believe that selective uptake of hemoglobin by digestive cells has evolved as a part of
an adaptation against heme toxicity. Can you discuss about that?

6. I am not so convinced that IrAe is more phylogenetically related to vertebrate Aes
than invertebrates Aes (Paper II, Fig 2). And you? How would be the phylogenetic tree
using only mature enzymes?

Paper I11.
1. What are residual bodies in the digestive cells from O. moubata? Are they present in

I ricinus digestive cells? Make a comparison between the gut of O. moubata and 1.
ricinus.




2. You have speculated that the reduction of cystatins mRNA levels after blood-sucking
is for keeping the gut enzymes activities. Do you still believe that? Or could it be due
other reasons?

3. You have used ferritin as housekeeping gene in several experiments. Considering the
function of ferritin, do you believe that it is present at equal levels in different tissues?
Why?

Paper IV.

1. Would be interesting to check if a-macroglobulin binds to pathogens transmitted by
ticks?

Suggestions/Corrections:

1. Determination of cleavage site for pro-IrAE or any other enzyme: You could do the
C-terminal sequencing by combination of carboxypeptidase digestion and mass
spectrometry using the mature enzyme.

2. Results/Discussion, page 29. The experiment of RNAI silencing in the paper of
Aljamali et al. was done in the salivary gland and not in gut.

Final remarks:

I would like to thank Dr Petr Kopacek and Prof. Libor Grubhoffer for inviting
me as opponent of this thesis. I have had a great opportunity to learn new things and
think more about tick digestion. I also thank you for sharing your unpublished results.
The approach for silencing protease genes, by RNAI, is certainly fruitful for the
discovery of the role of gut enzymes. Congratulations for this wonderful work !!!

I do consider that the work developed by Daniel during his PhD project has an
excellent scientific merit and the thesis was carefully written.

Therefore, I recommend accepting the thesis of MSc Daniel Sojka for his PhD.
defense.

S&o Paulo, June 26, 2007

W

Prof. Dr Sirlei Daffre



