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Vojensky zdravotni tustav (dale jen VZU) se dlouhodobé zabyva problematikou
pripravy, detekce, identifikace typizace vysoce rizikovych agens. V oblasti genomiky byla
¢innost historicky zamétena na ptipravu kiti pro rychlou detekci a identifikace téchto agens
pomoci PCR a novéji téz pak ve spolupréci i na typizaci pomoci techniky celogenomového
sekvenovani. V oblasti proteomiky a hmotové spektrometrie byl feSitelsky kolektiv zamétren
jednak na detekci a identifikace bakteridlnich a rostlinnych toxinli vyznamnych z pohledu
biologické ochrany, ale téz na techniky komplementarni k pfistupim genomickym. Klicovym
prvkem pro samostatnou odbornou i vycvikovou ¢innost pak bylo zdzemi pro pfipravu vzorka
vysoce rizikovych agens tvofenou jednak laboratofemi VZU Praha pro piipravu a
optimalizaci technik izolace a zpracovani a také laboratofemi VZU Té&chonin. Laboratofe
VZU Téchonin se rovnéz vramci svych védeckych aktivit zabyvaji in vivo testovanim
ucinnosti latek s potencidlni aktivitou proti vybranym rizikovym agens a testovani
dekontaminacénich prostredkll se zietelem na dekontaminaci osob a prostor. Dlouhodobéjsi
ramec je pak vymezen Koncepci védy a vyzkumu do roku 2025 Vojenského zdravotniho
tistavu Praha (VZU) z roku 2018.

1. Charakteristika etapy FeSené za hodnocené obdobi
Personélni zabezpeceni je uvedeno v Ptiloze €. 1, tabulce R1 datovych polozek.

VZU se vsoutasné dobg podili na feSeni zakdzky Ministerstva vnitra (MV)
VH20172020012 Ptiprava kolekce standardd biologicky vyznamnych toxini - EBLN
(European biodefence laboratory network) a projektu MV - BV V120152020044 ,,Multiplexni
xMAP technologie pro komplexni detekci patogennich agens vyznamnych z pohledu zajisténi
ochrany zdravi a zvifat”. Napln vySe uvedené zakazky a prvné uvedeného projektu a i dalsi
spoluprace mimo néj jsou v intencich zdméru rozvoje organizace. Dale se podilime na
konsociu Q GPAS consortium, Bundesministerium fiir Bildung und Forschung (BMBF),
01KI1726B (2018 —2022).

Aktivné spolupracujeme s fadou tuzemskych 1 zahrani¢nich pracovist, a to jak ve sféfe
vojenské, tak i civilni.

Seznam cilu.

Ziskani relevantniho panelu agens Coxiella burnetii, implementace postupii jejich
kultivace, detekce, identifikace a typizace a zaroven 1 aplikace modernich metod
celogenomového sekvenovani a proteomiky diive rozvijenych v oblasti bakteridlnich agens.

2. Konkrétni dosazené vysledky jednotlivych dil¢ich ¢asti ZRO (dle schvalené
struktury ZRO)

Pro pilotni studii byli vybrani zastupci r. Coxiella burnetti a Rickettsia vyzadujici praci
v prostiedi jak BSL-2, tak i BSL-3.

Coxiella burnetii. V kontextu vyro¢ni zpravy za predchdzejici rok byl optimalizovan protokol
kultivace modelového organismu C. burnetii RSA 439 Nine Mile Phase II (BSL-2 kmen) na




bunécénych liniich a nasledné otestovan i pro izolat Phase I (detailnéjsi popis vysledkil je
v ptiloze ¢. 3)

Zaroven dosSlo k dodani a zprovoznéni instrumentace Inkubator s atmosférou CO2 s
vysokoteplotni desinfekci (kvéten 2019) umoziujici axenickou kultivaci a byl proveden
pilotni experiment s modelovym organismem C. burnetii RSA 439 Nine Mile Phase II (BSL-2
kmen). Postup a vysledky jsou soucasti piilohy €. 3

V oblasti vyuZziti genomickych a proteomickych metod byla ve spolupraci s Friedrich-
Loeffler-Institut, Federal Research Institute for Animal Health, Jena, Némecko publikovéana
studie porovnavajici proteomy C. burnetii RSA 439 Nine Mile Phase Il a C. burnetii RSA 493
Nine Mile Phase I kultivovanych v axenickych médiich (axenic acidified citrate cysteine —
ACCM-2) a definovaném ACCM (ACCM-D) a zaroven infikované linie mySich fibroblastii
(L929). Tato publikace, ktera je dedikovana i k tomuto zaméru - viz. ptiloha €. 4.

V navaznosti na komplexni recenzni fizeni této studie byla nastinéna nasledna spoluprace
s Friedrich-Loeffler-Institut, Federal Research Institute for Animal Health (FLI), Jena a
probé¢hla zde i pracovni navstéva (21. 8. —23. 8. 2019). Cilem naslednych studii bude ptiprava
infikované bunécné linie ovcCich trofoblastt AH-1 a nasledna optimalizace protokolu
nabohaceni Coxiell. Dal§i bunécnou linii, kterou planujeme analyzovat by byly linie lidskych
monocytl THP-1.

Bylo téz rozhodnuto pfistoupit ke kroku synchronizace infikujicich bunck spocivajici
v sjednoceni Coxiell do faze Small cell variant (SCV) pted vlastni infekci hostitelskych
bunék. Tento proces bychom radi kontrolovali pomoci relativni kvantifikace proteinu ScvA.
Pilotni vzorky pro analyzu AH-1 linii a kvantifikaci ScvA pomoci hmotové spektrometrie
budou pfipraveny do konce tohoto roku. Zarovenl je v prosinci pldnovana vyménnd staz
studenta FLI (prosinec 2019).

r. Rickettsia. 7 dtivodi navazani na spolupraci s pracovistém Universidad Auténoma de
Yucatan, Mérida Yucatan, México a potieb¢ prohloubeni znalosti a schopnosti prace s
organismy blizce pfibuznymi Coxiella burnetii - s vnitrobunéénymi bakteriemi rodu
Rickettsia (zahrani¢ni pracovni cesta 2. pololeti 2017) byly v letoSnim roce pfipravena dalsi
sada vzorkli dle optimalizovaného protokolu, zahrnujici vyuziti digitoninu, jako mirného
detergentu pro lyzu VERO hostitelskych bunék (na zakladé publikace Valarikova J et al.,
Acta Virol. 2016)

Tato optimalizace méla cil nabohatit materidl pathogena (R. rickettsii a R. typhii), avSak
vysledkem byl pouze nesignifikantni pocet rickettsiovych proteinti na pozadi dostate¢né masy
hostitelskych bunék). To poukazuje na spravny zpusob zpracovani vzorku a jeho nasledné
analyzy, avSak na nedostatecny zpusob kultivace/nabohaceni Rickettsii.

Pro sestaveni a optimalizaci protokolu izolace a nabohaceni intracelularnich agens
z bunécnych linii, ktery 1ze povazovat z pohledu dlouhodobého rozvoje pracovisté za zasadni,
byly navdzany spoluprace se dvémi zahrani¢nimi pracovisti.

Prvni spoluprice probiha s Israel Institute of Biological Reseach (IIBR). Jeho zéastupci se
jiz diive zOgastnili 3" Biological Workshop na Komornim Hradku v roce 2018, ktery VZU



kazdoro¢né porada. Z pohledu stanovenych cilti tohoto zdméru je vyznamny projekt IIBR,
jehoz cilem je nalézt vhodné kandidatni proteiny pro vyvoj vakciny proti dalsi intraceluldrni
patogenni bakterii, Francisella tularensis. Jednim z dil¢ich cilii tohoto projektu je hledani
kandidatnich proteini exprimovanych ve vybranych bunécnych liniich, konkrétné liniich
mysich makrofagh RAW 264.7 a liniich lidskych plicnich alveolarnich epitelialnich bunck
A549. Vzorky ptipravené dle pilotniho protokolu byly analyzovany standardnim postupem a
vysledkem pilotnich analyz bylo v piipadé RAW 264.7 bun¢k 130 — 200 proteint Francisella
tularensis na pozadi vice nez 2000 mysich proteinti. V ptipad¢ linii A549 nebylo mnozstvi
Francisellovych proteinti signifikantni, pfestoze mnozstvi hostitelskych proteini potvrdilo
spravnost provedené analyzy.

Z divodi potieby osobnich konzultaci pak od 19. 1. do 27. 1. 2019 prob¢hla navstéva
IIBR v Ness Zioné. Nasledujici sada experimentu s linii A549 s optimalizovanych protokolem
vSak k pozadovanému mnozstvi proteint F. fularensis rovnéz nevedla a bude proto nutno v
budoucnosti protokol kultivace a nabohaceni modifikovat. Toto pracovisté se zabyva rovnéz
rickettsiosami (prozatim pouze serologicky environmentalni monitoring — Rickettsia conori.
R. africae, R. sibirica a R. mongolitimonae) a vyhledové bychom radi rozsitili spolupraci
praveé timto smérem.

Druha spoluprice byla navazana s pracovistém Ustav virologie Slovenské akademie véd
v Bratislavé, jehoz navs§téva probéhla od 29. 7. do 2. 8. 2019. Prvotnim vystupem této
spoluprace bylo optimalizace procesu kultivace C. burnetii a ziskani kontrolni sady vzorkd
zastupct C. burnetii a r. Rickettsia. Vystupy této analyzy zahrnujici jak celogenomové

sekvenovani, tak proteomiku jsou shrnuty v pfiloze ¢. 5 V oblasti celogenomového
sekvenovani jsou konkrétné dostupna data vzorku €. 4 - R. akari).

Z uvodnich analyz lze konstatovat, ze vzorky jsou pouZitelné pro zpracovani naSim
workflow a pfitomnost pouZitych koncentraci formaldehydu proteomice nevadi. AvSak kvalita
vzorku pro proteomiku nemusi vzdy korelovat s pouZitelnosti tychz vzorki pro genomické
analyzy. Podafilo se nam také potvrdit spravnost zpiisobu nabohaceni bakterii z hostitelskych
bunécnych kultur (identifikace aZ stovek rickettsiovych proteint).

Byl proto konfrontovan ptvodni suboptimalni protokol piipravy vzorki a je planovana
implementace téchto zmén na pracovisti Universidad Autonoma de Yucatan, Mérida Yucatan,
México, kterd by méla probéhnout v ramci pracovniho pobytu od 28. fijna do 6. listopadu
tohoto roku. Méla by byt pfipravena sada dalSich vzorkG R. typhii a R. rickettsii pro
proteomickou a genomickou analyzu. Vyznamnym cilem této cesty je t¢Z dohodnout moZznost
transferu zivych kmend r. Rickettsia do sbirek VZU Praha, pracovisté Téchonin, a zavedeni
postuptl jejich kultivace a izolace.

Dtlezitym bodem dlouhodobého rozvoje je doplnéni jiz stavajiciho zastaravajiciho
vybaveni laboratofe hmotové spektrometrie (4000QTRAP) modernégjsi instrumentaci hmotové
spektrometrie (Q-Exactive, k dispozici od listopadu 2018), které je nyni ve fazi testovani a
pilotnich analyz. Komplex této instrumentace by mél umozZnit jednak detailn&jsi
proteomickou analyzu (prefrakcionace a vétsi pocet identifikaci z jednotlivych vzorki), ale
zaroven 1 vét$i autonomii v analyze proteomil, coZ se ukazuje z pohledu i mezinarodnich

spolupraci jako velmi perspektivni.



3. Které cile ZRO a z jakych duvodu zistavaji nefeSené.

Planovany material byl roce 2019 poftizen a plnéni cile probih4 dle pfedem navrhovaného
harmonogramu.

4. Identifikace rizik, navrh zmén v obsahu a postupech reSeni ZRO, potvrzeni cili
a harmonogramu praci reSeni ZRO na nasledujici rok.

Obecnym rizikem je oblast persondlniho zabezpefeni (zahranicni mise, zména
systematizovanych mist, odchod na matefskou. Novi zaméstnanci se musi zaucit v bézné
praxi. To zpomali zavadéni vystupi dil¢ich tkold.

5. Struéné zpriavy o vysledcich zahrani¢nich cest, vykonanych ve prospéch
vyzkumného zaméru.

Pracovisté feSitele priibézné realizuje fadu zahrani¢nich sluzebnich cest prohlubujici
schopnosti prace s RAT/VRAT. Z pohledu zdméru mezi nejzasadnéjsi patii spoluprace s
Federal Research Institute for Animal Health, Jena, Némecko, viz. bod 2., které se
dlouhodobé¢ problematikou Coxieldz aktivné zabyva (zahrani¢ni cesta v srpnu 2019, spole¢na
publikace s dedikaci k tomuto zdméru — viz ptiloha €. 4 a dalsi pribézna komunikace).

Z pohledu vyuzitych technik je vyznamna spolupriace s Genomic core facility EMBO,
Heidelberg, Némecko. Klicovymi kontakty z pohledu rozvoje metodik nabohaceni obligatné
intracelularnich agens pak jsou spolupréce s Israel Institute of Biological Reseach (zahrani¢ni
cesta vlednu 2019), naslednd s Ustavem virologie Slovenské akademie véd v Bratislavé
(zahrani¢ni cesta na pfelomu Cervence a srpna 2019), ktery umoznil vyteSit komplikovany
problém nabohaceni a izolace vzorki pro analyzu exprimovanych proteini r. Rickettsia.

Druhé vétev mezinarodnich spolupraci je cilena naopak na zemé s endemickym vyskytem
studovanych agens, kde cilem téchto vazeb bude ziskani vétSiho mnozstvi izolatd pro
srovnavaci studie, vycvik persondlu, validaci a vyvoj detek¢nich technik a rozSifovani sbirky
nebezpecnych agens. Tyto izolaty RAT/VRAT (Coxiella a ptibuzny r. Rickettsia) jsou ve
sbirkach rozvinutych stati zastoupeny pouze v omezené miie a ¢asto nejsou dostupné formou
koupé ¢i vymény. Pravé sit’ uvedenych spolupraci umozni otestovani vySe zminéného
protokolu na pracovisti Universidad Autonoma de Yucatan, Mérida Yucatan, México, viz.
bod 2.

6. Bodové hodnoceni vysledki
viz ptiloha ¢. 1
7. Nakup technického a pristrojového vybaveni z prostiedki DZRO
viz. ptiloha €. 2
8. Nedoslo k nabyti pifedméti pramyslového ¢i jiného dusevniho vlastnictvi.
9. Publikace:



. Sikova M, Janouskova M, Ramaniuk O, Palenikova P, Pospisil J, Bartl P, Suder A,
Pajer P, Kubickova P, Pavlis O, Hradilova M, Vitovska D, Sanderova H, Ptevorovsky

M, Hnilicova J, Krasny L., Msl RNA increases the amount of RNA polymerase in

Mycobacterium smegmatis., Mol Microbiol. 2019 Feb;111(2):354-372.

. Duracova M, Klimentova J, Myslivcova Fucikova A, Zidkova L, Sheshko V,

Rehulkova H, Dresler J, Krocova Z., Targeted Mass Spectrometry Analysis of
Clostridium perfringens Toxins., Toxins (Basel). 2019 Mar 23;11(3).

. Trousil J, Syrova Z, Dal NK, Rak D, Konefat R, Pavlova E, Matéjkova J, Cmarko D,
Kubickova P, Pavli§ O, Urbanek T, Sedlak M, Fenaroli F, Raska I, Stépének P, Hruby
M, Rifampicin Nanoformulation Enhances Treatment of Tuberculosis in Zebrafish.,
Biomacromolecules. 2019 Apr 8;20(4):1798-1815.

Karabanovich G, Dusek J, Savkova K, Pavli§ O, Pavkova I, Korabe¢ny J, Kucera T,
Kocova Vickova H, Huszar S, Konyarikova Z, Kone¢na K, Jand'ourek O, Stolafikova
J, Kordulakova J, Vavrova K, Pavek P, KlimeSova V, Hrabalek A, MikusSova K, Roh
J., Development of 3,5-Dinitrophenyl-Containing 1,2,4-Triazoles and Their
Trifluoromethyl Analogues as Highly Efficient Antitubercular Agents Inhibiting
Decaprenylphosphoryl-B-d-ribofuranose 2'-Oxidase., J Med Chem. 2019 Sep
12;62(17):8115-8139
- tyto publikace nejsou dedikovéna vyzkumnému zadméru.


https://www.ncbi.nlm.nih.gov/pubmed/30427073
https://www.ncbi.nlm.nih.gov/pubmed/30427073
https://www.ncbi.nlm.nih.gov/pubmed/30909561
https://www.ncbi.nlm.nih.gov/pubmed/30909561
https://www.ncbi.nlm.nih.gov/pubmed/30785284
https://www.ncbi.nlm.nih.gov/pubmed/31393122
https://www.ncbi.nlm.nih.gov/pubmed/31393122
https://www.ncbi.nlm.nih.gov/pubmed/31393122

Priloha ¢. 1 Datové polozky
Resitelé
Resitelé

R1. Jmenny seznam pracovnikii podilejicich se na FeSeni zaiméru RO s udaji dle tabulky
(v elektronické podobé¢)

Rok
P¢ | jméno piijmeni | titay | PAr- | Stezeini o, P2 P3 | P4
¢innosti
Pharm “ 17 Déstojnik —
1 Jiti DRESLER Dr. | 1983 | Qdpovédny |,
PhD. fesitel oddéleni
. Dustojnik —
2 Petr PAJER RNDr., | 975 Resitel Al | vedoud
PhD. oddgleni
& Magr. _ Vyzkumny a
3 Oto PAVLIS ’ 1975 Resitel Al vyvojovy
PhD. pracovnik
Hana RNDr., - Vyzkumny a
4 | KABICKOVA cse. | 1920 Resitel L AR
. Diistojnik -
5 | Radoslav KRUPKA | MYPT | 1064 | Resitel | Al | réstapee
s feditele Gstavu
. Dustojnik -
6 Ales RYBKA MUDr. | 1981 Regitel Al | starsi ékat -
specialista
Pavla . Pfirodov.édny
7 KUBICKOVA Mgr. 1977 Resitel Al da:ggLy;;l;k
, . Vyzkumny a
8 Petra DUTKOVA | MVDr. | 1989 Resitel Al vjvojovy
pracovnik
9 | PavelDVOULETY | 'ppg | 1964 |  Resitel | A1 | fhoce
10 | Oldtich BARTOS | Mgr. | 1989 Resitel A2 Regitel
Dﬁstf)jnilf
11 | Martin CHMEL | Mgr. | 1988 Resitel Al | iebioieiea
vyzkumu
12 Libor PISA MUDr. | 1973 Regitel Al Reditel
Lucie .o Distojnik
13| krRATZEROVA | RNDr. | 1988 ReSitel | AL detekees




Priloha ¢islo 2 Hospodareni s pridélenymi finan¢nimi prostiedky

Vroce 2019 byly VZU Praha pfidéleny finanéni prostfedky na instituciondlni podporu
vyzkumu, vyvoje a inovaci ve vysi 500 tis. K&  Nevycerpané financni prostfedky
z ptedchozich let ptevedené do néarokii nespotiebovanych vydaji (NNV) Cinily 4 601,20 tis.
K¢&. Celkova ¢astka na institucidlni podporu vyzkumné organizace VZU doséhla v roce 2019
vyse 5 101,20 tis. K&. Disponibilni finan¢ni prostiedky byly dle ndvrhu fesitele rozd€leny na
thradu mzdovych vydaji vyzkumnych praci provadénych 3 externimi pracovniky, se kterymi
byla uzaviena dohoda o provedeni pracovni ¢innosti (DPC) ve vysi 322,4 tis. K& a na pofizeni
a technické zhodnoceni laboratornich pfistroji a zafizeni charakteru hmotného investi¢niho
majetku ur¢eného pro podporu plnéni ukola VVI ve vysi 4 778,50 tis. K¢.

Cerpani vyé¢lenénych finanénich prostiedkii na mzdové vydaje probiha v souladu
s uzavienymi dohodami o provedeni pracovni ¢innosti. Pfedpoklada se, Ze finan¢ni prostfedky
ve mzdovych vydajich budou do konce roku 2019 vycerpéany.

Cerpani finanénich prostiedkt prevedenych na pofizeni a technické zhodnoceni specidlnich
laboratornich pfistrojii a zafizeni probihalo v ndvaznosti na akvizi¢ni proces realizovany AP
ONMM SNM MO Praha, ktery byl uskutecnén v 1. pololeti roku 2019. Ve druhé poloviné
roku byl investicni majetek pofizovan, z divodu zaneprazdnénosti AP a na zdklad¢
schvédlenych zadosti a vydanych povoleni, decentralnim zpisobem jako veifejna zakazka
malého rozsahu pracovistém potizovani majetku a sluzeb VZU Praha. S vyuZitim Narodniho
elektronického nastroje (NEN) byl pofizen nésledujici majetek pro podporu VVI VZU Praha:

Majetek porizeny akviziénim pracovisttm ONMM SNM MO Praha

Porizovana komodita Planované vydaje VysoutéZené ceny
Cena za NS
Nazev porizované . e . L Pocet | Cena s DPH | Pocet
komodity” Popis pofizované komodity” | KM]J MJ (K MJ celke(1;1< z)DPH
TR i e
cytocentrifugaci YLOTOBICHY ) .65t | 1 300 000,00| 1 238 660,40
e , biologickych vzorkd pro dalsi
vcetné prislusenstvi . .
laboratorn{ analyzy.
3.2.a) Celkem za komoditu: 1 300 000,00 1 238 660,40
Zaftizeni na Centrifuga pro separaci
centrifugaci vcetné patogennich partikuli z 651 1 450 000,00 1 401 926,00
prislusenstvi riznych druhti materialu.
3.2.a) Celkem za komoditu: 1 450 000,00 1 401 926,00
Digitaln{ kamera pro | Zafizeni pro snimkovani
elektronovou obrazu v elektronovém 651 1 1200 000,00 1 1199 110,00
mikroskopii mikroskopu
3.2.a) Celkem za komoditu: 1 1200 000,00 1 1199 110,00




Zatizeni pro plnéni ukolt
Laboratorn{ mikroskopického zkoumani a
invertovany ptipadné identifikace zivych
mikroskop s vzorkd rizikovych a vysoce 651 ! 11038000,001 1 858 972,00
fluorescenci rizikovych kmend B-agens a
toxint.
3.2.a) Celkem za komoditu: 1 1 038 000,00 1 858 972,00
Homogenizator pracujici na
principu piipravy vzorka
destrukci zkoumaného 600 1 250 000,00 1 239 580,00
materialu kulickami pro 24
vzorkll
Homogenizétor
Homogenizator pracujici na
principu pfipravy vzorka
destrukci zkoumaného 600 1 140 000,00 1 141 449,00
materialu kulickami pro 12
vzorkl
3.2.a) Celkem za komoditu: 2 390 000,00 2 381 029,00
Inkubétor s atmosférou CO2 s
. < kontrolou hladin O2 a
Inkubdtor s atmosférou vysokoteplotni desinfekci pro
CO2 s vysokoteplotn{ ysoxotep? o p 651 2 400 000,00 2 399 620,05
desinfekef kulth.am biologického
materidlu v prostiedi BSL-2 a
BSL-3
3.2.a) Celkem za komoditu: ) 400 000,001, 399 620,05
3.2.b) Celkem za komodity: sosen | 3 778 000,00 | e 3479 317,45

Majetek pofizeny v rimci VZMR pracovistém pofizovani majetku a sluzeb VZU Praha

Pofizovana komodita Planované vydaje VysoutéZené ceny
Nazev porizované Pois pofizované komodity” KM | Pocet | Cena s DPH | Pocet | Cena bez DPH
komodity® PSP YL | mg (K®) MJ (K®)

Miniaturizovany mobilni PCR
cyclerumoznujici rychlou a

Miniaturizovany flexibilni detekci a

mobilni PCR Cycler | identifikaci raiznych 600 1| 44900000 1 SLERIEUNL
biologickych agens metodou
Real-time PCR.

3.2.a) Celkem za komoditu: 1 449 000,00 1 349 960,00
Planfluoritovy objektiv se
zvétsenim 100x a timto pro

Objektiv 100x pro laboratorn{ biologicky

FIV mikroskop * invertovany mikroskop s 600 ! 65 000,00 ! Gl
fluorescenci OLYMPUS
CKXS53.

3.2.a) Celkem za komoditu: 1 65 000,00 1 60 685,13




Zarizeni zabezpecujici praci s
informacnimi
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Coxiella burnetii is the causative agent of the zoonotic disease Q fever. To date, the
lipopolysaccharide (LPS) is the only defined and characterized virulence determinant
of C. burnetii. In this study, proteome profiles of C. burneti Nine Mile phase | (RSA
493, NMI) and its isogenic NineMile phase Il (RSA 439 NMII) isolate with a deep
rough LPS were compared on L-929 mouse fibroblasts and in complex (ACCM-2),
and defined (ACCM-D) media. Whole proteome extracts were analyzed using a
label-free quantification approach. Between 659 and 1,046 C. burnetii proteins of the
2,132 annotated coding sequences (CDS) were identified in any particular experiment.
Proteome profiles clustered according to the cultivation conditions used, indicating
different regulation patterns. NMI proteome profiles compared to NMIl in ACCM-D
indicate transition from an exponential to a stationary phase. The levels of regulatory
proteins such as RpoS, CsrA2, UspA1, and UspA2 were increased. Comparison of the
oxidative stress response of NMI and NMII indicated that ACCM-2 represents a high
oxidative stress environment. Expression of peroxidases, superoxide dismutases, as well
as thioredoxins was increased for NMI. In contrast, in ACCM-D, only osmoregulation
seems to be necessary. Proteome profiles of NMIl do not differ and indicate that
both axenic media represent similar oxidative stress environments. Deep rough LPS
causes changes of the outer membrane stability and fluidity. This might be one
reason for the observed differences. Proteins associated with the T4SS and Sec
translocon as well as several effector proteins were detectable under all three conditions.
Interestingly, none of these putatively secreted proteins are upregulated in ACCM-2
compared to ACCM-D, and L-929 mouse fibroblasts. Curiously, a higher similarity
of proteomic patterns (overlapping up- and downregulated proteins) of ACCM-D and
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bacteria grown in cell culture was observed. Particularly, the proteins involved in a better
adaptation or homeostasis in response to the harsh environment of the parasitophorous
vacuole were demonstrated for NMI. This semi-quantitative proteomic analysis of
C. burnetii compared axenically grown bacteria to those propagated in cell culture.

Keywords: Coxiella burnetii, axenic culture, semi-quantitative proteomics, oxidative stress response, type IV B
secretion system, dot/icm, Sec translocon, proteome

INTRODUCTION

Coxiella  burnetii, a  Gram-negative and  obligate
intracellular bacterium, is the etiological agent of query (Q)
fever. This almost worldwide-distributed zoonotic disease
manifests as an acute, flu-like illness or as a potentially life-
threatening chronic disease in humans (Maurin and Raoult,
1999). C. burnetii has a broad host spectrum (Angelakis and
Raoult, 2010) and the bacteria are transmitted via inhalation of
contaminated aerosols.

Coxiella burnetii passively enters its primary target cells,
alveolar macrophages, and traffics through the endocytic cascade
(Graham et al., 2013). The intracellular niche, named Coxiella-
containing vacuole (CCV), shows all characteristics of a
terminal phagolysosome, but is actually a highly specific, and
pathogen-directed niche. C. burnetii employs a type IV B
secretion system (T4SS), also known as Dot/Icm (defect in
organelle trafficking/intracellular multiplication) apparatus, to
secrete effector proteins into the cytosol of the host (Zamboni
et al, 2003; Chen et al, 2010). To date, more than 100
effectors have been described, but only few of them are known
to subvert the host cell-signaling pathways, including vesicle
trafficking, apoptosis, autophagy, and immune responses, to
ensure intracellular survival of C. burnetii (Larson et al., 2013;
Moffatt et al., 2015; Mansilla Pareja et al, 2017; Schifer
et al, 2017; Weber et al., 2018). Within the CCV, bacteria
are exposed to a variety of anti-microbial agents such as
oxidative stress, low pH, defensins, and proteases (Voth and
Heinzen, 2007; van Schaik et al., 2013). C. burnetii is highly
adapted to this unique niche and employs several antioxidative
stress strategies, such as expression of DNA repair genes and
detoxification of reactive oxygen species (ROS) and reactive
nitrogen species (RNS) released by the host (Briggs et al., 2008;
Mertens et al., 2008; Siemsen et al., 2009; Hill and Samuel, 2011;
Brennan et al., 2015).

Upon frequent passaging in immune incompetent hosts or
axenic cultivation, C. burnetii undergoes a phase variation
(Hackstadt et al., 1985). This variation is characterized by a
decreasing length of the O-antigen of the lipopolysaccharide
(LPS) accompanied by a loss in virulence (Ftacek et al., 2000;
Andoh et al., 2005; Beare et al., 2018). From the C. burnetii
Nine Mile strain, two clonal isolates exist: virulent phase I (RSA
493, clone 7, NMI) with a full-length LPS, and avirulent phase
IT (RSA 439, clone 4, NMII) with a deep rough LPS. The major
difference between these clones is a deletion of ~26 kb within a
genome region associated with LPS biosynthesis (Hoover et al.,
2002; Millar et al., 2017).

C. burnetii isolates display genetic heterogeneity and
circulating predominant genotypes have been described
(Hendrix et al., 1991; Chmielewski et al., 2009; Russell-Lodrigue
et al., 2009; Roest et al., 2011; Boarbi et al., 2014; Frangoulidis
et al., 2014). Observed differences in the pathogenic potential
of isolates may be the result of either a variable repertoire of
virulence factors or due to predisposed immunological properties
of the host. Thus, genetic differences have to be validated by
classical genetic approaches and on the proteomic level. With
the development of an axenic cultivation method, genetic
modification, growth behavior, and production of whole-cell
antigen free from host material for genome sequencing or
proteome analyses became feasible (Omsland et al., 2009; Sandoz
et al., 2016a).

A genome-wide transcriptional study comparing in vivo
model (mice) with in vitro cell-based and cell-free cultivation
revealed major differences in expression, but the corresponding
proteomic study is still missing (Kuley et al., 2015a). Previous
proteomic studies based on gel electrophoresis compared NMI
and NMII grown in embryonated hen eggs (Skultety et al., 2005,
2011; Samoilis et al., 2007) and identified tetracycline resistance
mechanisms or virulence-associated proteins (Samoilis et al.,
2010; Flores-Ramirez et al., 2014).

Major drawbacks of the gel-based approaches are that
relatively high amount of protein sample is needed and also
their labor-intensiveness. Moreover, labeling-based techniques
are limited by the need of expensive consumables, an inability to
add further samples into the experiment, and a limited number of
comparable groups (Megger et al., 2013). On the contrary, label-
free quantification (LFQ) does not require any labeling step, and
relies only on spectral counting or MS intensity of peptide signal
of the quantified feature.

The aim of the presented study is to determine differences
in proteome profiles of C. burnetii under axenic cultivation
and cell culture propagation by quantitative proteomics. We
choose the isogenic strains NMI and NMII for comparison. These
differ only in length of the LPS, replicate in indistinguishable
CCVs, and show similar growth rates in primary monocyte-
derived macrophages (Howe et al, 2010) and THP-1 cells.
However, NMII fails to replicate in immunocompetent mice
(Andoh et al., 2005) and NMII LPS does not confer protection
in challenge experiments (Zhang et al., 2007). The LPS plays an
important physiological role, besides barrier against antibiotics
or host defense factors. It stabilizes the membrane due to the
interaction of the O-polysaccharide portion and binding of
divalent cations. Deep rough LPS leads to the accumulation
of phospholipid patches, higher membrane fluidity, and higher
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permeability for lipophilic compounds. Further, truncation of
the LPS affects correct folding and insertion of outer membrane
proteins (OMPs) (Nikaido, 2003; Wang et al., 2015). Based
on quantitative comparison of NMI and NMII in vitro, we
want to establish a method to connect genomic data with
expression profiles for identification of isolate-specific traits
that will support the described isolate-specific virulence pattern.
Therefore, we performed semi-quantitative analysis of NMI and
NMII propagated in two different axenic media and in L-929
mouse fibroblasts employing an LFQ approach.

MATERIALS AND METHODS

Bacterial Strains and Growth Conditions

C. burnetii Nine Mile phase I (RSA 493, NMI) and phase
II (RSA 439, NMII) propagated in L-929 mouse fibroblasts
were used for inoculation of axenic acidified citrate cysteine
medium 2 (ACCM-2) and defined ACCM (ACCM-D) as
described previously (Omsland et al., 2011; Sandoz et al., 2016a;
Sanchez et al., 2018). Briefly, 1-1 cultures were inoculated with
1E405 GE/ml (genome equivalents) and incubated until they
reached a density of 1E+07 to 1E+08 GE/ml at 37°C with 5%
CO2and 2.5% O2. This was archived after 7 or 10 days in ACCM-
2 and ACCM-D. Cultures were harvested by centrifugation
(21,200 x g; 15min; 4°C) and resuspended in 270 mM sucrose
solution containing 10% (v/v) glycerol for storage at —80°C. For
propagation of C. burnetii in L-929 mouse fibroblasts (DMEM
medium, 5% heat inactivated fetal bovine serum), cells were
inoculated with a multiplicity of infection (MOI) of 100 and
incubated at 37°C and 5% CO2. Infection was visually assessed
and cultures were harvested when nearly 80% of cells were
infected. Briefly, cell layers were scraped, centrifuged (1,000 x
¢ 5min, 4°C), and resuspended in 1ml of 270 mM sucrose
solution containing 10% (v/v) glycerol for storage at —80°C. All
laboratory procedures involving the handling of live bacteria of
NMI were carried out in a Biosafety Level 3 laboratory.

DNA Isolation and Quantification by
Real-Time PCR (qPCR)

Bacterial quantification was carried out as previously
described by real-time PCR (qPCR) using the isocitrate
dehydrogenase encoding gene (icd) as target (Klee et al., 2006).
Detailed description of the procedure is described in the
Supplementary Methods section.

Proteomic Sample Preparation

The bacterial cells from axenic media and L-929 cell-based
cultures (Table S1) were pelleted by centrifugation (18,000 x g;
20 min; 4°C) and washed with 300 pl of phosphate-buffered
saline (PBS, pH 7.4). The resulting pellets were resuspended
in 0.1% RapiGestTM SF (Yu et al., 2003) (Waters, Manchester,
UK) in 100 pl of 50mM Tris, pH 7.5, and heated for 10 min
at 95°C. After cooling down, 200 pl of 0.1% RapiGestTM SF
in 8 M guanidinium chloride (Sigma-Aldrich) was added an
incubated for 20 min. The protein sample(s) were stored at
—80°C until samples were proven free of viable bacteria. Because
of the potential of interfering substances in the supernatant,

the following sample preparation workflow was applied and
based on Filter aided sample preparation (FASP) (Wisniewski
et al, 2009). Briefly, inactivated samples were transferred
onto Amicon® Ultra 10-kDa filters (Millipore) and washed
twice with 100mM ammonium bicarbonate (Sigma-Aldrich).
Subsequently, proteins were quantified by bicinchoninic acid
assay (QuantiPro™ BCA Assay Kit, Sigma-Aldrich) (Smith
et al., 1985; Table S1). The samples were then reduced with
100 mM Tris (2-carboxyethyl) phosphine hydrochloride (TCEP,
Sigma-Aldrich) and alkylated with 300mM iodoacetamide
(Sigma-Aldrich). Finally, the samples were digested with 2
ng of sequencing grade trypsin (Promega) overnight at 37°C.
Empore™ SPE Cartridges, C18, standard density, bed I.D. 4 mm
(Sigma-Aldrich) were used to desalt peptide mixtures before
drying to completion in a speed-vac. Before mass spectrometry
analysis, the samples were resuspended in 30 pL of 2%
acetonitrile (ACN)/0.1% trifluoroacteic acid. The samples were
further analyzed by LC-MS/MS techniques involving targeted
mass spectrometry and LFQ. Detailed description of procedure
of proteomic sample preparation and data processing is described
in the Supplementary Methods section.

Evaluation of Up- and Downregulated
Proteins Under Axenic Cultivation and
Under Cell Culture Propagation

The selection was based on a combination of functional
annotation enrichment analysis and further statistical techniques
as described below. The imputation of missing values from a
normal distribution (Gaussian distribution width 0.3 SD and
down-shift 1.8 SD of the original data) was performed, and
proteins were annotated by Gene Ontology (GO) terms and
UniProt (www.uniprot.org) keywords for C. burnetii (strain RSA
493/Nine Mile phase I, downloaded on April 2, 2016, 1,816
sequences). For comparison of axenic media replicates, ANOVA
(permutation-based FDR 5%, SO = 0) was used to identify
significant differences in protein expression between individual
groups. For comparison of cell-based cultures, Students ¢-test
was applied to identify proteins differentially expressed between
NMI- and NMII-infected L-929 sample groups at a 5% threshold,
and a permutation-based FDR was applied at a 5% threshold.
Only ANOVA significant/Student’s t-test significant hits were
included for subsequent hierarchical clustering using Euclidean
distances to group proteins with similar expression profiles.

RESULTS

Using the LFQ approach described in this study, between 659
and 1,046 C. burnetii proteins of 2,132 annotated CDS (coding
sequences) were identified in each sample (Table S1). For NMI
and NMII propagated in both axenic media (ACCM-2 and
ACCM-D), a total of 1,075 quantifiable proteins specific for
C. burnetii were detected and analyzed (Table S2). In L-929
cell-based cultures, a total of 906 C. burnetii-specific proteins
were quantifiable and were identified (Table §3). The observed
quantities of the proteins are depicted as log2 transformation of
LFQ intensities and include the values imputed by Perseus-type
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value imputation (Cox et al., 2011, 2014). The values ranging
from 21 to 32 reflect the dynamic range of the mass spectrometry-
based workflow. Among these proteins, 772 were significantly
up- or downregulated (ANOVA test, g < 0.05) in axenic media
experiments and 119 were significantly different (Student’s ¢-test,
q < 0.05) in cell-based experiments (Tables S2, S3).

Pathway mapping of proteins identified under different
culture conditions (ACCM-2, ACCM -D, cell culture) was done
with PANTHER classification tool (Thomas, 2003; Mi et al.,
2013) (ver. 14.1). For each culturing condition, roughly 50%
of the identified proteins could be assigned to a biological
pathway, as shown in Figure 1A. For ACCM-2 cultivation, 660
of 1,055 quantifiable proteins were assigned to various biological
processes. Similar results were obtained for ACCM-D with 661
of 1,047 quantifiable proteins and for cell culture samples with
578 of 906 quantifiable proteins with functional assignment.
Cellular component analysis showed that 337 proteins from
bacteria cultivated in ACCM-2, 339 from ACCM-D, and 290
from cell culture were assigned. Most other proteins are
without any annotated function or without cellular component
assignment (Figure 1A).

Comparison of Proteomes of Individual

Experiments

To assess the applicability of the LFQ approach, we examined the
similarity of individual proteomes using hierarchical clustering
and principal component analysis (PCA). Unsupervised cluster
analysis of protein expression profiles was performed using
Euclidean distances. Statistical procedures were performed
using the computational platform Perseus (Cox et al., 2014).
Both hierarchical clustering (Figure 1B) and PCA (Figure 1C)
generated six distinctive groups encompassing each biological
triplicate of analyzed C. burnetii phase variant under different
conditions. Differences in proteome profiles are predominant
between axenic grown and tissue culture propagated bacteria.
Proteomes of NMI and NMII grown in ACCM-2 and ACCM-
D clustered more closely together than proteomes of L-
929 propagated bacteria (Figure 1D). Only proteins whose
expression is significantly different (ANOVA, g < 0.05) in
axenic media conditions and significantly different in cell-based
experiment (Student’s t-test, ¢ < 0.05) were further evaluated.
As demonstrated in Figure 1D, cultivation in ACCM-D and L-
929 revealed 50 common upregulated proteins, whereas only
10 were common between ACCM-2, and L-929. A similar
trend was observed for the downregulated group of proteins:
under ACCM-D and L-929 culture conditions, the same six
proteins were downregulated, whereas only two were common
for ACCM-2 and L-929 (Figure 1E). These data imply the
applicability of the established workflow for the analysis of total
protein expression.

C. burnetii Proteome Profiles Differ
Accordingly to Their Growth Condition and
Growth State

Proteome analyses were performed with C. burnetii NMI and
NMII cultures, propagated in ACCM-2 and ACCM-D until a

density of 1E4+07 to 14+E08 GE/ml was observed, respectively
(Table S1). Infected L-929 mouse fibroblasts were cultured until
nearly 80% of cells were visually positive for C. burnetii-
containing vacuoles (CCV). Under these three groups, NMI,
and NMII showed different proteome profiles accordingly to the
growth media used and thus imply different growth states or
stress conditions.

Proteome Profiles of NMI Compared to
NMIl in ACCM-D Resemble a Stationary

Phase Growth Pattern

For NMI compared to NMII propagated in ACCM-D or ACCM-
2, a total of 607, and 305 up- or downregulated proteins
were detected, respectively. In ACCM-D, 292 proteins were
upregulated and 315 were downregulated in NMI compared to
NMIL In ACCM-2, only 115 upregulated and 190 downregulated
proteins were detected in NMI compared to NMIIL.

The comparison of NMI with NMII in ACCM-D indicates a
stationary phase growth pattern for NMI. Many proteins of the
translation machinery, such as 50S and 30S ribosomal subunit
proteins, translation initiation factors (IF-2, IF-3), translation
elongation factors (EF-G, EF-Ts), and ribosomal maturation
factor RbfA as well as the ribosome-associated inhibitor A
(RaiA, CBU_0020) are downregulated. CsrA2 (CBU_1050), a
stress response regulator, is upregulated. In addition, caseinolytic
proteases (Clp, chaperon), such as ClpA and ClpP-like proteins
CBU_0353, CBU_1483, and CBU_1538, were upregulated for
NMI in ACCM-D.

Exponential phase transcriptional factors Fis and RpoD are
downregulated. RpoS, the primary sigma factor during stationary
phase, and SpoT, which positively regulates rpoS expression, are
upregulated in NMI compared to NMII grown in ACCM-D.

Several proteins associated with cell wall remodeling are
upregulated in NMI compared to NMII in ACCM-D. CopB
(CBU_0092), which coordinates peptidoglycan synthesis
and outer membrane constriction during cell division,
was upregulated. Further, several peptidoglycan and cell
wall biogenesis proteins, including the previously described
CBU_0419, CBU_0925, EnhB.1, EnhC, EnhA.4, and EnhA.5,
were upregulated in NMI compared to NMII in ACCM-D
(Sandoz et al., 2016b).

Three out of 16 LCV-associated proteins, CBU_0658
(unknown function), Bep, and UspAl, stress associated proteins,
were over 2-fold upregulated in NMI compared to NMII in
ACCM-D (McCaul et al., 1991; Seshadri et al., 1999; Varghees
et al., 2002; Coleman et al., 2007; Hicks et al.,, 2010; Sandoz
et al., 2016b). Similar results were obtained for SCV-associated
proteins. Two proteins of unknown function, CBU_0961 and
CBU_1561, as well as the SCV-specific protein ScvA were
>2-fold upregulated in ACCM-D for NMI compared to NMII
(McCaul et al., 1991; Heinzen et al., 1992; Varghees et al., 2002;
Coleman et al., 2007).

An overview of selected proteins indicating a stationary
growth pattern for NMI compared to NMII in ACCM-D,
including their fold changes, are listed in Table 1. Taken together,
these data lead to the hypothesis that some proteins of NMI
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FIGURE 1 | Overview of C. burnetii proteome profiles under three different culture conditions. (A) Mapping of biological pathways utilized by C. burnetii during
ACCM-2, ACCM-D, or L-929 propagation and (B) mapping. (B) Mapping of cellular component assignment utilized by C. burnetii during ACCM-2, ACCM-D, or L-929
propagation using the PANTHER classification tool. (C) Hierarchical clustering of protein expression values based on label-free proteome quantification. LFQ values vs.
biological replicates (designated as a, b, and ¢, or up to f for L929-based experiments) from particular samples. The color code indicates the LFQ values abundance
of the quantifiable proteins (red, most abundant; green, least abundant). (D) Principal component analysis (PCA) of the LFQ intensities obtained from biological
replicates of each representative group. (E) The number of statistically significant upregulated (left) and downregulated (right) proteins of C. burnetii Nine Mile phase |
compared to C. burnetii Nine Mile phase Il. Overlapping regions or identifications indicate up- or downregulated proteins under more than one culture condition.

compared to NMII propagated in ACCM-D seem to mimic
transition from an exponential to a stationary phase.

Proteome Profiles of NMI Compared to NMII in ACCM-2
Reveals No Major Differences.

Overall, proteome analysis of ACCM-2-grown bacteria
identified a smaller number of regulated proteins when
comparing NMI to NMIL The 115 upregulated or 190
downregulated proteins in NMI compared to NMII indicated
no specific growth phase. Regulations of proteins associated
with the translational machinery, post-translational modification
(chaperons), as well as co-factor synthesis were partly up- and

downregulated. Interestingly, the ATP synthase (AtpA, AtpD,
AtpG, AtpF) was upregulated in NMI compared to NMII in
ACCM-2. These data imply the absence of major metabolic
differences of NMI and NMII grown in ACCM-2.

NMI and NMII Respond Differently to

Stress in Axenic Media and Cell Culture

Comparison of the proteome profiles of NMI with NMII,
propagated in either ACCM-2 or ACCM-D, shows major
differences in response to oxidative stress. In ACCM-2, the
alkyl hydroperoxide reductases AhpC1 and AhpC2, cytoplasmic
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TABLE 1 | Overview of selected C. burnetii proteins involved in entering of NMI into the stationary phase in ACCM-D.

Locus Protein  Function NMI to NMII NMI NMII
ACCM-D ACCM-2 L-929 ACCM-D to ACCM-D to
ACCM-2 ACCM-2
Regulation CBU_0303 SpoT GTP pyrophosphokinase
CBU_1050 CsrA2 Translational regulator
CBU_1596 RpoD Sigma factor
CBU_1669 RpoS Sigma factor
CBU_1916 UspA2 Universal stress protein
CBU_1983 UspAi Universal stress protein
Chaperon CBU_0353 ClpP-like protein
CBU_1196 ClpA ATP-dependent clp protease ATP-binding subunit
CBU_1483 ClpP-like protein
CBU_1538 ClpP-like protein
Cell envelope  CBU_0419 Polysaccharide deacetylase family
CBU_0915 EnhB.1 Enhanced entry protein
CBU_0925 Membrane-bound lytic murein transglycosylase B
CBU_1136 EnhC Enhanced entry protein
CBU_1138 EnhA.4  Enhanced entry protein
CBU_1394 EnhA.5 Enhanced entry protein
SCV CBU_0961 Unknown
CBU_1267.1  ScvA SCV-specific protein ScvA
CBU_1561 Unknown

Fold-increase in protein LFQ intensities for each analysis in axenic media with a corresponding color code is depicted. The ACCM-2 column depicts ratio of LFQ values for NMI to NMIl
cultivated in ACCM-2. The same formula was used for next columns in ACCM-D and L929. Values in the column ACCM-D to ACCM-2 depict the ratio between NMI in ACCM-D to
ACCM-2, similarly as in the next column for NMII. A value of 1 indicates no changes. A value of 2 indicates two fold change upregulation of NMI compared to NMIl—tones of red color,
a value of 0.01 indicates 100-fold change downregulation of NMI compared to NMIl—tones of blue color. NaN—values not detected. A value of 0 means more than 5,000-fold change

downregulation of NMI compared to NMII (the values are rounded).

superoxide dismutase B (SodB), and the periplasmic SodC are
over 2-fold upregulated for NMI compared to NMII. In addition,
glutathione (GshAB, glutathione synthesis) and a glutaredoxin-
like protein (CBU_0583) are upregulated in NMI compared to
NMII when propagated in ACCM-2. On the contrary, both
AhpCs are downregulated in NMI compared to NMII when
propagated in ACCM-D.

Upregulation of a glycine betaine transport system,
CBU_0177/CBU_0178, in NMI compared to NMII propagated
in ACCM-D implies an active osmoregulation. Interestingly,
the same upregulation was detected for NhaP.1, a Na2+/H+
antiporter that extrudes sodium in exchange for external
protons. During propagation in L-929 mouse fibroblasts,
most oxidative stress response proteins are upregulated as
well as the glycine betaine transport system when comparing
NMI to NMIIL. An overview of selected C. burnetii proteins
involved in stress response of NMI and NMII in axenic media
and cell culture, including their fold changes, is provided
in Table 2.

Proteins Potentially Involved in Sec
Translocation Are Upregulated in NMI
Components of the Sec-TolC pathway (SecABDFY, YajC,
YidC, Fth, FtsY, LepB-1, and LepB-2, TolC) and previously
described 24 Sec-secreted proteins were detected in samples

harvested from axenic medium and cell culture. Additionally,
two putatively secreted proteins, CBU_0110 and CBU_1764a,
were only detectable in samples from cell culture but not from
axenic media. Interestingly, potentially Sec-secreted proteins
were upregulated in NMI compared to NMII in ACCM-D, but
not in ACCM-2.

Other transporters, such as several ABC transporters, RND
efflux pumps, AcrB-like efflux systems, and MFS superfamily
transporters were upregulated during propagation in L-929 and
ACCM-D for NMI compared to NMIIL. An overview of selected
C. burnetii proteins involved in secretion systems in axenic media
and cell culture is provided in Table 3.

Type IV B Secretion System and Effectors
Are Expressed in Axenic Media and
Cell Culture

Most components of the T4BSS were expressed under axenic
and cell culture conditions. Only two structural components,
IcmD and IcmH, were not detected in axenically grown
bacteria. Additionally, four components, IcmD, IcmH, IcmT, and
IemC/DotE, were not detected in L-929 propagated bacteria.
IcmB (DotP), IcmE (DotG), IcmG (DotF), IcmH, IcmK (DotH),
IcmL.1, IcmL.2, IecmN (DotK), IcmO (DotL), and IcmX were
found upregulated in NMI during L-929 infection when
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TABLE 2 | Overview of selected C. burnetii proteins involved in different responses of NMI and NMII to stress in axenic media and cell culture.

Locus Protein  Function NMI to NMII NMI NMiII
ACCM-D ACCM-2 L-929 ACCM-D to ACCM-D to
ACCM-2 ACCM-2
Oxidative stress ~ CBU_0583 Glutaredoxin 1.03

CBU_0963 Bcp
CBU_1193  TrxB

Putative peroxiredoxin bcp
Thioredoxin reductase

CBU_1476  OxyR
CBU_1477  AhpC2 Hydroperoxide reductase
CBU_1706  AhpCt Hydroperoxide reductase
CBU_1708 SodB Superoxide dismutase B
CBU_1822 SodC Superoxide dismutase C
CBU_1874  GshA Glutamate—cysteine ligase
CBU_1875 GshB Glutathione synthetase
CBU_2087  Trx Thioredoxin
Osmoregulation  CBU_1259  NhaP.1 Na+/H+ antiporter
CBU_0177 Glycine betaine transport system permease protein
CBU_0178 Glycine betaine transport ATP-binding protein

0.72

Hydrogen peroxide-inducible genes activator 1.10

Fold-increase in protein LFQ intensities for each analysis in axenic media with a corresponding color code is depicted. The ACCM-2 column depicts ratio of LFQ values for NMI to NMII
cultivated under ACCM-2. The same formula was used for next columns in ACCM-D and L929. Values in the column ACCM-D to ACCM-2 depict the ratio between NMI in ACCM-D to
ACCM-2, similarly as in the next column for NMII. A value of 1 indicates no changes. A value of 2 indicates twofold change upregulation of NMI compared to NMIl—tones of red color,
a value of 0.01 indicates 100-fold change downregulation of NMI compared to NMIl—tones of blue color. NaN—values not detected. A value of O means more than 5,000-fold change

downregulation of NMI compared to NMII (the values are rounded).

compared to NMIL IcmX, a secreted/released T4BSS protein
(Luedtke et al., 2017), was upregulated exclusively in NMI under
all cultivation conditions.

In our study, PmrA was expressed nearly two orders of
magnitude higher in NMI compared to NMII when propagated
in L-929. A similar upregulation of PmrA was found for
NMI in ACCM-2, but not in ACCM-D. PmrB was also
detected 1.5 times higher in NMI compared to NMII during
propagation in L-929.

The detected amount of DotA (Luedtke et al., 2017) was not
significantly changed during infection of L-929 and cultivation
in ACCM-D for both isolates. On the contrary, the level of
DotA was decreased in NMI compared to NMII in ACCM-2.
Regarding some other T4BSS proteins, DotB, DotC, and DotD,
no significant differences between NMI and NMII in axenic
media were detectable.

Among other Dot/Icm substrates with predicted effector
functions (van Schaik et al., 2013), only three proteins were
found to be differentially regulated in this study. Two plasmid
encoded proteins, CBUA0013 (Voth et al., 2011), and CBUA0023
(Voth et al, 2011), were observed upregulated in NMI
compared to NMII during propagation in L-929 as well as
in ACCM-D. In contrast, CBU_2078 (Chen et al., 2010) was
observed in higher amounts in NMI compared to NMII during
growth in L-929 cells and in ACCM-D. Out of over a 100
described T4BSS effector proteins (McDonough et al., 2012;
Qiu and Luo, 2017), only 9 (CBU_0021, CBU_0175, CBU_0447,
CBU_0794, CBU_0937, CBU_1379a, CBU_1425, CBU_1751,
and CBU_2078) were detected, but with no fold change of
semi-quantitative expression. Of these, seven were identified in

a large-scale screen for translocation in Legionella pneumophila,
and two, CvpB and Cig57, have a functional assignment (Chen
et al., 2010; Latomanski et al., 2016; Martinez et al., 2016).

LPS-Associated Proteins

The LPS is an amphiphilic OM structure with a hydrophobic
lipid A membrane anchor, a core oligosaccharide, and highly
variable O-specific polysaccharide chain (OPS). The exact
structure and biosynthetic pathway of the LPS was not fully
elucidated yet. Under all three conditions tested, several proteins
associated with biosynthesis of the lipid A (LpxABCDH) and core
oligosaccharide residues 3-deoxy-D-manno-oct-2-ulosonic acid
(Kdo, KdsAB) and D-glycero-D-manno-heptose (Hep, GmhA,
HIdE, CBU_1996, CBU_0678) were detected. However, we did
not detect any proteins from the OPS-associated genomic region
CBU_0679 to CBU_0698 (deleted region in NMII), as well as in
axenic media or in the cell-based cultures in NMI proteomes.
This negative observation is especially interesting as these genes
and their protein products are supposed to be a key genetic
difference of NMI and NMIL

DISCUSSION

We used a combination of MS-based shotgun proteomics and
LFQ approach for semi-quantitative analysis of proteomes of
two closely related C. burnetii isolates, NMI, and NMII, under
three different growth conditions. Namely, cell-free propagation
in a complex (ACCM-2) and/or defined (ACCM-D) acidified
citrate cysteine medium was compared to growth in L-929 mouse
fibroblasts. The dominant difference between these two isolates
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TABLE 3 | Overview of selected C. burnetii proteins involved in secretion systems in axenic media and cell culture.

Locus Protein  Function NMI to NMII NMmI NMII
ACCM-D ACCM-2 L-929 ACCM-Dto ACCM-Dto
ACCM-2 ACCM-2
Sec translocon CBU_0147  SecA Protein translocase subunit 1.22 1.15 1.42 0.86 0.81
CBU_0258  SecY Protein translocase subunit
CBU_0450  Ffh Signal recognition particle (SRP) subunit FFH/SRP54
CBU_1099  LepB-2  Signal peptidase |
CBU_1141 SecF Protein translocase subunit
CBU_1142 SecD Protein translocase subunit
CBU_1143  YaC Protein translocase subunit
CBU_1504  LepB-1  Signal peptidase |
CBU_1519  SecB Protein export chaperone
CBU_1903  FtsY Cell division protein, SRP receptor
CBU_1920  YidC 60 kDa inner membrane protein
TolC CBU_0056  TolC Type | secretion outer membrane protein
Secreted proteins  CBU_0378 Hypothetical membrane associated protein
CBU_0482 Arginine-binding protein
CBU_0562a Unknown protein
CBU_0630  Mip Macrophage infectivity potentiator
CBU_0915 EnhB.1  Enhanced entry protein
CBU_1095 Hypothetical exported protein
CBU_1137 EnhB.2  Enhanced entry protein
CBU_1138 EnhA.4  Enhanced entry protein
CBU_1173 Unknown protein
CBU_1404 Hypothetical exported protein

Fold-increase in protein LFQ intensities for each analysis in axenic media with a corresponding color code is depicted. The ACCM-2 column depicts ratio of LFQ values for NMI to NMII
cultivated under ACCM-2. The same formula was used for next columns in ACCM-D and L929. Values in the column ACCM-D to ACCM-2 depict the ratio between NMI in ACCM-D to
ACCM-2, similarly as in the next column for NMII. A value of 1 indicates no changes. A value of 2 indicates twofold change upregulation of NMI compared to NMIl—tones of red color,
a value of 0.01 indicates 100-fold change downregulation of NMI compared to NMll—tones of blue color. NaN—values not detected. A value of O means more than 5000-fold change

downregulation of NMI compared to NMII (the values are rounded).

is the severe truncation of the LPS in NMII associated with a
large chromosomal deletion (Hoover et al., 2002). The published
genome sequences of both isolates indicate small changes in the
genome (partial deletions of homologs of CBU_0678, CBU_0698,
and CBU_0918 and several SNPs) (Seshadri et al., 2003; Millar
et al., 2017), which may lead to gross changes in the proteome.
Together, this may cause pleiotropic phenotypes. The severe
truncation of the LPS in NMII and increased amount of
phospholipids (Frimmelova et al., 2016) in the outer membrane
could lead to increased membrane fluidity. This increases
the permeability for lipophilic compounds and affects correct
insertion of OMPs into the membrane (Nikaido, 2003).

Both isolates were grown to a cell density of ~1E+407 to
1E+4-08 GE/ml, which was reached on day 7 in ACCM-2 and day
10 in ACCM-D. In addition, persistently infected L-929 mouse
fibroblasts were used for comparison. The unlimited number
of compared groups with the LFQ technique enables a semi-
quantitative investigation of the proteomes. The applicability of
this workflow was shown by hierarchical clustering (Figure 1C)
and PCA (Figure 1D). Both methods generated six distinctive
groups encompassing each biological triplicate of axenic or cell
culture propagated bacteria. Previously published comparative

studies either were based on gel electrophoresis (Skultety et al.,
2011) or did not involve virulent phase I bacteria (Papadioti et al.,
2012). The only proteomic study comparing NMI and NMII
in embryonated hen eggs was qualitative (Skultety et al., 2011).
Our semi-quantitative comparative analysis fills the gap between
the previously published genome-wide transcriptional study and
proteomic data (Kuley et al., 2015b).

Changes in the proteome profiles of NMI and NMII, under
the conditions applied here, became only observable after
application of stringent statistics (ANOVA significance for axenic
and Student’s t-test significance for infected L-929 samples).
Opverall, the highest amount of semi-quantifiable proteins was
obtained from ACCM-D grown bacteria, followed by ACCM-
2 and cell culture propagated bacteria. This clearly reveals the
feasibility of the applied approach for a comparative analysis of
closely related isolates. The involvement of two different time
points (7 and 10 days for ACCM-2 and ACCM-D, respectively)
and a persistently infected cell culture can introduce artificial
conditions and potentially results in altered proteome profiles
between the 7th and 10th day of infection, but comparable cell
densities were reached at the selected time points. In order
to follow only the most prominent proteomic changes, this
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part of study was performed in pentaplicates/hexaplicates for
NMI and NMII, respectively. Furthermore, a stringent statistical
workflow was applied. In summary, the L929 infection model
showed substantial numbers of semi-quantifiable proteins and
confirmed the higher relevancy of the ACCM-D medium.
However, harvesting the cells at different time points, improved
protocols for isolation of the bacteria and optimizing the sample
preparation protocol could lead to a better comparability and a
higher number of identifiable and semi-quantifiable proteins.

Comparing global differences between axenic media and cell-
based cultures, the type of the media (ACCM-2 or ACCM-D) had
a great impact on the difference of the proteome as demonstrated
in a previously published transcriptomic study (Kuley et al,
2015b). A bigger overlap of regulated proteins was observed for
ACCM-D and cell culture grown bacteria in contrast to ACCM-2,
as shown in Figure 1E. This supports the relevance of ACCM-D
not only as a growth medium but also as a CCV-like environment
without host stress. Process mapping showed that most proteins
were assigned to cellular and metabolic pathways for all three
conditions tested (Figure 1A).

From the biological processes identified, proteins involved in
stress response, Sec-dependent and T4BSS-dependent secretion,
and LPS biosynthesis are of prominent interest. In ACCM-2 and
ACCM-D, bacteria reach the late logarithmic or early stationary
phase after 7 or 10 days, respectively (Omsland et al., 2011;
Sandoz et al., 2016a). This was indicated for NMI in comparison
to NMII in ACCM-D by downregulation of the translational
machinery, including ribosomal proteins and translational
initiation/elongation factors. Indeed, the ribosome-associated
inhibitor A (RaiA, CBU_0020), which maintains translation
accuracy during stress or upon entry into the stationary
phase, was upregulated (Ueta et al., 2005). Of the translational
regulators, CsrAl (CBU0024) and CsrA2 (CBU_1050), which
play an important role during shifting from exponential growth
to stress survival, only CsrA2 is upregulated in NMI propagated
in ACCM-D. The same upregulation of CsrA2 was observed by
Sandoz et al. (2016b), for NMII propagated for up to 21 days in
Vero cells (Romeo et al., 2013; Sandoz et al., 2016b). In addition,
caseinolytic proteases (Clp, chaperon), such as ClpA and ClpP-
like proteins CBU_0353, CBU_1483, and CBU_1538, were
upregulated. They play an important role during stress response
by assisting in proteolysis and disaggregation of proteins. For
example, Salmonella typhimurium clpA and clpB mutants are
highly sensitive against high temperature and oxidative stress
(Sangpuii et al., 2018). Downregulation of Fis and RpoD, two
exponential phase transcription factors, and upregulation of
RpoS and its regulator SpoT point to stationary growth of
NMI in ACCM-D. These data correlate with gene expression
data during morphological differentiation from LCV to SCV
(Sandoz et al., 2016b). In addition, the ScvA, a typical SCV-
associated protein, was strongly upregulated in NMI after 10 days
in ACCM-D (Coleman et al., 2004, 2007). These data imply the
entry into the stationary phase and may indicate morphological
differentiation (Moormeier et al., 2019). In contrast, the amount
of semi-quantifiable proteins in ACCM-2 and L-929 propagated
bacteria was much lower and not sufficient to identify a specific
growth phase.

Interestingly, NMI, and NMII respond differently with regard
to oxidative stress in ACCM-2 and ACCM-D. Previously, it was
shown on the transcriptional level that first-generation ACCM-
1 is associated with significant upregulation of genes involved
in defenses against oxidative stress in NMII (Sandoz et al,
2014). Subsequent substitution of fetal bovine serum for methyl-
B-cyclodextrin in ACCM-2 reduced this response, promoted
developmental transition, and increased viability (Sandoz et al.,
2014). Similar to ACCM-1, we observed upregulation of both
superoxide dismutases (SodB, SodC), both reductases (AhpCl,
AhpC2), as well as OxyR as stress response regulator in NMI
compared to NMII in ACCM-2. These proteins are necessary for
the direct detoxification of oxygen radicals (Mertens and Samuel,
2012; Brennan et al., 2015). In addition, repair of oxidized
proteins by glutathione (radical sink) and the peroxiredoxin Bcp
are upregulated in NMI.

In ACCM-D, direct detoxification and the repair of oxidized
proteins are not upregulated in NMIL. Instead, upregulation of
a glycine betaine transport system, CBU_0177/CBU_0178 and a
Na2+/H+ antiporter (NhaP.1) was observed. Enhanced import
of glycine betaine protects against hyperosmotic stress (Pham
et al., 2018). NhaP.1 is a Na24/H+ antiporter that extrudes
sodium in exchange for external protons. This implies that
osmoregulation is important for NMI in ACCM-D, whereas
direct detoxification is more relevant in ACCM-2. C. burnetii has
a highly basic theoretical proteome with an average pI value for all
predicted CDSs of 8.25. It was suggested that this basic proteome
counterbalances the acidic environment of the CCV (Seshadri
et al., 2003; Thnatko et al., 2012). This implies that ACCM-D is
not a harsh environment, which only requires osmoregulation.

For NMII, these data lead to the conclusion that both media
represent a similar high oxidative stress environment. There are
no major differences visible, when comparing NMII grown in
ACCM-2 with ACCM-D (Table 3). The main difference between
both C. burnetii isolates is the severe truncation of the LPS
in NMII (Toman and Skultéty, 1996). The LPS is essential for
Gram-negative bacteria. It functions as a permeability barrier
for small hydrophobic compounds, salts, and detergents. Thus,
it allows bacteria to survive in harsh environments and might
explain the observed different response of NMI and NMII (Zhang
etal, 2013).

The control mechanism of T4BSS is executed at the
transcriptional level by the two-component regulatory system
PmrAB (CBU_1277 and CBU_1278). It directly regulates the
Dot/Icm secretion system in L. pneumophila (McPhee et al,
2003) and C. burnetii (van Schaik et al., 2013; Beare et al.,
2014). The here observed upregulation of PmrAB in NMI in cell-
based experiments corresponds well with a previously published
transcriptomic study (Kuley et al., 2015a). Also, the upregulation
determined in this study of many T4BSS components in NMI in
cell-based experiments fits in with the high PmrAB activity. Seven
previously identified T4BSS effector proteins were detected in
this study. Only two of them, CvpB and Cig57, have a functional
assignment (Chen et al., 2010; Latomanski et al., 2016; Martinez
et al., 2016).

RND efflux pumps are associated with excretion of poisonous
metal ions and AcrB-like efflux pumps (acrAB) with protection
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against hydrophobic inhibitors in E. coli (Ma et al., 1995). The
observed upregulation of RND efflux pumps and uptake of
osmolytes (TamAB) during propagation in L-929 and ACCM-
D might represent a novel survival mechanism for C. burnetii
within the CCV.

Contrary to the proposed prominent role of genes in the OPS-
associated genomic region, CBU_0679 to CBU_0698 (deleted
region in NMII), none of these proteins were observed under
axenic or cell-based cultivation in NMI. The apparent absence
of these proteins in NMI could be due to a very low expression
level under the limit of detection of mass spectrometry, rather
than by the absence of expression. These proteomic findings
are in concordance with previous studies—none of the proteins
were detected after cultivation in VERO cells for NMI and C.
burnetii Q212 (Papadioti et al., 2011, 2012), respectively (Sandoz
et al., 2016b). However, some proteins of the OPS-associated
genomic region were observable on the proteomic level during
propagation in embryonated hen eggs: CBU_0681, CBU_0682,
CBU_0683 (dihydroxystreptose), CBU_0690, and CBU_0691
(virenose) (Flores-Ramirez et al., 2014). This might be due to
massive replication of C. burnetii during egg propagation and a
higher amount of bacterial proteins in the according samples. An
improvement of bacterial protein isolation and implementation
of more sensitive proteomic methods will enhance the analytical
sensitivity. This might allow one to follow regulation of protein
expression of OPS-associated genes.

Overall, the data presented here show the successful
application of an MS-based LFQ approach for semi-quantitative
analysis of C. burnetii proteomes under different growth
conditions. It was demonstrated that the proteome profiles differ
according to growth conditions and growth phase. Furthermore,
differences in the response to oxidative stress were shown for
C. burnetii Nine Mile isolates. Major traits necessary for the
intracellular lifestyle, such as proteins putatively involved in
the Sec translocation and T4BSS, were detected during axenic
cultivation. The approach established in this study allows for
complex and sensitive analyses of protein expression profiles
in various C. burnetii isolates and preparations. It might allow
for a future analysis of isolate-specific virulence traits. Although
the data presented in this pilot study are promising, their
confirmations via other proteomic-based techniques like targeted
mass spectrometry or Western blot are needed.
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Ptiloha €. 4 — Vysledky kultivace C. burnetii
1. Kultivace Coxiella burnetii ve tkanovych kulturach hostitelskych bunék

Byla provedena kultivace Coxiella burnetii na liniich bunék L929 a VERO. Na zdkladé
zkusenosti ziskanych od kolegli ze slovenské Akademie véd byl snizen pridavek fetalniho
bovinniho séra na 3 % v tekutém Zivném médiu, aby byla snizena proliferace hostitelskych
bunék. Pribch infikace hostitelskych bunék 1929 byl sledovan soubéznou kultivaci na
skliccich s komirkami (Lab-Tek Chamber Slide System). Odbéry supernatanti byly
provedeny vzdy pfi kazdé vymeéne média a to 6., 11. a 14. den — piitomnost a pozvolny nartst
koncentrace C. burnetii v kultivacnim médiu byla prokdzana. Béhem kultivace se pouze
ménilo médium. Usp&snost kultivace byla hodnocena mikroskopicky (barveni dle Gimenéze)
a pomoci qPCR.

PCR Vzorek Ct
1 Pos. Kontrola 1 34,67
2 Pos. Kontrola 2 31,32
3 Den 6 27.57
4 Den 6 26,95
5 Den 11 26,75
6 Den 11 26,77
7 Den 14 24,21
8 Den 14 23,91
9 Neg. kontrola -
10 Neg. kontrola -

Tabulka. Aliquoty supernatantli z infikovanych hostitelskych bunék 1929 byly
odebrany v duplikatu 6., 11. a 14. den po infekci (vzdy pii vyméné Zivného média),
izolovdna DNA a provedeno qPCR. Nariist pozitivity v ¢ase jasné¢ prokazuje mnoZeni
C. burnetii v kultufe hostitelskych bun¢k.

2. Kultivace Coxiella burnetii v axenickém médiu

Material:

Axenické médium 2x ACCM-D (- Glukose), Sunrise Science, pH 4,75, filtrovano ptes filtr
Whatman Polydisc 0,2 um

Kultivaéni lahvicky BIOFIL 50 ml objem, ventila¢ni vicko

Galaxy inkubator 37°C, 5% CO-,2,5% 02



Inokulum: Infikované 1929 Jena, sklizeno: 23. 8. 2019, rozplnéno do vialek po 1 ml sto¢eno
14.000 g po 30 minut. K peleté ptidano 100 pl roztoku 270 mM sacharézy s 10 %
glycerolem- email Ota, v protokolech z Jeny je SP Buffer (PBS, 250 mM sucrose) 10%
glycerol, zamrazeno v -80° C

Kultivace:

Rozplnéni média do lahvicek po 15 ml. Médium uloZené v lednici nechdme temperovat (cca
10 minut). Pfidani 300 pl inokula.

Ihned dano do inkubatoru s kontrolovanou atmosférou.

Fézi II denn¢ protiepavame — builky sedimentuji. Faze I roste v suspenzi. Lze péstovat 7-10
dni.

Aliquoty pro PCRanalyzu odebrany po inokulaci (den 0) a 6. den.

Zamrazeno na -80 °C v kultivaénim médiu 11. den

Z 1 zkumavky udé¢lana kapka suspenze na sklo, obarveno dle Gimenéz.
Vysledky barveni dle Gimenéze

Po zaschnuti fixovano plamenem. Barvi¢ky uchovavany pfed barvenim minimalné 48 hodin v
37° C. Bezprostiedné pied barvenim karbolfuchsin fedéno 1:1 s PBS (uchovavany pfi teploté
mistnosti).

Piefiltrovano, barveno 8 minut

Oplachnuti pod tekouci vodou, lehké osuSeni

Barveno prefiltrovanou malachitovou zeleni 45 az 60 vtefin.

Nechano uschnout

Prohlizeno a foceno imerzi

Obrazek 1: Vysledky barveni dle Gimenéze: vlevo kontrolni antigen C. burnetii EP3
poskytnuty Ustavem virologie SAV Bratislava, vpravo C. burnetii phase II, kultivovana na
VZU Praha. Fialové zbarveni indikuje ptitomnost antigenu C. burnetii.

Vysledky analyzy PCR



Pro kultivaci v axenickém médiu byly pouzity 3 lahvicky (triplikat). Odbér vzorkti na PCR
byl proveden z inokula, ze vSech lahvic¢ek po ptidani inokula a zamichédni (den 0) a Sesty den
kultivace (den 6). Inokulum bylo fedéno 50x.

Vysetieni bylo provedeno dvéma detekénimi qPCR kity, C2 (jedine¢na cilova sekvence) a C3
(cilem je Coxiella-specificky repetitivni element). Z vysledkl analyzy vyplyva, ze béhem 6
dnti kultivace se Ct snizilo o cca 4 cykly a tedy mnozstvi Coxiellové DNA/bakterii se zvysilo
zhruba 16-krat. Vysledky PCR taktéz potvrdily fedéni inokula 50x. Vysledky uvedené
v Tabulce byly naméteny pro C. burneti Phasell. Izolat Phase I poskytl podobné vysledky.

PCR Vzorek (den/Nr.) Kit C2 (Ct) Kit C3 (Ct)

1 water neg. neg.

2 0/1 26.47 24.23
3 0/2 27.53 24.99
4 0/3 26.15 23.88
5 6/1 22.5 21.02
6 6/2 21.31 20.06
7 6/3 22.41 20.97
8 Inokulum 20.69 18.31

Tabulka €. 1: Vysledky PCR pro C. burnetii Phase II kultivované za axenickych podminek



Piiloha &. 5 — analyza vzorktl Coxiella burnetii a r. Rickettsia z pracovisté Ustav virologie Slovenské akademie véd v Bratislavé

Celkem bylo analyzovano 7 vzorkd:

Genomics Proteomics
Rickettsial proteins Host proteins
# species host detailed description Formald, DNA [ng/uL]| Ct (1ng) |Ct (10ng) Database Id. proteins Database Id. proteins
1 |C. burtnetii eggs EP3 2mg/ml 0.04 % N.D. N.D. . burnetii NM| G. gallus
2 |R. akari eggs 4 mg/mlin PBS pH 7,2 0.4 % . akari str Hartford G. gallus
3 |R.akari VERO digitonin, supernat., PBS pH 7,2 - . akari str Hartford Chlorocebus
4 |R.akari eggs ALT lysis buffer, buffer 15.12.14 - . akari str Hartford G. gallus
5 |[R. typhii VERO digitonin, supernat., PBS pH 7,2 - . typhii_ATCC VR_144 Wilmington Chlorocebus
6 |R. typhii 1929 + VERO |Cells + bacteria, PBS pH 7,2 - . typhii_ATCC VR_144 Wilmington Chlorocebus/M. musculus
7 |R.slovaca | L1929 +VERO |Cells + bacteria, PBS pH 7,2 - . slovaca_strain_D-CWPP Chlorocebus/M. musculus
STD |R. parkeri VERO STD (1% Rickettsia DNA) 85 22,35 20,21

Tabulka &. 1 — popis analyzovanych vzorki z pracovisté Ustav virologie Slovenské akademie véd v Bratislavé. Zelené optimalni hodnoty,
cervené suboptimalni.



Vystupy z celogenomové sekvenovani

Na zaklad¢ predbézné analyzy qPCR byly pro zkuSeni sekvenaci vybrany vzorky €. 4 (R.
akari, pfimd lyza konzervy), ¢. 5 (R. typhi) a €.7 (R. slovaka). Na pocet readu bylo zastoupeni
Rickettsiovych sekvenci v rozmezi cca 0.1 — 0.5%, ovSem vzorky c.5 a c.7 vykazovaly
vyrazng krat$i, coz mtze byt dusledek lyze/fixace formaldehydem a néaslednou analyzu to
dosti komplikuje.

Pro kompletni sekvenacii pomoci systému NanoPore byl vybran vzorek €. 4 a zaroven byla
nabohacena bakterialni sekvence Microbiome Enrichment kitem (vzorek 4E) a
amplifikovana jesté nasledné WGA kitem (vzorek 4EW). Vysledek jsme

kontrolovali qPCR a sekvenovali. Po nabohaceni mikrobidlnich sekvenci se obsah
Rickettsiove DNA zvysil cca 4x. Ov§em po celogenomove

amplifikaci WGA kitem se obsah Rickettsiovych readu vysplhal az na cca

4.3% readu pii zachovani délky, coz je ideélni situace a nasledné bylo dosazena 500
nasobného pokryti a zkusmého pokryti genomu o délce 1.227.306 bp.

Vystupy z proteomické analyzy

V ptipadé vzorku C. burnetii EP3 — projeto proti DB C burnetii NMI — identifikovanych 733
proteinl - krasny vzorek. Pocet identifikaci kufecich proteint je maly (54), coz ukazuje na
vysoky stupei Cistoty antigenu.

V ptipad€ R. akarii (vzorky 2 — 4). Vyhodnoceno proti databazi R. akarii strain Hartford.
Vzorek 2 je vynikajici (navzdory nizké koncentraci materidlu pro genomiku) — 296
rickettsiovych proteini, 257 kutecich.

Vzorek ¢. 3 (VERO bunky R. akari) pocet identifikaci rickettsiovych proteini
nesignifikantnich, ale 670 kufecich proteini ukazuje na kvalitni proteomicky vzorek, ale
nedostatecny stupenl nabohacenti rickettsii. Obdobné vzorek 4 (kufeci zdrodky s ALT lysis
buffer) — rickettsiovy proteiny tam nejsou, ale kufeci ano — nedostatecné nabohaceni.

Vzorky 5 a 6 — R. typhi. Vzorek 5 - 548 rickettsiovych proteinti a 275 proteini z VERO buné¢k
— kvalitni vzorek a hezké nabohaceni. Vzorek 6 — rickettsiovych proteinli vyrazné mén¢ a
pfevazuji proteiny hostitelskych bunék — niZsi stupeni nabohaceni.

Vzorek 7 - R. slovaca — 76 identifikaci rickettsiovych proteint, ale pfevazujici proteiny
hostitelskych kultur.
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