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Summary

Endogenous retroviruses (ERVs) make up a major
part of mammalian genomes and originate by germ line
infection and subsequent mendelian inheritance of their
exogenous counterparts.

We discovered an endogenous Lentivirus in the
genome of Malayan colugo (Galeopterus variegatus) denoted
ELVgv (endogenous Lentivirus of G. variegatus).

We detected the remnants of a first described
endogenous Deltaretrovirus in the genome of Natal Long-
fingered Bat (Miniopterus natalensis).

ERV in mule deer (Odocoileus hemionus) forms new
germline insertions in the natural host population in the
present time and might serve as important model of the
retrovirus  endogenization process. We  performed
experiments to characterize CrERV from virological
perspective and explain the inefficiencies in its replication
cycle.

We also tried to elucidate the occurrence of a
replication block of viruses with amphotropic envelope in
Chinese hamster ovary cells which might occur due to the
presence of an endogenous retrovirus in their genome.



Souhrn

Endogenni retroviry (ERV) tvofi podstatnou c¢ast
savCich genomU a vznikaji infekci zarodecné linie
a naslednym prenosem do dalSich generaci podle pravidel
mendelovské dédi¢nosti.

V genomu letuchy malajské (Galeopterus variegatus)
jsme objevili endogenni Lentivirus nazvany ELVgv
(endogenous Lentivirus of G. variegatus).

Déle jsme popsali pozlstatek dosud prvniho
objeveného endogenniho Deltaretroviru v genomu netopyra
|étavce malajského (Miniopterus natalensis).

V populaci jelencl (Odocoileus hemionus) dochazi v
soucasné dobé k tvorbé novych zarodecnych kopii ERV, které
mohou slouzit jako dullezity model procesu retrovirové
endogenizace. Tento virus, CrERV, jsme z virologického
hlediska charakterizovali a popsali blok v jeho replika¢nim
cyklu.

Pokusili jsme se také objasnit replikaéni blok retrovir(
s amfotropni obdalkou u bunék cinského krecka, ke kterému
pravdépodobné dochazi v dlisledku pfitomnosti endogenniho
retroviru v kfe¢¢im genomu.
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Introduction

Retroviruses are RNA viruses capable of integrating
into the host genome and subsequent exploitation of the
host transcription machinery. Their life cycle strategy
predestines them to become endogenized if they infect
germline cells and are further inherited in the mendelian
fashion. Such inheritable retroviruses are present in the
vertebrate genomes abundantly.

The current availability of newly sequenced and
assembled genomes allows for an in silico search of such
retroviruses. Some retroviral genera form endogenous copies
often; some were presumed not to be able to form an
endogenous copy until recently.

Alpha-, Beta-, Gamma-, and Epsilonretroviruses are
found in the genomes quite abundantly. However,
lentiviruses were so far detected only in three genomes:
rabbit, lemur, and a ferret. The existence of endogenous
Deltaretrovirus was not reported yet. Endogenous
Spumavirus was detected in the genome of sloths.

However, the process of endogenization is still poorly
elucidated. This might be due to the lack of an appropriate
model to study this process. We propose an endogenous
retrovirus (denoted Cervid endogenous retrovirus - CrERV) in
the genome of mule deer (Odocoileus hemionus) to be used
for such studies.



CrERV is a polymorphic ERV currently infecting the
wild population of mule deer. CrERV sequences are well
characterized, but studies about its virological properties are
lacking.

The presence of an endogenous retrovirus in the
genome might not be a burden for the host, might be lethal
or pathogenic for some or sometimes even provide an asset
for the host. The provirus not having an impact on the host
whatsoever is probably the most common case, but other
retroviruses have carcenogenic potential. The best studied
retrovirus element serving as an asset for the host is the
Syncytin, which produces env with a fusogenic potential
utilized in the formation of placenta.

The retrovirus presence in the cell is sensed by
defense mechanisms of the host. The cell counteracts the
viral life cycle in probably all of the steps of retroviral
infection. Some of the blocks are mediated by restriction
factors, which are part of the innate immunity. Some viruses
have evolved accessory genes to counteract the host
restriction factors.

The host might use the presence of an endogenous
retrovirus in the genome as a source of defective viral
particles or retroviral proteins to block or aid the infection by
exogenous retroviruses. Such a situation occurs with MLV
(murine leukaemia virus), FLV (feline leukaemia virus) or JSRV
(Jaagsiekte sheep retrovirus).



Hypotheses and aims

1) The first aim of the thesis is to characterize the
findings of the computational screening of all publicly
available genomes, aimed at the discovery of novel ERVs.
This included a discovery of an endogenous Lentivirus in
Galeopterus variegatus (Malayan colugo) denoted ELVgv
(Endogenous lentivirus in G. variegatus) and a discovery of
the first endogenous Deltaretrovirus found in the genomes of
Miniopteridae bats denoted MINERVa (Miniopterus
endogenous retrovirus).

2) The second aim of the thesis was to induce CrERV
from mule deer cells by cocultivation with susceptible cells to
characterize this virus by virological methods.

3) The third aim was to describe the host-virus
interactions of CrERV using gammaretroviral pseudotypes
and a marker rescue assay.

4) The fourth aim is the further description of host-virus
interactions of CrERV by assembling the host restriction
factors in silico and estimating the magnitude of the positive
selection towards them.

5) The fifth aim of the study was to analyze whether the
infection block of Chinese hamster ovary (CHOK1) cells
occurs due to the presence of endogenous retrovirus
fragments secreted by the CHOK1 cells.



Materials and methods

Screens of publicly avaliable mammalian genomes for

unusual endogenous retroviruses

The first step of the best bidirectional hit (BBH)
strategy was performed by tBLASTn (Johnson et al., 2008)
search in vertebrate genome database (including 104
vertebrate genomes available in GenBank).

The sequences detected were further analyzed and re-
sequenced by Sanger sequencing. Samples of related host
species were checked for orthologous viral sequences in their
genome and the related proviruses were sequenced. The
sequences were annotated and open reading frames were
predicted. The obtained sequences were analyzed by various
bioinformatical approaches: phylogeny trees using the
obtained sequence were constructed, the evolutionary age
was estimated by multiple methods, and presumed
secondary structures of response elements were predicted.

Methods related to the CrERV characterization

Human embryonal kidney (HEK293T) cells and their
derivates, human A673 rhabdomyosarcoma cell line, and
primary cells from three cervidae species were maintained in
Dulbecco’s modified Eagles medium (DMEM) with serum
supplements.



CrERV was induced from primary mule deer cells by
cocultivation with susceptible human A673 cells for several
months. Reverse transcription (RT) activity was monitored by
product enhanced reverse transcription (PERT) assay.

The medium with induced retrovirus was concentrated
and lodixanol gradient ultracentrifugation was performed. RT
activity in the gradient fractions was estimated by PERT.

The particles of induced endogenous CrERV were
visualized by electron microscopy.

Expression vectors with CrERV env, truncated CrERV
env, and CrERV env with FLAGtag were constructed.
Expression vectors with amphotropic MLV env and
amphotropic MLV with FLAGtag were constructed.

Pseudotypes with MLV gag-pol and either CrERV env
or amphotropic MLV env were generated.

In order to perform marker rescue experiments, cells
bearing a molecular copy of CrERV and a plasmid with green
fluorescent protein (GFP) were transfected with plasmid
expressing a VSV-G env.

We obtained several constructs with various retrovirus
envelopes by co-transfection and marker rescue. These were
used for infection of human (HEK293T) and cervidae (mule
deer, fallow deer, red deer) cells.



We also tried to assemble the retrovirus restriction
factors present in the mule deer genome using the CLC
genomics workbench software and determine the possible
presence of positive selection towards them using the
alghorithms included in the DataMonkey package.

Methods related to the CHOK1 project

In order to avoid the infection block of amphotropic
viruses on CHOK1 cells, the cells were treated with
tunicamycin.

To determine the fraction of the medium with
inhibitory activity, conditioned medium (medium in which
CHOKZ1 cells were grown for 24 hours) was size-fractionated
and tested. The test was performed by addition of the
individual fractions to tunicamycin-treated cells upon
infection with the amphotropic virus.

The fractions determined as the ones containing the
inhibitory  factors were submitted for the mass
spectrophotometry (mass-spec) analysis. The output of the
mass-spec analysis was analyzed using a tailored hamster
endogenous retrovirus database using the tBLASTn
alghorithm.



Results and discussion

Screens of publicly available mammalian genomes for

unusual endogenous retroviruses

The screen of 104 available mammalian genomes
yielded two main findings. ELVgv - an endogenous Lentivirus
in the genome of Malayan cougo (Galeopterus variegatus)
and MINERVa (Miniopterus endogenous retrovirus) - an
endogenous Deltaretrovirus sequence in the genomes of
Miniopteridae bats.

ELVgv

The fourth documented case of an endogenous
Lentivirus, ELVgv, was further analyzed and the presumption
that it is by far the oldest endogenous lentivirus up to date
was confirmed. Besides, the discovery of ELVgv was the first
finding of an endogenous Lentivirus in Asian mammal (Hron,
Fabryova, Paces, & Elleder, 2014).

MINERVa

An endogenous Deltaretrovirus was discovered in the
genomes of Miniopteridae bats (MINERVa). This retrovirus
was found in the genome only in a single copy, which
contained large internal deletion. We found orthologous
sequences in related bat species (Miniopteridae bat family)
but not in Vespertillionidae and Cistugonidae, Molossidae,
and Pteropodidae bats. The predicted gag sequence robustly
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clustered with known Deltaretroviruses in phylogenetic
analyses. Moreover, the sequence possessed other features
of Deltaretroviruses (presence of Rex-response element-like
structure in the LTR, richness in cytosine, two open reading
frames organized in the manner as Tax and Rex are in HTLV
and BLV). Thus, this is the first report of an endogenous
Deltaretrovirus sequence.

Cervid endogenous retrovirus (CrERV)

CrERV was described previously as a DKV (deer
kidney virus) (Aaronson, Tronick, & Stephenson, 1976). We
were able to prove that CrERV and DKV are identical
retroviruses by replicating the original cocultivation
experiment performed by Aaronson. We sequenced the
induced CrERV genome, proved its particles sediment in the
lodixanol density gradient in the fraction characteristic for
retroviruses, and visualized it by electron microscopy.

This virus was previously analyzed with respect to its
high insertional polymorphism in mule deer populations in
North America (Elleder et al., 2012), but we performed the
first experiments to characterize the retrovirus from the
virological aspect (Aaronson et al., 1976).

Despite the fact that CrERV is very effective in
generating new germline copies, it exhibits xenotropic
behavior (it is not able to infect its original host). Therefore
we hypothesized that the replication block of CrERV might

11



occur at the receptor-mediated entry level. We constructed
pseudotypes with CrERV envelope and MLV core and
performed a marker rescue by transfecting cells bearing a
CrERV copy and a GFP plasmid with a plasmid with VSV-G.
The constructs with CrERV envelope were not entering the
mule deer, nor red deer and fallow deer cells but infected
human cells. However, the rescued virus was able to infect all
of the aforementioned deer species.

Subsequent detection of RT activity after cultivation
of the cells with the rescued virus for two weeks showed that
RT activity is present in the medium from human cells but
not in the medium from cervidae cells. Therefore we propose
the replication block of CrERV is present also in the later
stages of the retrovirus life cycle in the deer cells.

We also performed pattern-PCR assay to detect
polymorphic integration pattern of CrERV in red deer cells as
was previously shown in the mule deer. These attempts did
not detect major insertional CrERV polymorphism.

Further we tried to assemble retrovirus restriction
factors from the mule deer genome and to estimate the
presence of the positive selection towards them. Due to the
low coverage data we had available at the time we were able
to reliably assemble only SAMHD1. SAMHD1 was proved not
to be under positive selection based on the analyses from the
DataMonkey package performed.

12



CHOK1 cells and infection blocks to amphotropic viruses

We were successful in replicating previous results
indicating the presence of a secreted inhibitor to
amphotropic virus infection in CHOK1 hamster cells (Miller &
Miller, 1992).

We harvested a conditioned medium (medium in
which CHOK1 cells were grown for 24 h) that presumably
contains the secreted inhibitor. The collected medium was
concentrated and separated into 32 fractions by gel filtration.
Individual fractions were tested for inhibitory activity to
amphotropic MLV. The inhibitory activity was detected
mainly in the fractions 7, 8, and 9. These fractions were
mixed and submitted for the mass spectrometry analysis.

The output from mass spectrometry analysis was
analyzed using a tBLASTn (BLAST search of translated
nucleotide databases using a protein query) search of a
tailored protein database containing predicted CHOK1
endogenous retroviruses. Importantly, two of the peptides
were scored as high confidence hits
(NW_003617793.1_49834_49998 and
NW_003614069.1_559612_559788). Each of the identified
proteins was present only on one peptide, which might be
caused by the short sequences provided currently in the
database.

13



Analysis of protein sequences of these two hits

showed that they originate from gammaretrovirus envelopes
related to, but not identical, to FelLV.

Conclusions

Screens of publicly avaliable mammalian genomes for

unusual endogenous retroviruses

ELVgv

ELVgv is present in more than three copies in the
genome of G. variegatus.

Orthologous provirus sequences were detected in
the only other extant dermopteran species-
Cynocephalus volans.

The estimation of the age of provirus integration
confirm, that ELVgv is by far the oldest known
Lentivirus up to date.

MINERVa

An endogenous Deltaretrovirus sequence was
detected in the genome of Miniopterus natalensis
and denoted MINERVa (Miniopterus endogenous
retrovirus).

MINERVa is present in the genomes of all analysed
Miniopteridae bats, but not in other phylogenteically

14



closest bat families (Vespertillionidae, Cistugonidae,
Molossidae, and Pteropodidae).

e The sequence has features of Deltaretroviruses (C-
rich, presence of ORFs in similar position as Tax and
Rex ORFs in HTLV, phylogenetic relatedness of gag to
deltaretroviral gag genes).

Characterization of CrERV

e An endogenous CrERV was induced by cocultivation
with susceptible human cells.

e The induced virus sediments in the lodixanol gradient
as another well characterized gammaretrovirus
(PERV).

e The particles induced by cocultivation were visualised
by electron microscopy.

e The virus was shown to be infectious and xenotropic
(in accordance to previously described deer kidney
virus- DKV).

e The xenotropic nature of the retrovirus is probably
caused by a receptor and a later block in deer cells.

15



CHOK1 cells and infections by amphotropic viruses

e The conditioned medium from CHOK1 cells was
shown to have an inhibitory effect on amphotropic
virus infection.

e The condition medium from CHOK1 cells was size-
fractionated and the fractions with inhibitory effect
were determined and submitted for a mass
spectrometry analysis.

e Two hits resembling env of endogenous
gammaretrovirus were identified.

16



Uvod

Retroviry jsou RNA viry, které integruji svou DNA do
genomu hostitele a nasledné vyuZivaji hostitelského
transkripéniho apardtu. Jejich replikacni strategie umoziuje
jejich endogenizaci v pripadé, Ze infikuji zarodecné bunky a
jsou ddle preddvany do dalSich generaci podle pravidel
mendelovské dédicnosti. Tyto endogenni formy retrovird
jsou hojné pfitomny v genomech obratlovcd.

Soucasnd dostupnost nové sekvenovanych a
sestavenych genom( umoznuje vyhledavani téchto retrovird
in silico. Nékteré retrovirové rody tvofi endogenni kopie
Casto; o jinych rodech se vSak do nedavné doby
predpokladalo, Ze endogenni kopie netvofi.

Endogenni sekvence alfa-, beta-, gama, a
epsilonretrovirll se nachazeji v genomech pomérné hojné.
Nicméné, lentiviry byly dosud zjistény pouze ve trech
genomech: krdlika, lemura a fretky. Existence endogennich
deltaretrovirl doposud prokazana nebyla. Endogenni
spumavirus byl detekovédna v genomu lenochoda.

Proces endogenizace je stale nedostatecné objasnén.

vrve

studium. V nasi praci popisujeme endogenni retrovirus
(CrERV - cervid endogenous retrovirus) v genomu
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severoamerickych jelencl (Odocoileus hemionus), ktery je
vhodny jako model pravé pro takovéto studie.

CrERV je integracné polymorfni ERV, ktery v nedavné
dobé infikoval populaci divoce Zijicich jelencl. Integrace
CrERV  byly dikladné popsany, avsak virologicka

charakterizace tohoto viru stale chybi.

U

Pfitomnost endogenni kopie retroviru v genomu bud
nemusi byt pro hostitele zatézi, nebo ma patogenni az letalni
ucinek, nebo dokonce muzZe poskytovat hostiteli evoluéni
vyhodu. PrestoZe vétsina integrovanych provirll nema na
hostitele zddny dopad, nékteré z nich mohou mit
karcinogenni potencidl. Nejvice prostudovanym pfipadem
endogenniho retroviru, ktery predstavuje pro hostitele
pozitivni pfinos, je syncytin — gen produkujici env s
fuzogennim potencidlem, Ucastnici se pfi tvorbé placenty.

PFitomnost retroviru v burice je detekovdana pomoci
hostitelskych obranych mechanismd. Bunka je schopna
potlacovat prakticky vSechny kroky virové infekce. Nékteré z
téchto antivirovych blok( jsou zprostfedkovany pomoci tzv.
restrikCnich faktorll, které se Fadi mezi slozky vrozené
imunity. Nékteré retroviry si vyvinuly doplrikovou sadu genl
(tzv. accessory genes), které eliminuji funkci bunéénych
restrikénich faktord.

Hostitelsky organismus je schopen také vyuzit
pfitomnost endogennich kopii retroviru jako zdroj defektnich

18



virovych castic ¢i virovych proteinl, které blokuji infekci
jinymi exogennimi retroviry. Tento pfipad je popsan u MLV
(murine leukaemia virus), FLV (feline leukaemia virus), nebo
JSRV (Jaagsiekte sheep retrovirus).

Cile a hypotézy

1) Prvnim cilem této prace je charakterizace nalezl
bioinformatickych skrinl vefejné pristupnych genomi
zamerenych na hledani novych endogennich retrovird. Toto
zahrnovalo nalez lentivirl v genomu letuchy malajské (G.
variegatus), nazvany ELVgv (endogenous Lentivirus in G.
variegatus), a dale nalez prvniho endogenniho Deltaretroviru
v genomu netopyra létavce natalského (M. natalensis),
nazvaného MINERVa (Miniopterus endogenous retrovirus).

2) Druhym cilem této prace bylo indukovani produkce
viru CrERV z jelencich bunék kokultivaci s citlivymi lidskymi
burikami, a jeho charakterizace pomoci virologickych metod.

3) Tretim cilem bylo popsani interakce CrERV a hostitele
pomoci gammaretrovirovych pseudotypld a experimentd
vyuzivajicich tzv. marker rescue assay.

4) Ctvrtym cilem byla dalsi charakterizace interakce viru
a hostitele, pomoci sestaveni sekvenci retrovirovych
restrikénich faktor( in silico, a uréeni miry jejich pozitivni
selekce béhem evoluce.

19



5) Patym cilem této prace bylo zjistit zda je blok infekce
amfotropnim virem v kfec¢cich CHOK1 burikdch zapficinén
pfitomnosti endogenniho retroviru, jehoz produkty mohou

byt sekretovany CHOK1 burikami.

Material a metody

Skrining verejné dostupnych savéich genomu, zaméfeny na

nalezeni neobvyklych endogennich retrovirt

Prvnim krokem v strategii BBH (best bidirectional hit)
bylo hledani pomoci algoritmu tBLASTn (Johnson et al., 2008)
v databazi genom( obratlovcll (obsahovala 104 genomdu
obratlovcd dostupnych v GenBank).

Detekované sekvence byly dale analyzovany a znovu
ovéreny pomoci Sangerova sekvenovani. Vzorky z pfibuznych
druhl byly testovany na pfitomnost ortolognich virovych
sekvencii. Sekvence byly anotované a predikovali jsme v nich
pfitomnost otevienych ¢tecich rdmcU. Ziskané sekvence byly
analyzované pomoci rliznych bioinformatickych pfistupl:
konstrukce fylogenetickych strom0 s pouzitim téchto
sekvenci, vék provird byl odhadnut riznymi pfistupy, a také
jsme provedli predikci sekundarnich struktur determinujicich
retrovirové tzv. ,response elements”.

20



Metody tykajici se charakterizace CrERV

Linie lidskych embryonalnich bunék ledvin (HEK293T) a
z ni odvozené linie, lidskd bunécna linie A673 pochazejici
zrhabdomyosarkomu, a primarni bunky zetfi druhd
jelenovitych, byly kultivovany v médiu DMEM (Dulbecco’s
modified Eagles medium) s pfidavkem séra.

CrERV byl indukovan zprimarnich bunék jelence,
kokultivaci s citlivymi lidskymi A673 bunkami po dobu
nékolika mésicl. Aktivita reversni transkriptazy (RT) byla
monitorovand pomoci metody PERT (product enhanced
reverse transcription).

Médium obsahujici indukovany retrovirus bylo
zakoncentrovano a dale centrifugovdno v hustotnim
lodixanolovém gradientu. RT aktivita v jednotlivych frakcich
byla stanovena pomoci PERT.

Virové partikule indukovaného endogenniho CrERV
jsme vizualizovali pomoci elektronové mikroskopie.

Zkonstruovali jsme expresni vektory s CrERV env
genem, ddle se zkrdcenym CrERV env, a CrERV env s FLAGtag
znackou. Také jsme zkonstruovali expresni vektory
s amfotropnim env genem a amfotropnim MLV env genem
s FLAGtag znackou.

21



S pouzitim téchto vektord jsme vygenerovali
pseudotypy s MLV gag-pol a CrERV env nebo amfotropnim
MLV env.

Pro pouZziti tzv. marker rescue pfistupu jsme pfipravili
buriky obsahujici CrERV a dale reportérovy gen GFP a gen pro
obalovy protein VSV-G.

Zjiskali  jsme  nékolik  konstruktd s rdznymi
retrovirovymi obalkami pomoci kotransfekce a marker
rescue. Tyto byly dale pouzity na infekcii lidskych (HEK293T) a
jelenovitych (jelenec, danék, jelen) bunék.

Dale jsme se pokouseli sestavit sekvence retrovirovych
restrikénich faktor(i pfitomnych v genomu jelence, pomoci
programu CLC genomics workbench, a urcit moZnou
pfitomnost pozitivni selekce v téchto genech pomoci
algoritmu vyuzivanych v programu DataMonkey.

v _wwvs

Metody tykaijici se analyzy kieé¢ich CHOK1 bunék

Pro odstranéni bloku pro replikaci amfotropniho MLV
v kfe¢c¢ich CHOK1 burikach jsme pouzili pfidani tunikamycinu.

Na urceni toho, ktera frakce v médiu ma inhibi¢ni
aktivitu, jsme kondiciované médium (t.j. médium ve kterém
byly buriky po dobu 24 hodin kultivované) frakcionovali podle
velikosti a testovali inhibiéni aktivitu frakci. Test byl proveden
pridanim jednotlivych frakci k burikdm s tunikamycinem pfi
infekci amfotropnim virem.

22



Frakce uréené jako inhibi¢cni byly spojené a
analyzované pomoci hmotnostni spektrometrie. Vystup
ztéto analyzy byl bioinformaticky zpracovdn pomoci
algoritmu tBLASTn a databaze predikovanych endogennich
element(l z kfecciho genomu.

Vysledky a diskuze

Skrinovani verejné dostupnych savéich genomickych dat

zamérené na nalezeni vzacnych endogennich retrovirt

Skrinovani 104 dostupnych savcich genomu pfineslo
zejména dva hlavni nalezy. ELVgv - endogenni Lentivirus v
genomu letuchy malajské (Galeopterus variegatus) a
MINERVa (Miniopterus endogenous retrovirus) - ednogenni
retrovirovd sekvence v genomu netopyrd Celedi
Miniopteridae.

ELVgv

Analyzovali jsme teprve Cctvrty znamy pfipad
endogenniho Lentiviru, a potvrdili jsme, Ze se jedna o dosud
zdaleka nejstarsi lentivirovy nalez. Kromé toho, jedna se o
prvni popsany endogenni Lentivirus u savce plvodem z
asijského kontinentu (Hron et al., 2014).

MINERVa

Nalezli jsme endogenni Deltaretrovirus v genomu

netopyra Celedi Miniopteridae (nazvan MINERVa). MINERVa
23



se v genomu naléza v jedné kopii, kterd navic obsahuje
rozsahlou vnitfni deleci. Ortologni sekvence byly popsany v
pfibuznych rodech netopyrl (Celedi Miniopteridae), ale ne v
Celedich Vespertillionidae, Cistugonidae, Molossidae, a
Pteropodidae. Predikovand sekvence MINERVa gag byla
fylogenetickou analyzou zafazena mezi Deltaretroviry. Dale,
tato sekvence obsahovala dalSi deltaretrovirové znaky
(pfitomnost Rex-response element sekvence v LTR, bohatost
na cytosin, dva oteviené Cteci ramce s polohou podobnou
genlim Tax a Rex u vird HTLV a BLV). Jedna se tedy o prvni
publikovany ndlez endogenni deltaretrovirové sekvence.

Cervid endogenous retrovirus (CrERV)

CrERV byl jiz dfive popsdn jako DKV (deer kidney
virus)(Aaronson et al., 1976). Prokazali jsme, Ze CrERV a DKV
jsou totozné viry, pomoci zopakovani plvodniho
Aaronsonova experimentu, ve kterém kokultivoval lidské a
jelenci bunky a tim indukoval produkci viru. Genom
indukovaného CrERV jsme osekvenovali, ddle jsme prokdzali
Ze jeho Castice sedimentuji v predpokldadané hustoté na
gradientu, a ziskali jsme fotografie 2z elektronové
mikroskopie.

Tento virus byl dfive studovan proto, Ze vykazuje
vysoky stupen inzeréniho polymorfizmu, v populaci
severoamerickych jelencG (Elleder et al.,, 2012). Soucasné
experimenty jsou prvni, které CrERV charakterizuji
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virologickymi metodami (Fabryova, Hron, Kabickova, Poss, &
Elleder, 2015).

Presto, Ze CrERV velmi efektivné vytvafi nové kopie v
zarodecné linii, vykazuje xenotropni vlastnosti (neschopnost
infikovat plQvodniho hostitele). Vytvofrili jsme hypotézu, Ze
replikacni blok je zplsoben na Urovni receptorového vstupu
do burky. Zkonstruovali jsme virové pseudoptypy s obalkou
CrERV a virovym core z MLV. DalSim metodickym pfistupem
byly tzv. marker rescue pokusy, pomoci bunék infikovanych
CrERV a transfekovanych GFP vektorem a VSV-G genem.
Virové konstrukty nesouci CrERV obdlku do jelencich bunék
nevstupovaly (ani do bunék z jinych druhi jelenovitych), ale
byly schopny infikovat lidské burky. Konstrukty z marker
rescue experimentu byly schopny vstupovat do bunék vsech
zminénych druhd.

Naslednd detekce RT aktivity po kultivaci bunék
infikovanych v marker rescue experimentu ukazala pozitivitu
u lidskych bunék a negativitu u bunék z jelenovitych. To
ukazuje na pritomnost dalSiho replikacniho bloku pro CrERYV,
ve fazi pozdni virové replikace na jelencich bunkach.

Dale jsme analyzovali ptitomnost inseréniho
polymorfismu pomoci metody zaloZené na PCR (pattern-
PCR). Na vybranych vzorcich genomové DNA z jelenovitych
druhl jsme neprokazali vyrazny polymorfismus podobny
situaci u severoamerického jelence.
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Pokusili jsme se sestavit sekvence retrovirovych
restrikénich faktorl z genomickych dat jelence, a analyzovat
zda je detekovatelna pozitivni selekce v téchto genech. Kvdli
nizkému pokryti stavajicich genomickych dat jsme byli
schopni kompletné sestavit pouze gen pro restrikéni faktor
SAMHD1. Tento gen nevykazoval zndmky pozitivni selekce
(detekce provedena programem DataMonkey).

CHOK1 cells and infection blocks to amphotropic viruses

Uspééné jsme zopakovali predchozi experimenty,
ukazujici na  pfitomnost sekretovaného inhibitoru
amfotropniho MLV u linie bunék z ¢inského kfecka (CHOK1)
(Miller & Miller, 1992).

Bylo sbirano kondiciované médium z CHOK1 bunék
(médium ve kterém byly bunky kultivované po 24 hodin),
které mélo podle predpokladu obsahovat sekretovany
inhibi¢ni faktor. Toto médium bylo koncetrovano a rozdéleno
na gelové filtraci do 32 frakci. Frakce byly testovany na
inhibi¢ni aktivitu k amfotropnimu MLV, nejsilnéji byla
detekovana ve frakcich 7-9. Tyto frakce byly spojeny a vzorky
z nich zpracovany pro méfeni hmotnostnim spektrometrem.

Vysledky méreni z hmotnostniho spektrometru byly
analyzovany bioinformaticky metodou tBLASTn (BLAST
analyza in silico translatované nukleotidové databaze pomoci
proteinovych sekvenci), s vyuZitim databdze proteinovych
sekvenci endogennich retrovirll predikovanych v genomu
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CHOK1 bunék. Dva z takto predikovanych peptid( vykazovaly

v analyze vysokou signifikanci
(NW_003617793.1_49834_49998 a
NW_003614069.1_559612_559788). Z kazdého

predikovaného proteinu byl naméfen pouze jeden peptid,
coz je ziejmé dano pritomnosti velmi kratkych sekvenci v
soucasné verzi databaze CHOK1 endogennich elementd.

Analyza proteinové sekvence zminénych dvou peptid(
ukazala, Ze pochazeji z genl pro gamaretrovirovou obalku
(Env) viru podobného, ale ne totozného, s virem FelV.
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Zavéry

Skrining vefejné dostupnych savéich genomi na pritomnost

neobvyklych endogennich retrovirt

ELVgv

ELVgv je pfitomen ve vice neZ tfech kopiich v genomu
G. variegatus.

Ortologni provirové sekvence byly detekovany

v jediném dalSim Zijicim druhu fadu Dermoptera -
Cynocephalus volans.

Odhad véku integrace proviru potvrzuje, Ze ELVgv je
zdaleka nejstarsi dosud zndmy Lentivirus.

MINERVa

Endogenni sekvence Deltaretroviru byla nalezena v
genomu Miniopterus natalensis a nazvana MINERVa
(Miniopterus endogenous retrovirus).

MINERVa je pfitomna v genomech vsSech
analyzovanych druh( celedi Miniopteridae, ale ne v
jinych fylogeneticky pfibuznych druzich (celedi
Vespertillionidae, Cistugonidae, Molossidae, a
Pteropodidae).
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o Sekvence ma vlastnosti Deltaretrovir( (je bohatd na
cytosin, obsahuje ¢teci ramce v podobném
usporadani jako jsou geny Tax and Rex u
Deltaretroviru HTLV, byla detekovana fylogeneticka
pfibuznost gag genu k jinym deltaretrovirovym gag
genlim).

Characterizace CrERV

e Endogenni CrERV byl indukovan kokultivaci s citlivymi
lidskymi bunkami.

e Indukovany virus sedimentuje v lodixanolovém
denzitnim gradientu v oblasti stejné jako jiny dobfe
charakterizovany gammaretrovirus (PERV).

e Indukované virové partikule byly vizualizovany
pomoci elektronové mikroskopie.

e Indukovany virus je infekéni a xenotropni (stejné jako
v minulosti popsany DKV - deer kidney virus).

e Xenotropni vlastnost retroviru je pravdépodobné

zapfi¢inéna  receptorovym a také pozdnim
replikacnim blokem v bunkach jelenovitych druh.
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CHOK1 burky a infekce amfotropnim virem

v _vv

e Kondiciované médium z kieccich CHOK1 bunék ma
prokazatelné inhibi¢ni efekt na infekci amfotropnim
virem.

e Kondiciované medium z CHOK1 bunék jsme rozdélili
na velikostni frakce. Ur¢ili jsme frakce s inhibi¢nim
ucinkem a zaslali je na analyzu pomoci hmotnostni
spektrometrie.

o Identifikovali jsme produkty dvou env genl
endogenniho gammaretroviru pfitomného v genomu
CHOK1 bunék.
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