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Intercellular obligate parasites?

Disease-causing agents?

Pathogens?




Virus and
Reproduction




Polydnaviruses Endoparasitoid wasps
© dsDNA virus O Insect
© Over thousands types © Over 30,000 types

/

Campoletis sonorensis virus (CsV) Cotesia congregata bracovirus (CsBV)
for C. sonorensis wasps for C. congregata wasps
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Virus and
Development




Endogenous Retrovirus (ERV)
About 8% of human genome
Germline-integrated
Human and mammalian placenta

(Evidence for Evolutionary Model, 2012)

Retroviral envelope env proteins  ™esasteorst e

(Embryoblast)

Placental syncytium formation
Localized maternal immunosuppression  —
Initial trophoblastic attachment +
invasion

Overall placental survival
(Rowland T., 2009)




Endogenous retroviruses regulate periimplantation
placental growth and differentiation

Eathrin A. Dunlap®, Massimo Palmarint®, Marlana Varela®, Robert C. Burghardt*, Kanako Hayashi®, Jennifer L. Farmer®,

and Thomas E. Spencer*s
*Center for Animal Biotachnology
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Blosclances, Texas AEM University, College Statlon, TX 77843; and "Institute of Comparative Mediine, Unhversity of Glasgow Veterinary School,

Glasgow G561 10H, Unitad KIngdom

Edited by George E. Seldel, ir., Colorado State Unheersity, Fort Collins, OO, and approved August B, 2006 (recefved Tor review May 10, 2006)

Endogenous retrovineses (ERVs) are fixed and abundant in the
genomes of wvertebrates. Ciroumstantial evidence suggests that
ERVs play a role in mammalian repreduction, particularty placental
morphogenesis, because intact ERV emrvelope genes were found to
be expressed in the synoytictrophoblasts of human and mouse
placenta and to elicit fusion of cells in witro. We report here in vivo
and in witro experiments finding that the envelope of a partiocular
class of ERVs of sheep, endogenous Jaagsiekte shesp retroedinuses
{en]5RVs), regulates trophectodermn growth and differentiation in
the periimplantation conceptus (embryo/fetus and assodated ex-
traembryonic membranes). The en)5RV envelope gene is expressed
in the trophectoderm of the elongating oerine conceptus after day
12 of pregnancy. Loss-of-function experiments were conducted in
utero by injecting morpholino antisense oligonudectides on day 8
of pregnancy that blocked enJSRV envelope protein production in
the cenceptus trophectoderm. This approach retarded trophecto-
derm outgroweth during conceptus elongation and inhibited tro-
phoblast giant binudeate cell differentiation as observed on day
1&. Pregnancy loss was cbserved by day 20 in sheep recedsring
morpholine antisense oligonucdeotides. In witro inhibition of the
enl5AV emvelope reduced the proliferation of mononuclear tro-
phectoderm cells isclated from day 15 conceptuses. Consaquently,
these results demonstrate that the enl5RV envelope regulates
trophectodemn grossth and differentiation in the perimplantation
owine conceptus. This work supports the hypothesis that ERVs play
fundamental reles in placental morphogenesis and mammalian
reproduction.

development | placenta | sheep | trophectoderm

Hyaluronidase 2 (HYALZ) is a glvoosviphosphatidylinositol-
anchored cell-surface protein that can serve as a cellular receptor
for exogenous JSRY Env as well as for retroviral vectors
pseudotyped by end3RY Env (13, 14). By RT-PCR anabmses,
HYAL2 mBMNA 15 irst detected in the conceptus on day 16, which
is asenciated with the onset of BNC differentiation (5). Throughout
prepnancy, HY ALY mRBNA can be detected in the BNCs and
multinucleated svncytia of sheep placentomes but not in the mono-
nuclear rophectoderm cells of the concepitus or any cells of the
cndometrum.

Of great interest for comparative physiology 1s that enJSREV en
expression in the developing ovine placenta s strkingly similar o
that cbserved for syncytin 1 and 2, products of human ERV anv in
humans and primam{lfl—l'il'] and possibly of two related env genes
!nwnm: A and gmoptin B) in mice (20). Syncytins encode highly

nic retroviral envelope proteins that are expressed in the
synoytotrophoblast laver generated by mononweclear cviotropho-
blast cell fuson at the maternal-fetal imterface. Syncytins are
fusogenic when expressed i vitro, thereby advancing the hypothesis
that they are imvolved in placental morphogenesis (15-1%). Thos,
circumstantial evidence gleaned from studies of primates, sheep,
and rodents supports the concept that independently acquired
ERW¥s have been pomitively selected for a convergent physiological
role in placental morphogenesis (21, 22

In these siudics we tested the hypothesis that enJSEY Env has a
biological role in periimplantation ovine conceptus development
and placental morphogenesis by using an ir wwe morpholino
loss-of-function approach (23) to block en]SEV Env production
in e,
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Thermotolerance
o Dichanthelium lanuginosum
0 Geothermal soils

O Three-way mutualistic symbiosis:
Grass Dichanthelium lanuginosum + I

Fungus Curvularia protuberata +
Virus Curvularia protuberata thermal tolerance virus (CThTV)

Colonized

~—— Dichanthelium —

protuberata

Dichanthelium lanuginosum

Nature Reviews | Microbiology




Fig. 3. (A} Anastomosis
of the wild-type wirs-
infected Bolate of O pro-
tuberata (Wt} and the
virusfree hygromycin-
resttant solste (VF) o
produee a vins-infected
lzte (An). (B} After single-
spore solation i produce
e withres, the wolate
newly infected with the
virus (An} retained the
hygrmydn-resisne and

the morphology of the VF isolate.

A Virus in a Fungus in a Plant:
Three-Way Symbiosis Required for
Thermal Tolerance

Luis M. Marquez, Regina S. Redman,?? Russell ]. Rodriguez,®* Marilyn ]. Roossinck™*

A mutualistic assodation between a fungal endophyte and a tropical panic grass allows both
organisms to grow at high soil temperatures. We characterized a virus from this fungus that is
involved in the mutualistic interaction. Fungal isolates cured of the virus are unable to confer
heat tolerance, but heat tolerance is restored after the virus is reintroduced. The virus-infected
fungus confers heat tolerance not only to its native monocot host but also to a eudicot host,
which suggests that the underlying mechanism involves pathways conserved between these two
groups of plants.

Fig. 2. (Top) Representative
D. lanuginesum plants after the
heat-stress experiment with
thermal soil simulators. Rhizo-
sphere temperature was main-
tained at 65°C for 10 hours and
37°C for 14 hours/day for 14
days under greenhouse condi-
tions. Plants were nonsymbiotic a
(NS} and symbiotic with the 51

wild-type virus-infected isolate / /
of C protuberata (Wt), the

A\
N

virus-free  hygromycin-resistant
isolate (VF). (Bottom) The histo-
gram presents the number of

a
20 4
hygromycin-resistant isolate new- .E
ly infected with the virus through 5. _ | it O
: ° 2

hyphal anastomosis (An), or the 'E S imaith

3

2

plants chlorotic, dead, and alive 5

at the end of the experiment.

The small letters on top of the 0 . 2
bars indicate statistical differ- Wt An VF

ences or similarities (chi-square Treatments

test, P < 0.01).
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Trehalose

O Sugar related to drought
and heat tolerance

HO,,,
o

HO "
HO™" “OH

OH

O Pigment associated with
fungi abiotic-stress
tolerance




Freezing and Drought Tolerance

o Nicotiana benthamiana

© Tobacco mosaic virus (TMV)
Cucumber mosaic virus (CMV)
Brome mosaic virus (BMV)
Tobacco rattle virus (TRV)

O Resistance for water-withdrawn
and freezing condition

B s

Virus infection improves drought tolerance

Ping Xu, Fang Chen, Jonathan P. Mannas, Tracy Feldman, Lloyd W. Sumner and Marilyn J. Roossinck
The S. R. Noble Foundation, Ardmore, OK 73401, USA

Ly - TMV] : 1
Summary Fig. 1 Companson of the symptoms in modk-inoculated and

Author for correspondence = Viruses are obligate intracellular symbionts. Plant viruses are often discovered and virus-nfected Fﬂﬂ.l'll]- caused t'-'r Ijl'Cll.ﬂhl or frost stress. (a) Beet

M?!”}’J’i J. Roossinck studied as pathogenic parasites that cause diseases in agricultural plants. However, {Beiz vuigark) plants 3t 4 d after withholding water (daww.
Tel: +1 580 224 6630

e here it is shown that viruses can extend survival of their hosts under conditions of {b) Baet F‘E.I'IE F‘J{E’d at 15°C for 16 hin the dnﬂ!.l'l]ITE and —-2°C for

Email: mroossinck@noble.org abictif: stress that cou_ld benele hosts if they_subsequently recover a.nd reproduce. E hat I'Ighlfﬂf 2 d followed tl!,"-ﬂ.l'll:lﬂ'lEr 15°C for 16 h and -4~ for
* Various plant species were inoculated with four different RNA viruses, Brome
iiz@lvteg 1;3‘;’:’3’ 5305008 mosaic virus (BMV), Cucumber mosaic virus (CMV), Tobacco mosaic virus and Eh. icl T::-b:k:u:u{.l'-.lrmﬂana fﬂl’JEI:LI.I'l"I] F‘J‘.I'I'E at 12 daww. ':ljj' Micofiana
G s Tobacco rattle virus. The inoculated plants were stressed by withholding water. The benthamiana plants at 8 daww. () Chenopodium amaranthicodor
olnsiz 31: dtrought symlp‘iozws i_r?hv;m;vin(fecte: _plant: e Clongﬂﬁd :V&; Ihﬁt ir% Ithe plants at 4 daww. Plants on the beft side of the black orwhite ines are
plants that were inoculated w uffer (mock-inoculated plants). Metabolite profiling m&dc-nucwamdﬂanuandunmerlgl'rtare'.rlus-lnfected|:lan15

analysis was conducted and compared between mock-inoculated and virus-infected
plants before and after being subjected to drought stress.

'




Salicyclic Acid
HO._ O

HO

Ascorbic Acid

Proline Tocopherol

HN
o
H 5 .
Maltose Galactose
O._ wOH
} .
HO “/OH

OH




Virus and
Virulence




Vibrio cholerae

O Gram-negative, facultative
anaerobic bacterium

o Cholera-causing agent




Vibrio cholerae CTXo

O Gram-negative, facultative  © Filamentous bacteriophage

anaerobic bacterium o Origin of cholera toxin gene
© Cholera-causing agent 0 6.9 kb viral genome

Chromosomal DNA
Non-Toxigenic % %
Vibrio cholerae

/

iﬁﬂ |
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DNA (ctx genes)
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(BoucherY.,, et al, 2014) Copyright  The McGram Hil Campanies, Inc. ANl ightsreserved




Hepatitis D Virus (HDV)  Hepatitis B Virus (HBV)
o Defective virus O Helper virus
0 1.7 kb RNA genome © 3 kb DNA genome

HDV virion

HBV helper virus

|- Mglycoprotein

|- S glycoprotein

L~ Laglycoprotein

Large delta antigen
Small delta antigen

©ViralZone 2008
Swilss Institute of Bloinformatics

HDV Coinfection - occurs simultaneously when first infected with the hepatitis B virus
HDV Superinfection - occurs in persons with an existing chronic hepatitis B infection




Hepatitis D Virus (HDV)  Hepatitis B Virus (HBV)

o Defective virus O Helper virus
0 1.7 kb RNA genome © 3 kb DNA genome
HDV virion HBV helper virus

M glycoprotein

|- 5 alycoprotein

L glycoprotein

Large delta antigen
Small delta antigen

©ViralZone 2008
Swilss Institute of Bloinformatics

Small delta antigen (SDAg) - used for HDV replication

Large delta antigen (LDAg) - required for HDV RNA packaging and new HDV virion
assembly with the association of HBV surface antigens
(HBsAgs) and envelope proteins.




HDV - HBV Infection

O Exaggerated disease state

© About 350 million HBV carriers worldwide
© More than 15-20 million coinfected by HDV
O More severe acute viral hepatitis

o Higher liver failure chances |

O Rapider liver cirrhosis progression
(o) Liver cancer Geographic Distribution of HDV Infection

1 "E_._ T }_
h‘_'}ln.“:“.-'
HDV Prevalence ' '
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Mo Data

(CDC, 2014)
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o Tobacco, rice, banana and potato
O Against viral infections

Plants with Pararetrovirus

4 Challenging

b e ?
& o

Dynamic methylation of histones
HMT: histone methyltransferases; HDM: histone demethylases

Post-transcriptional RNA-mediated epigenetic modifications
gene silencing (RNA-directed DNA or histone methylation)




Humans with Adeno-associated Virus (AAV)
O Parvoviridae family
© Not known to cause

any human diseases
0 4.7 kb ssDNA genome

3 g 3
o : pecDMNA-RepTd
& T.0 kb

‘hﬂl ~ s 9 xho 2620}




AAV Rep78 Protein vs HBV

o Inhibition of promoter activities of proto-oncogenes
(such as ras and c-myc)

O Interference with the transcription and expression of
Hepatitis B virus core promoters

Adeno-associated virus Rep78 protein inhibits Hepatitis B virus replication
through regulation of the HBV core promoter

Tianhui Liu®, Min Cong?, Ping Wang?, Jidong Jia® Yong Liu", Paul L. Hermonat®, Hong You **

* Liver Research Center, Bejiing Friendship Hospital, Capital Medical University, Beging 100050, PR China
¥ Gene Therapy Center, Department of Internal Medidne, University of Arkansas for Medical Sdences, Little Rock, AR 72205, IS4

ARTICLE INFO ABSTRACT
Article history: Rep78, the rep gene product of adeno-associated virus (AAV), has been shown to inhibit the replication of
Received 9 April 2009 several DNA viruses, This study investigated the effects of Rep78 on replication of Hepatitis B virus (HEV)

Available online 3 May 2009 and possible mechanisms of inhibition. We have shown that HEV DNA replication and secretion of HEsAg

and HBeAg in HepG2 2.2.15 cells were inhibited by Rep78. We have also demonstrated, using in witro
transcription and luciferase assay, that Rep78 binds to the HBV core premoter (HBWV CP) and imhibits

Keywords: HEV CP activity. Furthermore, after Rep78 and HBEV core protein expression plasmids were co-transfected
EF:SL[:;":;”E into HepG2 cells, the expression of HBV core protein was inhibited significantly. These results suggest
Rep7E that Rep78 can inhibit the replication of HBV, correlating strongly with suppression of HBWV CP activity.
Replication @ 2009 Elsevier Inc. All rights reserved.
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AAV Rep78 Protein vs HBV

o Inhibition of promoter activities of proto-oncogenes
(such as ras and c-myc)

O Interference with the transcription and expression of
Hepatitis B virus core promoters

pcDMA-Rep75{Lg) 0 0.5
pcDNA-HBV-C{ng) 0.5 0.5
pcDNA(Lg) 0.5 0

Rep7é>

HEBV-cores

p-actin=




AAV Rep78 Protein vs HPV

O AAV infection negatively correlated with
HPV-associated cervical carcinoma

o Apoptosis of HPV-infected keratinocytes

O Inhibition of transcription initiation of
HPV-16 and HPV-18 LCR

/

Adeno-Associated Virus Type 2 Induces Apoptosis in Human
Papillomavirus-Infected Cell Lines but Not in
Normal Keratinocytes”

’ Samina Alam and Craig Meyers®

Department of Microbiology and Immunology, Pennsylvania State University College of Medicine,
500 University Drive, Hershey, Pennsylvania 17033

Received 16 February 2009/Accepted 13 July 2009

The results of seroepidemiological studies suggest that infection with adeno-associated virus type 2 (AAV2)
is negatively correlated with the incidence of human papillomavirus (HPV)-associated cervical cancer. We
studied the potential of AAV2 oncosuppression of HPV and showed that HPV/AAV2 coinfection of cells
culminated in apoptotic death, as determined by DNA laddering and caspase-3 cleavage. The induction of
apoptosis coincided with AAV2Z Rep protein expression; increased S-phase pm“gression; u'gdregulated E;Rb
displaying hoth hyper- and hypophosphorylated forms; increased levels of p21™*"', p16™"*, and p27~™!
proteins; and diminished levels of E7 oncoprotein. In contrast, normal keratinocytes that were infected with
AAV2 or transfected with the cloned full-length AAV2 genome failed to express Rep proteins or undergo
apoptosis. The failure of AAV2 to productively infect normal keratinocytes could be clinically advantageous.
The delineation of the molecular mechanisms underlving the HPV/AAV2 interaction could be harnessed for
developing novel AAV2-derived therapeutics for cervical cancer.




AAV Rep78 Protein vs HPV

O AAV infection negatively correlated with
HPV-associated cervical carcinoma

O Apoptosis of HPV-infected keratinocytes

O Inhibition of transcription initiation of
HPV-16 and HPV-18 LCR

A 70
Adeno-Associated Virus Major Rep78 Protein Disrupts Binding  pt
of TATA-Binding Protein to the p97 Promoter of 1t 1 6OF T
I Human Papillomavirus Type 167 @ 7 B
v
PEI-FEN SU,"? SHU-YUAN CHIANG," CHENG-WEN WU,'* axp FELICIA Y.-H. WU' = 50 | % P
Division of Cancer Research, Institute of Biomedical Sciences, Academia Sinica," and Institwte of Life Sciences, = %
National Defense Medical Center,” Taipei, Taiwan, Republic of China y Co S 40 /
Received 24 June 1999/Accepted 7 December 1999 < /
—~ /
Adeno-associated virus type 2 (AAV) is known to inhibit the promoter activities of several oncogenes and < 30 | /
viral genes, including the human papillomavirus type 16 (HPV-16) E6 and E7 transforming genes. However, ssoci o /
the target elements of AAV on the long control region (LCR) upstream of E6 and E7 oncogenes are elusive, A S0Ci; ? /
chloramphenicol acetyliransferase assay was performed to study the effect of AAV on the transcription activity WA g 20 L /
of the HPV-16 LCR in SiHa (HPV-positive) and C-33A (HPV-negative) cells. The results reveal that (i) AAV ek o /
inhibited HPY-16 LCR activity in a dose-dependent manner, (ii) AAV-mediated inhibition did not reguire the roory B2 / g —
HPV gene products, and (iii) the AAV replication gene product Rep78 was involved in the inhibition. Deletion [WAE /
mutation analyses of the HPV-16 LCR showed that regulatory elements outside the core promoter region of the evie 10 |- /
LCR may not be direct targets of AAV-mediated inhibition. Further study with the electrophoretic mobility e l~ /
shift assay demonstrated that Rep78 interfered with the binding of TATA-binding protein (TEP) to the TATA s
box of the p97 core promoter more significantly than it disrupted the preformed TBP-TATA complex. These d he 0 ;
data thus suggest that Rep78 may inhibit transcription initiation of the HPV-16 LCR by disrupting the ctior 10:1 5.1 21 1:1

interaction between TBP and the TATA box of the p97 core promoter.
- HPV:AAV (molar ratio)




Conclusion




O Extraordinary diversity in replication strategies
© Mutualism with their hosts

el Successful reproduction of parasitoid wasp larvae

DL ELIE Establishment of placental mammals

e e Enhancement of tolerance to adverse conditions

Virulence Greater virulence for invasion

Disease

: Protection of hosts from other infections
Prevention
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