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History

Thediscoveryof TobaccdMosaicVirus (1892)
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History
Earlydevelopmentsof virology

A Virusesare small(lessthan 0.2um in @ )

A Virusesare invisible by lightnicroscopy

A Virusesare obligateintracellularparasites

A Someinfect bacteria(phagesTwort, 1915; d'Hérelle, 1917)

A Somevirusescanbe crystallized TMV, W. Stanley, 1935)

A Theywerefirst seenby E.M (KauschePfankuch& Ruska 1939)
A Viruseshave amuchsmallercomplexitythan cells



History
The concept of virus (Lwoff, 19%/Tournier 1964

A Virusesare small(lessthan 0.2um in @)

A Virusesare invisible by lightnicroscopy
A Virusesare obligateintracellularparasites
A VirusescannotgenerateATP

A Virusesdo not have ribosomes

A Virusesdo notdivide (they multiply otherwise)
A A microbes is either a virus ocall




History
Thediscoveryof "bradfordcoccus (1992)

Seeking potential pneumonia (Legionnaires' disease)
agents in a cooling tower in the Bradford hospital, UK
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History
Thediscoveryof Mimivirus(2002)




History

(2002)
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LaScolaet al. Science 2003

Raoult et al., Claverie. Science 2004




History
Mimivirus £ 1000genes, more than most parasitic bacteria
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History
MIMmIVIrUS remnantsof a translatiorapparatu®

R663 ArginytRNAsynthetase  Fonctional

L124 TyrosyitRNAsynthetase  Fonctiona) 3Dstructure
L164  CysteinjtRNAsynthetase Fonctional
R639 MethionyltRNAsynthetase Fonctional

Thepresenceof tRNAligases (up to 20 asto becomea distinctivefeature of
the whole Mimiviridaefamily.

Still, accordingo Lwoff,thereis

- no ribosomabgenes

- no divisionapparatus

- no ATPproducingmetabolism



Recent
MegaviruschilensisMimiviridaein the sea(2011)

ECIM
Las Cruces, Chile

Megavirus
chilensis




Recent

Megaviruschilensis more ofeverything

A Largergenome 1.280Mb
A Largemproteome 1120proteins
A More tRNAligasesArg, Tyr, Met,Cys lle, Trp, Asn

But gill, thereis

- no ribosomalene :
bosomalenes > Virus, not acell
- no divisionapparatus

- no ATPproducingmetabolism




Lookingfor Amoebakillingviruses protocol

Sample

Characterization

1

2.
3.
4.

Infect. Cycle (EM)
Genomics
Transcriptomics
Proteomics

Antibiotic-adapted
Acanthamoeba cultures
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Lookingfor Amoebakillingviruses
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This is (probably) a virus!



Recent
New lifeforms?

Shallow sediments ' La Trobe UnlverSIty pond

Tunquen, Chile ' Melbourne, Australia
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New lifeform ?

® - 200nm
e —

Pandoravirusalinus

Ostiole-like apex

Membrane

Electron
dense
sphere

Three layer
tegument

Pandoraviruslulcis
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Recent
Pandoravirusthe newfrontier

No ribosomabene/protein
No dividing apparatud-(s4
No ATP productioenzyme
A This musbe a virus
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Recent

Pandoravirusthe newfrontier
2.8Mb linear DNA

2,473,870t 1.91Mb
2556proteins 1502proteins
94% of thegenes
encodeORFans
2370 m Eukaryota
m Bacteria
Virus
No match
42 :
+ P. salinus — P. dulcis

(Chile) (Australia)



Recent
Pandoravirusthe newfrontier

Encephalitozooruniculi 2.5 Mb 1,996 proteins
Encephalitozoomtestinalis 2.22 Mb 1,833 proteins
Encephalitozoonomaleae 2.19Mb 1,831 proteins

Virus size (bp)

3000000

Pandoravirusalinus(2.77Mb) _ o
e i Whereisthe limit?

Pandoraviruslulcis (1.9 Mb Arethere other families?
W

Megavirus (1.280Mb)
A/ Mamavirus{1.1916Mb)

Mimivirus(1.1815Mb)

/ Cafeteria roenbergensis Virus (680 kb)

«—— Phaeocystis globosa Virus (475 kb)

,‘ Chiorellavirus PBCML T T B o Quly 2013)
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2012
Lookingback In time In permafrost

Regeneration of whole fertile plants from 30,000-y-old
fruit tissue buried in Siberian permafrost

Svetlana Yashina®', Stanislav Gubin®, Stanislav Maksimovich®, Alexandra Yashina?, Edith Gakhova?,
and David Gilichinsky®?

Institutes of 2Cell Biophysics and ®Physicochemical and Biological Problems in Soil Science, Russian Academy of Sciences, Pushchino 142290, Russia
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Edited* by P. Buford Price, University of California, Berkeley, CA, and approved January 25, 2012 (received for review Novemk

Whole, fertile plants of Silene stenophylla Ledeb. (Caryophylla-  However, to date, no viable flowering g
ceae) have been uniquely regenerated from maternal, immature  discovered from these ancient permafroff = = S e

.....

Geocryology Lab (Puschino) studying
permafrost microbes since 1985

Lyubov Shmakova, Elizaveta Rivkina
Institute of Physicochemical & Biological
Problems in Soil Science, Pushchino, Russia.

e "'-
Pr. David Gilichinsky
(1948 1 2012)
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Recent
Lookingback in time In permafrost

Permanently | Pithovirusisampling site
frozen peat
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king back in time in permafrost




Looking back In time In permafrost

Pithovirussibericum
(PNAS 2014

A Virion: 1.22 um, 0.5 ym @
dsDNA genome, linear,

A 610 kb, 36% G+C

A 467 protein-codinggenes

A Cytoplasmic

A 10h replication cycle

Recent

Mollivirussibericum
(PNAS015

A Virion: ~0.6 pmd

A dsDNA genome, linear,

A 10-kb terminal inverted repeats
A 651.5 kb, 60% G+C

A 523protein-codinggenes

A Nucleccytoplasmic

A 6h replication cycle

Bothisolated revivedfrom 30,000yearold permafrost



Recent

Knowfamiliesof large DNA virusmfectingAcanthamoeba

Date Family Virion Virion Genome GC Replication

[reference] (shape) Max size (nm) (kb) %

2003 [1] Mimiviridae lcosahedron 755 1.500-370 25 Cytoplasm
2013 [12] | Pandoraviridae Amphora 1200x500 2.800-1.850 | 61 Nucleus
2014 [13] Pithoviridae Amphora 2000x700 685-575 38 Cytoplasm
2015 [14] Molliviridae Sphere 600 650 60 Nucleus
2009 [33] | Marseilleviridae lcosahedron 200 390-360 43 | Nucleus/Cytoplasm
2015 [34] Faustoviridae lcosahedron 250 465-350 36 | Nucleus/Cytoplasm
2017 [35] Medusaviridae lcosahedron 200 380 62 ?




The sameinitial infectionstrategy

Mimick a bacterium

Recent

(Acanthamoebdood)

Proceedo the nucleus

>| Triggemphagocytosis |

(Mollivirus)

Open up the virion in
the phagosome

\ Downloadthe virion

Recruitnuclearfunctions| <

' content in the

(Marseillevirug cytoplasm

Initiate transcription In
the cytoplasm

N

mvirua Pithovirug

Fuse a viriomternal
membranewith that
of the phagosome




Recent

Glimpsest the cycles
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The ORFarenigma

~ Mimivirus

1.200kb

289

2401

No match

u Eukaryota
" Bacteria _
aVirus For each new family >2/3 ORFANSs
Archaea although they manipulate the same building blocks than cells:
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How manymore families?
Permafrost Urbansoils

(Yakutig (Marseille)
. e Hydrothermal vents

(Lostcity)



