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History
The discoveryof Tobacco MosaicVirus (1892)

In violation of 
Pasteur's"germ
theory" (1878)

Dmitri Ivanovski
(˨͙͙͚ͣͭͪ ˮ͍͍͙͚͊ͤͦͫ͟ύ



ÅVirusesare small(lessthan 0.2µm in Ø )

ÅVirusesare invisible by light microscopy

ÅVirusesare obligateintracellularparasites

ÅSomeinfect bacteria(phages, Twort, 1915; d'Hérelle, 1917)

ÅSomevirusescanbecrystallized(TMV, W. Stanley, 1935)

ÅTheywerefirst seenby E.M. (Kausche, Pfankuch& Ruska 1939)

ÅViruseshave a muchsmallercomplexitythan cells

Earlydevelopmentsof virology
History



ÅVirusesare small(lessthan 0.2µm in Ø )

ÅVirusesare invisible by light microscopy

ÅVirusesare obligateintracellularparasites

ÅVirusescannotgenerateATP

ÅVirusesdo not have ribosomes

ÅVirusesdo not divide(they multiply otherwise)

ÅA microbes is either a virus or a cell

The concept of virus (Lwoff, 1957, & Tournier 1966) 

History



The discoveryof "bradfordcoccus" (1992)

Seeking potential pneumonia (Legionnaires' disease) 

agents in a cooling tower in the Bradford hospital, UK

Timothy Robotham (1992)

History



The discoveryof Mimivirus(2002)
History



Mimivirus: the first giantvirus (2002)

La Scola, et al. Science 2003
Raoult, et al., Claverie.  Science 2004

Light microscope (x63, DIC/Nomarski)

Mimivirus

History



Mimivirus: Ғ1000genes, more than most parasitic bacteria
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Mimivirus: remnantsof a translation apparatus?

ORF # Predictedfunction Comment

R663 Arginyl-tRNAsynthetase Fonctional

L124 Tyrosyl-tRNAsynthetase Fonctional, 3Dstructure

L164 Cysteinyl-tRNAsynthetase Fonctional

R639 Methionyl tRNAsynthetase Fonctional

The presenceof tRNAligases (up to 20) wasto becomea distinctive featureof 
the wholeMimiviridaefamily. 
Still, accordingto Lwoff, there is
- no ribosomal genes,
- no division apparatus
- no ATP-producingmetabolism

History



Recent

Megaviruschilensis: Mimiviridaein the sea(2011)

ECIM 

Las Cruces, Chile

Chantal 

Abergel

Ilan

Randy Finke

Mimivirus

Megavirus

chilensis



Megaviruschilensis: more of everything

Å Largergenome:  1.280 Mb
Å Largerproteome: 1120proteins
Å More tRNAligases: Arg, Tyr, Met, Cys, Ile, Trp, Asn

But still , there is
- no ribosomal genes,
- no division apparatus
- no ATP-producingmetabolism

Recent

Virus, not a cell



Sample

Antibiotic-adapted

Acanthamoeba cultures

Cell

lysis?

Agent

Isolation,

cloning

Characterization
1. Infect. Cycle (EM)

2. Genomics

3. Transcriptomics

4. Proteomics

Lookingfor Amoeba-killingviruses: protocol
Recent



This is (probably) a virus!

Lookingfor Amoeba-killingviruses

Recent

Jean-Marie Alempic



New life forms?

Shallow sediments

Tunquen, Chile

La Trobe University, pond 

Melbourne, Australia

Light microscopy

(x63, DIC/Nomarski)
Mimivirus

Recent



New life form ?

200nm

Electron

dense

sphere

Membrane

Ostiole-like apex 

Pandoravirussalinus

Three layer

tegument

Pandoravirusdulcis

Recent



Pandoravirus: the new frontier

Å No ribosomal gene/protein
Å No dividing apparatus (FtsZ)
Å No ATP production enzyme
ĄThis must be a virus

Å No major capsid protein

Mimiviridaeare not the only
familyof giantviruses!

Recent



Pandoravirus: the new frontier

94% of the genes
encode ORFans!

P. dulcis

(Australia)
P. salinus

(Chile)

2.8 Mb linearDNA
2,473,870 nt
2556 proteins

1.91 Mb
1502 proteins

Recent



Pandoravirus: the new frontier

Whereis the limit?
Are there other families?

Chlorellavirus PBCV-1

Cafeteria roenbergensis Virus (680 kb)

Phaeocystis globosa Virus (475 kb)

Mamavirus(1.1916 Mb)
Megavirus(1.280 Mb)

Mimivirus(1.1815 Mb)

Pandoravirusdulcis (1.9 Mb)

Pandoravirussalinus(2.77 Mb)

Encephalitozooncuniculi 2.5  Mb 1,996  proteins
Encephalitozoonintestinalis 2.22 Mb 1,833  proteins
Encephalitozoonromaleae 2.19 Mb 1,831  proteins

Philippe et al.
(July 2013)

Recent



2012

Geocryology Lab (Puschino) studying 

permafrost microbes since 1985

Pr. David Gilichinsky

(1948 ï2012)

Lyubov Shmakova, Elizaveta Rivkina
Institute of Physicochemical & Biological 

Problems in Soil Science, Pushchino, Russia.

Lookingback in time in permafrost



Lookingback in time in permafrost

Permanently

frozen peat

Kolyma delta

(Choukotka)

Recent



Looking: back in time in permafrost
2013



Looking: back in time in permafrost

ÅVirion: ~0.6 µm Ø
ÅdsDNA genome, linear, 
Å10-kb terminal inverted repeats
Å651.5 kb, 60% G+C
Å523 protein-coding genes
ÅNucleo-cytoplasmic
Å6h replication cycle

Mollivirussibericum
(PNAS 2015)

ÅVirion: 1.2-2 µm, 0.5 µm Ø 
dsDNA genome, linear, 

Å610 kb, 36% G+C
Å467 protein-coding genes
ÅCytoplasmic
Å10h replication cycle

Pithovirussibericum
(PNAS 2014)

Bothisolated/revivedfrom 30,000 year-old permafrost 

Recent



Know familiesof large DNA virus infectingAcanthamoeba

Recent



Proceedto the nucleus

Trigger phagocytosis
Open up the virion in 

the phagosome

Fuse a virion internal
membrane with that

of the phagosome

Downloadthe virion 
content in the 

cytoplasm

Mimicka bacterium
(Acanthamoebafood)

Initiate transcription in
the cytoplasm

Recruitnuclearfunctions

The  sameinitial infection strategy

(Mimivirus, Pithovirus)

(Mollivirus)

(Marseillevirus)

Recent



Glimpsesat the cycles 
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The  ORFanenigma Enigma

76%
66%

67.5%
93%

For each new family >2/3 ORFANs 
although they manipulate the same building blocks than cells:

nǳŎƭŜƛŎ ŀŎƛŘǎΣ ƴǳŎƭŜƻǘƛŘŜǎΣ ǎǳƎŀǊǎΣ ƭƛǇƛŘǎΣ ŀƳƛƴƻ ŀŎƛŘǎΧ

650 kb

Mollivirus

610 kb

Pithovirus

2,800 kb

Pandovirus

1,200 kb

Mimivirus



Enigma
The originenigma

LUCA

EAB

-1000 My

Lokiarchaeota



How manymore families? 
Enigma

Permafrost
(Yakutia)

Hydrothermal vents 
(Lostcity)

Urbansoils
(Marseille)


