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Cenarios da evolucao pre-biotica

A comunidade cientifica concorda
“Ws=mmmm cm geral: Os aminoacidos, e bases
¥y nitrogenadas (nucleotidieos e
: _ nucleocideos) foram os precursores

formando pepitideos, proteinas e os
polimeros RNA e DNA.
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Em 1969 um meteoro
“aterrisou” em Murchison,
Australia. Fo1 mostrado que
0 mesmo continha os
mesmos compostos
Organicos € amoniacidos € »
nas MESMAS proporg¢des
daquelas originadas no
experimento de Miller!

Compound class!® | Concentration (ppm)

Amino acids 17-60
Aliphatic hydrocarbons >35
Aromatic hydrocarbons 3319
Fullerenes >100
Carboxylic acids >300
Hydrocarboxylic acids |15
Purines and Pyrimidines|1.3
Alcohols 11
Sulphonic acids 68

Phosphonic acids 2




Problema:

Misturas racémicas de DNAs e
RNAs ndo conseguem se replicar

. A homoquiralidade e
Aminoacidos podem fundamental para que
servir de catalizadores exista a vida!
para producao
assimeétrica de
carboidratos

L-proline
+
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Earth Life on
Formed  Earth
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Possiveis caminhos para a qmmlca
pre-biotica

Diffuse Medium : Dense Cloud

Stellar Death and
Mass Ejection

Star and Planet Formation

Exogenous Delivery

bt

yd Asteroids
k i
Comets
/ Interplanetary
Dust 4 )
Meteorites
<

Particles

Volcanic Outgassing
Endogenous Synthesis

Hyamiermal Veuls | iller Urey Syntheses




Vamos nos concentrar na producao
abiotica no espaco! -
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Raios—X ou qualquer outro féton

possui uma propriedade importante:
POLARIZACAO




POLARIZACAO Circular de fétons:

Elliptically and Circularly Polarized Light Waves
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Usaremos como fonte de raios-
X vindo de um acelerador
sincrotron

Fonte muito poderosa (alto
brilho): milhoes de anos
acumulados de dose no espaco
sao equivalentes a somente
dezenas de horas no sincrotron.
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, Precisamos dg um
or
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Linha de Luz TGM ,
. Mirhaclle

Open Facility (2002- ; 8 years) MIRror-inserted Harmohic Attenuator

TGM: ~40 Projects or 30 group/year Calibrator-device with a Long LEgth
Trained~16 (18) Groups 50 users Cavasso-Fillho. RL...de Brito AN, Rev
trained for TGM al. us. SXS&SGM Scien. Instrum. 78,115104, (2007)
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_VUV nao basta raio-x é muito
importante
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Espectrometro por Tempo de V6o

E vector




Espectrometro por Tempo de Voo
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Foto-producao de base de DNA na
atmosfera de Tita

NaCl wmdow
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Comet “simulator” at LNLS

-- In-situ probing of the
formation of amino
acid precursors

molecules

Espectroscopia
de massa por
dissorcao de
plasma (PDMS)
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Panspermla
S hypothe5|s

Transport in space

Density: 1 - 10¢
molecules.cm-3

Pressure 1017 atm
Temperature = 0 - 102 K

UV Radiation:
- 122.3 J.m2,s!

- Ejection



Basic structure of a bacterial cell




Apollo Programme (Streptomyces, Bacillus subtilis)




Table 1 Classification and examples of extremophiles

Environmental Type
parameter

Definition

Examples

Temperature
Thermophile
Mesophile
Psychrophile

8 e e b e

Hyperthermophile Growth >80 °C

Growth 60-80 *C
1560 “C
<15°G

p_W(}J'U!‘JU:; furnari, 113°0C
Synechococeus lividis

Homo sapiens
Psychrabacter, some insects

Radiation

it TR )

Deinococcus radiodurans

Pressure Barophile

Piezophile

Weight-loving
Pressure-loving

Unknown
For microbe, 130 MPa

Gravity Hypergravity

Hypogravity

>1g
<1g

None known
Mone known

Vacuum

Tolerates vacuurm
(space devoid of
mattar)

T e e . 1]

Tardigrades, insects,
microbes, seeds

Desiccation Xerophiles

Anhydrabiotic

Artermia salina; nematodes,
microbes, fungi, lichens

Salinity Halophile

-.5al1 -Joving
{2-5 M NaCl)

Halobacteriaceas,
Dunaliella salina

pH Alkaliphile

Acidophila

pH>9

low pH-loving

Natronobacterium, Bacillus
firmus OF4, Spirulina spp.
(all pH 10.5)

Cyvaridium caidanum,
Ferroplasma sp. (both pH 0)

Oxygen Anaerobe
tension

Asrobe

Microaerophile

Cannot tolerate O,

lolerates some O,
Requiras O,

Methanococeus jannaschii
Clostrichiurm
H. sapiens

(hases
Metals

Chemical
extremes

Can tolerate high
concentrations
of metal
{metalotolerant)

C. caldarium (pure CO.)
Ferroplasma acidarmanus
(Cu, As, Cd, Zn);

Ralstonia sp. CH34

(Zn, Co, Cd, Hg, Pb)




Deinococcus radiodurans:

AN EXTREME EXTREMOPHILE
NON-SPORE forming species (always viable)

High content of anti-oxidant compounds (carotene and Mn™")

Impressive mechanisms to repair DNA damage !!

still under division after 15,000 Gy @

Humans = 4 Gy !l ;% 1 Gray = 1 J/Kg.

* "minimal” biological organization Inoculated
among different planets ??

* (if it ever could survive outer space conditions)
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0,25 -
Surface roughness: 7 micra
Cell size: 1 micron
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0,10 -

Survival rate (N/Ng)
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1,00E+04 1,00E+05 1,00E+06 1,00E+07
Cell concentration (per microliter)




Survival of D. radiodurans to irradiation with
hidrogen lamp A=121.6nm (10.2eV)

m Monolayer
o Embedded

~ 45d of
continuous
solar radiation

100 200 300 400 500 600 700 800
: Dose (kJ/m’
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Planetary and Space Science 58 (2010) 1180-1187
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Laboratory simulation of interplanetary ultraviolet radiation (broad
spectrum) and its effects on Deinococcus radiodurans

Ivan Glaucio Paulino-Lima ¥, Sérgio Pilling ™!, Eduardo Janot-Pacheco ¢, Arnaldo Naves de Brito ”?,
Jodo Alexandre Ribeiro Goncalves Barbosa ™3, Alvaro Costa Leitdo?, Claudia de Alencar Santos Lage®

4 Instituto de Biofisica Carlos Chagas Filho, Avenida Carlos Chagas Filho, 373, Cidade Universitaria, CEP 21941-902 Rio de Janeiro, R, Brazil
b Laboratério Nacional de Luz Sincrotron, Rua Giuseppe Mdximo Scolfaro, 10000, Pélo il de Alta Tecnologia de Campinas, CEP 13083-970 Campinas, SP, Brazil
¢ Instituto de Astronomia, Geofisica e Ciencias Atmosfericas, Rua do Matdao, 1226, Cidade Universitaria, CEP 05508-900 Sao Paulo, SP, Brazil

ARTICLE INFO

Article history:

Received 27 December 2009
Received in revised form

11 April 2010

Accepted 13 April 2010
Available online 18 April 2010

Keywords:

Panspermia

Micro-shielding

Vacuum ultraviolet
Extremophile microorganisms

ABSTRACT

The radiation-resistant bacterium Deinococcus radiodurans was exposed to a simulated interplanetary
UV radiation at the Brazilian Synchrotron Light Laboratory (LNLS). Bacterial samples were irradiated on
different substrates to investigate the influence of surface relief on cell survival. The effects of cell
multi-layers were also investigated. The ratio of viable microorganisms remained virtually the same
(average 2%) for integrated doses from 1.2 to 12 k] m 2, corresponding to 16 h of irradiation at most.
The asymptotic profiles of the curves, clearly connected to a shielding effect provided by multi-layering
cells on a cavitary substrate (carbon tape), means that the inactivation rate may not change significantly
along extended periods of exposure to radiation. Such high survival rates reinforce the possibility of an
interplanetary transfer of viable microbes.

© 2010 Elsevier Ltd. All rights reserved.
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