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1. Introduction

In a few weeks the fiftieth anniversary of the October
4th, 1957 launch by the Soviet Union of the first artificial
Earth satellite, Sputnik-1 will be celebrated. This event had
dramatic consequences for the relations between the United
States and the Soviet Union, and more generally remodelled
global geopolitics. This entry of mankind into the space age
also deeply affected our day-to-day life, with the rapid use
of artificial satellites in communications and observations of
Earth.

It might seem out of place to celebrate this event in
a journal devoted to the biosciences, but there is a good
reason: the launch very rapidly led to the development of
exobiology, i.e. the active scientific search for extraterrestrial
life. Two biologists, John Haldane and Joshua Lederberg,
and the discussions they had in Calcutta in November 1957,
had a major role in this rise. The highly publicized recent
development of astrobiology at the end of the 1990s was
only a “renaissance” of exobiology (Dick and Strick 2005).

My aim is neither to retrace the complete history of
exobiology and astrobiology — this would take too long, and
has already been excellently done (Dick and Strick 2005)
— nor to focus on questions of science policy, the action of
NASA as a scientific entrepreneur or how the politic context,
the Cold War, impacted on space research in general, and
exobiology in particular (Wolfe 2002). Instead, I intend to
describe the contrasting attitude of biologists towards the
rise of exobiology, and the search for life on planets other
than Earth, from the enthusiasm of Lederberg, Alexander
Rich and Norman Horowitz to the harsh criticisms of George
Simpson, Ernst Mayr, and most evolutionary biologists.
The debate which was initiated then is still active today,
and knowledge of this historical episode can help us avoid
repeating the same arguments as those exchanged at this

period. More interestingly, a careful description of this past
debate reveals different opinions about what life is and how
it evolved that are still prevalent among biologists.

2. The early involvement of Lederberg in exobiology

The active involvement of Lederberg in exobiology preceded
the award of the Nobel Prize in 1958, although the latter gave
him the means to advance his ideas. Lederberg famously
demonstrated in 1946, at the age of 21, the existence
of genetic exchange among bacteria. This discovery
represented the birth of bacterial (and bacteriophage)
genetics, the importance of which was considerable in the
development of molecular biology (Morange 1998).

In October 1957, Lederberg was in Australia, visiting
the laboratory of MacFarlane Burnet, and discussing the
mechanisms of antibody synthesis (Lederberg 1987).
These discussions gave rise, two years later, to another
famous paper by Lederberg, in which he linked Burnet’s
clonal selection theory to recent results on protein synthesis
obtained by molecular biologists, and definitely rejected
the instructive model hitherto dominant that the antibody
moulds itself on the antigen it recognizes (Lederberg 1959).
Lederberg left Australia to visit Haldane, who had recently
settled in Calcutta. They spent nights discussing the launch
of Sputnik-1 and its consequences, and imagined that the
communist leaders might decide to send a vessel carrying
an atomic bomb to the Moon and provoke an explosion
visible from Earth to celebrate the fortieth anniversary of the
October Revolution.

Lederberg found this prospect, which happily did not
materialise, frightening because such an explosion would
contaminate the surface of the moon and prevent further
studies of life forms existing elsewhere than on Earth
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(Lederberg and Cowie 1958). Lederberg introduced the
term exobiology for the first time during a conference held
in Nice (France) in 1960, and popularized it in an article
published in Science the same year (Lederberg 1960). He
pressed the American authorities, and later the leaders
of the newly created spatial agency, NASA, to develop a
programme designed to search for extraterrestrial forms of
life, and simultaneously to protect them from contamination
by terrestrial organisms (Sagan et al 1968), as well as to
protect Earth against possible contamination by these exo-
organisms. For the latter reason, Lederberg favoured the
development of automatic vessels for the search for life
on Mars. He took an active part in the development of the
NASA exobiology programme (Dick and Strick 2005), and
in the design of the experiments conducted on board the
Viking vessels that landed on Mars in the summer of 1976
(Klein et al 1976a). Although the ambiguous (Klein et al
1976b), but rapidly considered negative, results obtained
— absence of any organic compounds on the surface of Mars
(Biemann et al 1976) — stopped the development of similar
missions for a while, the biological module of the Viking
vessels was an unequivocal technological success and
constituted a huge leap forward in the design of experiments
aimed at uncovering evidence of exo-forms of life.

3. A favourable context

How is it possible to explain the rapid interest of Lederberg
in the existence of extraterrestrial organisms, and the swift
rise of exobiology? As we have seen, his first motivation
apparently was the fear of contamination. Such a fear was
widely shared at this period of Cold War, when both the
United States and the Soviet Union tested more and more
powerful nuclear weapons in the atmosphere, contaminating
the whole surface of the Earth.

But two other reasons explain this sudden interest in
exobiology. The first is the impact that Stanley Miller’s
1953 experiment on the abiotic synthesis of amino acids
had (Miller 1953). Miller was not the first to attempt such
experiments (Garrison et al 1951), but the abundance and
diversity of the molecules synthesized, and the experimental
conditions that he chose according to the recommendations
of Harold Urey (Urey 1952), conditions identical to those
supposed to reign on the primitive Earth (Oparin 1924;
Haldane 1929), gave his results a high visibility and
credibility. These experiments were quickly reproduced
(Abelson 1956), and extended to the production of polymers
— the so-called proteinoids (Fox and Harada 1958) — of
nucleic acid bases (Oro 1960, 1961; Fox and Harada 1961)
and nucleotides (Ponnamperuma ez al 1963) (for a general
review see Ponnamperuma and Gabel 1968). The Miller
experiment led to a revival of studies on the origin of life,
with the organization of a first congress in Moscow in

J. Biosci. 32(6), September 2007

Michel Morange

August 1957, attended by most people active in the field
(Pirie 1957).

But the impact of this experiment cannot be considered
independently of the rise of molecular biology, whose
influence was not exerted directly through its results, the
characterization of the structure of DNA and proteins,
and the existence of a genetic code. Paradoxically, the
importance of two different types of macromolecules and
of a highly complex relation between them represented an
unexpected and huge challenge for researchers working on
the origin of life. But molecular biology — and biochemistry
before it — had amply demonstrated that there was no secret
of life, no hidden force, and that all the wonderful properties
of organisms were the simple results of chemistry. Since
the bricks of life could be easily obtained in the conditions
supposed to be those of the primitive Earth, the study of
the path towards life was wide open, as was the search for
extraterrestrial forms of life.

Some other “discoveries” were made in the same years,
supporting the idea that life was common in the Universe,
and present on other planets of the solar system: evidence
for vegetation on Mars (Sinton 1959), discovery of exo-
organisms on meteorites (Claus and Nagy 1961), resistance
of terrestrial microorganisms to the Martian environment
(Hawrylewicz et al 1962), arguments in favour of the very
rapid appearance of life on Earth (Barghoorn and Tyler 1965),
and so on. Nevertheless, the possibility of any planet of the
solar system harbouring life was cast into doubt (Abelson
1961). The reality of some of the previous discoveries was
also soon questioned (Anders and Fitch 1962). This did not
prevent them, however, from contributing to a general belief
that life was present everywhere in the Universe.

3. The strong opposition to exobiology of George
Gaylord Simpson and other evolutionists

In this euphoric context, it is quite remarkable that
the strongest opposition came from evolutionists. In
an astounding 1964 paper, Simpson criticized all the
exobiological projects, from the search for life on Mars to
the attempts to communicate with intelligent extraterrestrial
civilizations (Simpson 1964). He converted the name
exobiologists into ex-biologists, suggesting that the leaders
in exobiology were incompetent in biology.

The reasons behind the attitude of George Simpson are
multiple. The first came from the rapid rise of molecular
biology as a new discipline, and the justified fear that more
and more money would be allocated to it, at the expense of
evolutionary biology. The large amount of money earmarked
for the exobiological projects, which was huge in comparison
with the cost of research in biology, but not in comparison
with the amount of money allocated to NASA, strengthened
this fear. In addition, Lederberg and his colleagues were
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accused of providing an illusory scientific justification for
the space programmes, whose main motivation was the re-
establishment of American prestige, which was threatened by
the successes of Soviet Union, and of fostering the confusion
between science and science fiction. Simpson also expressed
regrets that the experts in biology consulted for the new
exobiological programmes were biochemists and molecular
biologists, such as Matthew Meselson, Paul Doty, Alexander
Rich, Norman Horowitz, not frue biologists like evolutionary
biologists. In 1961, in “Cause and effect in biology”, Mayr
had already expressed the same point of view (Mayr 1961):
molecular and physicochemical explanations in biology are
only part of the story. Evolutionary explanations are equally
important, even more so in fact because they are the only fully
biological explanations. Therefore, evolutionary biologists
are obviously the most competent to say what life is.

The second reason for rejecting exobiology is related to
the conception of what science is. For Lederberg, biology
was not yet fully scientific, because its subject matter, life,
is unique — all the organisms on Earth have a common
ancestor (Lederberg 1960). Only the discovery of other
forms of life would allow the observations made on Earth
to be generalized, and biology to reach a theoretical level
comparable to that of physics. This argument was not
directly addressed by Simpson. Comparison with physics
was obviously not for him a good criterion in specifying
the scientific nature of biology. In other writings, Simpson
argued that the biological sciences were a model for other
sciences, by their inclusion of time and history in their
explanatory models (Simpson 1963). It was the scientific
character of exobiology that was questionable, with its
abundance of bold hypotheses unconstrained by hard facts.
Exobiology is a science that lacks subject matter, with no
hope of improvement in this situation in the near future. If
extraterrestrials do exist, according to Simpson, there are
only two contrasting possibilities: either they will be similar
to terrestrial organisms, and their study will be without
value, or they will be very different, and will not even be
recognized as living.

Another reason Simpson rejected exobiology was
the large role its programmes accorded to the search for
intelligent extraterrestrial civilizations, what later came to
be known as the SETI programmes. For Simpson and Mayr,
such programmes presupposed the existence of trends in
evolution, inexorably leading to the formation of intelligent
organisms, humanoids, similar to human beings in their
cognitive abilities. Such a conviction stemmed from a blind
belief in determinism, a misunderstanding of the Darwinian
theory of evolution, and an ignorance of evolutionary facts:
cephalization is not a major trend in evolution, and is far
less visible, for instance, than the repeated acquisition of
eyes. What is selected in organisms is not “higher qualities”,
but adaptation to a specific environment, i.e. a higher rate
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of reproduction therein. There is no possible repeatability
in the evolution of organisms for two additive reasons:
the environment to which organisms adapt is permanently
changing in a random way, and evolution builds on pre-
existing organisms, i.e. on the results of an historical
process.

Another disagreement between Lederberg and Simpson
related to the nature of a biological explanation. For Simpson,
it is the explanation of the way natural selection gave
organisms their properties. For Lederberg, an explanation of
life must also include an explanation of the way organisms
progressively emerged. The rules of the game of life are
known, and they provide an explanation of biological facts
for Simpson. Understanding the way these rules were made
possible is also an essential part of biological explanations
for Lederberg.

Mayr expressed the same doubts about the interest
of exobiological projects some years later: “If life, in
the form of some bacteria-like organisms, actually were
found unexpectedly, this would tell us very little. Yes,
living  molecular  assemblages  might  originate
occasionally. So what? Is it worth hundreds of million
dollars, like the ill-fated recent Mars probe? 1 doubt it”
(Mayr 2004).

Among evolutionary biologists, only Gould expressed a
different opinion (Gould 1980). He was a strong supporter of
the exobiology programme, and even of its SETI component.
Gould was accustomed to expressing unorthodox ideas
among evolutionary biologists. His predisposition against
gradualism in evolution found nice support in the apparent
rapid formation of organisms on Earth, and plausibly on
other planets. There were leaps in the formation of the
first living systems, as there were leaps in the evolution of
organisms. This does not, however, mean that the problem of
extraterrestrial life was a major one for him, and there is no
allusion to exobiology in the more than one thousand pages
of his last book (Gould 2002).

4. Conclusion

The discussions are far from over between the physicists,
chemists, biochemists and molecular biologists who support
the exobiology programmes and the evolutionary biologists
who oppose them. With the partial cessation of the SETI
programme, the core of the debate is now the probability
that life exists on other planets. This probability is seen as
high by the supporters and low by the opponents. Both see
the formation of amino acids in prebiotic conditions as easy;
the formation of nucleic acids remains more problematic.
But there is a vast gap between these elementary building
blocks and a fully functioning cell, which reproduces
and selectively exchanges molecules and energy with its
environment. Two mechanisms are presently being explored
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to bridge this gap and were, in fact, already being studied in
the 1960s. The first is the action of natural selection in the
prebiotic world, whatever its precise nature — facilitating, for
instance, the accumulation of RNA molecules which self-
replicate more rapidly and faithfully than the others. The
second is the existence of principles of self-organization
driving the first macromolecular assemblages towards the
formation of reproducing cells (Fox 1968; Kauffman 1993).
Opponents find both solutions difficult to accept. The first,
because it attributes to natural selection a wide, but also
less precise meaning; the second, because it proposes the
existence in evolution of a force acting in parallel to, and
independently of, natural selection.

Numerous observations have been made since the
1960s: the catalytic power of RNAs has been demonstrated,
arguments in favour of a primitive RNA world have
accumulated, the presence of amino acids in interstellar
space is well documented, organisms in hydrothermal
vents of deep-sea floors have been characterized and are
actively studied because they might provide information
on primitive forms of life, firm evidence for the presence in
the past of water on the surface of Mars, and so forth (Fry
2000; Hazen 2005). Despite these transformations, debates
on the probability of discovering organisms elsewhere in the
Universe, and the value of the exobiological programmes
show no signs of dying down.

Acknowledgements

We are indebted to David Marsh for critical reading of
the manuscript, and to Stéphane Tirard and Vidyanand
Nanjundiah for providing useful information.

References

Abelson P H 1956 Amino acids formed in “primitive atmospheres”;
Science 124 935

Abelson P H 1961 Extra-terrestrial life; Proc. Natl. Acad. Sci. USA
47 575-581

Anders E and Fitch F W 1962 Search for organized elements in
carbonaceous chondrites; Science 138 1392-1399

Barghoorn E S and Tyler S A 1965 Microorganisms from the
Gunflint Chert; Science 147 563-577

Biemann K, Oro J, Toulmin P III, Orgel L E, Nier A O et al 1976
Search for organic and volatile inorganic compounds in two
surface samples from the Chryse Planitia region of Mars;
Science 194 72-76

Claus G and Nagy B 1961 A microbiological examination of some
carbonaceous chondrites; Nature (London) 192 594-596

Dick S J and Strick J E 2005 The living universe: NASA and
the development of astrobiology (New Brunswick: Rutgers
University Press)

Fox S W 1968 Spontaneous generation, the origin of life, and self
assembly; Curr. Mod. Biol. 2 235-240

J. Biosci. 32(6), September 2007

Michel Morange

Fox S W and Harada K 1958 Thermal copolymerization of amino
acids to a product resembling protein; Science 128 1214

Fox S W and Harada K 1961 Synthesis of uracil under conditions
of a thermal model of prebiological chemistry; Science 133
1923-1924

Fry 1 2000 The emergence of life on Earth: A historical and
scientific overview (New Brunswick: Rutgers University Press)

Garrison W M, Morrison D C, Hamilton J G, Benson A A and
Calvin M 1951 Reduction of carbon dioxide in aqueous
solutions by ionizing radiation; Science 114 416418

Gould S J 1980 An early start; in The Panda's thumb (New York: W
W Norton) pp 217-226

Gould S J 2002 The structure of evolutionary theory (Cambridge
MA: Harvard University Press)

Haldane J B S 1929 The origin of life; reprinted (1967) in Origin
of life, (ed.) J D Bernal (London: Weidenfeld and Nicolson), pp
242-249

Hawrylewicz E, Gowdy B and Ehrlich R 1962 Micro-organisms
under a simulated Martian environment; Nature (London) 193
497

Hazen R M 2005 Genesis: The scientific quest for life’s origin
(Washington: Joseph Henry Press)

Kauffman S A 1993 The origins of order: Self-organization and
selection in evolution (New York: Oxford University Press)

Klein H P, Lederberg J, Rich A, Horowitz N H, Oyama V I and
Levin G V 1976a The Viking Mission search for life on Mars;
Nature (London) 262 24-27

Klein H P, Horowitz N H, Levin G V, Oyama V 1, Lederberg J et al.
1976b The Viking Biological Investigation: Preliminary results;
Science 194 99-105

Lederberg J 1959 Genes and antibodies; Science 129 1649—-1653

Lederberg J 1960 Exobiology: Approaches to Life beyond the
Earth; Science 132 393-400

Lederberg J 1987 Sputnik + 30; J. Genet. 66 217-220

Lederberg J and Cowie D B 1958 Moondust; Science 127 1473—
1475

Mayr E 1961 Cause and effect in biology; Science 134 1501-1506

Mayr E 2004 What makes biology unique? Considerations on the
autonomy of a scientific discipline (Cambridge: Cambridge
University Press) p. 212

Miller S L 1953 A production of amino acids under possible
primitive Earth conditions; Science 117 528-529

Morange M 1998 A4 history of molecular biology (Cambridge MA:
Harvard University Press)

Oparin A I 1924 The origin of life; reprinted (1967) in Origin of
life, (ed.) J D Bernal (London: Weidenfeld and Nicolson) pp
199-234

Oro J 1960 Synthesis of adenine from ammonium cyanide;
Biochem. Biophys. Res. Commun. 2 407-412

Oro J 1961 Mechanism of synthesis of adenine from hydrogen
cyanide under possible primitive Earth conditions; Nature
(London) 191 1193-1194

Pirie N W 1957 The origins of life; Nature (London) 180 886-888

Ponnamperuma C, Mariner R and Sagan C 1963 Synthesis of ATP
under possible primitive Earth conditions; Nature (London) 199
222-226

Ponnamperuma C and Gabel N W 1968 Current status of chemical
studies on the origin of life; Space Life Sci. 1 64-96



What history tells us ~ X. Fifty years ago: the beginnings of exobiology 1087

Sagan C, Levinthal E C and Lederberg J 1968 Contamination of
Mars; Science 159 1191-1196

Simpson G G 1963 Biology and the nature of science; Science 139
81-88

Simpson G G 1964 The nonprevalence of humanoids; Science 143
769-775

Sinton W M 1959 Further evidence of vegetation on Mars; Science
130 1234-1237

Urey H C 1952 On the early chemical history of the Earth
and the origin of life; Proc. Natl. Acad. Sci. USA 38
351-363

Wolfe A J 2002 Germs in space; Isis 93 183-205

ePublication: 17 August 2007

J. Biosci. 32(6), September 2007




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


