
literature. The relative importance of natural 
selection and internal constraints has always 
been contended by biologists: molecular and 
developmental biologists tend to focus on 
internal mechanisms; ecologists and evolu-
tionary biologists prefer to address external 
ones. But even Darwin accepted the impor-
tance of both: in Origin, his ‘laws of variation’ 
acknowledge that variation is constrained, and 
his ‘correlation of growth’ implies that organis-
mal traits are interdependent.

Fodor and Piattelli-Palmarini misappropriate 
the famous critique of adaptationism (the idea 
that natural selection is sufficient to explain 
every complex biological trait) that Stephen Jay 
Gould and Richard Lewontin presented in their 
‘spandrels’ paper of 1979. Gould and Lewontin 
warned about the dangers of invoking natural 
selection without considering alternatives. But 
Fodor and Piattelli-Palmarini grossly overstate 
that case, concluding that natural selection has 
little or no role in the generation of biological 
complexity, contrary to much evidence.

In their second line of attack, Fodor and 
Piattelli-Palmarini maintain that biological 
phenomena are a matter of historical con-
tingency. They argue that generalizations are 
impossible because of the interplay of too many 
local conditions, such as ecology, genetics and 
chance. In their narrow view of what counts as 
science, only law-like processes allow for the 
testability of scientific hypotheses. Thus, they 
claim, an explanation of adaptations that is 
based on natural selection is defensible in only 
two cases — if there is intelligent design, or if 
there are laws of biology analogous to those 
of physics, both of which they reject. Here the 
authors ignore the entire field of evolutionary 
ecology, countless examples of convergent evo-
lution of similar structures in different lineages 
that show the historical predictability of evolu-
tionary processes, and the literature on experi-
mental evolution, in which similar conditions 
consistently yield similar outcomes. There is 
clearly a logic to evolution.

Evolutionary biology is a mix of chance and 
necessity, as French biologist Jacques Monod 
famously put it, in which endogenous and 
exogenous factors are in constant interplay. 
It is a fertile area for rigorous philosophical
analysis. Fodor and Piattelli-Palmarini offer 
only sterile and wrongheaded criticism.
Fortunately, other philosophers of science and 
theoretical biologists are coming together to 
clarify and build on the conceptual foundations 
of science and explore issues of its practice; this 
is a better way to bridge the two cultures. ■

Massimo Pigliucci is a professor of philosophy 

at the City University of New York–Lehman 
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A macromolecular history

The study of large molecules follows two 
strands that have alternately diverged and 
intertwined over the subject’s history. The first 
strand explores the natural macromolecules of 
biology, including proteins, polysaccharides 
and nucleic acids. The second is concerned 
with synthetic macromolecules, the inven-
tion of which in the early twentieth century 
launched industries based on plastics such 
as nylon, polyethylene and Perspex. In Giant 
Molecules, biophysicist Walter Gratzer weaves 
together both stories.

Initially the two strands developed together, 
sharing experimental methods and theoretical

approaches. The simpler chemistry of the
synthetic materials offered tractable analogues 
of the natural systems. Then, as the inherent 
complexity of biological molecules became 
central to their understanding, the fields split. 
The flowering of structural biology in the late 
1950s and 1960s was driven by the technique 
of X-ray diffraction and owed little to polymer 
science.

Gratzer describes the history engagingly, 
and includes many anecdotes. He explains 
how German chemist Hermann Staudinger’s 
concept of polymers as giant molecules 
became accepted amid controversy, rancour 
and the ugly academic politics of German uni-
versities in the period up to the Second World 
War. Not all of the anecdotes he chooses are 
reliable: he includes, for example, the widely 
held but incorrect notion that the windows 
in medieval cathedrals are thicker at their 
base because the glass has flowed. This lapse 

is symptomatic of a general weakness in the 
book when it comes to the physical science of 
macromolecules.

Recent developments in the physics and 
chemistry of macromolecules get short shrift. 
The book’s discussion of ways of measuring 
the size of polymer molecules, for example, 
is many years out of date, and the influential 
work of those such as Nobel laureate Pierre-
Gilles de Gennes, who brought theoretical 
physics concepts to molecular science, is not 
mentioned. New methods of polymer chem-
istry, such as living polymerization, ring-
opening metathesis and solid-phase peptide 
synthesis, all of which allow unparalleled con-
trol of the size and architecture of synthetic 
macromolecules, are not mentioned, despite 
yielding Nobel prizes.

In recent years, the two strands of macro-
molecular science have converged again. 
Techniques such as laser tweezers and single-
molecule force spectroscopy have allowed us 
to study the behaviour of biological macromol-
ecules as individual physical objects. Aspects 
of protein behaviour, such as their mechanical 
unfolding and the structures they form when 
they misfold, re-emphasize the analogies 
between biological and synthetic macromol-
ecules. The increasing ability of chemists to 
control the architecture of synthetic polymers 
has made new applications possible, especially 
in nanotechnology. The new forms of carbon 
— fullerenes, nanotubes and graphene — earn 
their place in the book. 

Gratzer covers the promise of polymer 
nanotechnology in brief. Some applications — 
such as glues inspired by shellfish; drug-deliv-
ery devices based on self-assembled polymer 
vesicles; and scaffolds for tissue engineering — 
are directly inspired by biology. Others, such 
as the plastic electronics made possible by 
semi-conducting polymers, use properties of 
macromolecules that have not been exploited 
by nature. 

Arguably, DNA is the most important
macromolecule, and I share the author’s par-
ticular fascination with its potential uses, for 
example as the basis of synthetic molecular 
motors, for information processing and to make 
intricate self-assembled nano-objects. Only 
time will tell whether such beautiful laboratory 
demonstrations will yield practical technologies 
that have the impact in the twenty-first century 
that plastics had in the twentieth. ■

Richard Jones is professor of physics at the 

University of Sheffield, Sheffield S3 7RH, UK, and 

author of Soft Machines: Nanotechnology and Life.
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Giant Molecules: From Nylon to Nanotubes
by Walter Gratzer

 Oxford University Press: 2009. 144 pp. 
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Tiny capsules made of synthetic polymers can be 
used to deliver drugs for slow release in the body. 

A
. C

A
V

A
N

A
G

H
/

W
E

L
LC

O
M

E
 I
M

A
G

E
S

354

NATURE|Vol 464|18 March 2010OPINION

© 20  Macmillan Publishers Limited. All rights reserved10


	A macromolecular history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice




