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Systems biology — old concepts, new science, new challenges
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Life is a relationship among molecules and
not a property of any molecule.
Linus Pauling

On the timescale of history of science,
Systems Biology is so new that a precise
consensus definition for the term is yet to
be developed. However, the common-sense
concept behind systems biology that a liv-
ing organism is more than a mechanical
sum of its parts has been noted, discussed,
and analyzed for centuries by philosophers
and scientists alike, with Kant, Goethe,
Schrodinger, and Delbruck being just a few
examples. It is now well understood that
life at any level — from cell functioning to
human behavior —is defined by the dynam-
ical interactions between its components,
not by the properties of these components
in isolation. However, only recently fun-
damental advances in molecular biology,
computing, and mathematical modeling,
have allowed us to attempt a coordinated
effort to studying and understanding
this phenomenon.

Systems biology is the cross-disciplinary
methodology behind the effort to under-
stand the dynamics of life, aiming at deter-
mining how the individual components of
a living system interact in space and time
to form functional networks. The chal-
lenges are huge: in biological systems at all
levels of organization from sub-cellular to
the cell, tissue, organ, and human behav-
ior, control and functional mechanisms
are emergent properties of networks, not
of their separate components. These bio-
logical networks exhibit self-organization
with relatively independently functioning
sub-systems that have network structures
of their own, often comprised of modular
units found in multiple locations. A number
of questions of equal importance arise in
this context. To name a few (reflecting the
author’s personal bias and interest): What
network interactions lead to a specific sys-
tem function? Knowing a system’s func-
tion, can a network of subcomponents be
identified to exhibit the same behavior?
In what way are self-organizing biological

networks between organizational levels and
between organisms similar? In what way are
they different?

The tools of modern biology and classi-
cal neuroscience are insufficient in seeking
answers. Their insights into available data
from molecular biology, genomic, pro-
teomic, metabolomic, neuroendocrine, and
behavioral research need to be merged with
mathematical models, computational tools,
and engineering systems analysis to ensure
better understanding of evolution, physi-
ology and human behavior. In this effort,
tight links between network modeling and
experimentation and their consistent itera-
tive interaction are critical to understanding
the network structure. In other words, the
network structure and interactions that are
inherent within biological systems need to
be deciphered using modeling, simulation,
and system analysis.

However, there are no routine methods
for doing that and the process is far from
straightforward. For instance, it may be
experimentally unclear which biomolecu-
lar variables to measure due to the fact
that multiple feedback loops are present
to control the mechanisms of molecular
interactions. The problems may be alle-
viated if we could compartmentalize the
experimental and analytical challenges into
experimentally observable (and thus more
tractable) problems:

First, at the level of biology, a com-
plex system can be theoretically decom-
posed into relatively independent and
simpler modules (sub-networks) that act
as regulatory elements. Then, targeted
experiments can be performed to eluci-
date the function of each sub-system and
the between-module interactions. This
modular approach is also mathematically
appealing because, from a mathematical
viewpoint, some modules can be consid-
ered as functions whose inputs are deter-
mined by the rest of the network elements
but are otherwise largely independent from
the links between them. The approach can
be utilized to build synthetic bionetworks

that exhibit desired predetermined prop-
erties. The work by Elowitz and Leibler
(2000) of the construction of an artificial
genetic regulatory network known as the
repressilator, is a well-known example lead-
ing to an oscillating circuit. Developing
methodologies for identifying the struc-
ture of complex networks in terms of their
simpler functional components, together
with identifying system responses predi-
cated on the network topology, are of
utmost importance and represent areas of
active research.

Second, at the level of modeling, convert-
ing biological network maps into dynamical
models is equally important and challeng-
ing. Three major types of approaches could
be mentioned here, generally classifying the
dynamic modeling tools into three [over-
lapping] classes: (i) models to understand
system structure, functionality and network
interactions; (i) models to simulate system
evolution and dynamics, and (iii) models to
control systems’ design properties or real-
time behavior. Historically, most developed
is the class of models used to understand
system properties. Such models are typi-
cally parsimonious, including a minimal
number of key functional elements and
interactions that describe the structure or
the principal dynamics of the system. When
the knowledge about a specific biosystem
evolves and details about its elements
emerge, the second type of models makes
feasible the computer simulation of system
behavior. Simulation models are typically
as comprehensive as possible, including as
many system elements and interactions as
possible in an attempt to approximate in
silico the system dynamics observed in vivo.
Finally, a detailed understanding of system
functionality would allow the construction
of the third type models (and presumably
devices) that are capable of controlling sys-
tem properties by setting initial design con-
ditions, or by real-time feedback control.

Meeting the challenge of understanding,
simulating, and controlling the dynamic
and the structural properties of biological
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networks has a significant potential toward
developing new methods for predictive and
preventive medicine. From reverse-engi-
neering of cellular networks (Stolovitzky
etal.,2007), through advances in modeling
and simulations of the human metabolism
and hopes for building an artificial pancreas
for the management of diabetes (Cobelli
et al., 2009), to new methods for confront-
ing drug and alcohol addition based on the
understanding of the neural circuits regu-
lating human behavior (Johnson, 2004),
the systems approach provides a unify-
ing platform for research breakthroughs.
Significant advances have already been

made, and the future of systems biology
undoubtedly holds even greater promises
for overcoming the challenges of further
understanding biological complexity.

REFERENCES

Cobelli, C., Dalla Man, C., Sparacino, G., Magni, L.,
Nicolao, G., and Kovatchev, B. P. (2009). Diabetes:
models, signals, and control. IEEE Rev. Biomed. Eng.
2,54-96.

Elowitz, M. B., and Leibler, S. (2000). A synthetic oscil-
latory network of transcriptional regulators. Nature
403, 335-338.

Johnson, B. A. (2004). Progress in the development of
topiramate for treating alcohol dependence: from a
hypothesis to a proof-of-concept study. Alcohol. Clin.
Exp. Res. 28, 1137-1144.

Stolovitzky, G., Monroe, D., and Califano, A. (2007).
Dialogue on reverse-engineering assessment and
methods: the DREAM of high-throughput pathway
inference. Ann. N. Y. Acad. Sci. 1115, 1-22.

Received: 19 August 2009; accepted: 04 January 2010;
published online: 18 January 2010.

Citation: Robeva R (2010) Systems biology — old concepts,
new science, new challenges. Front. Psychiatry 1:1. doi:
10.3389/fpsyt.2010.00001

This article was submitted to Frontiers in Systems Biology
a specialty of Frontiers in Psychiatry.

Copyright © 2010 Robeva. This is an open-access arti-
cle subject to an exclusive license agreement between the
authors and the Frontiers Research Foundation, which
permits unrestricted use, distribution, and reproduction
in any medium, provided the original authors and source
are credited.

Frontiers in Psychiatry | Systems Biology

January 2010 | Volume 1 | Article 1 | 2




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


