
The Biology of Ageing e-Science Integration
and Simulation

BASIS is a UK e-Science pilot project jointly
funded by the BBSRC, the MRC and the DTI.
Our aim is to develop a web-based system for
the quantitative study of the biology of age-
ing. It is a collaborative project between Ger-
ontology and Mathematics and Statistics, co-
ordinated from the multidisciplinary Institute
for Ageing and Health at the University of New-
castle upon Tyne.

Ageing is a highly complex process involving
many biochemical and cellular mechanisms,
which affect multiple tissues within an organ-
ism. The underlying cause of ageing is the
gradual accumulation of unrepaired molecu-
lar damage, leading to an increasing fraction
of damaged cells and eventually to functional
impairment of tissues and organs. Although
there are numerous maintenance and repair
systems, they operate at levels lower than that
required for indefinite survival due to the com-
peting demands of other physiological func-
tions such as reproduction. The inherent com-
plexity means that although work on the biol-
ogy of ageing is now advancing quickly, infor-
mation remains highly fragmented. Our goal
is to deliver a web-based system that will serve
the biology of ageing research community by
helping to integrate data and hypotheses from
diverse biological sources.

The project is divided into three stages.

1) Virtual ageing cell
The virtual ageing cell will allow key processes
to be represented either in relatively simple
terms or expanded into more detailed struc-
tures as hypotheses and knowledge permit.
The majority of modelling work to date has
concentrated on the intracellular mechanisms
that result in the cell’s degeneration and
death. This research has emphasized that cel-
lular mechanisms cannot be considered indi-
vidually, but must rather be taken in the con-
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text of interacting forces. For example, Figure
1 shows three subsets of cellular DNA, mito-
chondrial DNA and nuclear DNA divided into
global and telomeric. Each class can be either
damaged or undamaged. A major source of
DNA damage is oxidative stress, which itself
depends on the level of DNA damage already
present in the cell.

A further example of the importance of inter-
acting forces is our model of mitochondrial
dynamics. Here, very different outcomes are
predicted between dividing and non-dividing
cells for the accumulation of mtDNA muta-
tions. This has been observed experimentally.

2) Virtual ageing tissue
To further our understanding of the processes
that lead to altered tissue function in old age,
it is essential to consider interconnected cells
as opposed to individual cells. This aim will be
achieved through our virtual ageing tissue.

The simplest tissue model will comprise a ma-
trix of connective tissue cells (fibroblasts), for
which a large body of data exists.  An isotropic
three-dimensional matrix of cells, each of which
will be subject to stochastic ageing processes,
will be used to represent the tissue. When sur-
rounded by other cells, fibroblasts divide only
rarely, but occasional cell deaths within the
matrix may create gaps that will be filled by
division of neighbouring cells. Through
stochastic modelling, these key cell deaths can
be explored, thereby elucidating the fundamen-
tal properties of the fibroblast tissue.
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The next two models will consider tissues that
are more and less proliferative than connec-
tive tissue. One will be based on the gut or
intestinal epithelium, the most proliferative tis-
sue in the mammalian body. In particular, the
functional homeostasis of the tissue will be
investigated to determine the role of the small
numbers of stem cells present in the tissue.

The third model will represent the neuronal
networks that comprise part of the non-divid-
ing brain tissue. Through stochastic simula-
tion, the effect of random, single cell death
can be assessed, thereby furthering our un-
derstanding of the impact of intrinsic cellular
ageing on a network system.

3) Virtual ageing organism
By extending BASIS to include a virtual ageing
organism we will complete the necessary in-
tegration that will allow us to begin to assem-
ble the elements of the ageing process as a
whole. This is feasible for one of the most ex-
tensively studied model organisms, the
nematode Caenorhabditis elegans. The adult
nematode comprises just 959 somatic cells,
each of which has been identified within the
developmental cell lineage and whose func-
tion has been characterised. Although C.
elegans is characterised by its structural uni-
formity, the range in lifespan typifies the in-
herent randomness of the ageing process.
BASIS presents an ideal opportunity to inves-
tigate the open questions concerning the vari-
ability of ageing nematodes, such as whether
the random damage accumulated through a
nematode’s life accounts for the differences
in lifespan or whether other processes are in-
volved, for example in neuromuscular junc-
tions.

Returning to the cell, the processes within the
cell can be represented by a network of bio-
chemical reactions. These are commonly
known as schemas and form the basis of cur-
rent knowledge. We can represent these net-
works with the Systems Biology Markup Lan-
guage (SBML).  Any model constructed using
this language may then be parsed and simu-
lated on the project’s cluster either

stochastically or deterministically. We have in-
stalled a 16 x 2.8 GHz CPU Linux Beowulf Clus-
ter managed by a dual 2.4 GHz server for com-
pute power. Once a simulation is complete, the
user will be notified by email. The results can
then be accessed using web service methods
to obtain graphics or summary statistics.

Users will also be able to make simple adjust-
ments to existing models stored in our
databases through a browser.  A more sophis-
ticated client tool will be provided for building
models or making structural changes to exist-
ing models.  We will use the Simple Object Ac-
cess Protocol (SOAP) for transferring SBML
from client to server and vice versa. Our sys-
tem architecture is shown in figure 2.

We have completed the first year of an initial
funding of four years. We have established
SBML as a good representation of our models
and are involved in the continuing develop-
ment of this markup language. Several exist-
ing SBML models have been placed in our
database, with a simple Python interface de-
veloped to allow user interaction. To find out
more read our article in Nature Reviews of
Molecular Cell Biology (2003), 4, 243-249, or
see our web-site at www.basis.ncl.ac.uk.

The team
Professor Tom Kirkwood, Richard Boys, Darren
Wilkinson, Colin Gillespie, Carole Proctor,
Daryl Shanley

Figure 2Figure 2Figure 2Figure 2Figure 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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


