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Short Abstract — Some types of bacteria form spores during
starvation and germinate into vegetative cells when conditions
improve. The biochemical mechanism that initiates
germination is not well understood. Here, we performed both
experimental and theoretical studies on the germination
kinetics of Bacillus spores, and clarified the relation between
two of the major events at the earliest stage of germination.
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Some species of gram positive bacteria can form spores
during starvation. The spores are metabolically dormant and
can remain so for a long time. However, when conditions for
growth again become favorable, such as when nutrients
reappear, spores can quickly germinate into vegetative cells
[1]. One of the major events in this process is the release of
spore’s large depot of dipicolinic acid (DPA). The delay
time between the introduction of nutrients and DPA release
is widely variable within a spore population [2]. Despite
decades of study, the factors giving rise to this heterogeneity
are still unknown. Here, we addressed the origins of this
heterogeneity by studying the relationship between DPA
release and the first assessable event during germination —
commitment.

Once commitment occurs nutrients may be removed but
germination still proceeds [3]. This step of germination has
been largely overlooked for many years until a recent study
[4], which enabled the separate identification of commitment
and DPA release under various conditions with various
spore species and strains. However, the measurements were
on populations (~10") of spores, while our goal is to clarify
the relationship between the two events on single spore
level. To take advantage of the new study and other recent
studies, we developed a mathematical analysis which
extracts a single spores’ behavior from population
measurements.
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Firstly, DPA release has been well characterized both on
the population level [4] and on the single spore level [2].
Mathematically, the DPA release by a population of spores
is the convolution of the distribution of the release time and
a weight function characterizing the release by a single
spore. Since both the population release and single spore
release were measured experimentally, the release time
distribution can be extracted.

Secondly, commitment was only measured on the
population level [4]. However, we have shown that the
commitment time distribution is simply proportional to the
rate spores in a population commit to germination as a
function of time.

Thirdly, the duration between commitment and DPA
release may vary from spore to spore. The convolution of
the distribution on this duration and the distribution of
commitment time leads to the DPA release time distribution.
We have shown that the average duration from commitment
to DPA release is independent of the time of commitment
and nutrient concentration, implying that the process after
commitment is independent of the process triggering
commitment.

The findings above highlight the importance of
understanding commitment, which we feel is critical to
identifying the mechanism of germination initiation.
Currently, the only way to study commitment is on
populations of spores as described above, but we are in the
process of developing methods to extract the dependence of
a single spore’s commitment kinetics on different
experimental conditions from population data, which will be
an important step toward a more mechanistic understanding
of how germination is initiated.

REFERENCES

[1] Setlow P (2003) Spore germination. Curr Opin Microbiol 6: 550-556.

[2] Peng L et al. (2009) Elastic and Inelastic Light Scattering from Single
Bacterial Spores in an Optical Trap Allows the Monitoring of Spore
Germination Dynamics. Anal Chem 81:4035-4042.

[3] Stewart GS et al. (1981) Commitment of bacterial spores to germinate:
a measure of the trigger reaction. Biochem J 198:101-106.

[4] Yi X, Setlow P(2010) Studies of the commitment step in the
germination of spores of Bacillus species. J Bacteriol (in press).

[5] Hindle A, Hall, E (1999) Dipicolinic acid (DPA) assay revisited and
appraised for spore detection. Analyst 124:1599-604.




<<
  /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


