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In response to the article by Tu and 
McKnight1, I feel that the authors’ interpre-
tation of their data is flawed in numerous 
areas. As space is restricted, I will only 
respond to the most serious problems. 
Although I agree that in respiring yeast the 
oscillation of metabolic events might be 
responsible for temporally partitioning cel-
lular processes2,3, the authors seem to have 
compounded a series of fundamental errors 
in interpreting their data. The authors have 
used the reasoning that the inflection point 
of the transition between high and low resid-
ual dissolved oxygen states is when maxi-
mum respiratory activity occurs4. However, 
this is not true — when the measurements of 
off-gas concentrations of oxygen and carbon 
dioxide are taken, the exact oxygen-
consumption rates can be calculated5–7 

(FIG. 1). Clearly, maximum oxygen-consump-
tion rates occur when the dissolved oxygen 
concentration is at a minimum. As respira-
tory activity is measured by oxygen-
consumption rates, this means that the 
authors have incorrectly assigned the oxida-
tive and reductive phases; this has serious 
implications regarding their discussion.

We conducted a similar study — in 
which we showed that the transcriptome 
oscillates with a shorter period (40 min) and 

arrived at similar conclusions — that was not 
discussed in any detail in the authors’ paper. 
This is surprising considering that these two 
papers have clear similarities8. Apart from 
the period, perhaps the principal difference 
of our findings was that the transcripts pro-
duced in the preceding phase were respon-
sible for the resulting phenotype. When one 
factors in the authors’ phase-calculation 
error, the same conclusion can be drawn 
from their data. A simple phase analysis of 
the top oscillating transcripts shows that 
both data sets are in-phase (FIG. 2), except for 
one minor cluster. Therefore, a naive inter-
pretation is that the oscillation is a slowed 
down version of the 40-min cycle; but the 
situation is more complex.

A clue regarding the differences in period 
might be derived from a reduction in growth 
yield, which could result from differences in 
culture conditions. The short-period oscil-
lation has a cell number that is roughly 5–6 
fold higher than the long-period oscillation2. 
Although this could be caused by a number 
of factors, I am specifically concerned 
about potential reactor pressure caused by 
using an aeration rate of 1,000 mL per min. 
As the oscillation is thought to stem from 
individual cells rather than being caused by 
population effects, a reduction in cell density 
would increase the communication distance 
between the cells. As population synchrony 
is a function of communication distance9, I 
reason that this might be a determinant of 
periodicity. An increase in cell–cell commu-
nication distance or a disruption of synchro-
nization mechanisms might also explain why 
mutations in central metabolic enzymes, 
such as glucose-6-phosphate dehydrogenase, 
result in the loss of respiratory oscillation 
in the population. However, this does not 
necessarily indicate that an individual cell 
has lost its oscillatory behaviour, but rather 
that cell–cell synchrony cannot be achieved9. 
So, although new and refreshing opinions 
are important for the progression of science, 
these opinions need to be based on solid 
published science and open discussion of 
relevant work in order to be validated.
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The respiratory oscillation in yeast 
phase definitions and periodicity
Douglas B. Murray

Figure 1 | The relationship between dissolved 
oxygen and oxygen-consumption rate 
during continuous culture of yeast. O is the 
oxidative phase when the oxygen-consumption 
rate is at a maximum. R is the reductive phase 
when the oxygen-consumption rate is at a mini-
mum. Note that respiration always occurs.

Figure 2 | A phase comparison by Fourier 
analysis of the data (from different studies) 
of the top oscillating genes (that is, those 
genes with the highest correlation to a sine 
wave). Data sets were used from REF. 4 and 
REF. 8. 0° was derived from the minimum first 
derivative of the dissolved oxygen concentration. 
This corresponds to the beginning of the oxida-
tive phase. The reductive phase begins at the 
maximum first derivative of the dissolved oxygen 
trace (~120°). The red line represents a 1:1 
correlation.

O N L I N E  C O R R E S P O N D E N C E

NATURE REVIEWS | MOLECULAR CELL BIOLOGY  VOLUME 7 | DECEMBER 2006 | 1
© 2006 Nature Publishing Group 


	The respiratory oscillation in yeast phase definitions and periodicity
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e00500047002000570045004200200050004400460020004a006f00620020004f007000740069006f006e0073002e0020003100350030006400700069002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003400200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 782.362]
>> setpagedevice


