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ABSTRACT

We present a new method for characterizing the electrical properties of cells and
particles across a range of both frequency and medium conductivity. Using a re-
cently developed separation method - iso-dielectric separation (IDS) - we character-
ize cells and particles spanning three orders of magnitude in volume and conductiv-
ity and explore the influence of medium conductivity on interfacial electrical

properties.
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INTRODUCTION

The electrical properties of cells
and particles offer insight into their
composition and structure as well as
provide an intrinsic handle upon
which separations can be based. Over
the past several decades, dielectropho-
resis (DEP) [1], electrorotation [2] and
impedance spectroscopy [3] have been
used to characterize the electrical
properties of cells. Not surprisingly,
these techniques — in particular, DEP -
have also proven effective for cell
sorting [1]. One significant barrier in
developing effective electrical sorts of
cells, however, is our relatively poor
understanding of cells’ electrical prop-
erties and how they vary under differ-
ent environmental conditions. Better
understanding of how phenotype and
genotype manifest themselves through
the electrical properties of a cell is
crucial for developing new screens.

THEORY

We recently developed a separa-
tion method, called iso-dielectric sepa-
ration (IDS), that specifically sorts
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Figure 1. Overview of iso-dielectric
separation. (A) Concept for sorting

and characterizing particles. In an
electrical conductivity (o,,) gradient,
different particles will have different
dielectrophoretic  equilibrium posi-
tions. By varying the operating condi-
tions and observing the particle dis-
tributions across the conductivity
gradient that results, we are able to
determine the electrical properties of
the particles. (B) Photograph and
layout of the IDS device.
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cells based upon their elec-
trical properties in a con-
tinuous,  size-independent
manner (Figure 1) [4]. In
IDS, cells are dielectropho-
retically positioned at the
place in an electrical con-
ductivity gradient where
their polarizability van-
ishes: their iso-dielectric
point (IDP). By observing
distributions of particles as
they flow through the de-
vice, we determine the
conductivities at which
they localize for a particu-
lar frequency. By combin-
ing these  frequency-
conductivity mappings
with models for force bal-
ance throughout the device
[4] and for the electrical
properties of cells, we are
able to measure the electri-
cal properties of different
layers within a cell or parti-
cle.

EXPERIMENTAL
Because IDS allows us
to monitor the electrical re-
sponses of large numbers
of cells in a medium with
spatially varying conduc-
tivity, we can use it to de-
termine the dependence of
electrical properties on the
conductivity of the sur-
rounding medium. This al-
lows us to simultaneously
determine the frequency
and conductivity depend-
ence of a particle’s electri-
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Figure 2. Characterizing polystyrene beads. (A)
Observed distributions of modified and unmodi-
fied beads with different radii and the fits to these
distributions (lower traces below the fluorescent
images), from which we obtain the beads’ surface
conductances. (B) Surface conductance values for
three types of beads (corresponding to those pre-
sented in (4) as well as 1.6 um COOH-modified
beads) as a function of medium conductivity.
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Figure 3. Characterizing the dependence of the
yeast cell wall conductivity on the conductivity of
the external medium. (4) Distributions of viable
(dark) and heat treated (light) cells. Below the
fluorescent images are the measured and fitted
distributions used to determine the electrical
properties of the cell layers. (B) Cell wall con-
ductivities plotted against medium conductivity,
suggesting an increase in porosity or decrease in
wall thickness of a factor of ~4 upon heat treat-
ment inferred from the slope of the two curves.

cal properties by varying the conditions of the separation (Figure 1). This gives ex-
perimental access to properties of cells and particles that is not afforded by tradi-
tional measurements, which are carried out in a homogeneous medium.
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RESULTS AND DISCUSSION

We have applied IDS to measure the electrical properties of polystyrene micro-
spheres (Figure 2), the budding yeast S. cerevisiae (Figure 3), and mouse pro B cells
(Figure 4), representing three orders of magnitude in particle volume (~1-1000 um®)
and conductivity (~0.001-1 S/m). From a fundamental biophysics standpoint, we
have found that the surface conductance of the microspheres and the conductivity of
the yeast cell wall both increase with the medium conductivity, as observed by oth-
ers [5], while the specific capacitance and cytoplasmic conductivity of the mammal-
ian cells appear to be independent of the medium conductivity under the conditions
we use. Importantly, this suggests that the cells are able to maintain ion homeostasis
over the course of the measurement, offering insight into the unperturbed properties
of the cells.
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CONCLUSIONS

The ability we demon-
strate here to accurately
characterize the properties
of cells across both fre-
quency and conductivity
and, as they are being sepa-
rated, relate these proper-
ties to phenotypic differ-
ences (e.g. changes in the
porosity and thickness of
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Figure 4. Measuring the cytoplasmic conductivity
and membrane capacitance of mouse pro B cells
using the cells’ growth media as the high conduc-
the yeast celll wall) could tivity solution. (A) Distributions of cells with fits to
enable hlgh—t.hroughput determine the membrane capacitance and cyto-
screens of environmental plasmic conductivity. (B) Values for the cytoplas-
strgss .resp.onse across  ge- mic conductivity and membrane capacitance at
netic libraries. different medium conductivities.

REFERENCES

[1] P.R.C. Gascoyne and J. Vykoukal, Particle Separation by Dielectrophoresis,
Electrophoresis, 23(13),pp. 1973-1983, (2002).

[2] R. Holzel, Electrorotation of Single Yeast Cells at Frequencies Between 100
Hz and 1.6 GHz, Biophysical Journal, 73(2), pp. 1103-1109, (1997).

[3] T. Sun, D. Holmes, S. Gawad, N.G. Green and H. Morgan, High Speed Multi-
Frequency Impedance Analysis of Single Particles in a Microfluidic Cytometer
Using Maximum Length Sequences, Lab on a Chip, 7, pp. 1034-1040, (2007).

[4] M.D. Vahey and J. Voldman, 4n Equilibrium Method for Continuous-Flow
Cell Sorting Using Dielectrophoresis, Analytical Chemistry, 80(9), pp. 3135-
3143, (2008).

[5] K. Asami and T. Yonezawa, Dielectric Behavior of Wild-Type Yeast and
Vacuole-Deficient Mutant Over a Frequency Rage of 10 kHz to 10 GHz, Bio-
physical Journal, 71(4), pp. 2192-2200, (1996).

Twelfth International Conference on Miniaturized Systems for Chemistry and Life Sciences
October 12 - 16, 2008, San Diego, California, USA

1189



	MAIN MENU
	Go to Previous Document
	CD/DVD Help
	Search CD/DVD
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Batang
    /BatangChe
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CityBlueprint
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Dotum
    /DotumChe
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /FencesPlain
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /GDT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GothicE
    /GothicG
    /GothicI
    /GreekC
    /GreekS
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /Impact
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCPEUR
    /ISOCPEURItalic
    /ISOCT
    /ISOCT2
    /ISOCT3
    /ISOCTEUR
    /ISOCTEURItalic
    /Italic
    /ItalicC
    /ItalicT
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MingLiU
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /NSimSun
    /OCRAbyBT-Regular
    /OCRB10PitchBT-Regular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PanRoman
    /PMingLiU
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Raavi
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /ScriptC
    /ScriptS
    /Shruti
    /SimHei
    /Simplex
    /SimSun
    /StylusBT
    /SuperFrench
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolMT
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /Technic
    /TechnicBold
    /TechnicLite
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Txt
    /UniversalMath1BT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinetaBT-Regular
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


