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Effect of insecticide on changes in cell electrical properties
of Tetraselmis sp. calculated from the critical frequency through
an ellipsoidal cell model for suspensions
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6. UNARED

mdfeiRanuuuiaesiiiieadidsmsduasiwadngulosefongul  “Maxwell-Wagner’s
mixture theory”iitefwmunautiiliweusaduwasineu  Tetraselmis sp.  (5Unse3) Lﬁaaq’[,u
aunvidrinuuuudiaes Laplace uay RC-model %aﬁww’lugﬂaumimaLLazmmﬁﬂmﬁLéﬂimmLi
Ja (dielectrophoresis) LLawhmm?ﬁnqﬁ (critical ~ frequency) ﬁau;&aﬁ’uﬁaﬁ%’ummﬁ%a%’au
“Clausius-Mossotti  factor, CMF” lumeuanunuiwiugasuyiuas(g) wase1“depolarization
factor”(L,)  veguvsenaws “spheroid” (Fifidosmnuenvinty) wuudes “prolate” wasuuu
“oblate” all‘UGﬂ‘Wﬂ’l“IJEJdL‘UaaWUULUE]uE‘IﬁMULLa”EJ’]‘mLLZJﬁGﬂﬂmMUﬂN'Iu’JﬁL“UQﬂi’]W (manual curve-
fitting) ImaUsUmtmmnummmnqwmmmlmmnu:u‘umaaanwamawamsmmam HANIIVARBINU
ﬂ'nuwmaumlwﬁwLLUimumaﬂummLiﬂmmaﬂimmma (mufiwadiedouiidunzdalni) ua
mmmmnqmmm (lower critical frequency, f;) ) (Aprudgnusnvesaunslwihiinseiunsdiieed
Liumwanaaﬂmnmlw%LuaLmIWﬂ’uUuﬂua) umuﬂsmmmamwuﬂw%ﬂaamia zaneiildueiy aoy
was (o)) Slowty o, f f,umaa‘uu nsdarumuudy 10° mjaa/mé \gaaYAAIUAL (Alsiudeu
a'ﬁ) mmlmaLarﬂlmiwamauuumnwmumma 50 kHz &3 0.5 MHz laifiuen o, 910 0.01 {is 0.10
S’ LsaaaanlmmarﬂmwaLisuauuuﬂaumumﬂumqmumma 20-48 kHz \le o, aglutia 0.01-
0.37 S.m " finnuduaunulnd 28-143 kv/m ﬂim‘mmimaawaqL‘daa'duLUaumwuwulmaLaﬂIm
WorsTawuuuInie g 15-35 kHz Tuauwliheudy 28143 kvm’ oAty
310 1 fis 150 ppm wmwammwamaauavf,umamaa wamiwmammulﬂmummeﬂummm
et namfenuladidninsvasdauuuuiniignuanud 17-42 kHz Tuaunulvin 28-143 kvm lug
ALLTLAN 1 B3 150 ppm

Togagy Apniuyseglniidimnzeewiaead (specific membrane capacitance, C, ) kay

ArAutlvddwne (specific membrane conductance, G,) w8Tetraselmis sp. wadunf (gm

o -2 -2 o w & P )
AIUAY) A1 5.5 mE.m” uaz 13.0 Sm~ awdEnu waznsdvesgaduuilouarsuyiisedu 1 5 10 50
LAz 150 ppm A1 ¢, fA1 6.7 83 108 14.3 uaz 21.8 mudwiyu Wundunadles C, vosyanis

naassUulouarimylA1atu uidl G, SanaiiAasiivingu lnedanmilwihvewidauad (o)

v w -2 9 ) < ¢ & ' ) 1 |
WU 23.0 Sm dwsunsdiwaauuausiginiuaiszau 15 10 50 waz 150 ppm A1 ¢, A1 6.3
8.1 88 113 uay 17.2 Uiy

Keywords:  dielectrophoresis, traveling wave dielectrophoresis, interdigitated etectrode,

electrical properties



Abstract

This work proposes mathematical model of a single shell of sphercid and suspensions
derived through Laplace and RC approaches with Maxwell-Wagner’s mixture theory to
determine cell electrical properties of Tetraselmis sp. (@ non-spherical unicellular green alga).
The models had been expressed as dielectrophoretic force/velocity and critical frequency
which are equivalents the complex function of Clausius-Mossotti factor (CMF) in a term of cell
density (¢) and the depolarization factor (L,) of prolate and oblate spheroids. Electrical
properties of normal cells (the control) and arsenic/insecticide pretreated cells were
determined through a manual curve-fitting method between experimental and theoretical
curves. As was expected through experiments for Tetraselmis sp., increasing electric field
strengths resulted in increased values of cell velocity and an increase in the peak of the
positive dielectrophoresis spectra. Velocity spectrum of a cell was obtained by measuring cell
velocity during its moving towards the electrode tip, under various field frequencies. Lower
critical frequency ( f,), where the cell was repelled (i.e. negative force) from the tip after being
attracted, was recorded against the conductivity of cell suspension medium (o). It was
observed that as the O was increased the f, was shifted towards a higher frequency value for
both cases. It should be noted that cell velocity spectra for those cells were reduced
significantly under greater O value. According to the model, when the increased o reached a
critical value the attractive force became negligible, implying an equivalence to the cytoplasmic
conductivity. In case of cells density of 10° mf—l, normal cells experienced the positive
dielectrophoresis over a frequency ranged between 50 kHz and 0.5 MHz, when increasing o
from 0.01 to 0.10 S.m . They displayed traveling wave dielectrophoresis in ranged of 20-48 kHz
with o, of 0.01-0.37 S.m’ for 28-143 kV/m of electric field strengthes. On the effects of arsenic
absorption, the DEP velocity (¥,,.,) spectra and the value of f,of Tetraselmis sp. were
investigated for a comparison, over the frequency range of 15-35 kHz was found for arsenic
pretreated cells. It occurred that under 28-143 kV.m" field strengths. Increasing arsenic level
from 1 to 150 ppm reduced the magnitude of cell velocity and shifts the £, to a lower value.
When the control and the arsenic contaminated cells were combined in between the electrode
array, one can distinguish the control from the arsenic pretreated cells if the frequency used
was below 35 kHz. The same results were presented as for the insecticide experiments. For the
insecticide experiments, the positive dielectrophoretic spectra were found between 17-42 kHz
in 28-143 kV.m " field strengths when increasing insecticide level from 1 to 150 ppm.

In conclusion, the specific capacitance (C,) and conductance (G,,) of the membrane in

both cases were calculated. The results showed that €, and G, of the controlled Tetraselmis

sp. were 5.5 mE.m* and 13.0 S.miz, respectively, which were smaller than that of the arsenic
pretreated cells. For 1, 5, 10, 50, and 150 ppm pretreated cells, C,, were 6.7, 8.3, 10.8, 14.3 and

21.8, respectively. It was interesting that while the C, values of the arsenic pretreated cells

were increased, the value of G, remained constant and the cell membrane conductivity (o,,)



was 23.0 S.m”. For experiments of 1-150 ppm insecticide, the €, values of the pretreated cells

were increased as 6.3, 8.1, 8.8, 11.3 and 17.2, respectively.

Keywords: dielectrophoresis, traveling wave dielectrophoresis, interdigitated electrode,
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