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Abstract
Bunthawin, S., Butrat, P. and Boonlamp, M.
Development of a computer program to investigate electrical properties of
Phuket pineapple leaf single cells by using dielectrophoresis
Songklanakarin J. Sci. Technol., 2003, 25(2) : 227-237

This research developed a computer program to calculate electrical properties of a cell from a spheri-
cal single shell model. The program compared the results between the theoretical values (Re[f(w)],,,) and
the experimental values (Re[f(w)],,,,)- The latter was computed from a cell velocity obtained from dielectro-
phoresis. The calculation was repeated until the error percentile was in a proper range. The program was
applied to process the electrical properties of Phuket pineapple protoplasts [Aranas comosus (L.) Merr.C.V.
Phuket]. It was found that the thickness of the cell membrane was 10 nm, the dielectric constants of suspend-
ing solution, cytoplasm and cell membrane were 80€,, 58-60€, and 10-14€, respectively (€, is the dielectric
constant of the vacuum = 8.85x10'?> F m™). The conductivity of cytoplasm and cell membrane were 0.09 S
m! and 10 - 10 S m™! respectively.

Key words : computer program, conductivity, dielectrophoresis, dielectric constant,
Phuket pineapple, single-shell model
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Figure 1. Phuket pineapple leaf protoplasts suspended in 0.6 molar mannitol. These protoplasts
were approximately 20-30 wm in radius.
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Figure 2. Anexample of plots of cell displacement
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toplast, suspend in 0.6 M mannitol (o, =
50 mS.m™M).

WIWANINIARNALIZNIH 688 KB "%

Application aztwuaswaRne sanduianszuIu

o 09/ U 1 a 1 1 é’

M Wun o, o, 0, & £ & R uaz f Bsannanii

Aue1uIdedu @19 Fuhr and Kuzmin (1986) Kaler

and Jones (1990) Mahaworasilpa et al. (1994) uae

Radu et al. (1996) Tusunsnazsinenivanit lUanwam

m (Re[f(a))]TDS) Lwamsﬂumwﬂum (Re[f(a))]ED.é“)i

mmmmw i (i=1 -n, n=20) ﬁmmumm WA

aunsera iAo 5L RN ANALAA BANNTAMLA
paziiNne N Unduddliasiin 30% (duwimain
a3 3) lwnszuiumsmanudazass  lusunIna

USuLdasuainisnfiinasudacdiagidatiasnuy

L wa lﬁl o L al 1

dalud@ialdlunisduwimsavdaly  Sendraw

LANANN2RINIIINRaSNauuasravlSULUREWIN

“Range” anfianannisianzsianyhussmined

wiazdlde wWnasuladidnlnsnels® a1u Maha-

worasilpa et al. (1994) watnuaddudulunnsusu
d 1 a o g o s 1 Qs &/

WasuA1 MUITBRSAGUNauRAINN 0 0 € €
o o é’ L 1

LaE & MNANU  uanINT LUSUATNAINANLL A

LAUNIIUIUAIIBNAGILALINFRAUTT 1w ANIg

l Field frequency (i) =0 |

Measurement of dielectrophoretic velocity

Y
Calculatation of (Re[f (@)]ps ); from eq.1 =[1]

Y
N
Input Oc/Omr&rém and 6 [€ y
=0
‘ >  j=j+l
¥

Caleulation of (RE[f (w)]TDs )i i;rom eq. 25[2]

Figure 3. The calculation of the values of 6, 0, ,
€, €, and d on the Clipper program.

AW (ANazLDH Q@Iu%mﬂ?mﬂ) AT ANIUIU

HaLaREInNe (A1 wiTanelwiassaad) Nagly
295t TURANNAAALARBUNAAUA

HAaNINAABIUAZITNN
1. annsaladanlnsletsan waz EDS

a 4 = o 9 v a
Walwslnwan dgninitesinliiialalna 2z
A = o | o
WPROUNIINAUUS 2 = 0 anunIunss winlwidi



Songklanakarin J. Sci. Technol. Development of a computer program to investigate electrical properties

Vol. 25 No. 2 Mar.-Apr. 2003

232

Bunthawin, S., et al.

g2 vih nsdineassiulwalnwan dgan 1 aaw
15261 analddan 1.6 luasan Juri! fead 200
Aladsnd wazaada 9 andaldden 21.2 luasan

a =

& 4 PSR da s
AN NANND 3 LNNZLEIAT  BINAIINDNLNA bA-
aidnlnsves® Hereglugae 100 Aladaad fis 30
wnnzidsad (£(EDS) = 100 Alaidsad wae f_(EDS)
a & P & a )
= 30 WNNZLTINT) LNBWARANIINAINLIUNIUNDY
a | Ao & 9 2 o . I~
aun wundansmedu “uldsain (Figure 4) 43@
INNALNAIA AAINA1IABAIAINTT 9 .0 wazie
waaansw EDS wundanwaeiiut “wldsadnaunn
(Figure 5) ﬁﬁ;mﬂﬂé'uwﬁm@ ANUIHAN Re[fl@)],
oA ‘s' ‘s' a [
WUNA1 9 @ 0.17 nedna 3 wnnziasac
o @ a o ¢ a
wiunItnaasiulnslnwan AYAT 2 AN
5201 andalddan 13.3 luasau Jundi! fewd 50
Aladsad uazaad 9 andaldden 69.6 luasau
a =, 4 = s s . QI a e
N nena 8 Lunnziasae waz 900 nlatgsed
o > 1 dlcll a a & a ) )
ANATL TanNDiAaladianlnInalsd umaaﬂ,u
139 40 Alaidsad fv 10 wnnzdsad (f,(EDS) = 40
Alatdsad waz f_(EDS) = 10 wnnzidiac) Wanann
s A @ a | Ao & o
NIMWANLIWNLUNUANND WUNNINBELTL
% ol . = Q/ 4J > 1 A 1
1¢i9a (Figure 6) NIAINNAUHUIYN JAANNAIIADAN
= «:Il I Ao
AN 9 0 LastNawanan3IIW EDS wunaanw
Li‘jm”ulﬁeﬂ*’nﬂﬁwﬁ'umw@aaamﬁ 1 (Figure 7) ¢
WUIRAN

! ! 4' o !
A1 .3 0 avan Waa wImwal Re[flw)],,

30

25 b

20

V (DEP) micron/m

o
2]

Log (AC dectric field frequency / Hz)

Figure 4. Theoretical (solid line) and experimental
values (O) of v, versus field frequency
for protoplasts, suspened in 0.6 M man-
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Begin : 12/24/01 12:09:15 DATA Ne.

DATA No_ .
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Figure 8. An example of simulation of the calculating process by Clipper program on micro-
computer to compile each electrical parameter.

These values are
S-C =0 = 0.09S/m

S-M = g, = 10°S/m

E-C = g = 522x102 F/m = 58 g,
E-M = £, = 86x102F/m = 10.05 ¢,
delta=98 =

running time 2 seconds
ERROR = 8%.

= 20 nm ReT = Re[f(w)] (theoretical)



3. qUaIUASUNS NN,
N 25 a1fun 2 1.a.-19.8. 2546

msnaanldswasuaaniimasinadnm uaamalulvh
235

Al Uyada uazAme

3. wamsmaa uvamaluih

NANIIAWINAT NITA bABLANNI NV NI INn-

& i o o X
WA c-ﬁm aﬂﬁﬂﬂ(ﬂﬂaﬂﬁﬂﬁﬂiﬂﬂ%@ﬂ%

A o I3
AnNnIzesdaRuiges & = 10 wiluwas
Aladiinninvaslalnwan @ e = 60¢,

| a a A o I
mvl.@maﬂmnmaﬂmmgmsnaa e =ldg

nwinndhaaslalnwa @ o =0.09 Hawu”

LA

mwinlwihassfeuieed o = 105 - 10*
CRUIRTVEEY
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Table 1. Electric parameters of Canola leaves, Beta vulgalis, Yeast cells
red blood cells and Phuket pineapple protoplast.

Cell/size/f (Hz) Parameters
o, o0, O, £ £ £, £, 1) 0,
(S.m™) (&) (nm)
Plant; Beta vulgalis/
R =30 um 5 100 0.05 80 9 80 70 10 1,000
100 Hz - 3 MHz
DSM
Fuhr and Kuzmin (1986)
Plant protoplast;
Canola leaves/
R=17.5um/ 0.5 - - 60 5 80 - 10 -
1 kHz - 50 MHz
SSM
Kaler and Jones (1990)
Red blood cells/
10 um 0.12 107 - 60 3 78 - 10 -
10 kHz - 2 MHz
SSM
Mahaworasilpa et al. (1994)
Yeast cells,
Saccharomyces /
2.5%6 um 0.2 5x107 0.01 50 6 80 60 80 200
1 kHz - 1 MHz
ESM
Radu et al. (1996)
Phuket pineapple 0.09 10-° - 60 14 - - 10 -
protoplast
20 um
1 kHz - 30 MHz
SSM

Bunthawin et al. (2003)

Note: Subscript w mean cell wall
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