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Effect of Direct Current Electric Field Stimulation on Cell Pseudopods

of Dictyostelium discoideum

DING Xue, FU Yujia, SHI Limin, CHEN Xiaobo, GAO Runchi*
(College of Life Science, Yunnan Normal University, Kunming 650500, China)

Abstract The directional movement of cells affected by a variety of extracellular signals is very impor-
tant for many major physiological and pathological processes of multicellular organisms. The purpose of this study
was to investigate the effect of direct current electric field stimulation on the pseudopod formation and dynamic
behavior of model organism Dictyostelium discoideum. DC electric fields with different intensities were applied to
Dictyostelium discoideum cells with different degrees of polarization. ImageJ/Quimp3 software was used to quan-
titatively analyze the electrotaxis of cells, the number, type, spatial distribution of pseudopods, and the extension
angle of new pseudopods. It showed that the motility of Dictyostelium discoideum cells was anodely correlated with
the degree of polarization induced by cell starvation and the intensity of exogenous DC electric field. DC electric
field stimulation does not change the number and type of pseudopods, but it can make the pseudopods of the cells
have asymmetric spatial distribution, at the same time, it will increase the extension rate of the pseudopods. Cell
polarization is the basis of cell movement, and the directional movement of cells guided by DC electric field stimu-
lation may be related to the extension angle of new pseudopods. This study can provide a theoretical reference for
the treatment of diseases caused by cell directional movement defects by using pseudopod formation.
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*#P<0.01, ***P<0.001.
A: the non-starvation state of Dictyostelium discoideum cells and the polarization state of starvation for 1-5 h. B: the trajectory velocity of Dictyostelium
discoideum cells at NO EF (0 V/m) electric field intensity for 1-5 h. n=150. **P<0.01, ***P<0.001.
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Fig.1 Pictures of cell morphological changes and cell movement speed
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The movement of Dictyostelium discoideum cells starved for 3 h and 4 h in NO EF (0 V/m), 3 V/em, 6 V/em, 9 V/m, 12 V/cm electric field. The nega-
tive pole of the electric field was located on the left side, and the cells migrated to the left side (2=50).

E2 AE WL AT ST

Fig. 2 Trajectory of Dictyostelium discoideum cells
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FENO EF(0 V/m). 3 V/m. 6 V/iem. 9 Viem. 12 V/iemEL L3 FULE3 hAN4 bt 455 W8 8 400 (03T 82 5 13 LT RS 3 B (n=150) . Lok 5

NI A YA ) 50 T B B R R #P<0.035, #+P<0.01, **++P<0.001; “P<0.05, *P<0.01.
The migration direction and migration speed of Dictyostelium discoideum cells starved for 3 h and 4 h under NO EF (0 V/m), 3 V/cm, 6 V/ecm, 9 V/m,

12 V/em DC electric fields (n=150). Significant differences were calculated from the data of wild-type cells by #-test. *P<0.05, **P<0.01, ***P<0.001;
"P<0.05, *P<0.01.
E3 ZENWEREEERBAPREENE

Fig.3 Electrotaxis of Dictyostelium discoideum cells in DC EF

NO EF

6 V/em

15 pm

12 V/em

Fraction patten: step/hop

NO EF 6 V/em 12 V/em

44 um

Az Dy RIEAF HUE T 20 s I AL . 11 i S AR SR step B By 2, BB EAL T Sk ARRhop Py i o “ IR HLIA I IR Hidt, “+4R5% Hidz I BH A%
Hitlo B: AR TE U AN B L R I8 3 .
A: the extension and contraction of the pseudopod within 20 seconds under different voltages. The white arrow represents the step-type pseudopod, and
the black arrow represents the hop-type pseudopod. “—” represents the cathode electrode of the electric field, and “+” represents the anode electrode of
the electric field. B: the trajectory of cells in the absence and presence of an electric field.
El4  1h BN EHNITE
Fig.4 Pseudopod type and cell track
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Table 1 Pseudopod trait parameters
. SEMRI S ‘ 2B JRAEELIY% B % 2T A%
4115 D 2K AMpm . R ’ . ’ . .
: Extension . Pseudopod De novo Split Fraction patten /%
Group Size /um K Rate /pm-s . )
time /s counts fraction /% fraction /% Step Hop
AX, NO EF 5.97+0.42 13.87+4.82  0.47+0.06 30.2£7.07 69.8+7.07 30.2+£7.07 64.44 35.56
AX,6 V/iem 6.83+0.28 12.60+4.83 0.54+0.09 27.7£6.29 72.3+6.29 27.7+6.29 60.47 39.53
AX,12V/em  6.36+0.18 10.41£3.18  0.61+0.06* 25.5+5.13 74.5+5.13 25.5+5.13 56.82 43.18

IR H A ¥, S50 B 22 L 1Ol S /N 6] )6 2 3 2 5.0 V/emy 112 V/em ) fly S ik 3.2 115 1535 1 2 B (*P<0.05,

5AX, NO EF4H L . n=10).

Under different voltage gradients, there are no significant differences in the de novo fraction, split fraction, pseudopod counts, size and extended time.

There was a significant difference in the rate of pseudopod elongation between 0 V and 12 V (¥*P<0.05 compared with AX; NO EF group. n=10).
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700 £l
» ¥
20 go-100 &

AT IR AZ A T H Db B (n=10).

6 V/em

210260 280-309

120 ap-100

12 V/iem

240-260  280-39,

o090

0-20

o®

The fan-shaped region represents the number of pseudopods at this angle (n=10).
El5 A hE =85 E R
Fig.5 The influence of electric field on the spatial distribution of pseudopods
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A: the pattern of the angle between the fissile pseudopod and the maternal pseudopod. B: the distribution of fissile pseudopods at different angles under
NO EF, 6 V/em and 12 V/cm voltages. n=10.
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Table 2 Pseudopodia trait parameters of splitting pseudopodia

SEAHN [1)/s LR R /s ps!

1 B 1) . ‘ . =
Time in extension /s Total of split pseudopods Rate s'ps
Cell orientation
NOEF 6V/em 12V/cm NO EF 6V/iem 12 V/em NO EF 6 V/em 12 V/em

Angle (<60°) 724 623 631 55 48 57 13.16 12.98 11.07
Angle (60°-120°) 400 305 365 26 28 24 15.38 10.89 15.21
Angle (>120°) 58 17 39 4 2 2 14.50 8.50 19.50
Total 1182 945 1035 85 78 83

TENO EF. 6 V/iemFlI12 Viem =F 7505 R, fJE RN F60°1 Db £ B Fi A FR I [A] &7 b Ko o, 7212 Viem I &4 T, T DAfER R

FRISEE AR ) P SEE A 4 58 22 ) O 2, HLAEAH SR B R (n=10)

Under the three electric field strengths of NO EF, 6 V/em and 12 V/cm, the number and extension time of pseudopods with an angle range of less than

60° account for the largest proportion. Among them, under the electric field condition of 12 V/cm, more pseudopods can be extended in a shorter exten-

sion time, and the extension rate is faster (n=10).
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