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Abstract — In this study, basic research was conducted to provide guidelines for selecting fluorescent dye and using proper
concentration of fluorescent dye to use evaluation of cell viability and fluorescent dye delivery efficiency. Propidium
iodide and Yo-Pro-1 were used as fluorescent dyes. In the evaluation of cell viability and the efficiency of delivery using
Propidium lodide and Yo-Pro-1, the histogram of each fluorescent dye was different depending on the type of fluorescent dye
and the concentration used. These results were related to the characteristics of the fluorescent dyes used. This was related to
the properties of the fluorescent dyes used. From these results, it was found that the analytical results depending on the
characteristics of the fluorescent dyes used in the cell analysis. The effect of the fluorescent dye on the cell was confirmed,
but it was confirmed that it did not affect the analysis result. In addition, the influence of interference between fluorescent
signals was confirmed when two or more kinds of fluorescent dyes were used for analysis. The higher the concentration
of Yo-Pro-1 was, the larger the effect of interference was, and the concentration of Propidium lodide did not affect the
interference of fluorescence signal. This study confirmed that the evaluation of the cell viability and the evaluation of the
delivery efficiency were influenced by the type and concentration of the fluorescent dyes and it was related to the
characteristics of the fluorescent dyes. Based on the results, appropriate concentrations of fluorescent dyes suitable for
evaluation of cell viability and delivery efficiency were suggested.
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Fig. 1. Schematic diagram of the digital electroporation system.
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Fig. 2. Analysis of the histogram based on the fluorescence signal
strength of 102 The control group had a fluorescent signal
lower than the reference and the peak was located on the
left side of 10%. On the other hand, the experimental group
has a peak located on both the left and right sides of the ref-
erence, compared with the control group.



2712512~ Ele A Propidium Iodide®} Yo-Pro-12] &

A= Fig. 29] ofel % S| AR 1A LERd kel 7)EA S &
Aoz F o] =G ¥ 77} FEECH

3. 2u ¥ 0F

3-1. Propidium Iodide2} Yo-Pro-12 SUst SE2 AKZ5[0
M= YZE1 dE 22 E/HH|u

A A7 A8 A W) A8 9

Wk RS 9% 9w %i | Ao 2 olpol) aizfo] 27)43
2 8h31, FACSEAS 317] A 99 BT GAL sol HE0) 4
=88 Frksl= RS ._Elxq = A3elity A E% A} AL
& e}

ol
o
N

o
:?1:1'
ﬁ
m.‘fl
>
i
=

ol
l

>.

o

flo

)4

9(:
_|_,

d|

J“’

] A Z*DL %21% /\]“%i 3
AR AT E o] gt Y a8 % [ eISiT AL A=
W] A 58 g7 Aol s dY AR AR

F AR AlerkS #Rlsly] 918l FACS w4 Aloll= F7H4<l
o] 4 glo] Adle xgskiTt. Fig. 3 wke] 27) s]1~E

A2 FU3 F5 9] Propidium lodide®} Yo-Pro-1= ARE-51of A
O AEES F 7}5} Qj}olt’% Fig. 3 0]’”*-4 20 S| AE TR
5 = g =48 AME-st

OBL‘ of off ol;

o A G&5 Hrst Aot
A71HFAI "M 5L F 0.1 mM)2] Propidium iodide}

Sof| W& AlE AE

23} AR

ofl

7} 901

Yo-Pro-1-& AH&-aFo] A AEE H7HE SIGITh Al S8

ZhellA] 71332 96 VO] M3k 50 ms® 83]e]] Lol 7kaigitt,
4 98] I FACS #4] 5~10% A 0.1 mM 552 &34
AR = 247} }o] Adgl= i o 7 A3 AsEIT) Fig. 39

A AEE B7F Aol A veRd vhe) o] ARg-g 3 159
Firoll whet S| AR mefo] The 21 Bl 8 4= QI 7
=Ry %‘EE T FEE ARSI A AEES G Ayl
S| AEI oA 7 FFEIEH ERlEE Afol= S| AE RS 9
it P opidium TodideZ AFg-310] A M2 H7) A3 5]~
B B0 7)20] B 10%9] HZoA] vl A & F7]9] 3]

2ETH 735 R F o, 71E8] $SelAE nla A
22 4719 6%5:13" 937} FR1= ). HJ?%_, Yo-Pro-1& A}
g3to] AR =SS e A O]AEJ 2 7150] Hi= 1079
5ol e 713‘401 TS A g S| AE IR 99 A7)
=R @’O] g = 3Tk Al ”‘g*“% Bt A= 710] He
10%] H52] Frs AESH A EZ Frjslct, whebA, Fig. 39] AlEZ A
=& UL AR E B TYL3 552 Propidium Iodide$}
Yo-Pro-1& AH&-ato] A3 BEE-S H7FHA Yo-Pro-15 AHE-3F
e u) M PEFO] WA FrhEE RS ERl & 9l
A7 A2 Hle A FA 3 5501 mM)/l Propidium Todide 2}
Yo-Pro-15 Ae EX = AHgete] A &8 H7HE siolch A
g FrlellA A7 FE 96 Vel IS 5 ms”/—‘l 83l L}roq
7VelSith. A a8 Bt AgA 7 FF ARE ARG Y A
2] 7hg & Aol S| AE T ] Bk $1X] o]t} Propidium
lodideE A3t A G885 H71et S| AE T3S 7152 10%9]

Propidium lodide Yo-Pro-1
65.19 % 34.81% 6.48 % 93.52 %
Cell Viability - -
. S c .
Evaluation 3 3
(0.1 mM) ©
| |
" Propidium lodide " FTCA
50.21 % 49.79 % 600 % 63.91 %
Delivery -
- - b= c 1
Efficiency 5. 3
Evaluation o ©
(0.1 mM)
" Propidium lodide 7 Frmca

Fig. 3. Histogram of cell viability and delivery efficiency evaluation using Propidium Iodide and Yo-Pro-1 at the same concentration. Histo-
gram at the top was the histogram that performed the cell viability evaluation, and the histogram at the bottom was the histogram
that performed the delivery efficiency evaluation. In both evaluations, the reference for the intensity of the fluorescent signal was 107
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Fig. 4. Comparison of cell viability and delivery efficiency evaluation according to the concentration of Propidium lodide and Yo-Pro-1. The
upper histogram was the result of the cell viability evaluation according to the concentration of the fluorescent dye and the lower his-
togram was the result of the delivery efficiency evaluation according to the concentration of the fluorescent dye.
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Fig. 5. The effects of fluorescent dyes on the cell viability after 18 hours of dyeing. The top image was 0.1 mM and the bottom image was 1.0
mM. The distinct green oval was a cell, and it was a living cell that maintains its shape. Blue stained cells were dead cells.
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