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Electrofusion of Tobacco and Pea Protoplasts
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(Department of Botany, Seoul National University, Seoul)

ABSTRACT

Intra- and inter-specific protoplast fusions of tobacco (Nicotiana tebacum cv. Virginia
115) and pea (Pisum sativum cv. Sparkle) were carried out in highly inhomogeneous
alternating electric fields. Under the electric field of alternating current (AC, sine wave),
600 V/cm and 800 kHz for tobacco protoplasts, and 600 V/em and 700 kHz for pea proto-
plasts, the protoplasts were aggregated in pearl chains. Intra-specific protoplast fusioms
were most effectively induced within the aggregates of tobacco and pea, respectively, by
the additional application of a single high field pulse of direct current (DC, square wave)
at 1kV/em for 50 ys. Inter-specific fusions between protoplasts of the two plants were
most effectively induced in the electric field of 600 V/em and 700 kHz, and square
wave pulse at 1kV/em for 50 ygs. The duration of the fleld pulse over the electrical
breakdown voltages was simulated from 1 to 100 #s in both tobacco and pea protoplasts.
The yield of the electrofusion products was significantly high (above 60%), compared
with that (20%) of the standard fusion method by polyethylene glycol (FEG) 4,000,
and the viability of electrofused protoplasts was above 70%, but that of PEG-fused
protoplasts 8~16%, when determined by Evan’s blue staining method.
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AZE, Azde ArlA 4 (breakdown)ol] g A=g el o F= ok (Zimmer-
mann et al., 1981 a,b; Zimmermann and Scheurich, 1981). A E2AZ FddAE T
(Avena sativa) RJYEAA g o|Folal o] AR Hike] 71£2 whe vlste] M

7o) EER A, AR 5, o= ddA 2t BEMN] AE 9z v (Zimmermann
et al., 1982; Bates e al., 1983). o] 2328 TWHET)A =+9 breakdowns] & AZ25F
w o AEA T A Euk ohE} FEAZ, ATY 494A 5, 4G T AZ=
A s ol &x =z ¢ E}(Pllwat et al., 1981; Benz and Zimmermann, 1981 a, b; Vienken
and Zimmermann, 1082; Bates et al., 1983; Halfmann et al., 1983; Zachrisson and Bornman,
1984; Bates, 1985).

Diclectrophoresis 8 A2 o] &3 o] 3L HEES sine wave(AC)®l square wave
(DC) pulsed] EA& F el wh, A E2E side chained] A s EBHRT 7o
{-potentiale] mF 3} = A resonanceBlgio = Al A=z, ofd wl AR
&t AZEC] A7 Aot A ERike . A7 FY Al Aeld #Et AUFSY BEST £

Lo w o] Edle dExd, o|=lal dielectrophoresise] &ste] dwr Az EFe] A7 A
< wel vodm e, BB square waved e Az Fof F9 Alzwhe] breakdowno]
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ol ol ek o] F AZFF el AAH =L AEY = T o= et Alxeg o
2= BE € E0EY B w=t geAE 53 chamberg} FxH F2Ad wEAs 2
#A = Aoz ¢w v (Zimmermann ef al., 1982; Zimmermann and Vienken, 1982; Bates
et al., 1983; Vienken et al., 1983; Verhoek-Kohler et @l., 1983; Bates, 1985). o]l A
NG Az % e FHFEEA (fusogen) & YA G o] FojAH, A &
o)A sz, pHE wl2e Az 4694 2488 44 4d2 4% 5 224,
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fEH = stex o] (Nicotiana tabacum cv. Virginia 115)E 2% 24~28°C, RE
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A5% g AZE ALAGT. P 2FaE 99 2ANA 4542 958 U8 A=
= MSw] z] (Murashige and Skoog, 1962) 228 $x4% %, 1mg/l a-NAA (a-naphtha-
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Table 1. Composition of enzyme solutions for the protoplast isolation of tobacco and pea

Concentration for proteplast isolation

Ingredients
Tobacco mesophyll Pea mesophyll Tobacco callus

Macerozyme (Onozuka R-10) 0.6% — 1.0%
Cellulase (Onozuka R-10) 0.6% 0.6% 2.0%
Hemicellulase (Sigma) — 0. 3% —
Pectinase (Sigma) — 0.3% —
Sorbitol 0.5M 0.5M 0.5M
Calcium chloride 0.1% 0.1% 0.1%
MES® 2.0 mM 2.0 mM 2.0 mM
pH 5.8 5.8 5.8

MES*#*; 2-(N-Morpholino)ethanesulfonic acid.

leneacetic acid), 0.1mg/l kinetin®] 2% 2705 27°C, PERfe]A] 109 MR EE)
o A22 ALyt 5 (Pisum sativum cv. Sparkle) = 2ol vlaislx2 23 24~
28°C, &5 2,000~5,000 lux, % 1647 & 8478 dAFZzAFNA 3~4F 715 A5
A At o s AZE AR

ERgie o Pl 95429 9FAAE Table 18] Fx 8oz 27°C, Lio] 4]
44 7t A E8t oS 100 g2 387 AL &, 4 292 AAstz 0.5 M sorbito]l £
Ao E 100golA 3% AAEE st AH3 cdo® AAZL H,
0.5M mannitol 2 o 7 2_?] of AA AAge AE5SAT. AF 4FgA4A = Table 19 =
Heog s 94 AFAA L 2 iule s FEIY e ] ZFE20) g9Ads = Table
1¢] ~&°“°ﬂ, 1047 AR s 245 9= 35rev/min, 30°C2 o244 647 7
T, pore 1390 s0nel mesh MRS AAR2 10594 580

21/ 4% SHeo 2 Az, 0.5M mannitolEH o2 28 A Hste gl
Electrode 2 Fgeei.  Slide glass §]o] #d 5 chamberE A8 &, ZAo] 2 mme]
oz wE electroded 200 pm zhA 22 PfrelA] ZEAZAT. Zd FA AL 9447
$]35le] standard signal generator (MSG-2301, Meguro) 2 }\]-—6]-315’_, square wave pulse®
function generator(Type FG-315, Sugawara)s Ah-Zelgc}. ©% signal& oscilloscope (VP-
54208, National) 2 A &%}¢ o}

BERERe ma A7 Aed A 4R FE2. electrode slides #@rn]7 AEde] =
function generatord} pulse gemerator® WE = JdZ A= A7 10° £5 105/mlal

_1[_.

2 F
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et g ﬂH"‘”@/‘] of 0.1ml F= Fef==z 2387 93 & PEG 4, 0009 50% 2a¢
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BHEEE (%) =G s1dd FRER B0/@ai 28 FPERE B0 X100.
Viabilityel Blx. QD3I A A9 viabilityl= 1% Evan’'s blue, (.5M sorbitol&dl o 8 A
gk & Levy hemacytometers] A] = 283 F-&}9f ).
i S

ZEHE 2 7] Aahol Al 2] dielectrophoresisi= =l I &5 T Eo] A AC(sine wave) 600 V/em,
Q00 kHzol A f == et St gul 242) 234 % Fig. 1L AYF, 109/ml w22 vl 49

Fig. 1. A, tobacco (larger one) gnd pea mesophyll protoplasts contact each other by
inhomogeneous high electric field. (380x); B, using higher suspension densities,
dielectrophoresis. chains of tobacco protoplasts were arranged in parallel by many

pearl (180%); C & D, electrofusions of protoplasts in pear! chains of tobacco

protoplasts (180 ).
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Fig. 2. A & B, induction of an clectrofusion of tobacco mesophvll protoplasts. (350%);
C, electrofusion process of pea mesophyll and tobacco mesophyll protoplasts. Micro-
graphs were taken in time intervals of 0 (a), 10 (b), 15 (c), and 30 min (d) after
field pulse application. (240x); D, viable tobacco protoplasts were stained (white
ores) by Evan’s blue for viability determination (240x).
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Fig. 3. Simulated breakdown voltage areas for B, products after electrofusion as a
electrofusion of protoplasts: A, tobacco function of pulse time duration; C,
callus protoplasts; B, tobacco mesophyll products after PEG-fusion.
protoplasts; C, pea mesophyll protoplasts,

2 e 99AAE $9A7 @ BeF square pulses] HA A F AA G A7t
FALE, ] 94z E A9AAY A$ Y=857-Exp(—0.12z], r=—0.980]1¢ 2, 4F 4
Sz JHAAN) A$elE Y=1068-Exp(—0.21z], r=—0.980| v} =3, = FFx
g g989A4 A3 Y=990- Exp[ 0.23z)], r=—0.98°) L} o] A42e HA AGHR 200~

250 V/em 4 ghEe] A7 %9 pube 4712 2= Ao (Fig 3). 1kV/em, 50 9]
A4 puse® F9E A 22 F& BV AFAA FIEL, PR 2= B9 56%
2 HA% Jeyz deAL EF 60% o3¢ §FEL 2 gch(Table 2).

PEGE A-&vtel Bl 9% Azo 434AAE $345E A$(PEG 1,000, 50% 592

Table 2. Electrofusion rates of intra- and interspecies in tobacco and pea

Species and tissues isolated protoplasts Fusion rate* (%)
Pea mesophyll (x) Pea mesophyll 74
Tobacco mesophyll (%) Tobacco mesophyll 65
Tobacco callus (%) Tobacco callus 60
Pea mesophyll (x) Tobacco mesophyll 63
Tobacco mesophyll (%) Tobacco callus 56

Fusion rate®; Intra-species fusion rate (%)=2No. of fused protoplasts)/(No. of protoplasts
before fusion) x100.
Inter-species fusion rate (%)=2(No. of fused protoplasts)/(No. of protoplasts
of two spp. before fusion) x100.
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158 Aol = 20%54 F2g +F5S 2y} o] 275 Table 29 electrofusions] <
T SEES T 4, 2 gS5Az fPAAY A+ 66%EA PEGH 93 §E%F
2t JAS 5& AL ¢ 5 gtk

L

2l A&7 2 138442 electrofusion ¥z PEG Adulyger zZ47 #3442 =
viability:=, PEG A= F71 8~16%9le] w)2le] electrofusion w2 A< da =
T 70% o4& RFom o W AAE APAA L viability (Fig. 2.D)E 88% =2 vrepyieh
(Fig. 4).
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2 FF2A oz 2% 9F2A9 §3& AC(sine wave) 600 V/em, 800 kHzol
A 50 ps, 1kV/eme] square pulseZ F9 ¢ = Hze §98L Bddz, g% JLAH¢
F &4 ¢ = AC(sine wave) 600 V/em, 700kHzo] Al 50 ps, 1kV/emd] square pulse® 59
= @ Hzo §FEL BErh o218 square pulsed] A g Azke] A 4TE TE
Al “-1“51‘42] ke, Azehg FAsm gl A4 gugs 24 2 A28 AAY
Hof 2l3] Qe dE Hoz ¢z h(Benz and Zimmermann, 1980, 1981a,b; Abidor e
al., 1982 Dimitrov, 1984). Electrofusion]g] A48 zA= A L7 =83 _8_019% &t
v, 257 ¥ A9 A xure] resealing processrt A3 EH 7] # e Ao® Bamg w®f
sieH (Zlmmermann et al., 1981b, 1982; Benz and Zimmermann, 1981a), ’ézﬂi 10°C <]
3t 243 482 Foh. A Zwko] resealing processi= 2°C3F 20°C Alolo A 10w] o] 42
Zeolel A FEFe AE Holvlm Rzmyg @ ¢tk (Zimmermann and Vienken, 1982).
Diclectrophoresis ] AH£5% S 100 Q) o] 402 A%o] & BAL A4S 3z, &
9 2620 A48 yETA 1M KCLEE AH JHE T A Ao B ¢

» 1983). AA 2490 i‘f_— sorbitol#} mannitole] A}&£8 4 gleov}, Arl Aol =&
manmtoIO] B} 53#Aqle] wha o,

A7 FHFErt g 75 = 994A 59 A el #aAE g e, ol & resonanced
ol FHE dolitr] KA o] £ F4 Y AE S} o F 0191]2] & 4 sto] v} (Zimmermann
et al., 1981b; Arnold and Zimmermann, 1982). Z& A7 A4 LHAAL 7 223 4=
A4, Al An Azdel AoA AETel HeE @go] BRAQed, | ki
FHNA AL 45470 SIAL wE] dor Ao Yeueh AT &
ol-&3te] 54 F= 499 sl Bzy utE gvh(Zimmermann et al., 1982).
Breakdowng& 4l 27]= square pulsed] Ags}t A7 F4@AE, AL HEE
W& =] exponential curveZ simulationd: A3 98% ol 49 TA-gL HJFYc}, AL
AT ol FAA N dAZ FEE AZE T 493 2L FAE BRI FE Aol (Benz
and Zimmermann, 1980, 1981b; Zimmermann et al., 1681a; Dimitrov, 1984), =2 =ko] &4
o & HEN f 4l A= exponentialdk Keo|] f=drte 2= Emd ub gleh(Jeltsch
and Zimmermann, 1979).
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H] o]k, viability:= &3 gd) A = electrofusione] HHE Aoz 1}elydr}. Zimmermann
FF U RE AE ATFAE 93 AHAAE 0% 14 FHEL B A$E gled,
AH 4 2715 PEGE A=Hd A$ET) electrofusione] =& mbdql AejelAd WD
k= &# 3 v} (Scheurich and Zimmermann, 1981; Zimmermann and Vienken, 1982;
Halfmann et al., 1983).

E AFdAE 2 2 4F A8 AA 9 electrofusione S xile zAEL Fatm, o
TEE 242 AL DTG Il 7129 o FECE et 3
Beh §3-E= viabilityo] glojd] Wl ZAA e AL doirh. Foz o AL AT
A 4934 FEP L, dTEE A5Aq ‘B‘@'_O‘ AAE + dv 2729 74, 4
712718 At gk AZulas] e B, =gt electrofusions] o] & 33 AHES]
FAT Fo) 2 479 o2 "HAE o)e]Aof & ol Electrofusions] sl FEg
Nicotiana plumbaginifolia®} N. tabacum ‘Xanthi’e] 9324 §s 482 wlko=s A
et e gael iR AL HA$ HRETGE Ade] e mmE u it
(Bates and Hasenkampf, 19%83).

i) =

Electrofusionf kel 2)sle] =1d) (Nicotiana tabacum cv. Virginia 115) &+ €% (Pisum sativum cv.
Sparkle) o] By 9 BH FEREE e wstdch 99 2 4F FEREES BB osmoticum (0. 5 M)
oA, BERATAAL ez, o Sy FHEE B4 A% ACGine wave) 600 V/ems FE
& 800 kHzol A dielectrophoresiszt 9 oI v} pearl chaino] AR F 1kV/em8 DC (square wave) pulse
T 80 ps B T LEA WMEHA §He] o) FodFH S o] H 60% o4 BMEHEES LYt ¢ o=
nolyethylene glycol (PEG) 4,000 A2} A #A 2419w 0% 4 165 A=ste] 9.2 20%9 &3¢
Fo v¥dle] =& L Aot F Mg BieY A $dE 600V/em, 700kHze] A dielectrophoresis
b #As gz g F2e 2ol 1kV/eme] square wave pulsest 50 ps2A HPEHY electrofusiong
o] Fch w2 %0 BHE 984 ¥ 600 V/em, 700 kHzel A pear! chains 8 A,
square wave pulse 1kV/cm® 50 psoll 4 $HA S FAAZh 2l 2 9% 92249 | mga el 7
e 92 S35 square wave pulse-—] A7 9 A7) A S 1 psol A 100 ps7hH Fale e}, Evan's
blue 94 ¢ = viabilityZ B A W7 Aol deolA S THAS ALl 70% o] 4d HiE
B2E vedozHd PEG A ] Al 2l 8~16% 2t} o & Egkrh. o] 24 electrofusionfh e =] =
A% 49409 F9o 25D 271 o, dE o8 59 AE 9 SR E AL &
43 Aoz BEdd,
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