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Characterization of the Membrane Potential Relevant to
Permeability Changes in the Plasmalemma of Lemna gibba G3
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(Department of Biologv, College of Science and Engincering, Sogang Universityv, Seoul)

ABSTRACT

The membrane potential in the subepidermal cells of Lemna gibbe G3 fronds was meas-
ured in the dark with glass capillary microelectrodes. At pH 7, the membrane potential, ap-
proximately -215 mV, could be depolarized to -82 - -88 mV by 0.1 mM dicyclohexylcarbo-
diimide (DCCD) or by KCN at 0.3 mM or higher concentrations. When the pH of the medium
was altered the potential showed reversible changes, while it revealed no response to the ex-
ternal pH changes when energy transduction across the membrane was being blocked by 0.1
mM DCCD. The results support an assumption that the active component of the membrane
potential of Lemna subepidermal cells is generated by electrogenic H*-pump. By the addition
0f 0.10 ~ 5.00 mM salicylic acid (SA) to the bathing medium the membrane potential was de-
polarized to a great extent, and the removal of SA from the medium repolarized the potential
showing almost complete recovery, 92.3 ~ 97.6% to the initial levels. Although the potential
was greatly depolarized by 5.0% or higher concentrations of dimethylsulfoxide (DMSQ), the
recovery rate by DMSO removal was decreased as the pretreatment concentration had in-
creased. Twenty percent DMSO pretreatment limited the recovery at only 47.1%. The pre-
sence of SA in the bathing medium could reversibly increase the permeability of the plas-
malemma. DMSO at its concentration of 5.0% or higher increased the permeability of the
membrane by irrevesibly impairing the membrane component involved in the membrane per-

meability.
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Fig. 1. Set up for measuring the membranc potential. RS, re-
servoir; PP, double head peristaltic pump; CH, chamber; L,
Lemna frond; BS, bathing solution; SR, Sylgard resin: EL,
electrode; MC, microscope; AM, preamplifier; (S, oscil-
loscope; CR, chart recorder.
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Fig. 2. Depolarization of the membrane potential of Lemna
subepidermal cells bathed in Higinbotham solutions at vari-
ous pHs. Membrane potential was measured after 24 hr-dark
adaptation. Results are expressed as mean+ 1 S.E., cal-
culated from at least eight duplicates.
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AHEEle] 2~4ml-min~'® 5208 HFZ2HE cham-
ber 2 €8A 7}, A3 104 gain ¢ negative capaci-
tance preamplifier ol 9231w, vlARATL oA 12
mm, W7 07mmal AR ae A % mcro-
electrode puller & A}&31ed Alzkalein), A2L 3M KCl
2 Agen] AFHol chlorided silver A4S Arelslgdw
Age] 8~20MQ Wl o AFare AResiink, v
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S5,



June 1990 Yoon & Maeng: Membrane Fotential of Lemna 137
PHE s
- r pH4
Mlrewr ¥ 5y ' . -210} .
= _—_-q"‘—-——_
3 z '
180k
E® L -180 i
: 2
- —
Zz -1zl L . — = -150 -
= =
& -240p PH4 w
" PH7 ¥ = -120 .
Z 3 H? o
2 a0 "y "
= u -90 —
] I =
= <
120l ] i ] X -gol- B
o 15 30 45 m
TIME (MIN) E
o -30}- 4
Fig. 3. Effects of external pH changes on the membrane po- =
tential of Lemna subepidermal cells. The pH changes in the - | |
medium were achieved by rapid switch-over between solu- OO —= 0.01 : 0.1 : 1 ) 10

tions of various pHs, as indicated by arrows.
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Fig. 4. Effect of dicyclohexylcarbodiimide (DCCD) on the
membrane potential of Lemna subepidermal cells. Membrane
potential was measured after 30 min treatment with 0.1 mM
DCCD in the dark, The pH changes in the medium were achi-
eved hy rapid switch-over between solutions of various pHs.
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HzafEdol ojxle pHel Hg., 247 o4& pHY
Higinbotham £8° 2 Lemna frond & #A2etg-g o &
Hal Az stage] iy AL 7| B FFeR
Vb, AZRA9E pHT7olA —215+42mV, pH6
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ASele —162455mV = BES=9c(Fig. 2), =&
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3 9l=dl (Spanswick, 1981), o] Fol4 5% += o
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Fig. 5. Effect of KCN on the membrane potential of Lemna
subepidermal cells. Membrane potential was measured after
20 min treatment with various KCN concentrations in the
dark. Results are expressed as mean + 1 S.E., calculated
from at least eight duplicates.
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=3
DCCD & 3082 2=z
_‘)81'{1‘\/1 E% El j\‘f'ﬂ
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Table 1. Effect of addition and subsequent removal of SA on the membrane potential of Lemna subepidermal cells

. Membrane potenttal (mV) B-A Recovery %

SA (mM) A B c AE (mV) (C/A) x 100
0.10 ~206 +3.7(8) ~170+ 8.5(9) ~199+ 2.6(8) 36 96.6
0.25 -206 £6.3(7) -88+7.0(8) ~197£7.1(9) 118 95.6
0.50 -208 £5.4(8) =56+ 5.4(7) =192+ 7.0(8) 152 92.3
1.00 -204 +3.8(9) -32+2.8(8) ~195:+9.2(8) 172 95.6
2.50 ~207 £4.6(9) -34+3.8(7) -202+5.1(8) 173 97.6
5.00 ~20216.5(9) -34+3.3(7) ~191 + 8.4(9) 168 94.6

7Number of observations shown in parentheses. A, membrane potential measured before SA addition in the bathing
medium; B, membrane potential measured 20 minutes after addition of SA in the medium; C, membrane potential
measured 120 minutes after removal of SA from the medium: B-A, depolarization values.

Table 2. Effect of addition and subsequent removal of SA on the membrane potential of Lemna subepidermal cells

DMSO (%) Membrane potential (mV) B-A Recovery %
A B C AE (mV) (C/A) x 100
05 ~208%4.6(8)¢ -199+6.0(8) ~201+3.2(8) 9 96.6
- 1.0 ~210+ 3.4(8) =173+ 7.4(8) ~202+7.4(8) 37 96.2
2.5 -210+ 4.6(8) -160+6.3(8) ~193%5.3(7) 50 919
5.0 ~205% 4.4(8) -73%5.2(9) ~164+7.7(8) 132 80.0
10.0 ~204 £ 3.9(9) -33+2.3(9) ~153+5.8(8) 171 75.0
20.0 ~206+2.1(9) -26+2.5(9) -97+4.2(8) 180 47.1

«Number of ohservations shown in parentheses. A, membrane potential measured before DMS0 addition in the bathing
medium; B, membrane potential measured 5 minutes after addition of DMSO in the medium; C, membrane potential
measured 120 minutes after removal of SA from the medium; B-A, depolarization values.

A g &3yl CN-#] 5571 0.1mM o444 =
AYE —206+35 mVeld —91+54 mV & wak=g]
o o] Al o] 55A ¥io] & 115 mV Y& HeF
=} (Fig.5), °let wlmsle], uhage] 557 FHo] o7l
2Lp0) WA EllME FF 50 mV (Lin and Hanson,
1976), $579] &ALl BT 64 mV (Higinboth-
am, 1973)]] Aoz ¥ wElL v, wAS Fxd F v
28 AR g FEH FEE S, 9ol B
o} Lemna 1A o ZA veldg o 4 9lo,
Mzotdglof olxle sASt pMSO 9] &=, hkolA
24 A7F TR Lemna frond & 27 ©& Fxe] SAEZ
2087) AZsle] BHAZ] F el HIE SA4%
o} SA S FTst 1.0 mM 7k E71e) whel gigs e
Az 7} Zrpstddet, 1.0 mMESE SA Y F5F v o
A Z270AL gETE AsE AASE S (Table 1), 4
Hufoktel] DCCDE 7late] T50495 AARXAE & &
AAS17E —82438 mV & vEhd A vlmslEdd, 1.0
mM SA A7} elret of wESH =k (—32+28
mV)E Bod=glowz SA 7k AT electrogenic F
Zrke dAAAA GAA7 BESEYC e £ T e
A et Lemnavb #AJE o228y 208 Fo
SAE AASkT 1204 73 F $A9E 4% A =

¥ e 2

E 7S] deiAd AY Aaadee Az FEHUA
(Table 1), Glass(1974)= xzle] ¥AZE 05 mM
SA 2 Aelgh Au, 2 —168+12.0 mV ol AR F
Af BRI 5ol 12F Fel AL 0 mV AR 7
gow, Axufokalols SAZ AASI 100 %] At &
o Ad A A9z FEEgTn Basigch
olel: ullz, HA5Ee FHeldE SAVE K+ &
2] ofel-goll gl AlEute] Bmpilg zhaA]A4] =g
23 (hyperpolarization)& ebdrt 2o 6} gle}
(Levitan and Barker, 1972}, SA 7} F3elollqE A94
o2 gke] o] WiEh AZute] SxAL FlA]7]=w] ]
of dejqEo AL gkeler Fol-& AAld oHEl Azt
Fapde Z7pAF1] wEel SA Ast FEAES FE
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AYe SAE AHPE o vl FPjAl 2oL} 2ol
2o dojyker) oF —30 mV oA AL FA=g]
A7 o o4 =wEIHA edginh, o|zleze}
Lemna AAE SA AHzlzh goleal Fol& Ao g
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olzhs 754 % wlAlE &+ ¢l A Zrl,

ofdoll4] 24 A7 98]l Lemna 9 frond 7} A9l
Gello)) 747] b2 FE9 DMSOE rlstn 587 HL
7 & ZHsidl2e Aol 245t gESdate
WebtEd (Table 2) DMSO & F27} Z71erg g3
4 Az FrlEgoh 554 dAAelE AR 3
A9 42 (—82438 mV) A TEZ (20%)¢] DMSO
Al Alol el e e] $F (—26+25 mV)E ¥l
slo] & wl, DMSO 7} 41222 electrogenic H=Z-5 44|
AAAN w7 dEFE el & £ ¢lg zloln, o]
s} 28 ARFe SAE AHPE Aot folg ddE 2
ofFa el ooz e DMSOE AALA 1208
o] w9 537 AAUYH £ DMSO 2 FEst
FE5 38E e Aosl wsde(Table 2), &, 2.5% ©
3te] DMSO & 71914 2%, Tade J44ele 553
Hort 5.0% olake] Aol Aiadele uhAE 3Es
A Bk, 53], 20% DMSOe] AAYRE Lemna Al
28 TR E DMSO & AAG Fof ~97+42 mV £ &
2t ol FAkEel FA e} oF 110mV & ajelE B
ok, o] Ade DMSOY F=rt 852 X ¥l7t
ARez £48 Fr Azr AfGgE AL AT
gloh, DMSO &= Alz2he] pore system 5 S84 A
2 EolZA v (Kharash and Thyagstrajan, 1983), A=
ok gatAEA Blel F=bgro] 5,000 ofshy 2 A=
< 474 Sl e S50 9igel Xud e gn
(Delmer, 1979), A8 XAz A4, 25%
DMSO & 7tgig wl =hel ol etiTslo] AAsHurt
50~70% A= 7hEEt DMSO E AAYES vl w2 gst
AArzoz wa2d FJEHGy defFH o (Franz and
Van-Bruggen, 1967), °l={gt DMSO Y Ed= Lemna
AN Akt ez vebgdel, Lemna slAd= 25% ©l
3lo] DMSO 7} ool tiat AlZate] Faldg 7o
2 Z7A917] Wil =k rl gzl DMSO 7}
AA=HGE Wit Ak z gE=lE Aelx, 50% °
e 2gs DMSOZ Hz|sle 7ol Alxaks] £
AL % Z71AA FA Alzete] FEE rpE o
wyA| AT wTe] Aaukdgz 38z 2 Aelzt
o 3% 5 gt
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hexylcarbodiimide (DCCD), =% 0.3mM o4 F=9
KCN& wiokale] H713i-g of LA o -215 mV &
BE —82~—83 mV $FoT wEIFEledch wA=
slekelel pHE HER) 7ol wefs 7ledd ez Hsleiale
b 0.1mM DCCD & AlxZete] ofjuz]Aeld AT AS
ol wiokdel pH7F sl = wAge] Wi 245
A gkgket, o] AIE Lemna gibba G314 =Hgle &
T3 FEol electrogenic H* HZol ofsia whfgils
7S FutAlsle ZoE sy}, g, ekl 010
~5.00 mM salicylic acid(SA)E =5 & 202 =
EFAZo SAE ooz ie] AAL F ALF
ojgt =l 9le) FE-L §23~97.6% FZoledth =Ek B
A= 50% =r 2 o4 Fxe dimethylsulfoxide
(DMSO)el gsled =4 EFslglet AXe] w271 &
ol w2t DMSO Al 9] 8% +F& elgled 209
DMSO 9 7-felle sl5gol 47.19% Sl ==3lwh
Z, SAx 4¥ATy] FA4E iAoz SrkalAu
DMSO = el Hofdle dgAute] 438 vizlodzo
B £ o] BRAE S A e g,
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