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SU@l?GU: Black lipid planar &ranes were prepared by incorporating 
polymxs suchaspolystyreneinan~&rane forming solution. Thepolynxx- 
incorporatedplanar~r~ess~greaterstabilitytoappliedelectric 
fields and have longer lifetimes. Photo@xmtialsWrestudied* 
several cmditionsf withbacteriorhodopsin intheplanarm&rane; with 
bacteriorhodopsin 111 liposanss; with ba&eriorho&psin fragmnts in sus- 
pension; andwithbacteriorhodopsinbothin theplanarmnbrane and in 
liposanes. Skulachev'slaboratoryhas reportedthatbacteriorhcdopsin- 
liposcmsdeveloppotentials across ablack lipidplanarmxbrane. In 
our studies,becausethepolymsrincoqoratedplanarxtmbranes arevery 
stable, it was possible to obtain sanewhat1EqerphotCqotentia1sinthe 
presence of bacteriorhodopsin ranging batxeen 30-500 m. The enhancanent 
of~cteriorhodopsincatalyzedphotqotentials, foundinthepresenceof 
cd (or other bivalent catimsl and/or applied electric fields, a- 
to result frun an orientation effect of bacteriorhodopsin at the nmbrane 
interface. 

INTIUXXION It is kncmn that a planar phcspholipid bilqer contain- 

ingchlorophyllas apho&msitizer, if separatedbytm ccqar!mmts 
attaining soluteofdifferingredox@ential,can,qon illmination, 

=-charge mvemmtandpmductionof aphotcpoVmtial (1). Although 
this system could be used in principle, for conversion of light to elec- 
trical eneqy (2), it suffers fminstabilityof themmbraneitself 
andphotocatalysts. Inthepresentstudya~~isdescribedfor~ 
stabilization of the lipid m&rane using polymxs like polystyrene. 
Alsothephotopotentials developedacross this polymer stabilized lipid 

~~testedinthepresenceofBR*aredescribed.wehavechosen 
BRastheph- itive pi-t, because.it is found in an aggregated 
state in the "pwzplenmkmne" areas 0fHalobacterimhalobim C3I, 
where it acts as alight WtmR 

(4,s). WehavetestedBRinseveralways; withthepiqmtin 
the planar maobrane, in liposanes, and as fragm&s in suspension. 

*Akhreviation: Bactexiorhcdopsin, BR 
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The results are aqaredwith studies using BR-liposanes andaplanar 
rcathrane reparted fran Skulachev's laboratory (6-8). 

ElectricalMeasuem?nts. Planarmskraneswere fonmdover 
a2mucvcularholeinalOmltefl~cupwkichwasthenplaoed 
insidea20ml glass cup; mfxhranepoten~tial~ts~were 
madebya pairofcdLanelelectrodesimnersedinthe~~soluti~ 
separatedbythenmkmne. Theinne.rcanpartnwtwaswherethemasuring 
electrodewaslocatedandtbeouter mnpartmentwaswberethe~ 
electrodewasimnersed Eathaq-lBxs ccnpartments contained 0.1 
Msuamse and 5 rrM !I& HCl (pH = 7.3). Illuninationwas frana 
pmjectorlarqwitha 300 W tung&enfilamentwithanouQn~tof 
2OnW/a1? attheplanarmesrhrane surface. Mznhrane resistance (R), 
memhranetbickn~s (t,) andtheactivationenergywere calculated" 
after Tien (9). 

Test conditions. 
I.~~in(BR)inoorparatedwithintheplanarmennbrane. 

Theplanarnmkmne forming solutioncontained: 1OOnqpolystyrenere.sin 
(Dmex-I), 5rq driedpurplemrbrane fragmnts andlmloxidized 
cholesteL.ol(O.2rrg/hil) inoctane. 

II. BR added into inner Wnpa&mnt. Them3tbane forming soluticm 
CUIltdill@d: 1OO~pol~~e~ofoxidizedcholesterol/~mixture. 
Afteraplanarmsnk~ranewasfo~,purple m&ranefragmntsamtaining 
0.25 q w  were added to the inner aqueous ampahwnt. 

III. BR incoxporatedintoliposcmes. Theplanarrmhxnewas 
made as in II. ZUhmardO.5mllipasaneswlereaddedtoinneraqueous 
axpchwnt. The stocksuspm.s+cmofliposams (15n~~egglecithin/ml) 
waspreparedbysrmicatingamuttureofegglecithinandwater,then 
1mlpurplenmkanefragmnts(5mgp~ 0) 

Ti 
were mixed with 

1mlstocksuspensionofliposcmesandscmicated orlminute. 
IV. BRin~ratedbaulintheplanarmenhraneandintoliposanes. 

Theplanarmxbranewasmdeas in1, then 0.5ml liposansswere 
aLldedtoinnermnpartment. 

REsutlTs 
ElectricalPmpertiesof Polymr Incorporated Planar~ane. 
Theeledricdlpropertiesofplanar~~~preparedwith 

various concentrationsofpolystyreneare summrized in Figure 1. 
As polystyrene increases inthemenbrane fonningsolutimtkreis 

a fall incapacitance, riseinresistance,andincredse inthecalculated 
nmbrane tbihess. Polystyrene also increases the stability of 

thenm&mnetobreakdownbyappliedvoltage. Hmever,atthehigher 
pol~~~~~~~~thicknesssubs~~~lyincreases 

causingthe~ electric fieldstrength (whichis a function 
ofbreakdrxJnMl~edividedbytkickness)topassthrougfiamaximum 
at about 100 m~/rnl. Mndmanes thinner than 200 A0 are generally 
omsideredas "black" lipidmnhxnes andthus inomother studies 
nrslslranes~preparedwithlOOn&nlpolystyrene inthetirme 
forming solution: wehavefoundthatl&Jran~preparedthisway 
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Figure 1. Effect of polystyrene on the electrical prqerties of planar 
mdxanes. 

Planar Mdxane Lifetime 
IWdmme 

?a E.k 
111lmlinated Breakdown Voltage 

(hours) (appliedvolts) 

CCX-kCda 5-8 x lo6 0.50 O-16-0.31 0.20-O-25 

aFp 5-6 x lo5 0.16 0.10-0.20 0.15-0.20 

=WQ- 
?XIl& 5-6 x 10' 3-5 0.31-0.80 1.50-2.10 

m + PlY- 
styrene 2-4 x lo6 3-5 0.30-0.80 

a0.2nqoxidizedcholesterol/hiloctane. 

b5 rrq BR (as puqlemmbrane fragments)/ml added tog. 

cloo &ml added to 5 

1.30-1.80 
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have enhanced stability both in tens of lifespan and applied fields 
(cf. Table I). Similarelectricalprqertieswere&Aainedwhen 
47ny/ml polyacrylamidewas substituted forlOOmg/ml polystyrene, 

as thepolymerinthen~&~ane fonningsolution. 

InadiffezentstutZyKingandSteinraut (11) reportedthatadding 
glutaraldehfle crosslinkedpolylysine toa soltionbathingaplanar 
lipid nxzirbrane increased lifetime at pH 11, but the axdu&ance 

ofsuchmars3raneswas70%reduced. 
Photopotentialsi.nthePresenceofE&zteriorhoc@s in -- - (Fig. 2) 
I. WithBRinrorporatedintheplanarmgnbrane-illunination 

results ina potential changeof about3OmVwhichreaches saturation 
inalmut3seconds; when the light is switched off the potential 

decays toitsdarklevelin 4 seamds. If lrMCaC12 ispresent (in 
the inner aqarhent) the photopotential is atxxt 50 mV. 

II. WithBRaddedtoinneraqueous canparbrent-illumination 

resultsinaslCklriseinpotential (withpositivepolarityinthis 
mnpartment), followed by a slaw decay over one minute. The slaw response 

and snail magnitude of the photqotential pxobably arises fran the 

Figure 2. Photorespxsesofplanarrrwlbranes inthe presence of BFL 
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randanorientationofpurplemembrane fragments in suspension. The 

nqnitude of thephotopotentialis enhanced if the pHislm 
intheouter canpartrrentlikewhenHCloranaerobicFeCl3 solution 

is add&l. 
III. With BR incorporated into liposcanes--ilh results 

in a100mVtransientphotopotential. The negative rise in potential 

in the inner aqxz&2ntcontainingBR-lipcxcmssoccursin15Omsec. 
Inthis case, decay is incuqlete reaching a steady statelevelabove 
thedarklevel. However, the signal axq$etelydecayswhen the light 
is switched off. 

IV. WithERboth intheplanarmembrane and liposaues -illunin- 
aticmresults ina100mVtransientphotopotential. Like in III, 
therise inp&ential alsooccurs in 150 msec, but the signal decays 
to its original dark level even under ~tinuxs light. 
mcxnent of Photo@entials - 

Sincepolymer incorporatedplanarItE&Xanes are abletowith- 

stand applied fields without breakage, qiments wexe parformed 
todetezminehawthiswouldeffectpho+qotentials. Alinearrelationship 
between the photopotential and the applied field was found when purple 

mxbrane fragments~locatedinoneaqueous ccmpartmentandabsent 

intheplanarmmbrane. Fig-u-e 3 ShckJs thatthemagnitudeofphotopoten- 
tial increased with the applied field. Amaximunphotoresponseof 

Figure 3. I32latiol-l between the @lo- ofpol~inaxporated 
planar lipid wane and amlied electrical field in the 
presenceof~lenxxbranefragn~2tsinsuspension. 
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500 mV was obtaixd when the applied field was up to 1.5-2 volt. 
At zero applied field a phomtential of 25 mV was observed. 

ca* iansare~toreducetheelectrostaticrepulsionof 

charged phospholipid head groups and to prarote vesicle fusion (10). 
shlacbev'slaboratory (10) shcwedthatCa++pexmittedE3Ram~ 
liposanes to interact with a black lipid planar membrane and photo- 

@entialdevelopneJl~ Wefindthata~foldincreaseinthemagnit~ 

of@otoresponseto200mVoccursif1rMCdCl2isaddedtothemnpart- 
nrznthavi.ngBRliposanes (testconditicm III). In this case, the 
~~~wasdependentuponthetimeofdarkincubatian,with 

tin?-photo~sponse occurringafter6Ominutesofdarkpre- 

incubationwithCa2+ . ThetransientphotapotentidlinIIIdiSappeared 

andbecaw a saturatedphotqotential (IV,Fig. 2) whenERlipo~s 

and1nNaC12wereintheoutercanpartnwt. The saturated@oto@xn- 

tialobsenredwhenl3+liposat~and CX12wereaddedtotheouter 

canpartmentmaybe~lainedbyasimilardirectianofH+p~a~~ity 
acrcssth.3 planarm2mhranebyBR(intheplanarmemhraneandinlipOscmeS 

whentheyarelocatedzintheouteracnpartment). 
Nophotopotentialswe3xfoundinthe&senceofpu@emerrbrane 

fragmentsandthe~ltaica~~spectrum0fpol~~~~a~ 
~~closelycoincidedwith~absarptianspednrmofthepvrple 

lt-rmbrane fragments. This implies that BRis the pigmantthatis 

catalyzing charge transferacross theplanarmembrane. 

DISCUSSION 

US*cr0ssli&zdpolynx3Zzlikepolystyrene inthenk3nbrane forming 

solution, black lipid planar membranes can be prepared with electrical 

properties similar to controlblack lipidandnaturalmemhranes,ht 
manifest greater stability in ternr; of duration and of ability to 
witkstandapplied~ltageof~1voltwithoutbredcage. Thusour 

findingswillenhance theusefulnessoftheplanarmer33lranes,parti- 
cularly for recanStitutianstudiesbecausetheinaarporati~oflarge 
pratein Oanplexes, confer even greater instability toplanarnrrr33ranes. 
Usingthepolymer stabilizedmanbranewehave ~thatlaqephoto- 
potentidlS~bed@JdopedbyFiR (addedinthefonnof"purplemanhrane 
fragments") when it is incorporated into the planar mrane. 
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of & liposaneswiththeplanarmemhrane inthedark in the presence 

of ca ++, this suggests that time was required for interaction of the 

twocunponents. Hcwever,Ca* may also effect the orientation of 

purple mgobrane fragments at the membrane interface (Fig. 2,I). 

Applied electric fields also resulted in an increased photorespanse 

(with a polarity opposite to the applied field) up to 500 mV. Further 

studies in themxhanisms ofphotopotentialgeneraticn, bybothCa* 

and electric fields, including the role of orientation effects are 

in progress. 

Atl!mu-s : The authors~uldliketothank Dr. Janos Lanyi 

forprovidingpurplerrpnd3ranepreparatirxs andDr.TetsuyaKonishi 
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theirhelpfuldiscussionofthiswork. This researchwas supported 

bytheU. S. orgy ResearchandDevelopnent~stratian. 
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