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Abstract: 

Il has bepn previously theorized that lipids possessing dit­

f el l'lit h(·dOl'.rOUp st ruC'tures mix non-ioeally in J iquid cryst:1l1ine 

bllaypls, dup to elthf>! the atllactjve or t-epulsLve inlcr..1Ltlons of 

tbf>lr I!P{)dgJ'(lUP fl]IlI<"tlPS. J l\!1ve flIC3SLIlC'd thl' relative pnerglc~ uf 

1/11 l'tri! 1 io!!', hr·twl'f'n IIPlrle, wlth 01 tff't('IH hcarlBroups, uSillg,1 new 

II'( 1111 1 fjllP Ih:tl 1Il(·,)c.,lllr~s tltr· ("luIlJlH jllili dlsf rûJlI( lIJll of ('x( hcmgeahlc 

fl\lol(·c.,.('lll lipicb hf'l~vel'll dlff('rent hd.!)I·1 ,·nVII()nment:o.. The 

I(",ulls ()ht.\III(·d 1r()IU [-hl'c,p '-,tudlC's ~llg8('st thHt lirlci~ with rltf­

fl'lPlIi hl'arlg/(l\I{J '~IIUI tUl<":; ilia)' mix mOI/' [J(>.ll]Y 10f'nl1y III 114UlO-

1 ry<,(.11111)(' Ill].IY,"'> thull l'I-('viously suggl'steo on the h,1S1S ()f IO'Ilf' 

l , ad 1 ( 1 ()I\.ll, 1 es~ If 1 l'PI t tl·dllugues. 

l'hl) '-, (lh,,- ,1 nr! sph 1 ngo Il fi 1 ris hf':l1 1 ng t WIl hyd l'CH .11 bUll ,ha 1 n s of 

1l)11~ld(\l.lhl\ c\iffpll'nt ]('lIgth, teIllIed ',Is::mmptl Il' spf'<.iec,', h:1\'1' 

I{'( ('lIt 1) ""('11 ..:;1t0l\'n to E'"hlbl! snlld-."olid .1od, III (HW l',lse, llquirl 

1 lys!allllw-l1'lllid (ry"t.lllll}(' (~1.I ... ()n, lC)SH) ph,lSC' sepcll.\tiuns ln 

blll'\') 1II1';rlll"~ Wltl! ph()~[Il1()J[pjrls thnt (,illY twn lC'!enIH .• ll rI'-:'> 1 

,h,III\'-.. 11\.\\.: C,tW!IC.-! blnaly mhtlll:r:S Ilr '.lc,\mlllf'tli~· pIHlSph.,-,lllfl 

·.plllllg',] ll'ld <'I)(·CIP·. ~"llh the 'symlll.:tt IL' SI)('cies dlp.llllllto:-1 

ph')~r,h,l( Ie!yl ,hlll im' (IIPpe) .lnd h,lVI' fnunrl SUI h III 1 \.turt'''' to 110 

1111',1 tille, ,111'('lt llon-ide:111\, ln th(' llqllHi-clystnlline ph,l"'" Th" 

1 ()1I/:-c11.1111 C,phlllg{)II~Jjrls wl'r«' founo t., hl' V('l: ~lI11il.H f() shortc!­

,11.\111 ·-,phllll:"llf)Jd-. lfl theu- misclhilltlf'c; wlth flPPC, il1 hnth the ~('l 

Ille! (hl' IICjllid-lryst.llll11P ... ta(f', "'UggC':>tll1['. rh,l! ',lSYIllIllf'ltil' 

... phIIW.',J IPld:-. \\111 (·-.;I11hit 1111 sp('( i.t1 tendf'W') III Int'-'I;dl~ S(·gtf>g.llJ· 

lllllli 'S\IIIlllt'lll" ~Il(>( J('5 in 11qlllci-(r~st.llllllr' IlIc·lIlhr.lll1':, 
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Résumé: 

Il.:1 été proposé 4ue des lll'Idf's, pm,sL'd,lnt dcs tt;t t'~ (lU 1.1 1 n'.; 

de structures dlff~rentes, {olment IlB llIl>l.lIlge 11011-1d6.11 t'Il hlt'OIIl'ht' ,) 

l'état flulO(> nue ,lUX lOtPt,wtlllllS dl' tt'plllSll)l1 0\1 d'a!tl.\l't 11'11 l'Ilt tt' 

les gloupes de leul tête Plll.lll't' . .l'Il 1111''''\11,' 11'''' t'Ilt'tgi,", It'\.lt 1\"'0.; 

d'intéLlctluns l'O,lr d('s Illlld0S .1Y,lnt dtlt,'rt'l\tr ... t,~tt'''' P"!.IIII"", l'II 

dtills.lnt UIH' nou\clle (t'lllI1IQU,' qUI '"lllp.llt' 1.\ dl<,( 1 Ihut 1"11 :1 

1.' ":qui llhn· de llpuips t', hal1gt:.lh[t·~ tllllll t"'ll'Ilt ~ ('lit 1 (' dit f"1 t'lit" 

el1\'UOnOeJl]Cllts rie bll'uu, h(><; Llll1dlfj\l(',:>. \.('.., 1 é,>\11 t.il ... I.hl "1111'" 1'.1.1' t' 

.1 c('s ptudc.:; suggèteot q\l(' dt'<" 11['11\(><'. ,1~.1lIt dlrtt'lt'lItt", t,'tl", 

p()lo11 f:S, [lOull.IIent se m61angf'1 rit' L",1I1l plus Idl'.l!.', ,1 l' llllt;ll('lIl 

dE' hlLIl\/I'hC", .1 l'éLIt [ll/lei,·, que' 11' 1 1'., .... .1 1 t'Il t "Illt'IHIII' dl'" "J,-

SE'l\'ntiul1~. h.1S"PS SUI 0('5 11I0th(}rI."~ l'III'" Ir.\llltinIlIJt'II,·" .'llIIllllh 

rUlcctes 

Il.1 0t6 uhsptvé. récPllInH'llt, 'IUt· 1(,,> l'II()'-,I'!l,,- t'I "'1'1I1111·.()lll'ld.,·, 

P()l tant cleu:-. 

ditfp!cntps, 

1 11:1 1 ne':. 

[lornmt;es 

ri • Ilyd l"~ li • II h()/I" '-. dl ' II /lIg11t'1I1 

.lS) 111('11 1 !JIll"" • 

'1'/1',11\0'·( .dd"III!'llI 

pl t' "'III "/11 d,·,> 

Sép.lliltlIJl1srk pha,>l! '-,(dFj'·-'-.()[Ir!(' (·t. (jlfl-. 1111 ""'l'dllllllll"I, 

fluirh'-flUlrll' (M.1',on. 1<-)88) f'll 1O.51.1111',t·<., hlll"lll"', dl' pll"""hllill'Idf'" 

['f.llt.Hlt cleu\ ,llIÎII'''' .IL) 1('<" Identl'lllt c.. ./'.\1 (·tudlf· ,J, '.111.;1.111/'.1'" 

blll:111"':> dt· phn'-.pho- .->1 !. ·,rllll\I-·,I/IIIIIdt··, ·"<"~"II"llqll'''.' :IV!', 

1'(-'<;1"0. C' • sYIIIP! t 14ue' dlpnllll!tll) 1 phl/'"">I'Il,lf 1'1,\ l, b()llII(' (DPI'( ), 1'1 )' Il 

()hsPl\(~ que ((, t,'[H' tif> m(~lange (;t.llt 1111'>' IId,·. hl"11 '1llt· df' t.\I,"1\ IlIdl 

Ifl é (.Il e, 1 l' ~ L lt f 1 Il 1 Ij e , lI' c, s fi Il 1 Il!,, Il) 1 l' 1 il, . ~.1 II '111".11" • Il,, J Il ( . 1 • 1 1 1", 

~l'hllle()11 plfleS .1 COIII tf' ,ha ÎIlP pl ,','-,t'1l1 1'111 tiC' /"I.llItlt .. , " 11111 III IId. '-. 

qU.lllt <1 I,'uf' 1Il1'..,l 11,1111(; 1\11 1 .. DI'f'r . .t '(~t.lt I~f 1 <1,111111' 11· .. ·1 If 

flUld,·. "'lIgg/·!.lOt 'lUI' lI''> '-.f'h11Ji\!JJ lfJldr·, , 1,.:,111",111'1'1/",' III' IIItlnll/'/11 

p 1'- dl' tl 11(1 111 , (' P III l' I:},CI(' .. '-.1' <,"1'.11"1 dl'" "'.1 11 '( r" • ':,111(" Il'1111 .... 

III li" qUI ',')I1,/·rnt· 1 .. " melllil/.Ill/·, 1IIIIde· .. 
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1 . 1 Preface: 

The fluirl-mos:llc Illodel of biologlcLd llIt:>mhr.llH'S (S i ng('1 .Illd 

~icholson. 1972) has elllf>rgcd ,1S tlll' .ll'cepted model Dt Illl'llIhlllllt' 

structurf'. ln 1nt('rpretlllg thls IlIllrlpl, IIPlIis ,If(' IIltt'lI .I~~igll('d .\ 

purely stnICtul.11 rolc, m.l1nLllnin~ thf' hllll'l('l prOpt'ltlt'~ of 1111' 

membrane and St'r'\lng .10, .1 flUld, yl't nnÎC'lt·d 111.1111"- 111111 whidl Iht' 

membull1c plotelllS ,11(' 111scrtC'd. III thlS Vit'",', the IlIIpUI!.1I11 1111\1'­

t ional \JrnpC'11 10::- uf tilt' !IlC'lIlb t·.I[ll' <lrf' <Itt! tlH11 t'tI t'XL Ill ... i VI' 1) 1" 1 lit' 

protell1 (:()lIlpll!lt:'llt. 

ln fdl l, hOWC\I'I, rhl~ VIC"" 01 membrdllt' ~llt\(IIII(' .lIlrl 11111111(111 

nJny!lt:' SClltl\l .... h· O\·Pt!:>llllpllfll·d III SUIIH' llllpllLt:101 1f'~.p,·tI ..... "1'11'111 

leSf'<lldl h.le. IWilL'.lled 111,11 tlH' lunl·tloll.lI 101,1<, o( 11lt' Ilpld 

(ompOIlPllt ln l'I(lI"gIL.l! 1I1I'llIhl<lI1'-''' dt!' ,oll"'ldf·j.Jhl) Il)('''' IOlllt,]'·\ Ih:\1\ 

prp'\1()11 ... 1~ '·\I\\"'l!lnpd. ,\1111051 .111 h1t>lIlI'.ll.t1 1Il.·mlll,\lII· ... ' ''!l'dlll ,1 

l<.1(lp ,lIl.! {,/ ]Ipld.... tht' 1(>].111\'(' pl ('P()l 1 It'/IL cd WItI"1 Il. 11~'.hl 1\ 

rf'guldl"d 11'.11 IPldtlOllshlP IH'IW"f'1I 1111'11\1>1 ln" Ilplc! l "IIlIJl)',)t 1011 

,1ncI nll'111 1. 1 i',' Illn' t lon hilS lll'0n c".,I,tI>1 i ... lI,.d llt.r V.tl 1"1 \ "f ... Iudl'''' 

th.lt hm,· ,j'IiIl'fht",1teci ,1 slgnlllt.1II1 101(' 'If lll'Id ',1 lU< 11111' III 

mndulnttng lipid-protf'ln ,wo Pt\Jtl'lli-PIOIIIII Inll'I,\' t 111110., III ,111111-

ci::l1 ::100 hJ(,]oglca] nlPmhldn0!'. (:-,allc!('lmann, I(J7R, ZW.lnl, l'/7H). SOI1IP 

nJ:1j()1 1 ],l":;C;"S nf mpmhrlln0 lIpIde; h.1\·(· ,11<'0 "01'11 shl/wn tll f"lllI /lO!l-

hl 1.1\'1'1 stlul'I\lrps thnt m.ly !lC' pn",t'nl dl1lll1g bi()llll~j( ,illY impoll.Jld 

Pl()' ('c;<"i'<; slIch ilS m"mhr.1I1r fllSlt)11 (CIIII tS .11Hl Dr' "Illijl f. I<J7(1) 

DI hi'!' I1H'mbranC' ll.plrls haVI' be'I'11 ':;hown tl' bt' 1I1V,,!v<'t! 111 p.llh"".\y'.I"1 

1nfollll.1tlon tJ.lnsfcl ..... Ithlll (JI :tcf()'-." 101'111"/,\"1", l'h,,·.,ph.rlldyl 

Innslt(,] (pl) ,1110 Its 1lt()IlO- :Ind dlphosphlllj ].lIpr! d('llv.II iv'''>, 11)1 

('(ample, ho3\(' h(>f~n shO\vn tll be 11I\t,1\.f'r/ ill trdClllllnt 11111 "Il/pal~.rl '"Il 

frolll llI:illllll:11 i.1l1 '.1'1 l sur facp", (0 t hl' ,yr(Jpl.t~,lII, (/1)/1/1 <.1 JlIIII J.tf 'Illl cd 

spec1flc t cIl surface If:'C(>pl()\~" l'!tOSphlllyl.ltpd df'livallv(·',.d 1'1 :111' 

lap1rlJ} 1 onVCl lerl loto a ~(>l Jf'~ of pol l'lit ',Pt und 1II1",'·.(·fll;,·ro., (1/1' JIIII­

ing Înusltl)} triphospltatr> :I/HI di.tcyJelY((·lu]) wh" h lflfltll (. rlr,llII:tf l' 

anri widrf>pl earl (e llul:u r eSp()fl5e~ SIlC." :J~, ( al ( 111111 1111)1, Ili;,;.\ 1 1 {'fI dlltl 

kinase ,1,-tivlltlon (Bcrndge :md 1rVll1(;, J984; (,o(ke/uft ,\I,d (,<J'UllfII L
" 

1985). In the light 1)[ these fHrts, Il S(,PIIIS 1\I·((><.,'-.,IIY '" blll,IIII'1l 
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our pl clure of the role of membnme lipids 

in which they are 

from that of a pUl"ely 

~tr\Jc 1 ura] (omponcnt ln one 

role ln rnemhr.Hw functlOIl. 

given a more active 

1'h(> :lllll of my thpslS 15 tn lontflbute to the existlng hody of 

kllowJpdgp t ol1( ('tnine how llPld structUl"r:> can dffect the gross 

O/C,Hllznlllln of 1 i[JJf.l IlIlxturps. ann how rllls olg.mizat IOn may hl' 

IPlatf>d t() Ihl' physjll]ogllriI funl lion ot InpmbrAnps. As rlLscussed 

1.IIer" 111 IlIls ,haptf'I, rny ultlm.:ltf' gOrd le; tu '-·\,llu.ltf' hm·; well (or 

bnw p(Jotly) tllf' Itptd ph.1SP 111!l bl()logH<'1l IllpmbtAlw (r1n t:.-.. lllorl01pd 

,If, ;) humog(\np(llh twn-dtlll~~nSlol1~ll '~oJut Ion' ot r11fr"If'nl ]lpid 

<;(1(>1'1e:-" who:-,p dl '-,1 Iw't Ive j11()!)('J t Il!S LIJnt rtllutf' tll tl1f' oveTllll 

P/oPP/"' Il''> uf tllf' IlIf'OIbl:lnC only h) '.-lV0f".'1tjln[:.' with thof,f' of th0 

nlllp .. IIIJjd <;(1(>( IPf-, JlII)Spnt. Tbe Aitelll,ltlvc' Vl('\'" that ,~Pttllin 

Iypf's IIf l/(Jldf, \.111 fOI"m Intf'l-rll]y scglf'gatc'd ',lust0[""" or f'vrll 

domain:-, ln 1 1 If> IfIf)mhr,l11l' pJi111f', 1i,:}S hf'ell put fnlWAld rlnd rles~lv(>s 

hl'IIOIIS ('V,III1:1!lOfl. il IIn]y ln dismlss the ] lkdIl1o(,r! of such 

IH'holVl()tII, III \ II'\', (If the poU'nt l"I Illflupw'e nf slich heh,winUJ on 

IIIt'mIH'" n.. fUll! 1 l' ,n. 

l will 111f'11>{"I" [llt'scnt studJCS exallllnlilg thr ('fft~(\s of two 

,ISjl('( 1 ~ 1)1 11['1<1 -;1 l'lldllle. l1amely jJtlLlI he,-tngtollp stl\lcture :lnd rlcyl 

('h,lin l''nglh 'lIIi~IIl,-lt,-h', Oll Ilplrt-llpld intel,tctuHlS III f>xperimf'ntcI1 

~y<,fPIll"'" The .jf,SOI inl IOns hptw('C'n lll'ld hedderoups wlll bf' ..:.tlldjf>d 

lIhlllp:' ,1 IH'W .l(lplo,lch l11vnlVlIlg the t'qutJlhr.lt ton nf flIJOleSLf~nt­

J.lhelled liputs "elw(:~en Ilpid vc:~cles of diffelent cn",p(lsitiolls. 

TIH' ('ft('t! III .ll)'1 ,hain le,1gih 'IlIJsma!ch' on liptd 1II1xlng wUl he 

studIt'd III bîudl\ Sy<>tl'H1S Cl'flIhlnlng pltosphrltHI)lchnJine \dth VdllllllS 

pl1tJspho- .Intl ..,plllngollp;r1s ht'rlT ln/!, 11lghJy .le;ymlllrt rie hyr!IOèrllhon 

dl,llllS (I,t' l"" hynl'tH'.lrh()n ,hains nf C0J1S1nel,ïbly diffelpnt 

1,)llgthL Sudllipid "'pf'('1f)" havp 1(,(('lltl)" hcr·n suggestcn to fÛIm 

dISI')'P!C' dUlllnln<; wlthin blOlngll'ul memOlanE'S rlnd hf'ncc, Illiiy ha\'0 il 

..,i~'.l\lf)(',lnt l'olt' tn P].lY 111 m,~mhrclne funLtion. 
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1.2 Lipid Structures: 

Animal ce II mpmbtanes contall1 ,1 Wl(h~ V.lllt~t y ot 1 iplfl npt't' lt~", 

aimost aIl of which howevpr can be !',loup('d Int(J ttllet' ('la!'-!-ot's: thl' 

glycel'ol-based phosphollpl(h-" thl' c;plllngoll(lHb, ,llld 11lt' :-.lt'Iolf->, 

Binloglc.111) Ol'ct\lnng phosphll]lp"l .... hdVP Iht' followlOg h.I"'11 

struct1lre: ,1 glycr'rol h,\('kb(Jll(, o.:;lIh~1 Ilulet! wlfh I()ug 1.11 I~ .11 \ 1 

chains ,lt poc;Itlonc; (;-1 and (;-2, Ilnkpd IlIluugh ,1 phnc,p!tod tt· .... 1 1'1 

linkage .lt r.--~ I() ,1 pulal ,tlt-Ohld, '1'11\' 11I0S t ('OIllIllOfl pu \.1\ 1 1 pl d 

headgroup stlU< futE' .... Al(' Sh()\Vl1 III FIl'.\1tt' 1. \\lll1ln il gl\«'fl Ir('ddglllllp 

class, l'.B" the phosphdttriyldlOlllll'S, tll('II' 1.., ,1 1,1I1~1' dl'grl'I' 01 

, !t,li n 11't1f',t Il llId dPI', 1 ('" ," 

unsa t li ra t lon , Thl' llplels ul hUI1l.\n t'IYlhlCl' l't," 111"111\11.1111"., 1 (J 1 

example, <Ire LCJmposed of L1tI) .Il)] dl,llns whll'h V.Il)' III 1"III',tll 1 lom 

(vrin Veenell ,Hlrl d~· r, 1 (' r , 

(~hains ,Ile fuund plf'dollllll,lllt ly al thl' <:-1 IH)C,IIIOII ul Iht' 1'.ly, l'I,d 

backbnnf' and unS.:ltur,llt'ri fatt} .1,'yl «h:ulI~ ,II tll!' (;-2 pCl<, 1 11011. 

Phuspbo)tplcts ,Hf' b) t,1r th .. mo"t .... ld"ly dl..,ftlhllL,>d Il' 1 hl' IIIPHlI>I.IIII' 

Ilpids and LUllIfJllS(' tht' m,lJOl 1 qlld «'ofllpOI1t'lIt of .1/11111,11 ('1'11 1111'111-

hnmes (..,t'l' LlbIt> 1). 

The splllngo1 ipld~ arC' a hlghly hetcr()g(,III'(J\1~> 1 J.I'~" nI J IJdd'> 

haser! ptlTTklllly on tJw )ong-l'hain b,j<"p~ sphlOgosirlf', ddl},1io~pllilll",(j­

Slnp. :::lncl 4-hydroxy'phlngoslne. In ,dl ~pllllll\\))I/))(h. tllf' (:-2 .1111111(' 

group (If the> sph 1 n~~O<'1 n0 h:1:,0 i c; IllIk(·d 'IJ !\ 1 :l"'> ;je yI ,luI III 

anangement C; lm 1 Ln 

moiety oj phosphu)lpids. The N-Ilnkf'rl ,l(yl dl.\Ifl'~, lypi"lIly)(, (Cl 

24 carbons ln 1011c;th, .11"(> 01thet Srttlll,1terl (JI OI(JnO-UW.,:ltll/.\lr·d, ilnd 

may be hydr ClXy 1.1 t ('ct ,it (;-2. ) f,: () l, 2'1: 0, mlll 

l.Thr· A.cyl (h:nn !0neth nnrl posltLon, (untJrrn:Jt J'Ill, nnd Ilumlll·r of 
UnSrituI,ltC'rl hIJnrls ;:)1(' oUen deslen::ltr·r! hl' A she)/'th:H1rl nntallMI hJl 
exampl(', an 18 ,d,bon dWln wlth ,\ ('1<' dClubJt> bOlld lJr-tW0Pll (,." :H1d CIO 

wouJr! he \o.Iltt0n 18:1 ,/:;.<>. The -;:-llnlalJOn l'~ olIPf\ no' Inr)ur!"r! 

unless the r!ouh!p bnnr! le, ot c;pcc'lfJC Jntrl'r·c;I. 
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Figure 1: Llpld Structures (at physiologlcal pH) 
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Table 1. 

The Lipid Composition (in weight %) of Various Biological Mf'mbllllH'h 

(from Vance and Vance (1985» 

Lipid Erythrocyteo{. Mye li n", Ml tochondr ia ~ \ Endoplasmic -_. --- ---- Rë t fë-IJ iu-;ï~ ~ 

ch () 1 (' <-, tel') l :! \ 22 f. 

Phosphélt Illy] 
Fthallul.tm 1 nI' 18 l '"i ' - 17 . , 

l'h(Jsph~1t 1(1\-1 
ChollllP 17 10 \'1 Id 1 

Ph')sphiltld~ l 
Sr' rI n,> 7 'l .!. -, 

Splllngomvellt1 11-1 R r J 

(~ly, flsphillgn-
llpids ~H '1.7 

1 f l'nm hUlIl'1C: SOl'llPS 
, ... ft nm tilt J 1\"'1 



1 

l 

5 

2',:1, :l1_Collnt for the majority of sphingolipid N-acyl chain groups in 

human erythrocytp mr-rnbnmes (van Deenen aod rie Gier. 1974). Simtlar­

ly, thn'f! .Hvl rh.\10 spp(iec., (18:0.2',:0, And 24:1) ::\ccount for '>:;0% 

of thf> lJydnHrlrhon dlrllflS founrl ln lIlyelln U\he r1nrl Norton. P)7<}). 

~ornf' If'plf>f,pnld{ IVP <,phlngoLlpHJs .1Ie shown ln Flgure 1. (Fcn the 

(lurpos(' of f ].l/lty ln This thesls, wi il LIS!' the term' phospho-

1 i p i (1<,' on 1 ) to df's( Ilbp spP(,}E'S haserl on chacyl glyc(>loLphn,->phate 

rlnr1 wIll In('!ur\0 <;phingolllyr-!tn w1th the sphtngolipHls). Although 

ln 8n1111AI cpl] mprnb1Aoe5 thAO Rle phosphollpids, 

sphlng()!lplfh l,In br- found ln rp]Ativc]y h1gh l'oncf>ntlf1tions in cell 

pln:-.m:J 11If'lIIhl.lllf'$. particlIJally ln spel'ltie tlSSI\('S such riS myclin 

(TahJ(' ]). 

Ch{)lp .... tl'ln! IS tl\(' IIIAJor stf'rnl componf>nt of mammaJuln cC'l1tllal 

111 .1flrlltlOI1 tn thp 4-memhf'lf'd ste)'oirl rIng systl'm, 

dlOlp<,f('rlll PllS:-'f'S<.;('<:;.1 1-()-hyriIOXyl group and A hlAnchecl hyaro-

('.Irhol! ,'h!1111 ,ltt,), hl'rl ,lt Ilppnsitc' enns of thr· str-JoJ(1 mil l(>us. 

CIIOI('c.,fPlol 1:., gl·III'I.1Ih (-ollnrl III ,·plI p1.1SIIlcl mi'mbtrlnf's .1nd 1_5 Le::;s 

PII'\'.111'11I ln IlIlrrl,('11111r1l llIf'rnhr.ln(·<; ... Itllnugll PlHluslllII"" (\\ohldl a li' 

dl'l'lv,'" Itlllll Ihl' pl.I:-'II1:1 1llf'lIlhr,lnl') ,lt"P cl notahle '''\t"f'ptlun (H('lnlgt>r 

pI nI., 

of plasflJ!1 membu1I1es \1,11 11"'> lI'llsidetrlbly From 

1 1 :-'~IH' {o 1 1 ·., .... UI'; 1 Il SUIlIl' llIf'mbr~nC's. SUt h dS t ho!',e of hum,Hl f' 1 ytlu 0-

,')1(':-. alld p.lItl\ul.lrly myeJlo, II JS rl 111;1]01 LOlllpCJll<"llt • .\PIH"()dl.:hHlg 

t'qll 1 III 0 1.11 ra{ 11l~, Wlth ph():-.phollpt<ls (v.m Del'nen .111d de (;Lel. 1974). 

'l'Il .... Iurh 1111' lwh:I\'lllll1 11[.1 p.lrtlLul.ll Il]lld ~1'('L1f''-, 1lI.1 system 

.1:-' IH'I('t"O)l.I'IIt'Ol1'> dS .1 hlll1nglc.IL IIlt'IIl1n,111C' would l'l' .111 ,lldUOllto, if !lut 

(llolelll IlllIIlll)I)(·l!t:-.. wlth tlll' ('\l'ntu<1J go.il of Pxtl.lpoJ.ltlng the rlata 

III dt'~. Ilh.' {Ill' bllllogll',ll systl'Ill. Whde thi:> go,)l h.IS yet tü he 

fllll~ 1 ".1I 17('rl ln manv caSt's. an (>l1olm:lUS amount of riaLl h,lS l:1I-'en 

.1m,ls~t'd l'Onll'lnll1g thC' natlln' ot IlPlrl-ll{lld l11tel.l' t Ions and ho\v 

th('f,t' Inll'l.II'tllll1<; ma\ affect mcmhr,lnc c;tnh'tlll"C ana fun, tlOIl. 

Olll' III tilt' Illorf' lI1t llgulng theoret il'.ll IlTlpllcat ions of nonideal 

llltl'l,l,'llOn ... bl'Iwel'll dlfferent ]Lpirl speel('S IS the pu<:;sihlf' forma-
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tlon of Sepali'lte dorndins compost'd nt dlSt'l ct e 1 tpid :-'Pl'l' lt':-' III 

multicomponent 11quui-crystl-llllm~ bI1.1yl'I'S. Slwh Oom.llns h,\\t' hPt'll 

suggesterl to pnltt~lpntf' 

includlng thf' hlndlng lIgands t Il Il)('1II1l 1 .lllt' Sil 1 f • \(',' 

et al., Iq76; Hn!mgren pt .lI., 1980; Cr'lllhll'y pt al., 1 <IR 1 ), 1 1\1' 

formatIon ot l\Jemhl,1nes wlth unusll,11 morphnlnp'V (L\ll.ll,d", IlJH7), III(' 

enhancf>me!1t of 1llf'I\Jbl{\l1(' q.lhl1It~ (SdUllldt (>( .11., \<)7H) .Indlllt' 

maintenancE' of hl Llyer l'ont 11H11 t ~ !lInd-PIllll'lll Inlt'l t.\(,p:-, 

(Gerritsen t·r ,JI .. 1')7'). ---
l w111 now dlSCUSS th€' phY<'I'dl h('h.1Vl0UI' ot tilt' ,DJllITlIlIl p!1ol->pho-

and sphlng',} Ip1l15 1.n nq\lenus solut tOll, bot h .1:-' 1'1111' ('llmr)('lllld:-. .\Ilel III 

simple mlxtulP<' wlth 00(' ,lnnl!\et. 

1.3 The Effect of Lipid Structure on Lipid-Llpid Intf'ractlons: 

1.3.1 Introduction of Lipid Phase Behaviour: 

Befon> disClISSlIlg spp,lfle 1 IpICi-1 IpHi Inlf'liI,flon:-. Il 1 c, 

neCCss.lry to Introduc(' tlH' (onl'ppt III Il P 1 d ph,\";(, hdldV l'HU. 

Membrane llpJds rnn ~XIst 

At 10w temp p lalurp<" SI'IlIP. 

or mure g('l 01 oyc;t:=tIIII1P phdC;('''' (dl'llo tf'd.1'" LI>' 1.,' (J 1 1., ) . III 

these phasE's, th(' ,l(}! dt,1Inc; ,1/(' tlfjht Il' pol' hf'd Wltlt (·xtPIl .... IVP VIlII 

del Waab' l'onL1I ts and "PlAtIV(']Y litt 1(, (1i.11I1 mot lOri. At III y,llP r 

t('mperatlllf:'S. ge]-stnte htl,I)'f'IC, IYPJr·.llly I(,nvPII I".i 11111<1 ,>tall' 

called ,l liquld-uy<>t.1l1lC}(' plias!' (dpllol<>d,\s La) Ifi whl<h Ill(' d'il 

chrllns ,ue no longf> r (1 gh t 1 Y P,}, k,.d ,wei f'"h Il, 1 t 1 nr 1 hl..,I·r! 1IIl) Il'' Id a, 
Tlll!:> pdrtlcular 

referred tu .1$ 'nll·ltlng'. 

plt:t<'f' 1 rau"" t Ion 1'" Id 1 PH "J1II"11J 1 Il ly 

Thr· tpmpf·lolIllII·.\1 whl,1J ,\ ).~lv"ullydl"I,·d 

lipid unnergoes IhlC, tUJ/bltlon (df'llnl(·ri ,h 'lM) 1<, dl'pf'lIdr'lIl (JII 1111' 

st:=tbilIty uf 11J(' system Hl the 1;1'] ph;I..,": UIf' 1111 il l' ..,r.lbll· tl/l' /',1,1 

phasp, the hl gher t Ilf' T"1' 

bPtween ndJR(f'nt Ilpids, wh kil a Il' sI rlJnw' r 1 n 1 tH' 11,1' l '~ 1 Il 1 l' . 
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Conversrly, UDsBturated or branchrd dcyl chains disrupt acyl chain 

p::lckiog in ~hf' interJor of the bilayer and hence ]ower TM' For 

singlr pUll' ! 1 P 1(1 sp,'c ies, thr gf'1-to-llquld-crystalline phBse 

transit loCI IS sI rong]y ('oopptat Ivr ,lOci hl'hl1vc<-' as a CLlsslcal flrst-

01 d('1 ph:lS(' t l ,mSI t Ion (Alhon nnd StUI tervant, lQ78). By c.ontrast, a 

hpI progprwo\Js ni 1 XlIII (. tJt phospho- and !>ph Ingo]! Plds, such ns those 

t ound !" hl () log 1 { d! rnf'mb 1 :lfl('S , wJlJ ,h,lld!tCt-tstically hl1vc <l broad 

II,p!-lo-!iquld (ryslall1rH' phas!' tl.1nsitlon. 

FOI S{JlflP IlpHI,>, 

1('51111 ln .I!IUthl'l ph,)f.(> tt:1BSltlll!\, 1rom the' liqulil-cryst.'lline phase 

Such transitions have heen 

ohc,p(v('c! flll lIos,ltllralPff phosphatldv]Plhnoul,lmincs, cardiollpios, and 

phosphal Ifll' d( Ids lIDfler phY!>IIJ]ogl' a} or Deal-phYSIo]ogles1 condi-

Thp rcndpnl les uf dlfferent 

ll(>ld ,>p('t ll'b 10 {orm DOlllamel]a! vs. lamelLu- 1'11,1<0,<'5 1& often 

PXplalll(',j III \('l'm~ of then d:i fterent 'dynanllc shapes': the t)pe of 

·Ii~gl('g:lt., 1()llIlPt! lIy d SPP(ltl( I1Pld sperjps ln aqueuus solution 1s 

r!"!,Plld('nl !Ill tlll' IHII" IlIJ\\f<"1l the \,'o!tIIncs ann Lloss-sectional areas 

{If 11lt' ht',Hlgl()up .In<l tilt> .leyl L11.111lt:> (l'.! (f·j.I!Il\lll ~ ~~. 1076). 

Il, .. ..,1' 1.ltl"1 [lIOP"ltlf'f> III turn. depend (ll) the length and d.~);t<'P of 

1111'-0.1 1 111.\ t luIl !I l ,1 Il P t d' c; ,ley 1 eh,1 J Il~ ,1l1d 1 hf' ha 1 anef; ot repltls 1 ve 

l, J. 2 

st ('Il ( , rlI pn 1.'1 r .:inn hydlogen-

The Effect of Headgroup Structure on Lipid-Lipid 
Interactions 

1.3.2.1 Pure Lipid Systems 

LlPlt!S \\'Ilh ulentu.ll ,lCY] L'hruns hut difff'!'l'nt headgroups often 

l'Xlllht{ It'IIl,llk.lhl\' dlffelf~nt phase beh.:Jvlolll. FOI C'xample, the 

dlp.dmlll)~] phusphullPlds llstf'd 111 Tahle 2 haVf' LollS 1derahl~ 

Sevel;'!l 

t.1l tlll .... 1t.1\t' IWt'l1 sll~gf'sted tu l.nfluencf' thf' tr,mSI~Lnl1 tcmpP latulf'S 

Id pl\llspltnllpld.., \<"lth dlfft'lf'nt he,ldgruups, 1ncluning he,Higroup SlZf' 
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Lipid 

lll'P \ 
fll'PF 
Ill' l") 

llPT'C 

. ,-h,'l}'," 

1 

Table 2. 

The Main Transition TemperatUles (TM) nt 
Several Dipalmitoyl Phosphnl Lplrts 

C~~ge'" ;::;; TM (OC) Refpfpn( f' -- -- -------

-1 1) '-, l', 11111\(' "lId 1 1 1) 1 ( l'Ji{ 1 , 
() f) ~ JI, l " . 

-1 -) 1. (., '\', f'f . il . ( l')H 1 ) 
-- --

~I it !JOli. 1 1 fi t'I Il ( l' ln) - - -----
1) ,,1 \, III III l' k ,·f Il ( l ' 1 1 () ) 

l'Ill 1 l '1'<' /'f Il l' J 7 ( ) ) 
- - ---

,1 t Il('tlll.ll l''i 

7.\ 
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nnd rhargr- rlt phYSloJugical pH (Bach et aL, 1978; Van Dijck et fil., 

]978; Brownlllg, JI)81!l,b; for il contrastlng report, see Elbl. 1983). 

and abillty 10 donaU' rllld an'cpt hydrugen bonds ([or reccnt reviews. 

:-,('I"~ Boggs, 1 WlO , 1 gR 7) , 

flydl o~',('II-b(Jnd 1 ne J Cl leract lOOS have rJl"en sllggestcd to pr()mote 

1 ghl PI ,l'-,'..,()( 1 dl J UII<, bptwecn 1 he headgroups of spec les ~>uch .:lS PE, PS 

.mri PA, W/UdllTl,IY ,,"olmI lOf the higher tl,lOSlllOfl tc'mp,'rdtures of 

t!lPSI' Jlfnrh (B(}ggs, j()80, ]087). SPVPI,ll l'',IOUI''' ha\'e prcspot'.,d rl.1t:l 

«HI' ('llIllIg 1111' l'f11'( l (Jf Vdrl!lUS ph}Sl< .. lJ [H".lmeti'IS (In ph()~ph,1lJrly1-

LI dllSlt JOliS wh l' 11 support 

1978: Cf>V, pt al. 

tlll c, 

1 <JW3) , 

CUlIdèp t 

C; inll 1.11' 

Il anf-> Il i()1l 1 (,IIlP"1.11 \II (' d,t Jow pH. whpre II C:'XlstS .IS a ll('utral 

111(1 II' ( Il 1 (' . 1\1 1}('utr.11 pH, ,\ lowcl tUlllSJtlCJl1 t('rupetriture 15 nW.lsured 

al low '"Il 1 ((lIl( ('nt l'.lt Ions: hIJW0\Ol, olt high LUllI! 

tll(' 1l1'1-'.nt 1\1' (1I.1rge ()f l'S l S ].1 rg(' 1\ sh i (' l rled . 

st r cngth, where 

tll(' tl.msltion 

1t'III{1f't.IIIIII' Ill( 1('.1<,('., to ;j valllc' c,Jn111al' to thA! u1 th(' 

pH) '-,P('('I'''-, .lncl to th.lt IIf Il)(' enl JeSpOIllilng PF (CP\'!' ~~, 1981). 

'1'111'':>,' !('sull'-, <,\lP.ge" , thdt thL: tr.lnsltlUl1 tl'mpel'atul'l' of PS IS 

~ 1 gn Il 1 ('.1111 1 v 1 JI fi \l('l\I'cd 

hydl(IF,<'lI-!lolldll1f, Int('r.!ct lon:-, hPt"('I'1l h(·.l:iglnups. 

PIIII' 1'\ ';\',11'111'-, 11:Iv(' ,1h() t)('c'p SIUOLod ln "flOlt tu c'Xpl.l111 the 

hlf,h plln",' tl,ln~lllI)n tcrnpPI.lltll(' of thls Itpio Rt physiologic,)1 pH 

(,J.lIlll>~,Ol\ ,lllcI 1'.lp.lh.ldJ()Pll1l11l", I()?,): HIIUlll and r Ib1, Jq79: Elh] and 

Il 11111\(', 1 (l7') ) . 

PA 1,1Il p.lI Ilclpalt' III 1111 l'tmol(''~lddl' hydr()g<'n 1}()lldlnt~ ln spito of its 

IIlT .• lt 1\ l' 11111 g(' .It pll\',10 I")',,,j 1 pH. hl1('11 l'A lS comp1('ll']v i0!11Zed 

.It htgh pli, tlt" IN dlll[1f, .IP!'I('( 1 1111 Y (Hlum(' .1fIrl Edll, 1 '17 <J: E i h 1 and 

,l!ld 111:-''-, ot h\(IJ(l1!,1'1l bUilding IlIt0I,ICt!c)nS Iwt,\ocn th( PA h(,.'ldL~JOUP!'" 

~phlltg()llpl(b P()'-,<;cs .l.lrlit lUll,11 t'llt'nllc ,11 glUUpS. WhlCh are not 

I,)lllld III ph(l:-,p!lulIPlds, th,lt IlIJ\' ,llsll pclttlllPcltl' ln intct-mülcc'ulul' 

live! 1 (lgl'Jl hOl\d 1111',. rlw .lmid() ptoton dnrl the C-3-hydlOXyl glt'iUp of the 
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ceramide moiety, as weIl as the ~'-hydll)~\'l gl()UPS PII'S('nt {Hl ,1 

significant portiOn of splllngolipto N-an'l chains. mm ,\11 }'l't"\l' ,IS 

hydrogen-hond donnrs. As w€'ll. thE' glVI·osphlnp,l)llpld .... ({·l'II'Il\11Sldt' ..... 

sulfatides. and gangllusu1C's) POSSi'SS mulllpll' l'()rl'Ilt t.1I h)d,'ngl'Il 

bonding mUlctles (hydlIlXV} .11lrl ,\lIIHI(' glOlqh) III f!tCII llt'old"'10IlP}, 

which h<l\'p ,1 1.11gl' C'ttect on rhell plhlSI' tH·hclVltllll 

synthe tic :; ph j ngomye 1 1 Il < lua 1 nglll's h.IVI' t y pH. tl 1 ~ b('l' 1\ 1 tlllIId t () Ill' 

only Sllghtly l'lcVrtterl.lhu\'l' thllc,(' of pl\l)">plt.ltldyllhtllll·I'·~ Il( <,lIuilal 

chain Iengths (Brltr'nhol~ ('t ,11., 1971>; Bnl'l'nllol/ .lllli ThllIllP~,()lI, 19HO; 

Barenho1z ,mri G.ltt, jg82; CUIHtoln l't dl., 1')R2, l'IR'i) 

pure synlhetl' ,>phlfll't'myclills C,ltl eXhlb!t ttllllpl.', !Wl-ph,j~(' hl'h.l\,­

lour, fornllilg ... tahle gel ~L.lI('., Wltl! (lIlI<"'ldl'lolhl) gll'.It.·, ('1lIh.1!pll'f-, 

•. H1d entl'opieS {)f dldln Illclt lllg th.llI .11i' ()h...,l'l\,pd 1111 th.· 1011'1'">PI)(ld-

lng phlJsplw t lll~ lchf) 1 1 rH'i, r B.-l J {'"llI>!' (' r 1 J 

CUL,} toIt) el 

physic,11 behrlv!OUl ()f llw ~phlllf'.(lIll) 'J111l<" 111,1) IIf' dll" tu ill! Pllltll!('( ilia/ 

Tht' ~ Imple 

sulf<1tHh> 0xhlhlt 

!:".J Il''(11...,\ ! 

compared tu pho'Opllllllpids (JI ~phJn~'.'Jlllyf'lIJh \"1(11 ::'Irtttlni .11 yI 1 h"IIl~. 

Il hac; been ::.uggpstf'd th.!1 IIIJS !1plt.tv!OUI /.>1 Ipl 1..., Illt (JI' 11111'111 P III 

strong l11te1'11l011'( UL'l Il:-.'ril ()f,('fl l)(Jlltllllg !)l'r W('l'lI Idy< ',<-,phlfll!,()) 1I'lrI 

mole! 1l1ec, III Ill!' 1-;<>1 pltas!', thu:., ·-,t.lhIIIZlllg thl~ 1'1101:..," Il'lnl iv(' ln 

TIll', t "Il' (> plI " 

SUppl Jl t cri h\ 

~ugal' IP<"IOt((' llnkl'd tn the· <;-1 

glycc1'ld, W('ll' tuunrl tu pO<.,C,I·"> '1'1'" 111.111 ttH'lr 

corl'CSpOndll1g c11tptrAdecy1 PC',., (Hinl p( .II., J')8r,). ~-,IlJ(JII"', 01 thl' 

phase' bcllo'n:ulul of sulfAtldr'b (Roggc; 1'1 .d .. l')!)')) allt! 

cerebrosldes ( C1owl's ct ::t1.,197); Hur1<Jw,lCi79; BtJnt;w:JIIrlI.(·vill, 

1980; Fteire et aL, 1980; RlJou'u Pt nI., I(H~I; CuralolfJ, I r)8l; 

Curatolo and Jungal"nll1, 1985; Recd and stllplcy, 19(7) wllit dtffprplIt 

N-acyl chains have shown that 

l 
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('nr-hr:llpil'~ of thesc SpCCICS do not dep('nr! strongly on the aeyl chain 

1 engl h . 'l'II u., [('slll t sugges ts tha t hydrogen-bonding in teract ions 

h.·twccfI polal hplldgrC!\lps havc A grl'dtcr lOflueflce on the thclmotroplC 

bdlOV)OIIl of t hps~ J l[!Ids thall do tilt' van rlPl Waals' Intcl<1ctlons 

h,>tw('p/1 t/)(· hyrJlC)(arholl dHilllC,. Synth(>tll Slllfatlde sp0c.ies exhiblt 

low(>[ lM'.., 'han 00 Ille (urtf'<;ponr!1I1g CI'tehn)SHies, probably reflect­

IlIg !tIP prl'f-,Pllc (' 01 (>le" tlosta! /1 lCplllc;IOIlS bptween the sulfogalac:-

1 or,y 1 /1I'.Hlgroups (Ruggs ~ ~, 1 (184) . 

Ttlf' 'Iyst.·d stnH tlll(' u[ d synthctic Cl'rebrOSloe has been 

1 t'porI ed hy P.l'.;dwl .mrl SuocieJl (1977), Wl tllln the crystal struc­

tlllf', tl((' plan('s of the SIII'/li 1 IllgS Ill' olmost pruaJle] to the plané 

()f 111/' biJ.1Y"I', alld thl' sugdr hpadglolll-ls fOllll;m eXlensivp lnteral 

nt' 1 wc) 1 k () f hvdrogl')) hunds, ~ J rn 1 Ln h(',Jrlgrou p i fllp rac t Hm s havl' been 

indical ('d ln O'H NMl{ st Ildle~ of N-l():O Ler('bloslCh's (Skc11 J\lne and 

glOUpS ,md the am tde-

Ilnk('(\ hvdl"'} Lltl} ,lt'Ids ln thc..,(' '>ystcms ,ln' .llso In\lIlvpct 1n 

J:ttf'l,tl IivdlllgC'n-IJlJl1dlllg Intel,lltlollS, SuC'h Intt>l,tltlons .11'e· 

plo/Jably Impol(.lJ11 ln the' formation 01 hlghly sta.hl", high-mp]t1ng 

/',('\ ph":,:>,.-',,, 1>\ 1.'PIPbtoSHics (B()ggs, 1987; CUn'ltolo, 1987) 

1.3.2.2 Binary Lipid Mixtures 

Al t hough stlldl(,S LllvolVlOg pUlL' liplli speocs have indicatec! 

lhnl 11pid.., ~ttlr dlff('tcnt hcarlgt'OllP stn1l'tllres CHn PX/11h11 ql1ite 

dlll('I('lIt pli"'->t,'.J! Iwh,IVlOIII, tilts flnding lS nf llltle hiuluglè..ll 

1('I('v,1I1I,' If Ihf'sl' flt<.,tlJllt bch:wiour::. dn:' not leflectf'rl in the 

PIOpl'l! I('S ,d I111'lIIhr.ll1t's ~\'lth mt\l'rl 11pld LUIUpllSlï ion, E;;:lJcr LlIll'nts 

IIlVIl!V1IIg IIllldl;' IIlI"tUII'''' of 1lpids wlth dLffl'/cnt Ill'ddgloUpS h3\1P 

(H't'Il 1'\1 1 ('ml'h IllIplllt.11l1 tu ,lddll'S'" thls ,1I1d ulh!'1 '1UC'st l'ln.., concern­

illg Ihl' Ild" ... ,d 11()J'i::, \~lth dtffplcnt h(',lIigl0Ups Hl c!plernIinlng the 

physlt'.lI PII)Pl'l t 1('., ut ÎlLulllglC,ll mèmhJ.lI1es, 

I:n t 1 \' 

1ll1XtUll'~ (lf 

1"Pf'l'IIIIPllt s study lIlK 

~ \ Illllld ri 1 phospho 11 pHI 

tll(' phasl' P41l1li bl1d of bio~H'Y 

speues nf ::'lmLlal Chdll1 length 

Il,1\'(' gl'lIl'I,t11\ lndll',ltl'd limitecl solld-phdsP IIl1snb11ity and legular, 

thllllgh not ule,d, ml"lng lIf the ltplO spelles ln the liqllid-nystal-
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1ine state, Most PE/PC systems with symmet rie ae)'l dHlins hm'l' shown 

partial immiscibility in the gel-stJte dnct eomplt>tt'. bill .lpplll't'nt ly 

non-ideal mlxlog in the liquid-clysta]] ÎlIl' stal!' (\';11 Hnd Nd:Ollllt' 1 1. 

1975: Luna ann McConnf"ll. 1975; BlufllE' et al .• 1(82). ~11 '-.1 III 1", li 1 

DPPE with DEPC were OflglOdllv lepultt'd tll l'l\ft I1lf ( ]ltltlld-lltjulIl 

immi&cibility (Wu and McCotlnell. 1<)75). rlithough 111011 It'I'.'lIt ... Iudll'" 

employing DSe (SiJ\'ius. 1981>. BrHllllt'l ,lIld MI'llfh'h"hn. I<)At,) "nt! FT-l" 

(Brauner dnn ~teode 1snhIl, 1 <)f!b) have' fa i l,'d t 1) 1 Oll t 11111 rh 1 ~ t 1 Il cl 1 flg. 

It has been sugg('sled thdt plcvi()l1'~ .\1l,dy~I'<, III 1 Iplt! IItl',. ,hilllV III 

PE/PC ~ystems hav(' oft(>n fdl len 10 .1\ \ (lI/lit del"qU.lf t' 1) fOI tIlt' "'tllld-

wh idl nr.:!): 1eiln t 0 ('1 1 ()llt~OUS • one lus 1 (ms ('Oll. ( ,':1 III/', 1 h(' IIH'I llI11dj 1111111 i "~ 

of lipld mlXln~ 111 lIw llqUU!-( ryf,f,dllllt' .IS Wf'11 .l~ IIIl' 1',pl-SI,I!I', 

Severdl c;tlldlE'b ()f the 1II1:-111/: h('h,IVlI,1l1 lit plln',ph.lr Id) 1. holllit'''' 

wi th phosphat 1 dy l se ri ne,<, 

MeConne11, 1971; vrin Dytk pt ,d. lc)77, ]<)78; LOH,} alld MI (;1111111" J. 

1977, 1978; ~lew;nt et~, 1079; HUI p! al, . l'lIn : ~ j Iv IUf, lIud 

Gagné. 1(8411) have geneullly IIHtJl'atNj 1l1gh mlS( Jill Illy III ItH' llqull! 

crystaillne sLlte, altllUlIgh limll('(j 1111<'( Ihllity ot !ltpf,1' f-,PI'( Il'h III 

the gel-stnlfl of satunHed PC/PS [Jlld PC/PA lJJiXIllll'~, Ii,,,- 11I'('1l Il'IHlIIl'd 

(Luna and McConnell, 1<}77; van Dljrk et .d., 1')78; '-,1 JV1U<' :Iud (;.1/>,111-', 

1984a) . SllVltlS ,lnrl Gagn0 (1984<1) have .... t1ggpstpd IIt"t (olltli(! 1111'. 

results obt.tlOf'd tn earllel stunl~s couic! bf' dul' 10 Irt(olltplPII' <,:Uflp)l' 

equillhr.1t ion. 

Dse pxpPfJments Involvlng binary ITIlxtures of PE and l'S <'1)/'( )(H., 

(SIlvius ann Gngné, Iq84b) and of PE i1nd PA sP('lIP<, (Glah,un ('( n1., 

1986) of llke-acyl composition have lndicat('d that hUe h hy<,lc>rur" 

exhiblt ne,lr-lIleAl lIIiSC'lbiUty ln borh IJH' gt"l and) iquid-('t yr.,lnll j II(' 

states, 

Lateral segregation uf anlnnj~ 

repc>lted in f\ flumher of binary liplr1 ITtlxtUJ('C, ln tllC' 1'1PSP/l«(> (Jf 

divaient (',HiollS, p:-Hticul:uly u!lrlll1l1 (PC/PA' Uhnlshl Hile! 110,197/,; 

Galla and ;'il(kmann, 197:>: ,JacohS(J/I .mrl PrlphdnJopolJIIJc,. 197";; H:\Ilrnfillrl 

et al., 

and Fejgenson, 1984; Graham et 111.. 198'i; KOU;]OUf.1 pt a]., 198'); 
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HaVPlstick and GasPl, ]987: Lcventis et al., 1987: PE/PA: Graham et - --
PC/P~: Ohnishj and Ito, 1974: Tokutoml et al., 1981; Ohkl ---

et a) ., 1981: H()(~kstra, )<)82: HUI et al., 1983: Flnrlne and 

F('jgPIlSOIl, j9H7; Fplgf>nson, 1989: PE/PS: Clillis rlnd Verk1cI], 1979: 

'!OklltOIilI (-! ,II 
._---'-- J'Hll: TI!COlk flnc! Cul] lb, Ul81; SllvlUS flno Gl1gné, 

)'1841». ~!J( li pt!:1C,(' ,:>('p,il,1tlons clJ(' lIsually ot the solHi/ ] lCjUHi­

( f'y!-.I a II JIll' t vp", II(,! tt)(' II fjlJ uJ-c l'Y':>! 111 J lflP/llqU Id-( ryst::llil n(' t ypc>. 

C.d (>1 lIW' 1 1 l ( ,:>ludlPS Il! 

1II1xtlllPb ([Jill lol' 1 .lJld ~llqJ!('Y, 1977; B,IIl'lIhoJz (·t ri 1. , 197 (,) IMVe-

shoWIl Ihp~(> '-,y'-,!f'/IIf-o If) he· cOlllp]l'Ïely IIIIsclhle rit phYSI()l()UI(aJ 

lempf'rallllf', .Illhllllgli Lllel.lI sepdI.IL!U]l (d ~phlng()myplln-rj(1I phases 

Ir.Jl IIIIP IIII( IO<"'(O{JY h,tV(' <"'lwwlI th.il ph()~ph;llldy1(I\{)JIII"/SpItIItgf)(llycJln 

1979 ; J,r'nt z pt ,d., )i)Bi) e,ldhlt 

t t J(' 1 mu 1 r () JI 1 ( c,llIlll.n ln thclt of [)~IPC-DPPC rTll,tllJeS 

(Shllll:-.<I\1f k ,1l1d Md.()llll(']1. 1971: Ch<ipman pt ,I! , 1074: L(~E', 1975). 

t ('IIIIH'1 ,lI 1I11·~ .... 1.,'1111. ,llIrl f nWf)rkOr~ (1<)81) h.1\'(' 

ri If f f' J PIl( ,..... III.ll' \ 1 dl,llil (f )1II1'()~ If H)I1, :l nd no t III lwad gt ()Up st t uc-

t III f', l Olll(l r 1 :"1' 1 1\1' !II:\] () J 1 aLl ur 111 detc Lill 1l1lng t th' phA "'co sepn ra t 11>05 

ln Sphlll!-'.(lII1YI'lln/PC syst(,IlI~~. 

TIH' 1II1,lllg o( t'f'J'E'bl()MlneS Wllh plw:::.plw1ipHls has been studled 

hy 01 \ :tIlt t \ () t tt'chlliquec., to (late (Bunow :1I1d Levin, 1980; SkdlJune 

.lo<lOIdfll'ld, jQS2j RUlHCO et [11., 1 g83: MngglO et Ill., 1 QS'i: 

ClIl'oItO)(), ]<18b; Buno\\! ,Incl LeVll1, 1988: Juhnstun and Chapmnll. 1988; 

"oynov,l pt . 11. , 1988) . Such systems generally exhthll .11most 

ll)lllpll'It' 11lI001..,ClhIllty in the gel pha...,e-. At phy~lOl()glCal temperA-

tllll'''', .1 hOlllugCIH'ullS li4uid-crysLl1lilH> ph,lse 1S fOlmecl unly rat 

r('lat I\'P\~ l()\, lIIOI,' Lletions nf ('f']'C'hrnSJfi('. Abo\'f' this 'so1uh11ity 

llllllt', th('ll' 1', .... t'p,11.1tloll of a ('f'lcnroslde-I-Ich gel pli,ISI'. TI11s 

bl'h.lVlIllll IS IH'lll'vcd to he' dUt' tl' the plPsC'nce nf stlCJng h:olfJgen­

honding Intl'r,\(l10!l:-' IH,t\~('l'n thl' (l'1l'l1foSldp h(',ldglOl1p~. Rlnt()\lI.lfld 

I~('ltl (198<1) hm: t' Il'l'ently shllwn III sul1atlde/DEPC mIxtures that 

sult,ll Illc> l'xhlhlls snlllcwhclt betler IlItSClhIllly wlth PC nt physio-

Tt 15 
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important to note 

cussed exhiblt 

that the glycosphlognl1pllt/l'C sv~tems just dis-

gel/liquld-crystalltne, and not 11qllid-

crystalline /liquld-cryst aIl j ne phase sepa l'il t 1 ollS. 

In summaly, a VdI'lety uf hlO.lry phospho-:Illd ~pIlIIlK()l'Pld 

mixtures havp been found to eÀhlh.t "t least pdlt 1.11 ÎllIllllSI'lbilll) III 

the gel state and appt'[\r to ml, ln ,\ OOIlld(-'.1l 111.\111\('1 III 1 lit' Il'IlIid-

crystAlline state. 

crystall!ne ph:1,,>e s<,panltl'loS ha:-. not hl'I'n Il'IHlIl\'d III d"lt' ill 

mixtures of IlPlii spCUCS wlrh !'.1I111 Lit dey! !'tWill !PlIgl Il:-. , .dlhoug" 

both 'ciustel'lllg' ,mrl gf'1 /!lcIUld-,:tysta111Iw ph" ... " c,l'(l.lr.lt Illll~ may Ill' 

possible for sorne I1pld mixtures lIf thls typt? und!:,1 phyc,lolllgil'lIl 

conditions. 

].3.3 The Effect of Acyl Chain Structure on Lipid-Lipid 
Interactions: 

Given that the hydlocarbun ch:uns of :1 liplO roult'cul<' l'ICI'-,('(Y 

interact wlth neighbounllg hydrocAlhuo ,-h<lll1'1 in th(> lntf'rtot nI .• 

bilayer, it 1s !lot surpr1510g th.1t (hauges III thf' ((>ngth and df>~',It'I' 

of unsaturation of thcsc ch:llns è,1Cl h,lVe a glP,Jt ('f[PI t Ofl I/II'ml>,alll' 

hehav loUt • rh(' (-1 deyl ~h.l1lls 1)[ the plHlbpho] ipld:~ (lII'S"lIt III 1111):-'( 

eukalyntl' systems ,)JI' typlt.dh f->:1turntpd, wh11!' th(~ (;-2 tll,IIl!" dll' 

typically unsatuli1tprl (Holllh and KuksLS, 197H). Mo..,t (I\llrl IIlIXllig 

studics to rlate have· dedIt wlth 'f->YII1lTlPtllc chaHt' l'hllsplJ/lllplllc.,, 

whose two aèyl ch~1/lS <Hf' clt!lpr ""Il'mle,dly ltll'fllllnJ \lI (tll:l 

slightly ]UOSCI d(~fin1l10n) very simil:H in 1('lIgth. 

1.3.3.1 Lipids with ldentical Acyl Chains: 

While 1 iPlds bearing two Ident Î( al fH yI chrll ns (wh j, Il WI ! 1 

l'cfer to belowas 'like-chaln' spel.!ps) ArPffilflrHlty c.,P(·IJ(·c., J/l1IIo<,1 

biologl\al systems, studies of such lipJd Spf'1 jf''; hnvI' n·vI·all·1f Il 

nurnber of lmportant general trends legnrdlng 111(' [(·1:11 lOlIShl\l (I! 

lipld <leyl chain structure ta the propertles of thf' l,pHi bILly(·r. 
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A numb(') of groups have shown thClt for a given series of like-

C haio l iplds W! t h tlj(' same hC;HIgroup ciOO degree of uosatUl"dtlO11 , the 

('nth:d{Ju", and ('ntnJplf's uf thl' ge]-tn-llquhj-c l")c;taillne tr,qn::'ltlons 

IWll'as!' .l'~ the :tc yI (hrlln ll'flgth lnCIPrlses (L,qC\hrool,p aud Chrlpman, 

J91)CJ; L('(', l'J7'i; Mnlll('Y ,1I1r1 :,tll/t('V,iIlt, 197/J, 1978; HliAng l't dl., 

](J82; Sj IV/Il'" JrJH2; HU.lIII'. ,lOI! U'\Jll, l'JBI). rlw e'\.pL:matlOll uf lhls 

tn·nd I~ :lS (()lJIlW',: de, (JI)(' 1lIl')P,1::'C'" the ,j1'y1 Ch;111l lc!ngtlt, the 

atlrH(IIVP \:\11 df') Wd.llc;' jO!(l", hplwpen .H:lj<1(C'lll ]Ipld ,l,yI ch.lH1S 

j nI n'a sr', and hen( P mo If' COf' 1 1::;) 1 C, 1 P41111 ed t Cl \veA ken the ':>(' III te· i il (_'­

f ! ()11~ on 111(' J 1 J ng f IOIll the gl'] to the 1 1 qu i cI-l ) ~ st d 1 11 l1i' st rl t p . 

~..,tlJlll('<' ()f !lln:ll-Y mtXlo)pf, (Jt sdtuldted llkp-ch.nn phc)'"phntlrlyl-

cholInes ,,1 diffl'llng .l,yI chal11 l('ngth~ ILIVI' sllClwn th.it ln Cr1SC'S 

whe/(' (hl' dd tflff'ru P III ,le ~ 1 l'Il.'l11l Iel1 Gths 1:-' SI1f~ht, fIIIXIUg IS 

neatly Idf'al. This h:lS hl'pn rlf'1ll01lS1 r'lt(·cI [or IIlI,l111es ut DMPC wtth 

llPPC (~hllllshil_k and NcCoIHlc11, If)T~, Ch~1pm"ll et al., lQ74, LpE', 

lQ7'i), rlic].llclnyl phu·,ph.111dy1(\)1>11rH' (DEPC) with DPPC (Wu ::md 

MlCOCIIH'll. 197'), dllel LlPI'C \\'1111 dISll',11uyJ phu::,/-,hat1d) l, hu 11 llf' (DSPC) 

(~hllll,->hl<k ,Ille! ~h('()llnl'll, j'll!, Natllh.j\'lSI et aL, lQ8f,). Mnhley.lnd 

SIUlll·\.\1l1 (l'J7b) hd\-( shmm th,lt bln,lry lI11xtnles of llke-chaln 

phObph,ll trlyl, hollll<''-> WhObC' ,lé)'l motet le.., dtfll'l hy h 01 mOl!: uubons 

l'l\hl!Jtl tllll (11lI11l1lt Ide,lI) 1111'01 ÜJ1111y HI the llqUld uystalline 

,->1'\lc', VI'I undPII'," [.lli'r.ll phasf' sepélratlon 111 t1H> gel ::.t.l(I'. Snch a 

11''->111 1 l~· lI11t 1I1lf'l\pCc ter!, S l11Cl' 1111", lng of StlC'h cllSpalr1te SÇ>el léS III 

IIH' gt'I pll.\bc' wU\lld InvulVt' t'xtlemely mlSIIl<1tdwd paillng Ilf acyl 

1'/1.\IIIS III (1)(' '-1~lItn' uf the hllaYt'l, 0111 PI1C>lgetlcall) unfavlluldhle 

b 1.\ t l'. 

(fns.llul.lled llk('-d1ain phnsphllliptds hdVP geneud1y heen shown 

(,) Il,1\1.' ,1 df'LTt',1sed ge}-to-llquirl-cryst<111tne tlrillSltlOl1 ternpPl'atul'E' 

Wlll'Il Illlllp.11 l'Ii t-o the tt S,ltUl dted counterp;}t ts, p.J.l t lcuLu ly whpll 

t hl' Il 1 is-dllUh 1 t' honds al e lOCJtC'd near the ('ente) s of the acyl 

dl.lIllS (B.lItun dwl l;UflbtUIH', 19ï5), Tl1lS fact, coupled wlth the 

uh<'(,lv.\1 Lun th.1f must phnsJ-lhollplds POS<'èSS OllE' Ul1siltUl'rHed ,1cyl 

,11,1111, lus led tll tlw general bpli~f thd! unsatur.'lterl taUy r1C'lds 

Il.\\I',11l 1',II('mf'ly Important l'ole 10 m,qint:llnlng the fllltdity (le. the 
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1iquid--crystalline state) üf blOlngü'ul Illl'mbrnnl's ,11 phYSlOlll!'.ll'll\ 

temperatures. 

MixtUIPS of saturated and unsatlll'.ltt'd Ilkt'-dmlll 1 iPllb with 'Ill' 

sume hcadgrollp tYPlcally show }nwet rnisdhllity, at Ipm,t III th/' gt'\ 

state, than do binary nl1xturps of satuLlti'd 11k('-l'!l.111I Ilpit!f> wtth 

S11lltlar aeyl chain ]engths (fOI .1 ('Olll!lI'plwnc,I\(' Il''( 1111',01 thl' 

miscihl11tlCS of V-11i()us hLnrlt'y phospholqlld 1111:-.1111.' ...... ',t't' ~llvl\l~. 

1982) . Th1l5. 

present in hi.ologll',ll !ncllIbl,lIlPS. h,\V(' tlt(' ,Hldt'd ,ltl\"ln' Ig(' DI .\\'tlldlllg 

the 10w rnlSllb1.l1ty that t)!l111'-, \"lth 1111\1(11(''' 01 dl<"flltllol!et! .lIld cll­

unsaturated llk(·-ehalO ItPlds. 

bE'en undCllaken 1 nvolv 1 n~ the IIH'nnot 1 ('P i,' Itdl1l V IOUI (JI 

satu ré1t cd 1 unS.l t li l ,1 !.('fi phtl~phl) IIp 1 de,. Thcs(' 5 tun i!'~ hnve .,,!tOWIl' Ir .. , 

ml.xcd Chél1n phosphollpid sp('( !f'S tvplL<llJy stlt>W blond, IlIl1'()()I'f'ldl IV" 

phase trrll1SltlOllS, llkl'Iy 1 hl!' t() !tH' dl:~nll'! 1\,' l'If," t III ,hl' 

saturated chaln (ln the fOlDl,ltlOI1 of thf> !',f'1 (th.\f-.I' (Kp()\lgll dllcl [ldvi~., 

1980; 0,1\.'15 et .d., IqRl; Ep,wd .lI\d Bot (('gll, \qRR). 

1. 3 . 3.2 Lipids Wi th Asymmetric Acyl Cha ins: 

In l'E'cent years, a nUlllbcr of studi(>s havI' tH'pn f'(·I/()IIfl(·r! 011 

asynmletr le phosphollPl ds (whlch 

chalns of slgnificantly dlffplpnt 1 C'ngths) . SUI·h st lld il''' .\ 1 l' 

important. as d numher of llal\Jlal lipIde; lHlvf' ·.,!nuIUlf", 01 Ihl~, 

type. FOL exampl p , more th,111 SO% of "phlnf~()mYP[ln, fOUlld III 1II'IVII\I', 

than lB carDons (B!ll(onhulz and Tlj()l/Ip~OIl, j 980). ~illljjnJ LII!y d,yJ 

compositIons l()und ln naturally 

(Abtahamssoll et n1., 1<)77), sulla! ide", (Hainps, 1 en 1) alld g.lJI~ 1 I/J-

s ides (Yu ::lI10 Ando, 1980). 

Sf'vetal groups hd\,(' systl'mntically studl('(j Itll' prop"rll"', 1)1 

dispel'S10nS of satUlaterl phosphatidylcholiIlI'S Hl whi(h thr- rli'·,­

(repaw y hetween the lengths of th!' tW() al yI! ha 1 W., l'. pl 0J!.r l'','~ i vr' J y 

increased (Keuugh and Davis, f' t :1 1 • , 
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~) 1 Il 1 1 pI,/:\1l t , 1 (JBI ) . TtH'SC studies have rpvcalNI that lhe physllal 

IH:haVIIJIII of surh I1fllds lS dependent on both thp dlffelf'l1t'e in Ch,'lln 

ll'uglh and tlH' PU<,lIIOIl 

to the gly' Plol hd' kOCJIIP. I\s ull.? 1II1ght f'Xppct, tllP TM'.;:., ot ffiIXE'd­

;uyl pho<,phnlti.lyl'.h"lllv's ,ln' gp!H'I,dly fClllJ1r1 tu 11e b"twepl1 tiH' TM's 

of ttlf> Iwo '(JrJpf-,J.J(JlHllng llk('-l ha 111 PC", O~f>ougll ,mrl D,n'!s, 1979), 

Ail Illt(·I('.,( lug f(,.III1IP of the· hP!l,lvlour lit SClnH' a~yllllllettlC 

pllof-,ph(JlljJllÎ<, yloiS flIc,( 'J!>selved h) '].Jnilf'U ~ al. (lg71) ln ,1l1 X-ra}' 

f-,turly {Jf ttlf' (Iyc;t.d ph.t'-,e (d C(IR):C(10) PC at 2-4% hydtatl('I1. ThE'se 

Wu 1 kt' 1 <., f CllJfld t Ir, If unc!p 1 tlj('~(> (und 1 t II lns til!' th l' k(lf>f s nt hi l<lyer5 

DNI'C. It WFlS 

.llyl ,hdllh III lilP ,pI111[, of tIW],II.lYE'1 1. ('., llH' S tf'i1 l'lly 1 (']1,11115 

I)(']()ngill/l, 1 II th.' PC ffi()lecu!<,s LI1 ont· ll~aflel pai LPri t.ul-l()-tall wlth 

tll<' <,h"llp! cjPl.Jr!lJ)-1 lh.llll~ of the PC's in thl' Upposlte h·,lflet. 

Tht·.", ('.ltlll'I' ~tudl(,~ 101('1'(' s(Jm(~t llll>"') (omrI 1<.,ated hy dlifH.ultlC'5 

III ()hl,lill!Il~'. ll1Jlds WIll! unllke 3~yl Ch,l!nS ln ll1gh lSnllletic p\lllty. 

Mlll (' 1 ('\ l'Il! <.,tIltIIP~ 1l1vol\'ll1g mUle pure ltpHI 

Pn'pdlatllll1<, of 

1lIl'<,('d-.lfyl phCl~phtJl!pld.., uf hlgh IS0ll1PI1L pUllt,: (t'.t\. hy the IlIplhnc\ 

lIf Nd<"lIlI pt ~, IgB!.l) h:1\'<' Pll<Ib1pr! the mnl!' CXdl t ctllalysis oI thcsC' 

IIfHds ln .1 Illllllhel pf phY<>lt·rtl tt'Chlli<j\tC'<." In~lllrllllg hlgh lC's()lutlon 

IlSC (M,l!->()1I .'t .li., !YH lh; Xu et ~d , 1987; ~Ino:;on, 1988) X-ray 

dl f fl'oll 1 Ion (SPll,lll,lll! pt .11., Iqfl4j NI lntll.;;h et ,II. I l )84; Hui et 

.lI ., 191{4; 

• 11 ., 1 <JH l ) , 

M.lIL1l l't.Il .. JI)H7; Xl1ilndHudng, 1987), Raman (Huang ct 

IIp NMR (Xu pt .11.. 1'187), (Hld ESR (Boggs alld Masan • 

1 'l8Il) . Tt) (tlle, lI\ll!->t (lf L111s h'Olk ha c, tOlused lI!l the prupeltles nf 

'l'hl' ph)1:>ll.d heh.1\; i (Jill of thesp 

~pt'll/'~ l'.11I h., 1.11 \f'Il,!ll <:,('ct hy COI1SutC'llllg thL' effPLt uf the chain-

1l'lIgth Illl'ljUI\·al"Ilt.t' on the p.1Cklng of the h~lh(>1 :llblln dlc1l1l'-> hlltllin 

t h (' \ Il l "! 1 UI Il t t he il i ],lye 1 (H,lsun l't .il. lQSlh). ln ... l('rcnt 

11'\ lChI, IIU,1111: dUt! ~1.1S(ln (lgS6) hdvè l·l.ls<'lfled asymmetlll phusph!l­

lldylchol\llt':" \nth ICSpt'ct tn thr type nt 1l1tcrdlg1ldted htl.lyer 

forlllf'd III tltt' hydr,lt('d gel statc. Sudl phast>s Lan be of three types: 

tllll:-
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digitated (see F~gure 2). WllICh lnterdlgILlt~'d plhlSf' .111 .bymllwll il' 

lipid will cldnpt can be p"eolctL'd ftom the 111,1gnltudl' ut Ils 'l'lWlI\­

length incqU1\;11el1CC panunct('r' (AC/CL), whtdl t~ ,kl ilH'd .IS 11lt' 

ratIo of the ,lb~olut(> (hfff>l'I'l1l'l' 1Il 1'11.1111 lcngth III thl' '",Il lIyd,,,­

carbon ,'h.lIn., dlvtcieci hy tht"' length ot thl' 1"lIg," dl.llll. 1I1l~1t1\ 

:lsymm('tlll phosphnllpids (p.g. C(IR):C({))-I't, C(IR).C(:!)-I'C) \"1111.1 

Ar; 1 (',L V.l 1 \1 e Il ! :1 P P 1 Cl '\ 11lJ;)' t (' 1 ~ 1. () t 01 m t L: ] 1 Y 1 Il r t' 1 li Il '. 1 t • 1 t \' d pli. hl"., 1 1\ 

",h~Lh th,' long ,JI)- 1 chaln Sp.lt1f-> tllll) tilt' It~dl()' .1111(111 plllt 11111 ,d Ih,' 

biJ.lycr ,lOci tht' shc)/! L'!l,lll1 (lf 'li\!' 1":; p't' .... l'nt) tum. l'.I!,'\ 1,'1 1" II\(' 

bil.l)el slIrLlCe. Ac.. the cilfh'I('IH(' ln .11 yI <11.1111 Il'llf.th dl" Il'.h!' .... III 

AC/CL v;:!Il1CS nI 0.& ln 0.4 (c.g., {(lI C(IH):C(IO)-I'C), Ih,' Ilpld ... 

adopt cl nll"t'd lntcrrllgl tater! '-ll'l.m!j('nlt'nt. III ,>wh .1 hl Id\,'I, tlll' 

shorrf'J' Ch:1111 111 l)[ll' le,lf]pl le.. p.I,·kt'd ('IIt!-tll-t'fld wltli Iht' ·,lIlllrl'r 

Chrl111 of d llrllri ln the othl'I ll'.-I.fll'I, \ .. htl" Ih,' IOllg dl,JlflC, III rll.· 

li p t ri 5 full y .... (Id Cl t he h l J. 1 Y {' t , P.l! ! l.il l} 1111 (' 1 dl) ~ 1 1 .lt l' d "1 J. 1 Yi' 1'" .) 1 f' 

fOlmerl by .1symmetl II l1pids wh()~(' (W'l dlollns dl" !IIOI,' "111111111 [fi 

l e ng t h (e, t!' . C ( 1 8 ) : C ( 1 2 ) - p r., c ( 1 H ) : (. ( 1 !J ) - Il C, Il 1 C ( ](») : C ( 1 fi ) - Il C) . III 

thls st!1t(~, the shO! 1 :1' yI 1 It.lill~ p.\( k "[lfl t 1) ('ncl wIIII , III' longl'I 

ac) l ,halns {rom th0 ()ppoSltl' ]p.lfI01, 

MH,c,on (l9H8) bas detf'llIJlIlPd ph,he dldgl.lllh lOI hilloll) IIIJ'(IIt/PS 

of DSPC .lnrl ,1 "'l'[{('!:, (l[ ph()<,phatldyl,hullllt> ,>pPI Il'f-, will! Ihl' ',11111-

turf' C(lS):C(n) wlwt(' n = 18, lIl, 14, 12, dlld 10, HI' 1I(Jll'rI Ih.11 1', 

the rlegu't> of a.}l chillI1 .lSymmC'try uf LIli' 1.lttl'l ~PPI 11>:, Ill' Il,.If-,,.d, 

so dld ifs tC'ndency tu fllJffI .lTl IlIt! rrllgll,j(f·d 1:('1 pll""I' Ihdl ')1'1''/(>­

gated ]ater,l)]} frullJ llllll-jJl(r'lf!tglldtpd D~I'C-r Il Il )',1'1 ''\011 f' ri 0 lit 01 III',. 

Pel'h.lps thr· must lnt('rest !lW. u[ thr· 1111 '\1 tlll':, dr'SI 1 j/lf>d IIr 1 JIJ', Pdpr'l 

15 the> hlWlly sy~tpm DSI'CfC(lH):C(!(J)-!'C, wIlI,1t p;..ltlhll~~ parl[dl 

lillmlSt'ibIllty ln hoth thp gel ,lIld llqunl-( ry',t,1l 1 Ifl(' ph .. ·,!'.... Hw 

ohSCrV:ltlOtl. 01 {Jartl.ll ImmlS\ lbliity I)f ItI(L,(' IW'J '"pp, I('~ l'IIIH' 

liquid-Clyst.dlll1c St,1t (' ~uggest s tl,llt hlgh]y a""YIllIJll,t l)l PI,];I/ IlpI<Ir, 

èould fOLIO c,egregntl'ri dl)IIIrlHlS (gr'] (JI' ('\1'0 l J(j\JHI--, ry"t al ]11)(') III 

biologlUd melllht.1fleS, in which they ;JJ'(' (UmblflN/ wlllr 11{Jj(b wirl! 

more oparly symmf'trl\ a<-yl dl!llflS. 

Re]flti\'C'l) few c,tud~es tl! dnU' haVI' P~;:Ullllled tlIl' (·ft"II 01 

bydrocarbo[l ChiilI1 asymmetly on thp phnsf' !JphdvllJur lit .... phlllgoliplrh 
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Figure 2. 

:"llI'IIJ1(11 11i'.\lrt· CIl p(l',slll\e 

tll;'.:I,II,,1I l'lllc.I'', .1'. ,],'11/1(>11 1,\ Hll:ll1g 

>"1111'" l'Il" Itill\ 111I"ldJi·.1t.ltl'1 

b1l,1\".'t :,tl\l' IUles. 

.lnd ~lcl';t)n II q~b ) 

pll.l<:'\\ l, nllt .... llll\\ll. 

h\l) lIltet­

,)1 (\ repu'­

rh .. · 1 lPlll 

1",111 IH,,,d)'.IIII'I" .\1" 1.'!I/'· ..... ·llt'·:\ d';, Il' 11' .... ,\)1.1 th" 11' yI dl:lins n', 

11111" :'"" ""11" ,'1 ' ,J, ..... , 1 Il't 11111 .... 1 r th.,,-,.· jJlt.h'''", ,;(." t ,·~r. 

• 

1 
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In fl J<rufl:.lfl ':>pPrtrCJscopIC study of aqueous disperslOns ot N-h.gno­

(eroy! sphlflgoUlYP!lfl, LevJIl et rd. (lq85) observed two thermal phase 

transJtlOlh:lt 48.'jo and S4.50C. These Iesealcher'-. proposeri a model 

in whJ(h tll!' IIJWf'1 transItion 15 asct"lbpd to the lOflverSlOn of d 

1II1'\f'f\ iotprrilgltatC'd gC'l st,)tp tu J fJdrtüd1y InteldlgltatNj gel 

'--.1.11(>, whll!' Ih" IllghC'r (Ofl'f'sponcls tn \oflversiun [rom che partlally 

'--.(.tttl'llllg l'Xpf'lllfIl'llls!)1I sphingolTlyellll vcsl(lrs rll::,n suggpst lhuln 

tllP sphlogosine hydroull!Jon (h!11n (MflUlik et 

ri] ., ! <l86 ) . 

Slllf.tlidp,-, \Vi!h lonl~ N-,1cyl ch,lIns (24 tn 26 cnrbons) dre 

A spin 

Ja!>p!lc·r! Lilly ,1\.'ld. WIH'I1 Incolpornted Intu btlayers of su]fatides 

hp,trin!: IOllg, hllt \lot '-,holtPt ~J-.1C) l ch,\1 ns ( 1 f, and l fi cal bons) , 

...,howpr!.1 Itlgh dC'gl(,(' ot lIlotiul1dl tt>C,tll( tlon SllTllL1t tn thnt whjch 

0\ 1 111'--, ln titI' IIII'<Pr! ln! ('lrllglt.1!pd hIl,l}!'lS tnrnlf'O hy l11ghl} .l·:;ym­

III('! 1 Il' l'L '>{ll'I II'S (H(lgg::-. ,wei Rang,1I.1J. ]98'ï, Iluggs 8nrl Nnson, 198b). 

III d Il'll'nt ESR ·,t\f(h, (;r.lllt .mri IOW()lk<?t'; tnund th,tt lu" mole 

f I.II'! IOIle:; (2 JlI() l'X.) (lt .1 l()ng-' !l,lIn (N-24. 0) spln- [,1\).-' l"'d l.'\ctosyl 

III phosphol1piri 

h,I:1\'('I'>. ,Hill 11I'-.!I'.ld ,lppedJ(·d (u hl' c1l< IJl1ullud,l(ed Intu the bll.I}f'1 h} 

Int('ldlgl!.ltlllg IntI) tlll' nppll'-,ttl' llIono]avet' (CI.lJIt (~l .)1.,1087; 

Evui(>!1lC suggl'stlng SUdl acy1 chaul lnter-

ga l:tc los y 1 ('f' 1 ami des have 

Othl'!' sULdu's l~XamlI11ng 

hl'!lolViOl1lot n,lt\l!',11 cCIehrnsides hrl\'(> sllOwn that 

sudl ,>,~tt'lIh Ch.ll.ll·!CI1Stll,11ly e:-.hlhlt cOlllpl\'x solu!-ph,1.sC' poly­

III!) 1 ph 1 SIII \\'lt)( Il L'()1I J ri he P,1l t l,dl)' dur> t (1 the fu l'nwll "Il 0 f sudl 8 

ph.l~t' (Bllnnw, 1979, Flt~Ïlc et al" 11)80, Curatolo ,wei Jung.dwal.:!, 

1 <)S';). 
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1. 3.4 Phospho- and Sphingolipid Mixing With Cholesterol: 

The literature dealing with thE' ("ffrl'ts of dlOl('~Il'rol on tht' 

physical behaviour of bath lldtUl'Lll and .11't 1 f Il' Ld lIll'lIIbl.11lt'~ 1 S VIIst • 

reflecting the extremely important l'ole of Ihnl~,~t('r()1 III hllllogÏt':I1 

systems, Chalcstelol hdS been shown tn h,lve .\ Vdllt't}' o[ \Ill1ljUt' 

effects 011 11pid bilayels. somc of Wllllh .111.' dlf-('\I:-,~.'d !Jt'low. 

One of the lmportant PI'OPl'ltt<'!:-.llf ('hllll'stt'ro\ i-. il<., :\hlllt~ 10 

affect memhranr llrdering, LH NMR studJC's (Oldf Id" .'1 ,li ,1<)78) III 

deuteriurn-labelled phosphnlJ{.llds III bL1,l)<'I'" Jl.lve ~h()wlI Ih.!1 1111'1(' 

are dlftcl'ent ncgret's of mOllon,ll (lteler (IllPa~lJtl'(l ,1'> Ih~' '01'11\'1 

paramet.'r') .1ssoc1ated wlth ditfe10nt 

carbon dwins, Thp ornel' parametC'r 1'01- tl\(' pOil Il JI) III IIH' 11101111 

nearest the glycero1 h'lckbonp 15 high .1Ild IH'lIlly COll"t lut [I!lm tilt' c-

2 te> thC' C-IO methylene group~. ,\s Ol\f' 1''\,llIllllf'', 1 hl' 1)\ dt' 1 Ill)', (lI 

methylene segml'nts Hl the 'r1istal' hnlf uf the ,l'yl (!I,llll ,I!,I' 1 <ld<lllill'. 

the centn" uf lhe bllayer. a glrl(hwl dc, rPdSI' il! tll!' (lld!'1 1'0I1,11I1I't"1 

i50bselvpd. sIKh thnt the 1110 V e Ille Il 1 of tll(' lt'llIIlfloil IIlt'lhyl !',/<lU!,', l', 

neaI'ly isutlopiL. 

it inCl€rlSe& furthf't rll(' mntl(J/W] III dpI' of 1 lit' IHllI IIlII', Il[ ! Ill' 011 yI 

chains nt'ar the gly('erol hnl'kholw Will 1(' havlfl)!. Iltll.' .1(,'.1 (J[llhalll 

Th 1', 

effecl is tlifferent [10111 tht, IIlL rp,lSf- in llIoIIOIl ... ] orth'! ('X!'('I Il'111 (,tI 

by::lll mcth\-lellp se!:',llwut<., aloug th!' hydl(I!:lI!l(lll .halll WIWll 1 hlldyPI 

a rl.ecrea::.e III t he SUl folel' ,Il en pp r ph()'~plj(,] 1 li 1 d 11It) 1 ( 1 Itll'. 

Anoillel well-studted ('ffl'II uf dluhstl'Iol ln lll'id I)ILIY('I<., IL, 

its ab1l1t:- tu <11t ('f ~,l1h~,t.trlt J,il Il' I!I(' l'nth,llpy llitl 1111 'IJ(J(l('I.J! iVI 1 y 

nf gel- tO-]lqllld-crysta]1 I[JC' ph:lsl' tJ,IIl<-'I!II)Il'~. 1:c,ll'[J ,1I1r! IClw(Jrk(·I'-. 

(1978) shllweci Ihat 20 - 2'i mol'X, ,l!ull",t('IOI IIllIJI(HlI,jI,'d Jlllo 1)1'1'(, 

bilayels causprl th.p ellIIIII1.1t ion of ttlr· C;h,IJp el'l-!(J-] ICjlJfd-( ly',I:ll 

phase t tans ltlUO, Mabrey (lt,~, (lfj7R) :Illd (l.IVle, a[\d ~:l'rJllglt (ICjHI) 

reported SlIlli1:11 effects of Ul(Jlesl0ro! on IIIf' [,liol"p t UlIl",J t jlJ(l'-> (Jf 

DMPC and mlxerl-chain phospho 1 iPlds, re~pl'( t l v(:ly, ElIIployinv, X-ray 
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ddfra(tJon mPthods , Hu! and He (l98~~) fuund that bulk lateral phase 

sep3tal IOW~ of the phosphollPlll and sterol components cio not Ilppear 

10 OC( ur Ul th('~,.. In J xlures :-11 t ('ml)(~J dtures ahout the main phas p 

transItion I)f Ille phosphoLpl!1 (OmpUDent. These t'csearchers have 

and L hl) 1 l'S t ('> r ol-fJ(){)1 , nl1cro . 

thcln bulk phdSf'S of dl~tlllLt compoSllioll'.,. A 1111mbp 1 

of gr()II~:-' ('JIIploy 1 III'. :l VrlllPly nf tf't'hnujlll's, 1[}(ll1fhng NMF: (Blume 3nrl 

Cr 1 1 fI Il, J '18L) , (J'lest 1 ilnd ch,lIL , 

MI C()J\fJ(' 1 l , 19B 1 ), nlld fluOfPSI'pn( c (LcJllZ ('1 ,11" ]IJ8()), h3\:C 

tH'I(jw tlll' 111.\ Il! 1 ('IfII'f'ldl 1111' t 1,11lSIf ion of Ihe ph()splwl1puJ spec If·S. 

TIJI' .'11.'.1<, of l!to]e .... tc·I'J] (li! Lhl' plUpC'l' !('., I)f ~.,phlng()llp1<l 

hl LIV"I '> h,!\.' ,1150 hccn studll'rl 111 '.,urne d('t,lll, 

mye' lin 1) 1 1,1) (' 1 S , ~IIIIJ ],11' ln the II ",li] 1 s obtalflf'c1 J U 1 DPPC/cho It'strrol 

III) ... 1 tll ('S, "dt! 1 t 1 (}n of tlfJ tl) 20 lIll} l % Lhuleslet()] re'sult Ié,rI 111 Ihp. 

Il 1 fI,U/t'1l 1 Hg .1IId f'V(,l1tu,1l fi 1 SarP(',1 t ,1111 (' (Jf tll\' hh"l'p 'i(}-'i7 "C ilia LO 

tldn .... lllOIl ()p,lk ()I ~-18:0 Sphl 1lJ.',()III\e 1 Hl. Belm\ the 1lI.1111 tellippu1tllt'C 

1 ho Il'h! ('l'Il l-PO()1 ,fIlIll,lIIlS, 

\. [ 1 11 N-II>:O g,üactuc,: J ..,pll1ngoslll(' h) rh ffel ('nt [:'lI 

It'II,) tlp 

dt'I'II',I<;I'd III t'nth,dp~, The X-t.l\ 

phase .J 1" pl esent a t 

telllpt'I.ltllP·" tH'lu" Ilw IIldlll tHUISI! Ion tcmpcr,.ilull' uf tlw • ('ll~hl0-

" 1 dl' , TlwSI' (·C .... p.)) ( 1"'Le., SUggf'St that II1Is l()~ telllpeJ,lture Ilplr1-

Il P 1 li Illun 1 ~I ih III t Y 1 ('huI t s flUOI 1'1(>/ Cl ('!ttidi 1 ell'hlOS 1 (lp-cerebroside 

,l"..,nl 1,11 lUIl~ \ LI hydlogeo hOllliLng, 

Tht' ,1 b l ] t t \ nt cht)Le~telol to ,1Itel phllSpho- and SplllOgolipid 

ph,ISt' !lnIl~l!Jt)lI& h.IS beL'1I l':-..p]oiterl tn sllggest the e'dstellce of 
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specifle cholcsterol-lipid JSSOCIJtlons. V~Ul IJiJck ~ al. (l'ln) 

utillzed llposomes composed of 1: 1 mixtures ot dIt ft'I ('nt PE SIH'C ips 

to dernonstrate that cholesterol .1ddtt IOn tll thl":; :-.v~tt'llI spp\ JI 1\'nll~ 

decreased the cnthalp~ of the Inwcr-nlPlt log PEt '-ollggt"',f Illf, Il pr('«('I­

entiai association of chnJ('slC'l'ol wlth tr,.I! \Ompll[h'ut. Irltt'I('~t­

ingly, howevel, tn 1:1 mixtull~S uf fiE lInd l'c, 1'\1I)It'sll'lll! prt'('Il'II­

tlaIlyaholL..,hcd tilt' transltlllll ot Iht' PC "lllllpnrH'tll. I\'gdrdlt'-.. ... lit 

whethe l' the PC wa::, the h j ghl' 1 () r Lowe l' ml'! tin!', 'om{lIlIlf'1I t . Th l', 

r('sult :,uggt>sted d plt'f .... n'Iltwl 1I1t\'! .H, t loll (lI 

fin compet i t WH / W j th PE. 

sarnf' bas 1 L 

as expelllllPnts InvolvinG the [la1'tltl'J111ng ,d 

tercü hetween ,iIfferc'nt llpid l'tlVillllllll("llh (Yoag!!' .lIld Y'HlIIl~. l'lB/') 

have el1Hhled the> Lonstlllctl'JO "f tIlt' fllllowing Il'j.11 ivl' IHllkllll'. III 

cholesterol a[fillity tOI' dif[e!('lIf IlpJ<b: :-,plalllgIlIlIVP!11I > l'S > PG > 

PC > PE (fOl il cnntrnJ'} I-CPOJt utt1Jl.lIlg Iltl' dul!cf->I<'I(I! paIl Illolllng 

technj que, see Lange et .11., l <)7q ) . 

1. 3.5 The Imp!icat ions of Lipid Clus te ring in Na tural 
Membranes: 

As statccl ertrllt'r in t1lJS thaplpr, putrll jVt' Upirj 'r!oIllHln::,' lU 

liqllid-Cly:"t,1l1Jlk bllayels havc hC'en suggp<,tf'd to play IlIIpoltant 

S('v(' r n 1 1 :lho 1 :t 1 tJl 1 (".., 

natural rncmhulIl(·s .. u"\I,llly O!l th(' h.t"h ,d 1:\111(>[ 11Ir! 1 n'( 1 / Il 

suggestl\-p (>vldellt (' (D),)gsll'IJ ~ ,11. / ('1 dl., 1 (Hl') ; 

Metcalf pt .11 .• 1186; V,Ul NePl .1fl(1 ')lm!)n(~. I<JHf,; (;Olc!(,rl pl al )llH7 ; 

Yechlel and Erlldl11. i ClS7). l'he fuJloWlIlg rJISfll"~.[(Jll wIll (O/)(('lIlldll' 

un the llustCllllg behHvloUt oi glYtosl-'hlllgullplr!s, :t~~ SIUt! :-'(Jf·(i(·~., 

al'e bellc\'ed lI) t)e mure llk('ly tu fOllTl SII(t! phw.,(,s ItI,HI :1/(' natll/:t1ly 

occurclng phosphullplds. 

Tillack and ,.(!Workf'rc; (1982) have sh(JWn thal asudogolll/!,J IOSIr!f"" 

form clustered domalns 10 DMPC hilay(·ts !lt re 1 a t 1 VI' J Y low IIIfJ 1 (\ 

percent.lgcs. This has Interestlng Illlpll'.3liollS, <,111«(> small (lw,I(~r'.., 
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ot gangliosides, and possibly other glycolipids, have ~een shown to 

net 3:;' mil 1 t ivalent membranf' receptors and surface antigens 

(Cuntrf>UlS::lS, 1973: HHywood, 1974; Fevesz and Greaves, 1975: Mullin 

et ~, 1<}7h; Holmgren et rll.:., 1980; Critchley ct al., 1981) . The 

most ~turlll·d syi>tr>m of tlllS type IS the hlnrling of the B suhunit of 

(ho 1 pra foX 1 n t () Î,,..u. Thf' 13 bubun 1 t POSSPsbes mu 1t 1 pIf> GM1 bi nriing 

II(>(>!· f>ug~estpd: th(~ subtlldt m<1y binrl to ri Single GM1 molecule and 

tben LIl('rnlly d,ffUbE' ,l'; ;:j rp(pptrn-llg'Hld C'omplex untIl it binos 

ofher n'd'pllltS (S.lffmflll .mri rklbrdck, 1975), nr GN } cluslerlng may 

hl' fi pl f'('IIJlOl 1 lOlI t() H hllHilllg. 

b 1 dp p rolH'S , 'JI., l Q76, RC'ed et dl" 1 g87) ::.uggesting 

the lIt <,1 1111'( Il,ln 1 ~1Il IlId)' be tlJ(> mo 1 e va l.u] of the two. Rec en tIy, 

howevC'l. ~laSC;('11I11 dnci ~(Jw()l'kers (lgS8) have shown Ul an dnalogous 

Sy<,l('111 Ih,lt \'. (ho]f>t'.1(, slalidase t'eclll\nizes GDl. ... 'nllcrO-dOmrlJnS' on 

Il)(llllhr.lllt· SUI Id' r's, 

Cel l'bl os 1 dl'f-, h,\ve been shown tn h,lV(> large effects on {Jhospho-

1 i fi I() 1IIf'lIIbl.11I(' llIorplHJlog) (Correa-FL t' il e el :JI., 1<)7<). Cur"t(J]n ,wrl 

1 t hab b(,PIl suggested that III naturd1 meOll)ldne~ 

whelP Ih, .. ..,l· liplds aIl' found 111 IllF\h conceutlat..lons, (erelllUsides cail 

nI f('cf 1II1'1II111 {lfl" o.;l1,l[1e, p' IS<' lb 1)-

int('I:lct ion...,. ,wd ma)- tH' ill\'O]\('d in the IIlt:dldnl~1Il lIf [ulUlat lUI1 of 

1I11'lIIbl.lllf'i> \\lth llnusll,ll m',lphll]lIg) (CtllatCll{), 1987) . Whilt' the 

l'IUr-.fl'l Il1ê~ ht'h.I\'IO\l1 ut glYl nsphlngollll1rls hol::' h"en sllg~'-'5tl·d tu be 

duC' t" Illt"llll"If','ulfll hy(I!0t'.t'1l h()nrllllg h,'twt"en tl1o' ,nlhoh)(hate 

l'f·r-.idlll· .... <lf .1dj.H'l'l1t puLl! h(',ldgloupS (B()g~~1 lC)S7), Il le, pnS<"lblr 

t hat .11 \ 1 ch \ III dSylllml't 1:- l1I,n he· Im'n 1 ver! as weIl, :3-:' natlll.llly-

Oll'lIl t Ille el~l "lll'ld Sl'f'I'\PS aIl> LompnSl'd nf .1 l:1q:;e percpntagp nf 

loug N-,I"\ l ,h 1 Ill'-> , 

Acyl (h.! in .lsymmptry IIIFly provid~' ri Ille, hani"m for lnfonn,ltion 

Ir.lllbff't .l<'11I.,.., ('pll membp'l11es thrllugh the form.Hlon of inteI-

d\~'.lt.lft'd pll.lSes. SeVl' ta 1 st ud 1 es have shown th" t c1syml'lP t 1 il 

spll1ll~()I'Plds l.ln couple the lIuteI anrl Inner mcmbr,11w leriflets 

througlt Illtpnitgltntio!1 ot their acyl ('h,lins 111 the cpntre of the 
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bi layer. A eluster of sneh IlPHls nl1 1)IH' S 1C\t' llt tIlt' b 1 1 HW'I l'OU Id 

pecturb ac)l chain (and even Iwadgllmp) p,1l'ktng III tht, oppo~itl' 

bilayer leaflet (Nll:ht1lsnl1, lq7b: SchmIdt ~ aL, 1<1711; L('VIII ~ ~_, 

1985; Grant et a1., 1987: Boggs et ~, 

Reed :lnd Shlpley, 1387). 

1988: M01honl pt al., )tl/Hl; 

1.4 Introduction to the Following Chapters: 

Frol;'l the preceding pagps, it :-.hnllid Ill' t'vieh\nt that whll,' 1\ 

great deal of WOJk has been pelformcd 111 ,II (e\lIIl'( (0 l'lw'lddl(' 1111' 

funct~onal ,1lld sttuctut'al 101('s of IlIplllhl,Hll' liplds, tlH'lc' <Ill' :-.t'Vl'l.tl 

qUNllons that have only It~leiltL) bt'l'.llll III ht\ "ritllt':,:-.('d. TIlt' 

suggest Lon thclt ddfE'L'f'Iltldl nonidl',Ji Inll\I"11 lull .... hplwt'l'Il dlll('II-1I1 

liplds ('an thermodyo3lIllt',l11y taVU\lI thf' IIJJtn.\t 11)\1 d( 11Iltc\ '1IUhtf"'<-.' 

or even dISCC0:C' lipirl pllahl's ln J IquJll-( ly"t.1l 1 1 lit' bll.lyPIS, whl II' 

interesting, 15 :15 yl't uns\lh ... t':llIt J.lt Ni. 

As stated Ln thl' pr01',11" III tlllh lh,lptPt, thl' ubJf'l' ivt' 01 lIIy 

thesis 15 

heudgtoup 

tu examine how spellflt (ompol\ents of llpid :~t 11l( lUI!' l,P. 

dnd dey1 ch.l1ll l~'ngth 'nllsIIlH,.h', ,dlt'lt L il' i d- 1 1 JI 1 d 

intcl,.lctlOI1S ln IlIcde] systr'ms. 

uSlng tWIl dltt<,!('Il{ c:-:p(\ril1lental t(',~hnJ'!lJes; f !CIIlJI",lenl l' :'(1('1 t /us­

copy and 11lglt-,:>ensitIvltv cüffclrnt [dl SI H!ll1ing t,dOl iUlI't l'y. 

Chaptrl' 2 WIll eX;lIlll.lL<' how IlP:tdgl.lIIP ..,1 nll11IIC' ,1111'11'> 1111' 

equllib11UIIl partltiolUOI!, of f!uull'SI Cllt pllOsplto- HHd ..,phllll~()IIPrrl 

tpchnlque, probes .ll"~ illllJwed t'J jJr'!'tLl l'l/l bf'tWf>,>/1 IWIJ pllpllLIIIOW, III 

vesicl('f-> ulInpnSf'ù of rlIffl'n~nt lipicl ~,p(>1 1<"" III t!th . ,1',1', tH·tWI'I'fI 

th05C cOlllpo..,erl of ph()sphul1Plds "Il'lt IlynIIJrp/I-I)I}ndlfljl, 1 dl'dhllit Y v', 

thohe cont.ün 1 ng non-hyrirugen hllnd lIlg phlJ'">(1llu J Il) 1 rI'"> ;I!lr! hl'I Wl'I'il 

FI ')/JI 1 hr. 

equIli.briWII cuncentration of PII)!"W lfl fhe Iwo V.",I, If> p"IJ!tlal 1(}1l:~, 

one cau dctelmin(~ thr Jclativr' (>fl(\lgJ(·S of dllff'l('rd tYfJ('~' (JI 

headgrl)up-headgloup ln t (, t!le t 1 tlns, 

Chapter 
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spr·cjl'S ln whi.ch one hydroc.arbon chain is at least 11 carbons longer 

than the (J ther. The pllrplJSf' of these eX{Jcr im('nts is ta determine 

whethl'I asyrnmet r 1(' sphingo} j pids !'Ire 

symmcl t le phosphandylcholillf' than 

symmptli,_ hydroc::n!>rJfl chaills, whose 

more prone ta segregate from a 

are sphingollpHls wj th nearly 

mjscibiJ itH~S Wl th symmetric-

(hnin phnsphollpids have heen stu,:hed prevlously. 
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CHAPT ER TWO: 

Partitioning of Exchangeable Fluorescent Phospholipids 
and Sphingolipids Between Different Lipid Bilayer Env i roruncnts 

1 



1 

l 

26 

2.1 Abstract 1 : 

Exchangeah If' phospho- and sphJOgo l ipid probes (phospha t ldyl-

cholinr·, -pthaJlo1:11l11ne, -serIne, and -glycerol, phosphaudic acid, 

~phiTlgomyplln, (prebroside and sulfatide) have been syntheslzerl in 

wllÏ! h ()IIf' dl yJ ! halft 15 substituted with a fluorescent bimanyl, (7-

dlmp! hyLlffiJllOI (JUIll:!1 in-l-yl)-, or diphcnylhexatrieny1 grouç.. The 

dl'->I .-Ibut Ion {Ji tllPse plobes hf'twef~n twu rlifférent populnt i0ns of 

IIp/fi VPSI' ],,:'-, laJl be t'('adily monitorf>d by f11\()le~cenu' li1tensJty 

1I1f';]'-,lIl"lIIf'ntr-" ,1<. (j('5clihed hy Nlello1" and P,lgclnn (Bio<'llemlscry 21 

119H2 J. 1720-2(,), wtH?11 one ot the V('SICJe- popul::.'lt 1011S ('ont,uns ;;1 low 

m!) 1 f' t l,JI 1 IOH (lf :l nO/l-exchangeah h' quenehe r , (J2-DABS)-18 PC. 

1'101"'1-> \,lIlh dlftplf'nt !,olnl IWilrlgroups \\(>re found to <liffer (,nI) 100-

de''''ll) in thf'ÎI r('lativp ,1ffIrlltles tOI v('s1l1e~ l nmpusf'ct ()f 'hydtO-

1'.'·Il-hllllding' Ilpirls (defulC'rl ln 1.111' rHe~.enl \York as r-h():'>f-' that ('an 

110lh dllnalt' :lod nl'It"pt hydlllgen bond.., ('.g. PE dnt! PS) vs. 'nnn­

h"dl l '1· ... I1-1 Il IlJd 1 lit'. , Ilpuls (those tll.ll L:Jn only dLccpt hydrugf'n bonns 

t') .g . l'C, 1'<;, III ll-mf·thyJ PA). Pll"lb('" \VIth dlftercnt he,1clgroups 31so 

• dllllltll'S fl)1 ,hllle"telol-contalning \'s. dlOlest(·rol-f·ef· PC/PC 

Th, 1!''->1I1t~ slIggf'st 111:11 liplfls wlth dlffercnt headgroup 

.... {11I1 tllr('~, ma) 1111, mUlt' IH\,1I'ly loeally ln liqllid-ctysr-.1l1in(' 1ipld 

III 1.1\,1'1" Ih.1I1 \v,ntld he pIedl' l''ri fI 0111 Plf'\'lO\lS nn.l])S(~S IIf 111,-· plws p 

oI,.lgl.\m-, !tu j,ln.ll\ llpiri IIlIxtures. 

lTlwmntell:ll pl'('''t~nt('d 111 thIS chapter /tas been publlshed as 
l'_III Id CoUd.llll. 'I.A., Itoyitch. ,1.J., :mrl Silvius, J.R., (19Rq) 
1\1()l'ht'lIll~tl\ :2<1, HIH,-Rl}l. 
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2.2 Introduction: 

rhe nature of the latCldl intcrnL'tions lH'tWl'Cll dittt'tl'Ilt liptd 

species can strnngly 1ntluenc(' th!' phYh kal pl'Op!'1 t 1 C'S :tIul t tH' 

organization of bjlayel I\lpl\lbr.H)('S th.lt l'onralll lIIulf Iple Ilpld 

components. BeC<luse of this f.wt, ntlmf'IOtl~ stlldl(,~ Il.1\,(' "'\,HIlIIH'd th,' 

lnteractiOlls het\vef'1l diff01ent tYPt'S lit (lo1.11 1 ipid" III hl \.IY"I~. 

USlne ci vallet y of physlc.t1 t('tlllliquo'~ (t'li 1 t'V 1('\11'-, , ',p,. LI"" Iq77; 

Gaffney and Chen, 

Ti llack, BI Hunc 1 .Incl MpIHle 1 sohl1, 1 9Hb i Cil t .) t () Ill. 1 <lB 7) . 

date, nrOt.t thcrmllrl~n:)mlc 

between rliffe\ ent lIplfb 10 

1 nt 01 m.l t il III \ t'~',.1 rrll ng 1 hl' IlIt"loI' 1 \ <lll·. 

of the' pha.,,· dlagl.llTlS [Ill' \'.lllOU"'~ hll1,]l) fIIl,II1I"<; "f l'ho .... l'!iu- .lIld 

sphingollplds. The plln, Iples or U'elll.ll ...,,,101 lOCI thl'Oly .111' of 11'11 

applied 111 such annlyst-' c, Lll f-'stllll.lt(' ljIlHlltJloIti\'l'!j !Jow dJllt'lt'IIC(". 

ln the hC,I08l'OliPS and/or the .H1I Llldlns Ilf drfft'l't'1l1 Ilplll "Ill" it·" 

f\ffect thcit fl,"e CllPl"gy nf IlIl'\ll1g (1,('(', Iq77; V:\JI DI Jt" ,'1 .t1., 

]977: Von Tll('(1e, 1978: tlwo['" 19RO; K"lIogb ,lOi! IJ.tVlf" 19SLJ). 

The ahnvC' ,1pprn:}C h to ('"am i Hr' (h,' 1 hl' 1 OInoyn.1111 j, .., Il f 1 J P 1 ri III J .... 1 fig 

in bll.lyC'1 nl(,lI1hrLlnl~s suffel c• ft')\11 S"V"J.ll s!go!f l' .llIt 1 ÎIII!I,II[<llh , 

paltlLulall) 

mb:tures, "1 for the stuel)' of ll~"d mlxtul('C, Ih.lt (, .... hil.!1 «lillpll'\( 

soJl!i-ph.1SC polymorphLsm. AILcl'I\:.1tIVI' .IPPIIl.llh,", ':111 Ill' \l',(·IIr! ,,, 

pcovid(' infonunt Ion ,1j)Out 

alternatÎ\," apprrlui h is tht~ mea,>un'Ill"llt of thl' P'JlIIII!!l 111111 dl',1 r 11>11-

ticlll nf evhc1ngp nhle 11lHc! <;1'('1 1(", h(~twel'll rJlffr'l('111 'YlH", nI 111')(1 

veSlL1es •• l lTlethod th:1t ('an rl('t,'(I' cllffl .. "·,,,I·..., III thl' tl"(' '''\l'q~y III 

the exchAogcnblp Sp('Cl~S ln 

.lpprOilC h h.1S hf>el1 t-Xp 1 () 1 t (,d 

rli f f e t (, nI 11 p' d l'UV II OIlIfl('I) 1 " 'rI" 'f 

1 rj7'j; 

\';attenberg et Al. t Ig83; Fugler pt ~. 1 l'l8S; Ruj:lf);.lvl'( Ir :md '-li Ib(') t. 

1986; y(:[1g1C' flnd Young, 1981) .Hld of [hlOr(:c,c f'nl phl)<,ph!J! Idyl, huI Ifli' 
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and phosph{jl1dtC and probes (Nichols and pagano, 1982) between 

d11 ferent typ0& ot lipid vesicles. 

In th(' pf(~sent study, rh,., resonance enel gy tumsfer-based method 

d0S( t ilwd hy Nichnls Ilnd Pagano (1982) has becn arlaptecl tn examine 

! tH' P;)I t ) t ioniltg of n vallet y of f>xchangeable fluorescent lipids 

bptWN'O 1 ipid vI·sII.les of v'lrious compositions. ThIS method requircs 

Ile) phys)(;)) s .. pn!:1tl()[) of difff'l"pnt vesHle populatJonc,j instead the 

"qIJIJJfJ/Jum rlisttibutll)j} ()f a fluorescent prubro between two popula-

t leHlS of VI'slcles I~, mad .. IPCldiJy mc.lsUlable hy inc]llding in <Jne 

v(,,·.tll,' (J0flll)n! ion cl nnncxchangeab](' quenellel ()f th0 Pluhe fluotes­

",'Ill ~'. lJ:'>lIlf', thts .lpprna'.ll, it l~ posslhle to evalu.1tl' hm\ the 

hl 11I1 lUI(' of rhp polar headgl"pup of a lipid molccule .1ffcets its 

p,1l1 Il /IIJling helw('cll rlItfelent lipid bilayPl' environments, which wn'y 

III rhf'lf 11[l1d poLH h0.:ldgloup compositions .lllrl/or sterol content .... 
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2.3 Materials and Methods: 

2.3.1 Materials: 

I-Palmttoyl-2-(8-(bilnanylmerl',lpto)llctanoyl)- pt\(l~ph.1t IdyLdlOlllIl' 

([8-bimanC']-PC). nnd the COlT(>sponrling sppci(>s wlth .111 II-biulilllyl­

llIercaptoundccanoyl chaIn at tlh' 2-p()~ltjon (1 1 l-hilll.\J\pl-pc) , WI'II' 

synttlCslzed ,15 opscnbed prevlol1<,l) fOI 1111' sYlltIH"->IC,~.j tlw 11\111'1 

compnunll (Slh lU5 Pt ,11., 1<)87) 

pl epar nt 1 VP thin-layer l' h 1 Oowl ,-) g 1 .1 fi Il Y . 1 - l' ,1 1111 1 ! 1) Y 1 - 2 - ( 1 1 - ( ( 7 - Il 1 -

mothyl:tlllllll'-L!)lllll:1rlll-3-) l)L,llh"J) 1 )IllPfh) !.IIllIIlO\llldl" .1I\1l) 1 )-\,h"',pl!"t 1· 

rlyl,holine ([l1-PMCAI-PC) w,lS prep.lIP<! hy 1,l!,,'llng 1-1',lIml!oJI-:!-(II-

(methylnmino )undC',·.Jt1nyJ )-phl)C,pli'lt Id) Idl!) 1 1 1 If' • ~j III Iw~ (,'('d 1'-, r11",-

crLbed prevlOusly (S,lvI1JS ~ ~!" l'HP). wlth .. ',llghl "\1 l'S', ,,17-

(Mu]e,.ulal Plobps. Jund ton CIty. 01(',) III H:2:0.1 (vol/vol/vol) 

CHCl.3!CH.,OH!ltipthylaffilne [(lI G houts a12'i "c, Th,' Li/If·J(·d pItCl~.­

ph.ltul\'lchulJ1lC t • .1S pli! Ifted hy plf'pal.'lf ivr' r.hlll-LIYI'I IIIlOIII,I!"­

gl'aphy, IJC,lng 1>5:'3'):2.'1:2.5 (vol/vol/vlIl/vlll) CHCI,/CII,OIl/II.()!, (Jill. 

~l-L.OH .IS tilt' ctc've 1 op lng so 1 vent. 

1 t 3 • 5-he~a fIL en) 1 ) plwny 1) prl 'P,100y 1) -SII- g 1 )'ll: 11l- 3-pho<,phl Il hlll 1 ni w.\ '-. 

prepar\-'d by alyl;ltion of l-r1('(,IO()yl-~-pho<'fihntlrlyl,IIl)JI')I' wlfb fh,­

anhydl irle ot (:1- (4- (b-phony I-t 1.10 S-) , '{ • r,-IJ('x.\ 1 1 1 ('f1Y 1) plt l 'II,! 1 ) Il Illp.IIH) l , 

ncid ln the plescnu:, uf (J-pYI roI Ifilo(,p) 111110(' (N.lc,"1l ~ :!J. .. ]()HI) 

Thl' flw'IPs(("nt phoc,ph,ltujylchCllit1.:o" froll! th" .\hO\,'f· plPplll.llllJII'. 

\.\ere converted tu chf' l~nn('C;pondlllg PI-:. p:-" l'C and l'A cl('llvnl IV(", Il,/ 

phospholLpnsC' V-Colto11y?('rj tldnSphr)C,ph.lt Id>),lf HJ[l IJ/ Il)'II/oIY'',I'', 01', 

descflbcd hl' Comfuritls :1nd Zwa,11 (1977). EHIt )('nl Ililn·:,phlJ:-.ph.I-· 

tidylnti'JI1 uf t1!c,;(" pllJtw~ UJ\lld hl' .whlf'vf'd Il'-,ing Ill· Ilh,IIIIJ11 t Ifllr", 

nr phospholipas(> (ool:entloLlnns fltat 1.011'10 Il'0- tlJ fo/ly-I,'/ri Jt.'.'~ 

thnl1 tllUS':: requl1~d fur thr· tl,I/I·.,phospllfJ!JllyJallull ,,1 )lJllg l ·j-f!I.ti/l 

pe's. The trnl1spho~pha!idyl.ll('d prohc", w('rr· (·xtrd<lr·d 1rrJHI th, 

fp.actl{Jn IOJXtUl0S and pllnl i(~d hy pU'p.l/;)! iVf' thin-ln}"'/ 1 hrrJJfld­

tography. 
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N- ( l1-IJ lInanylrne rcapto) undccanoyl-sph lOgomye l in and -ce rebros ide 

wen~ prep"r~d hy coup] lng sphlOgosinephosphorylcholine (Cnhen ~ al. , 

1984) (JI eriLlf to'-,ylpsydwsinr- (Radin, 197[" as mnlhfl~d hy Koshy and 

Boggs, 1982) to 11-S-(ml"'rcaptomethyl)mercaptounrlec:1nolc <1cid for 6 

hl'. dl l7" C ln UH' PIPSPI\CC of 2.2'-hlspyrldylcilsulfiop ,Jnrl tri-

p!J('flylphw>pllllll (KlSltlflllJlll, 1975). The 111terlllerhate N-(l1-S-(mer-

laptolll<,lhyl)OIPI('.lpfo)ul1'!p(:tnnv1- spltingollplrls [IOlil the .1bove 

It·:}('tUJlI'-. ""('If' df>j>/lJt(·('tNj \>.'ltli e'\,'(''-,S rllthll)thlf'ito] anrl laheled 

WJ Ul:] sllgh! ('X, (>r~c, ,)t mOlltJhr()mohimane (S!lVUI', (>t ,11., lQB7). N­

(ll-hllllolllylllil'll_,lptlJ)lIndr",111 0 y[-suJfdllt!c' \>.';\s Pt"cÇJ:llf'(\ in a Sl,ill},ll 

11101 IHI l' 1 t lont sul t()i',n J.1L1l1sy 1 psydl()<; 11\1"' (!\()shy .1Ild Boggs, 1982), hut 

tlip .11,1.111<'11 c,tr·p \VoiS t dl 1'11'.1 Ullt IIS1I1t. th,> lt yI ,hloridc derlv.ltlve 

.. t ll-C)-(mf·II',lpt"ITlf"·thyl)IiI('Ttaptotlod<,,_anulr ,H'Id (E(l:,hv ,mrl Buggs, 

IIlWt) , Ail /lt IIH">" ""phllJPtdlPld f'lnhf'~,. rte, wf'll ,1S th(' Illt(':rnerllrttl~ 

/llol('tt('rI lIH'tt:\pll):1tY! tlllllptllll1d·~, \\'('It· l-'uJltif'rl by PI"c'p,Hatlv('> thln 

Ln"l "lltllll,ltll)'.ldpll\ (c1p\'('I()[lll1g snLvt'nts: [,5:2"';:4 fJIC1 3 /CH 3 0H/conc. 

NIl,.Ol{ tor 1 ('n'h/()'-,Id(>, 80:20:'):3 CHC1 3 /CH ... OH/CH .. COUH/H..,(J fOl sulfa-

1111(, .1I1r1 'iO:/ltJ:10:f, ('HCl~/CH,()H/CH,C(J{JH/H..!() f(ll splllngl)lIly(~lin). All 

1 111(1) ("" "Ill 

ligllt ,l11e1 und!'r 111trogl'n. 

Egg yu1h. ph(lsph,ltidylt hol )11(' .... as .)btdiot~rI fi 0111 ÂVc1llti Polar 

Il'ld~ (RI 1 111 Illt.;h:lI11. AIn.). and pltClsphat ldy]ptll,Jnol::lI11ine and phos-

plioir I.h Igl)"'lld wc 1(' PI"f'p.1ted frolll it by cnzynJ::lti( tr.Ulsphus­

plldt ici) I.lt llll! (colllfllllllS .1nd Zw:wl. 1977), Diolen}l phllbphatldy]­

'~l'rllll' (fl()PS) ,md l,2-diolc>oylo:-..y-3-(trlmpthyl,1I1lfilUfllllm)propane 

(Illl'I:\I') \\1'1" t»nthl~siz(>d ri'; dpscnhed pt('VltlUS]} (Sihlll'-, dIld G.l.gné, 

1<18 /,; St.lnt,If.ltIlS pt aL, lC)88). Chlll('stf>rnl was ohtalned [tom l'Iu­

rh,'" l'll'll (ll\~I.ll1, r-lll1n.) .1110 was thil(' tel lyst31hzed from eth.lOol. 

,.\(( 11lnUIIllil 1/1l>lg.1111l' clll'Illit':}ls \\t'1'0 of t'pagent grade Ot bpI tC't'. AlI 

tllg.IIIH '"li \ t'III'> WClC ledl...,tillC'rl hefoI(' i.lSf>; dicthyl ether used fOl 

\t'''lll,' prt'p,lr.ltinns was I('dist1l1('d, stnhtllz0rl wlth 1% \o.atCt :1nd 

~,ltltt'tI sltl,'ldt,tI trolll llght nt 4 ne. 
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2.3.2 Methods: 

Large unil,lmc]lnr vesicles (UN) Wl're prcpl1n~rl hy l'f'\(,I~t'-ph:ht' 

eVl'lporation and filteled rhrough 0.1 \lm pOle size Nuclt'llpOIP Illt'III-

branes (Wilschut et cll., 1980). Ttw hutfet uf,t'd !u fllpp.llt' Iht' 

vesicles \,,1S 150 mM NaCl, 2 m'1 Tes. 0,2 1II~1 ,'DTA. pH 7.4. ~1t':IC;tllt'-

ments of tlw tl<lpped VOlllIlH'S ot SUdl v('~It'I(H,. t<llllt'd out liS III/', 

c:Jl'bnxyflwJlesl'eln ilS ,111 intcllln] m.ld",:1 (WI!~t'II\1t t't ,d. ItIAD), 1',IlV(' 

vah1l's of 3-4 ul pet Il!O()le llPld, ~lln~I<,tt'nt wlth .1Vt"lngt' \'f'<'lllt' 

rliametcrs of ca. 8'i0-1150 ,\ III tht""t' pll'pfIJ!!! Ion ..... 

VesiLles \Vere Jabeled \\Ith ,';."dl,ll1gl'clldl' llplt! Plo!l(\S Il .... 11l1~ 

either of tW() Plotocols, 'Sylllmpttlcally' \.ltlt'lt'd Vt'sil It':, Wt'It' 1"(>­

pan'ci by Inclllchng 0.'i-2 lIIull'% of tilt' fluOlt"~( l'Il! \lIIlIH' Intll 1111' 

lipirl mixturl~ dlspcnsec! tOI th(' lnltt.\1 [l1t'p.If.!llolI (lI \!t':-'It I('~. 

':\symmf'tril:<.llly' Llbf>ll'd Vt'Stc 1e<; WI'J" pP'p.l! (·rI Il) IlIt lib", IIII~ 

preformed, unlaheled veslc10s wl!h sUI11Iat,'d dl'->ppr"ltJlI:, (lf Ihl' pluh" 

in huffel, nUlIllally at vesH.lp ._ml! plolw IOIIl'('nll-.lt/ll1IS "f 

5-20 uM, reSpt'ctl\(>l:r, for 1-2 lu rll n'-' C. 

The p,11'tltLOlllng of cxchanf,f'::thll' llplfl prnl)('~ h('t\Ii('('ll dllft'll'1I1 

types of llPld \!('siclt,C; \.\las f1)f',)sul'f'd hy iJllUhnl JnL: .\ r IXl'd ,llUOIICII of 

probe-lnbet(·ri rI()n(l!" \lestllf's (7.'i-]j 1111101 ...... ) with vnlyill}~ ,11111111111'-. tIf 

r1 sf'l'onrl, unLlbeled pljPUI.lt i(ln I)f ,II t'ppt '>1 v, .. .,i, Il''' (0- H!O 1I111<!!(",,) 111 

;) tutnl volume of :1 ml, Ont· of th/' Iwu vf'~J,'I!' p()ptll:tII(JII'-, III 1111"., 

nllxturr>s containcd 2 mole % of (12-IlARS)-lB PC. .1 Il'jlll';,1 h.ll1g" ,lhll' 

quencher I)f the prilhe fluOl('Sl"-'lll.f' (:'->11\/111 .... "1 ,II,. 1'11l7) Th, 

spuntnl1COUS ex,hnnge nf thlS qUl'lILhcl !JctWI'f'1l Ilpld VI'~,II 1("., 1'-. r'lll 

slow tt) .lffel't l'he rcsuIls of Ihl'-. ~lllrlJ (St!VIII'') ('/.1/ l'Hll). l/i( 

fluorescclKP slgnal l('corc!('d f,olll the',p s.l1npll'~ WW., 1II('.t<-,tlll'r! 1)1'11)'1' 

anri Aft('r the .Hiditinn (If 1% Tri!on X-IOO; th .. tallpl fltllll( .. .,((·lI11' 

l'cArlIng .IJ ll)~,'cd the Ol 1 gIn;) 1 f L \JCl t (.'-" ,'lit p 1 ('nd lIlg III tH' 'Il 1 n'I " ,ri , 

where l1ecessar}, for posslblf' sllln] l val 1:11 Il)n:., III 1 h,' dll1<lt1C1I ,d ptt)I", 

from snmplc tl) sample (:-Jlchols and PaC.J110, 19f12). 

To estim,l!1' the fraI lIon of Ih(' 101.11 Ilpid 1 liaI wa', ('Xf)(),.,,'d 1" 

the extcrnal ,lquenus IOpdiurn lH [ln'pllJ'ril HHI..., III ].tlPP 11111-].110(·11:11 

PC/PC and PC/PG/,'h(llcsterol vpsl!.lp. .... , ':>tnlllal V('SII Il'', INI'rr' /lfr'p!!II'1! 
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((JlIIIJ1njllg j 01" 10 mole% PL The pel"ccntagc of total PE exposcd at 

1 hl> ollt!'r sur fal es of these vcsicles wae, determined by the TNBS 

IntH'l ing assay of Nordlunrl et al. (1981). As PE has been shown to 

nrlopt d rrl/ldo/II t/.l/lsbil::typ! (hstrilJ1ltlon in lipldvesicles with large 

rndJ/ Ilf lurvatlllC' (NordJund pt .lt., Ig81), this v:11ue provldes an 

('·slilJl.1t(, (tYPI(;)11y wltll;j stanclaHlplro/ of 105s than 10% f)f the 

('sllmalNl V.l/II'-) of lh(: fr:.l\ tlon of the total vl'sicle Ilpld that is 

(XpIJSf>r! ,)1 th" e,trrnal surface. 

l'ho';phollpid IInd spltlngnmyelin COlll.entratlcll1S WClf' detelminpcl bl' 

Itl"",p,hof! of !.()WIY .mri 1'111510)" (1974), with thf' tnlldlficatlon th;'lt 

1 tH' ,>ampll' c1lg0stion time W:15 cxtenrlod to 4 hl. C(JnCt~ntrati0ns of 

~'.lyl'()sph/n;~(jllplrl l'robes Wl'/f' dC'tcrminf'd hy mCIlSU.L('mcnts of probe 

fluo/rS('f>I1CC' ln mf>lhannlic so1Utl011, using the corrE'spondtng lahei..ed 

C,J,hlll[:I,IIl)f'lll1 .lf-,.I standard. 



1 

J 

\ i 

2 . 4 Results: 

The structures of thE' tluor(\s\~t'nt-lahelect Lltt~ 

thlS study ,:\1(> shown 111 FlgUfC' 3, III ()IHl~ph<1tldvldl{llllH' \'t\~i\'lt'~, 

the bl111anC-, Di'tCA- .m<Î llPHP-Llbeled ll[lld <>P(','ll'''' ..,11,,"' l"t Il,1f IPII 

(emlsslon) mil:-'Inu ,1t 390 Illll (I.r)8 IlIn). 400l1m (1.1>0 11111) ,11111 ~(,/, 11111 (/,"i 

nm) lC'spectl\C'ly, 

Tn FlgUIE' 4 :He ~hown tlme ('JUte,p" cj tIUllll'<;\I'f1(.' Ilb<"l'l\'\'d Wlh'll 

lalgl' llllllc1lllE'lLlL' rionor veslLl,><, (80:20 ('gg PC/q'.I', PC), SVIIIlIl" 1 1 1,,11 l, 

or ,lsymmetr ic.l11y IJlwlcd ~lth (R-hilllélll(')-I'C {Je; d!' .... t ! dh':I III ~l.ll ,"" 

nCCf'ptcll \;"51l.10s prC'pnred tl"un' HO:20:2 t'!~}-·, pc/\'gl~ P(~/(I~-'IlAR~)-IP 

PC. Ur,Hl .ldrt 1 t ion o[ the nu'.'pt ()l ve ç
, Il' 1"<.,, tIlt' flu", ('~', "i' .' "I)'.Il,; 1 

l'ecorri,',i from (lther r.:;.lmpLp r.t[Jltll:' fnJls fil t Il.'1,., plll.'"u Vtllll'. 

f'lllltt'I 1 J] t llb d p, 1 j 1 JI 

times ltp ln It .\ mil: Il ::1 t'.lt \'1 1,.1l 1 Il.fI Ilj 1 lit' 

p1"obe 15 10,)(111:- c':,h;lngcalde (>q,;0l., '::-" 'i~'X, in titI' f}..illlplv ·,!ttMII 111 

FIgure l,) when lsymmptrlt,111y r.llhel thé.dl ·>ylllmt'lllt,tll.., 1 dlt'l,'d tI"ll')f 

\0S11les ,H" lISf'oi. ,\ still '3111;)J](·: ft.)!! hl) Ilj (H-I'llilIlIf')-I'(, «:!()'n 

\vas ff' . .1d 11 j t''l.ch.'lngc.1b J (' frum (V(ll rp,\('n) HIll 1 i 1 1 nlllP 11.11 

wc l t.' '>} IlIlIlf~t l'l' ,111y l.)b,~] ': ri W 1 t li 1111' rlohf' (nI) t ~'!'()WII). 

peals tllot !lllly plI,bp 1fl()IPCltl(", th,lI ,1/1' pr''',t'nt .11 

\ f", 1 ( :. ", wh l' " 

I! 11111', ,\1'-

f he '''11 C'I '-,111-

faces I)f thf' dunc,l v('slcl!.'s I.ln '_'\lh,Jug" !lplw('('1J VP'-I, Ic··.!lfl tll!' 1 illl" 

sU1le c'f tht'se C':-,pE'J"lmentb, ,lOti th.lI Vlttu,t1ly .111 ,d 1111 111,,1)/, 

llIo1eculc.':> ln nsynJITlf't J ICllly 1 nbt· Ler! V(OS 1 ( 1,,<., tH'( !lfll" Il'' {Jll'tll .1 1 t d III 1 Il 

the \'('~i( lcr.,' '.utel SUt'fales (Pal'.,1l10 ~~~" l'IRI), ~lrnl}.1! 1(",tlll'. 

were o!lt::tlnerl uc.,';'ng ,111 of the oth"1 (''{' Il.)!I/-',C',lf,Jf' fl\JIII' '·,f ('flf PI"!'.","> 

eX,ll111l1e(t ln thl., study, '\sylllnIClr1c.tlly i.d,eltrl VP'.,lt 1(,.., Wf'I(' tllfl('­

tOle used ln .11J fUltlWl c}"pC'rilllellt~, i('s' Ill,.·d III thl', p.\pl·1 III "ld('1 

to nlDxilllizc the f1,Jcti()J) ()f the pto!JP Ih.lt W.\'-, :".lcJtly ";."h.lIl1'.'oIhl(', 

ln FJgI11" j rlle ShOWfl tlll.' t 11111' (',UI ',roI, (d t III tI'I"1 '''" ('II'" 

(_hnnges ObSClVl·d \\7hen :l flxr-ri amu\lnf (Jf j.'l)'.f' 111111:1111' Il.u flO'LI):L ('I~I; 

PC/c:gg PC/(l2-IlARS)-18 PC v(~si(le~" .1c;yrnlll(·tril"t1ly l,d)1 1(·cI "'Ith (H-

bimaneJ-PE t" a flll.lI lev,-'lof 1 lJI(Jl%, wil'-, ill'tlh:ll .. d Wltlr v.lr;111;: 

:lmounts of 'll'_lptor \,('sj( les pl ('I,(1l f:rI frolll P,!):LO f'f',I~ l'IIDOft',, Il t 111 
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Figure ]. 

1 Il l', 1 1: '. t 1 l , ',ffll< t'llll ... "f 

,111111 . .III l' '/I,tI 1" Ill(' ,·"c \1 III,',' .11,[ l' llpl.! pIO]W; ll':>,'d III tllJS st-ud\. 

1 Il ( . 1.1 h! ' l ( . cl dl Y 1 l" 1 il 1111.1""- .i/ici !lMC.\- 1 11:(' l, 'd pli" ,phil J L[' l cl pl ()bl',>. 
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tH '.,(·cn t hat whIJ c the 

ObSPfVC·d rkppod st rong1y on 

3mp11 tudes 

thf' nmoun t 

of the fluorescence changes 

of ace f'pto t' ves if l(:.s added. 

Ih(' hnlf-tllflr' fOl equlllbration of the probe bt'tween the \esIclc 

poplJlat Ions l~ constant over a wJde range of fl(:Cr>ptOI vesiclc 

( ()fI( ('nll dl J(IIlS. ThIS rf'slllt suggestfo, thdt the mCCh~H1ISlTl Ilf prohC' 

1,0111<,/01' dol'S no; lIlvolvr> ('ollISleJf:S hetwcf'f1 veslcliOs (RosemHIl ~ .11. 

1 C}Ij(). f'< i ( ho 1" and l'dg. HW , 1')81. 1 Q82). 1I11(j0r thcse ('o\lrh t ions t the 

pLIII'dIJ /IU(II('~(('1l(0 vHlu('<, obt;)in('d tor ,1 glV('O :}«(f'plflr/dulHl 

V('~,j( Il Idt l() • ,\111)(' pltJ!tf'd in ()Id(,l tu t)braln ,1ft (>ffpctl\'e P,Ht i-

Il'1/1 ,,)(·t II< IPIII ('-,,~ t:,.), ThesC' ('al, ul:Jtlons ,Ire' furllwl' df'Slllhcd 

III Iltf' .l1'11I·llrll'. tll 1111'-> chapt('I. 

2.4.1 Partitioning of Llpid Probes between Different Vesicle 
Populations 

2.4.1.1 Effects of Phospholipid Composition: 

MdliV III Ihl' phy~IC.11 propelt 1('< .... ()f pU}.lr Ilpuis h.IV(' h('('11 

">lW,I'.f'L,I,'d t'lc!r'!>('nd SllIJI1f:',ly on tht' ,1hilJtI('s (lf the l]Pld hO,JdgltIUpC, 

tll p,l/llt IP,llc' III lIydrogc'n-bllndll1t\ intel:!t tions Wlth tho h(~arlgr()ups 

,d IIC'I/·.lIh O I 111;'. 

(lI ,1 1 t c; tende'llt) tn ,\s ... ," idt (' W 1 t Il 

'11\ dr lJl',I'II-!lolld 1 Ilg' 

1 11 I,,!', , lIl1',IL.lll,'d t bl' poil t 1 ( Hlllll1g of \'<.11 tUlIS phusphn- "Ill'! :,plllugo-

111'ld 1",,111'" Itl'IWt'l'lI 1,ll'i',.· 1I1l1Llll1t'II,tt' \'.·'::olC,lt,~, \"11' h \\!Plt' llllllpll,,>ecl 

l'tlllc'I Ilf ,1l1e! (Hl\':--' tlL ,d egg PC ,1nd (~gg PC UI ()-IIIt, tlJ~ 1 PA, 

\Illllitl l'III",phtd II"Ch :-ou' h .1 ... PF' <lnd PS l III Sl'I"\.'c~ huth ,1:-' hydlllgCll-!Jond 

"P(" It':-O, H\ ,"1111 rast, Ilptd ... l:.llch .1':0 PC ('.ln Sf'I\C t,nl:- ,1::. hydltlgt·n-

tHogg'" l<JxO, 1<)H7; H,IllSt'l ct ,1]" 1081), 

l'.l!dt' \ .... UllIllIlrt;:t'S tht' rt'sldt~. of .t seri.',:> (lf llle,lSUIPnlents ut 

( Ill' p, II t 1 ( t t III 1 llg n f \ ,li 1 uu ~ 

!'lt'!"'l( 1"11"') l'gr l'C/tT,g l'C/(I:!-DABS)-lR PC LU\' and 80:20 t'gg rE/DOPS 
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uLc11ge unl1Jmellal' v('sicles, pn~p;\ll'd frlllll HO:20'2 <'gg PC(I/',I', 

G/(12-nABS)-lH PC or from 80:20 f'gg PE/II()P~, Wf'rt' .1C,VIIIIIl('f 11t.lll~ 

1Abelcrl ~Hth the indtlclted 11pld plnhL":; dt J molt"X" l'hr' tltlO) (H.,I PI\1 t' 

IIf 1.1\)r.1f·.1 ,jonol \(>51,-lcs (1 f)1 '"j uN) ~\'~\S IIIC.1SUI(·d .Ittl'I III' 1111.1111111 

00 mIn, 
III. (Ill Idllf'J 

mC,lc;u)ed ttll ,\ t',L\P!I [JI (,b(' 111 ('adl ('''pl') 11111'111 h.l·" hl'l'fI "IVII\«'\ Ii\ 1111' 

"ffcl'l1\ l' 1-'.11 t 1 t J(II' L'()('ffil [' nI III( 1',\11.·<1 fI 1 tl]l' 1 Il Il '''>IH'11i1 1111'. 1'( 

PII)Ot' ln the ",/IIl" e\pcj" Lnh'ul , 

l'\/(12-1l\B'))-18 PC V(",11 1(", \,0,"1" Il.' ri 

1 Il l' 1 .\ {Ill f .' gi ~ f' ( , 1., f'.t: l' (~/ ( 1 :! - fl .. P, '" ) - 1:~ f' r: 1 Il 1 111 ", t' • '·1' f 1 1111(' 1\ 1 '-. 

1 

" 

, 
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Table 3. 

Part i tioning of Phospho- and Sphingolipid Probes 
Between PC/PG and PE/PS Large Unilamellar Vesic1es'" 

34 B 

Probe Labeled acyl chain Kp(Probe) /Kp(PC Probe) 

PT- B 1111. ll1P-I>C t .JIlU} l () • (J8 + 0, nt, -
PI" R J lllal1e-"c tr\O()~ 1 O.'i') + n,OR 
PI [J"IC ,\ -uno"" c, l!1l ly l 0.u8 + 0,0') 
PI' IlPHP 0.81 + 0,01 

Pt; R 1lll,llll'-I)L t ,1llC')'] (J.CiO + 0.07 
1'<; IJM( \-undc,_ ,1l1lly 1 0.79 + O.Ob 

l", Po llil,lJlC-()' t ,lnl)\ 1 1.lï + o. o~, 
P';; l '1e \-tlIHie, ,1111,: l 1.42 + ().1 q 

".\ B 1111.1111'-0( t,\ Ill» 1 1. 76 + 0.07 
1',\" B IlIId/lt'-()L t:lllll' 1 t 82 + () . 1 Il 
1'.\ /J~I< .\-lImj,·('. 1!1(J\ l 1.n + 0.24 
1'\ /lPHP 1. l, (] + O. ] 'i 

"1'111111','1111\ l' 1 111 1\ 1IlI.l/lI'-UI1I\(·'_c1I111\ j l 'U . ~ ~ + () . Of, 
'>1 "11111',1 '111\ l' 1 III IlMf',\-:IIHi." .lnll~ 1 1 . () I~ + U.(Jj 

( 1 lIt II Il}, 1'" H 1111 Illp-undt'I dnl , 1 0.81 + n.OH 
\ 1'1 .'\1111,,1\.· \)~!L'\-Ullrll" ,lIlIl: 1 n. ;,(, + n.os 
'>lI 1 f ,( Il fi \l\1~ .. \-1I11r1t', JII"\ l O. ()4 + O.O'i 
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LU\" 10 this table, the telat iv(' att llll ty llt ('.wh plollt' tOI l'I':/I'~ 

vesl.cles vs' PC/PG VE'slclE's 15 expu,lsst'd .1S tilt' ,'cl tIn II t t il,' P" 1 1 1-

tlOn loeffit'lent Kp [01' that plotH' tu th(' p,lItlrlon IlH'ttil'\('1I1 

lIleasurer! ln th(' S~l/ll(, CXpt'1 imclIt tOI ! hl' "DI 1I'~P()Il,! IHg PC pl tllH' Il,II ,1 

were collet ted bnth by lahelll\g PC/l'C/(OAW-.-PC) \'."0\1 II'" wlfh ftH' ,"­

chA.ngenble pu.bp ,1nd tItl',lt lllg wJth \'l/l'~ \\''-01\ Il'',, ,IIHI III th.' Il'I'IP­

roeal eXpet'lment 111 wluch PE/P~ \'(':'Il 1.''> '>\('11' 11111 I.Ii 1) \'\h,'lt'd \\1111 

the' prllhl' .mri WC1(' tltl,1("('d "!th l'C/P(;I(llAH~-I'(') \,"''';lllt''>, 'l'Il(' 

rcs1l1ts oht.1llwd IJslng l'lt)1I'1 llIf'thllr! gr'llt'lnll} If;II'I·tl \1'1\ 11.'1'11, .11111 

the rL1Ll SllOWlllll 1.1"](':1 S(JIlInI"llZI' 1(',>lllt ... Ohrdllll'd 110111 !t,,'h IVI"'''' 

of men SUI ('o\('ots. 

T.3b le l, F 11 sr. the p:\l'titlun (1)('lrlll1'lIl<., fOI Ihl' \'''lillll'~ 11PId 

probes U'stf'd Hl thlS s:-stC'1lI ,11 1 III' W 1 1 Il i 11 rl 1 .,1'1 III III 1 \11" III 1 lit' 

(FoI II" "1 t'/I"·. 

1lI1'."'lIlt'd "" IIIt' l'C' 

probe,> 1lI rhè,e e'~rll?rtm(,llts ,l\I'I.lgl'rI O.f,/, I(JI (H-hllll'\I\I')-I'r:, !l,I,I) 1", 

(ll-LJMCA)-PC .lllrl O,8~, fOI' flPHP-I'C), St'IIHld, tilt' dl"1 t" Id .1 p,,,I1I"'. 

hl'a.dgl()Ujl <,tUlitUl'f' on its 1('1:1t I\f' ,dtlnlty 1111 l'EII'S \'> l'c/I'(; 

LUne., 1 sr ('JI(:- Il f the: P,1I t 1 t IIJI1lng 1 !'s,d l '. Uht.1111('d W 1 t ft 1 li J{'(' If ri fI'l l'Ill 

f3mlllt:·, of \-ll'nhes 1<" /lolC'wnrlhy, '~IIl«(' th .. ',tltl( 11111", (JI ri ... 

tlll()le~A'I'Il( bl(ILlp'~ .mil th(> tl(',Jt)i11tJ(~<, Iif l!l,· In!>('l,'o! d.yl (1r,111I", 

,üfff'l m.Hkf'r11} (1)1 th,· rhlfol' Pl()tl l rl'pl""" Tlrird. tlil' ·~('I" 1 l'vlly ,,1 

prr)be henrlgl ()tlfJ. lOI ex,lIllplC', Pt' ,1IIe1 IIIUO(Jllilll;n't! l'A .111' boIt. hydll'-

g('n-h()ndln::-~ SP'" I('S .... hile PC i--, nllt (Hnggs. 19HO, 1 9R7) • 

LclatLve atfInlt~,. fOL PE!PS Vf'sjt l('s (ill 1 OWP( "II IJll ,,,,1 fi pr;/pc 

vesle les) thnn rlu PC pt (lbC'<, • 

oht,:ünen l1SUll:', PCIO-IIIf'th)l P,\ VCSII l('~J ln p1.\!,' "f l'C/I'(; Vt",I( 1("-0 III 

thesp ('~p('rimeots, 
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2.4.1.2 Effects of Cholesterol: 

In,j flnrd ':.ptie". of expellments, 1 examined the partitioning of 

'o('vPt:}1 billJ,'ln .. -lall(~l('iJ phoc.,pho- and sphingnllpid plob0S hctwepn LUV 

('IIII!J(J':.f'rj (Jf ('llhPI 80:20 '_'gg PC/p.gC PG/(l2-DABS)-18 PC 0148:]2:40 

Pp,g pc/,'gg P(;/dlo)estclul. The l"f'sults uf thes,~ C''<;pt_'l'IOlents ~lt(' 

<,lIHIIIlUJ Iz('d ill Tablp 4, Wh(,l(, the ('[f('cti\(' IJ.3rtltioll l'oefflCll'nt 

llil'a,>utPd tfll (',l,h prCJht· h,lS been nOl1ll311zen ttl tlHt me.l::.uINI for the 

ICIJ/P':>(lO/lrjl/lg PC ['lobé ill the- s.lIne cxpellrnent. Tilt, !C'lative 

.dt InLI IPS ot vdri(IIIS pr()bps fnr cho]e::.telll!-('llnt.lÏniub vs. dlOle­

'-,II'I,,)-fl('(' VPf-,l' ]('S r!(', 1C>dse in tlw onk'l sphlIlgllmyc·lul > 'l'lc'hltl­

'-,1"" > 'oIJlLII Jfjc·:::; PC > PE. Ag,Jjn. hl/wever. the difh'rent prohes wlly 

(1111) IIIl1d n SI i\ Iii tht'lr lf'lntlve ,1fflnitlE'S fOI' holcstcl',}-"lInt,11nine 

V'~, ,!tol("·,f,'!{)l-tl(>(' VI'Sl! les. rite p,lrtltioll '_I)E'ffH lent Ilj(\,lsu!cd fllt 

III" ,1111()1/1' ,>ultntnle ptllhl' ln these c>,-:pelllOents Jllay hl.' sltc;htly 

l'Il'v,lll'd, III t.Jvuut' 01 the cl!olp,:;tc:r"l-u)lIt:ünini-', \c';ll:lC'·~, h}' th" 

l ,l' 1 1 h, il 

'oll'lll)-lllot.tllI1J1t', th,lll in the chu1t";tr'lu1-tl('I' \-'\::'11'1,''>. H()wr'ver. h\ 

1''\,11111/11111: IIIC' l'((C'' t ()f Stlt[.l,P dl:1It'J' (ln IllHd P,lltltllJlllllg. (I!I(' ,an 

",>{tlll,)!I' 11!.1t thu~ ('fipl! ",Jll h(' slll,1l1 (l:nh,lIll_lng 1\1' by IlO IIl()U' th,Hl 

:!O-:!'j'X,) \Jlldel tilt' ,·OtlrlJt II/ilS Ilf Ihl''>c (''-:/1('1 ifll(\llts (Cdlddnt .-·t al., 

l'lH<J) 

l'Ill' \' 1]IH' III tht' dh:,_tlVI' pclll Ittllll 'Ilt'ffl' lcnt (S.K1,) lIIc.15Ur(,d 

IllI tilt' 11.11111 j()11 1 I1r (lf (11-111111,)111')-11 PC he Uvf>C' Il ,_holl'stl:llll-

\1'1/1.11111111'. Inti Ih,dl'stcllld-tIN> VC", II )l''-o III Ih, .111(1\1' 1'\pCtlm('llts 

,1\1'1,:1,.,,11 n, 1<)1 ± .Il:!ï III ';1', 11/,1f.'I'C'ndl'nt r!r·tl·llIllll.1f II/ne.. l'hl' tl:~,U]t':> 

,,1 T"JW.,-IIIH'I tll~: .' ,pt'I tlll"llt~, \ .11111'li (lilt 1I~-.t1l;_', '-0 1 III 1 1,')1 '-l"~il ),h, 

1 11111 1 1 Il III; 

1'\11111",11'1111-11"(' \l'~II )1''-0 (i.e., 

1 Il''!I''.t''I'1!-, IlIlI,IIIlIIl!!, \'l''>] 1 If''-o 

Ildrl) 1 (1wl'l ,dttlllt\ tlll ,dl Ilf 

lit j,,,tll 1 hIl11's!er()1-':()l1t,111l111L', ,mrl 

th.1t ... :::; 1). Tt thll.., ,IPP"rIl " that 

l'~hlhlt ,1 suh':>talltllll~ (1- fIl b­

th,' ptl/h<,,> .;tlldll·d Ill'[I' thnl1 do 



Table 4. 

"Large unllame] 1ar ves 1 cleo:; 1 

PG/ (lL-DABS)-18 PC or 48: 12 : 40 

as ymmet r lCrl1}: labeleri \\ 1 th tht" 

prepnleri hum HO:LO:L t'~·.g l'CI·'I~l·. 

.' gg PL / (' P.g PC / 1 h () 1 t" <; t (\ '-1 ) 1 1 W(' / (' 

/odltiltC'd P/()hl'~ .It 1 1I1t>!1··X •. Tl\(' 

tlwp'pelllllf'nts SlIlIlIlI.ltl/l'd III 1'.lhl.· 1. 

rll(~ (Jnl t 1 t Ion lucffl"lent (UI .1 E;I\'CII fil ()h,' ,'-, d,·f 1/11''' :1'-. 

r Ibl ('. fhe' P,lI-tittOO loeffj,_ 1 ('lit 

1 

1 
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Table 4. 

PartitlOning of Lipid Probes Between Large Unilalmellar pc/rG 
Veslc1es and PC/PG/Cholesterol Vesicles'" 

Probe 

N- ( 11-[l~1C;t\)-sph lnglllll"elll1 
N- ( J J-IJMCi\)-sul Lit 111(' 

N- ( 1 1-/lHCA) -l'l'r,-'h l'ü:--l(k 

( 1 ] -1l~1C::\ ) -l't, 

l.gg + 0.18 
1. 31 + O. Og 
1. 7e} + O.oq 

0.77 + 0.14 
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2.5 Discussion: 

Previous analyses nf phnsl" dlngrJtns lOI \',111Ol1"; bUI.lI\ IlIt'\IUll'" 

of IlPlc!S \Vith d1ffetent he.lr1gl'IlUP<' \Slll\ll~ll'k ,lnol ~1('(,lllllH'll, 1<)71: Wu 

and MIConnell, 1<)75; Mahn>\' ,1nd Sttll('\,.IIlI, 1<)76; :\'III,Jd l'f :II., 

1981: Ruoccu et al., I<)R1; N.lggill et .11., 1()H'i: C\ll:'!.~ill, l'IP!> , 1')H7) 

h::\\'e suggestcd that sudl Ilpld<-o ni tl'n sIm\\! " lL'.ntll! .lOt h !lllll-ld('.! 1 

mbu.ng l'ven ln llquirl-t!:--C,LIl!ltlf' ltpul bll.1Yl"'>. l'''''~f' II'SII11!-> h,\v(' 

important t1llp 1 g.:a t IOns fe 1 r Hnde 1 st .1\1.1 111g 1 Ill' III t ( 1 l)'>, ,,(> Il ()rr . .I11 1 /iil 1 (lll 

uf multicolllponent lipld Illémbrctne.:" 

Liter.1I rli·-,tllhutluns of diffcl'f'llt Ilplri Spf'l'It'<' (Von PII'I'1.', ICJ7H; 

Knull pt ..1]" It)R/): Thompson and 1'111.llk.ICJH'i; 'lllll1t'lh.ll'flJ .'f al" 

1985). the t'I1erf':> n:qllir.-:rl tll (1I.·lle .11111 III 1ll.111lLllll Il.\l1'-.I!lt'lIIhl.lIl1· 

l ,)( .\ 1 1 .. 1 111:11 1 tllI 

uf nonl.lm.:-lL1t stllwtur ... ·s III Ull'\tUl"'> (If 'hllaYf'/-!OIIllIIlI'.' ,llId '1l0/l-

hiVlyei-f('lmlng ' ] tpiOS (\'n"dt>llk" '" .11, 1')H2: '1'11. 'lI'k ,'1 dl 

1982: Bulll and HUl, 19B~: Stf'g~>l. 1<)R4: Ellk'><,()11 "1 ,II , l'lH r
,; '1'.11,· 

and Gl une r. 1 'l87 ) . rI) III 1 1 1 (' l' «(JIJlp 1 ('­

] If' 111 1'.11 1 Il 1()111 ni', 

b.:'t\\,pen dlffcLcnt JlpJfI eJl\J/CiflIllPnh (L;tIlF~I' ~ ~., J <) 7'); N j( Ïlo]', ,Ille! 

Pa1:~:1nCl. 19132: h1,lttcnhLl[', pt ,d" IfJ8\; FlIglf'1 (. 1 .. ] 

RUJ<111,1\,'ch ,mri ::-ollbelt. lq/i(,; Y(,}(~IC' ,tilt! \1)\IJI~. IIIHI,) ff) (1)/1111111 1 Ill' 

conclusions uf- thp .1h(,ve "tuf! 1 es anrl tCl l'\f l'Ild IlwlII 1 fi 11101 (' ('.IIl!, 1 f x 

Ilplll·~ "Irll IIPtf'lllgl'll f lllh H\I (".1111 

compositiOl1f:> iiI' mi.xtures of llplfh .1/1'/ ',l''lf,I'-.). 1,,) ~.JII( 1) " 1 j,~,,)­

(IUf. detC'lffilo.\t"on Ilf the "h'lc,r' rll,J~',lnlll IIJ,W 1101 IJI 1(·,,'>11>1/' 

A sOlllcwhat ',llrpllS1[1t~ flTlrl.lfl/.', (jf thl" ·,llId:. l". IIt.1f Ilpld pII)I'I" 

w1th:1 ',<111f't\ of r1ifff>l"nt heoldl',I"lIl'c, \',lIY 0111\ 1I111I\f· 4 .f I) 1I1111f'lI 

relat iv,' :lftinltlPs f()r clitff'lf'l1t tyl'('s ,,1 plic,sP!J"]II'ld 1)11,1:." l', ,\-, 

nHxtulc,S hdV" sll~ge.,tl,tl thnt tll(> 1ll1Xlnl\ 

polal hC,ldl...',llJ\lPr.., c,)n bp fTIdlk f 'rl.ly 11I10Id":11 

ulIJine ·;tatf'. AS.1 trl:;(~ 10 puint, '111" '0111 

rf:poltr>d resltlts (1,(>f' , 1977: ,\J{l,dd r't :11., 

of lll'Id" WIIII dlt!C'II/lf 

(. V r II 1 Il t Il l' 1 1 (JlI J If -, 1 J '-,-

f "-, t 111101 " f 1 (JIll Pl' 'v' 1 f 111,-,1 :; 

l 'Ii-{ 1) f h,t l 'III' ",';' e ',', 1'/1-
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l'l' will! Ihl' (otlfSpUflding PC ln a liqulfl-(r/stalllOC bll:wer will be 

on Ihl olnl'l IJt 1.0 kln1 IIHI1-] , If lhC' eXLhangcrtble PE anrl PC plobC'c, 

1':-,dflllll(,rj "' thls ,.:;turly W'-'IP tü sho\\l ,) Sl1011,)1 disCllmin,1t}0!1 ln thclr 

III!l'lllt tluJI Wllh PE \'s. IJL ln llPHl bllaycls, one w(Ju]d pU·tiiCi tlHlI 

d 1'/ PIIJt)(· wotJld show I(lughly d fivl'-folrl glerltcl relathe ,lfflnlt:-, 

1111 /,1:-11' h \1'<'11 J("" Il (olllpfl II ltlll wlth PC-IILh \pslLles, thnl1 

Will/Id thl 1 IJI Il'Sl'lllldlllg PC ploh(', In frl"t, I hfl\'P found tll,lt C~,-

1 hallgt·.tlJ!(· /'1: (llllhl's sh!)w ,j ',lil.jh( Ij lesser prt:'fr'lel1CI flH PE-lJch 

\(>',1' j(.c, vs, P(;-('I.-11 v('sH1ps lheln d" thl' l'IIllpc,pond1ng PC probes. 

'Ihl' ,,/1"-,1'1\.11 Illl! th.)t P[ prnh(~s f,111 ln dlSI rllllll1.-ltP Ln L\\iOUI ot 

,1 'h\dlllgf'u-hllllrlll!/,,' IqJld l'nVll'lJI1IOPllt (PE/P;:' vf'~JL1es) /1\'('1 a 'nun­

Il)cllt'j',!',,-hlJlldlrlj.',' ('[}VIl 'llllllpnt (pc/PC (JI' PC/O-J/lt·thy] PA \t'slcles) 15 

11ll! 1111 IJII:, 1 -,1 ('nt \>.1111 tlH' ,>uggC''-oil(l/l thdt tht' ,lmill(J gllJUp ,If PE ma:; 

f""11 II\dIIlL"11 h()lId'-, tll JlI'I~hh(JI'JlIg pllc>splloltptrl 1I11,]Î'I'U!P,:> III llpld 

],11.1\1'1', l'Ill' 1'1- 11i111It) glllll]l \tHl 111 prIl1l'1[')0 hyd'"gcn-j)ond tll tht· 

"hllc'I.]I"I\ r,IIllll' ,)f ,111\ pllll,pltuILPld, Inl_lulÎulg SPI'CJI'S sllch olS PC 

th,JI 1.1'1<.. 11\0I11l1'.1'11 f,IlIld-dllll.ltll1g l-·,IIIUp~. rht· tl,lllsf"1 (J! PE 11101(>-

'III,' 11"'11 1 1'1-11 Il tll 01 PC-III Il "11\'11 ,mllll'lIt, C'ltht"I \dtJlll1 ll[Jr hi-

1.1:,"1 111 1>"(\'1"'11 dl',! 111,1 Ilplrl \(>c,lcl .. s, thll~, [lI'l'cl (l"l ,II'\'lf',1:;t' l!te 

Il,I.J /1111111>"1 ,,1 h:odl\l,',t'II h\ll1d." h0t\,,"'1l 111,,11 h,:.ldglIJUpS ll1 1111' ,,:st('11l 

,l', 11111 .. 1, lit, '" 11111' 1'" t Ill" flJi the Il Hl,>h'f of PC Illldel ul.!s flolll ,\ 

1'(' - 1 l' Il 1" 1 1'1'_1 l' Il 1'11\ 1IIll111lt'nt, Ill"lt' th\l~ III'I'1i ht, Il\ 1 Illhf' 1 C'IH 

"Il, Il,,,'1 l' • (J t, ' ,1 t 1,.1 '" 1 

11111'1,\1 1 l\lll'" , tll,lI ,11\1l1111',11lIt':, tltt> 11l1('nUI'"lg ,>1 1'1< -ln.! pc; 111"]('ul1,"-

Il' Il'111 l, 1 J.I~I l , 

It/l' \.t1II!"> IIhl 11Iwd tOI (III' p.111 II JIJllllig "f ' .. lIIUI]'-o IJl'ld [ll"h,,', 

1"'(\\1,,'11 l'{ /1'" \l"-,I,I,''-o ,I/lrl l'(/I'G/dll'],'':>ll'I,,l \('''1, l,'" (T,lbl,' I~) 

1111111.11,' Ih.ll 1111' ,ll\lltUlt' uf tlt(' pl"b, he,ldglllup Ir:l-, l ',IL,lllfll,lnl, 

Il III"d," 1 1 /1 f 1111'1\1 l' Illi thl' 1 pJ" t 1 \'1' ,If [ 111 i t~' ut 1 Ill' PlI dll j "1 1 hl,] (,­

"t l' 1 Id -, llll r ,llIlIllg \-.." ,'1I01(",t f' / (' ]-(ll't' h tl,I~'(' 1.... 11\1' 1 l,lit 1 \',: 

,tif 1I11t 1"", ,,1 oIllfl'lI'lH 11lJld ~J1()I)t',:> flll l'lto]('stl'll,j-II,h hl 1.1.('1 .... 

d('Ilt'I'-oI' III titI' il/dPI :-,~'llJng()m\('11n > PC> Pl', \.tlltll 1 )1J111dl~'-o hlth 

tlll' '1.11'1 .1/ ,lfllllJtIl'~ Ilf tllt',>I' thle .. liplds flll l'holpc;tr/'l] {j ... 

t1",!tIlI'd 1111111 1'11'\ l(lll'> l ,1lUIIIllL'II Il .:(ucl1E''-o (\,ln DIJ( k e( .11. 1')7&. 

1'17<). \l''III1'~ "t Il, 1<)77) ,ll1d ';ulllt' 1 hOl"stCllll-p,ltt Itlullll1g IlIC',lSlIl,'-
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ments (Hattenberg pt al., 1<)83; FugLèl t't ,11., 11)8'); 't'.lglt> .1Il1l 

Young, 1986; fOI ,1 contrastlng lepolt, .,,('(' Lange' pt .11., 1<17<)). III 

thts systl~m .1]s1) , hmvp\'el, lt l~ !llltew() 1 th) th.lt Ilpld ploIH'''' \o,'ltll 

dlffprent hedrlgloups dltfèl lIIudpstl! III t1H' Il dl '0111111111.\1 lull 

Letw('ell ,} Ih,,Je.,tt'lOl-freC' .Hlll.\ l'!lld.'c,ti'!O!-lllllf 11111111'. 11(Ild bl!.IVf'1 

en\, 1 t onmen t , 

In dn! ",tut!} lIlvldvlng thl' Il..,e o[ [lu(lI('~I(,I.r-I."I('I,'d 1111101', tll 

E'luC'ulntc the b('h,J\lUUl cd llllJ.d\l'lpti liplrl,>, lt l'. Imp"lt 1111 tll 

en~ure that the If'S\t1tC, uht.\IIWd Wilh th.' 1111.'1'"'' "111 

fjl1.1t.~l\ l('flp,'f the !JC/ldVl.lIll (If (Il,' 1 (JI f"f'SP"lldllll'. (lf11.lh,'I,·" :'l't'I It' .... 

r hellC'\1 thdt tllI:::. lunditlllll IS futfLll.'rI 1,)1 Ih,· tl"'IIIIIIIhll.11II11 

l' 1 1 <, l, 1 h. 

majol 'UnI lus 1011'" ln Illlf> ',Iut!) .Ill' /1.1"f'd l)il ")II1I'.III·'~).!.I~ .. 1 lit,· 1",!t.I­

\ iUUl nt pl (lb,." \ .. : L th rit f f f'l l'lit h.·.1.1/.:,lllllp<, IlIlt 1 III' · .. lUlt' f 111111' '" • III -

Inbpled ,lt! 1 ,'l1:lln~, 'inl h 'ulllp.lI l ',IICl'" ',houlll ',f'/ \,' f,) 1.1t f", "llf IllI 

pnssibl,' effe,-t·, (lf tIlt' flulIl(,,,,U'lIt gl"ll!, ~2- ~ 'lIl Il ... p.ul 11111111111'. 

Clt llpul pl <>h(><; h.,t"'-'·(·Il dltfclf'llt hll.l~t'1 1·IIVIIIIIIIllI'lll c 
.. III ,111'1""1 

lit thl" 'ol1ggC~tl'lIl, ()Il(' ,,1I11l/ld Il,J(,· IIt.11 ,II, Il "IIIlP.III·,"II·. "'\1".11 

(tlll'-,lSt'~l1t ('[[r, t.., .,f th, i>lllllt' h'·.1,1~',lllllp ',1"/1 t'II' 1111 1 h, l',JII 111"'1-

1 11 g () f t Il f "f' ri 1 t f (> 1 ('Il 1 r. 1/111 1 " " (, f f) li" l , ." "Il 1 plI) III " \. 1 1 Il JlI 1 l ,. 

dlff"I"1l1 -,!IIIlIlll.", (,f 111('11 Llh, II·d .1,:1.11.1111-.,1,,'1,\,,'11 l'i/I'(, Illd 

Il l'Hl'!) dl'l1I()lht l,H" tllat IIJ(' Il,·.IfII~llIllp '.1111' 1 Ill" "t 111'101 1",,1 .. 

" 1) ',/1 1 fI' ,11 If 1 ~ . If f ",le. 1 t.., l ,lt ,. Il t t! f' L,t 1 t(" l "II ! l ' '111 1 1 1 l' 1 01 1) 1 1. 1 \t l, III 

.1 III<1nriC' 1 111,11 1" Ilh.,,'/\"d, ',lhIL,f t'Id h 1"1 IIJt ,.1111111. !.ti/IIII'''' ,,! 

IIi t 1: 1 ., '01 Il.\\ .1'. ", Il t. t"1 , l' l ,. \ l" Il', l " 

""1 1"'-. III p) 1"1\1'-) .h, II il phl",plr ll 1 II' 1 d', ''1.1'''' ,r .1 

tllus .1I'IH·.II~. tL.II tIlt l'l' '-,('1.' ,. ,,1 f 111111 '''", Iii l' 1"'11 fI ) '.1 , 'III" , 'II 

Il 

1 I" 

11['101 P/Ilt.C~ "\.11111111'<1 1:1'1' d() ,. , 

ing llPld lJI,d",ul,·':> hl! th,>,,' ;'.1 

t.lllJl'rI III tlll> ·_,tur!\ 1'1 11 \ ldl 

, ) 1111111.1 l , 

\',J 1 

l, , 1 

!,.I.I 

III' 1"" .. 11,1 Il; ·rI 

r , ,\ 1 1 : l ", i"-' 

" f' 1 .~. 1 1 \ 1 tif"., 1 n 1 lt (, 1 Il tf'/ .11 1 1" fI'- 1" r \o.,' (11 1 1 l' 1 d '-. \, 1 ! I, d 1 f !' l' '1J1 l" ,1 Il 

h"adgIIJIII'" JI, lI I IU;t!-,1\..,t.tlllll(· 111'1" 1,11",11. 
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'111("-,1' t 1 nd 1 ngs suggest that the Intermlxlng uf IlpJrlS ~lth dlf-

II'[I'/I! h";lfIEleJI1p'-, Hl l1Qlllr:!-(ryr,taJlloP btJayer lOf'mbr.l0PS mav hr: mort' 

'J(':!, Jo,. Jlf"d1 1 h.11l .... unIr! br· Inir:rJ c:d hum prpviolls an.q1ysps of phas,' 

dl.lgrdlll,"> fOI hl/ltlly IIp)(j IllIxture,> (SCI', '".g., Lf'(', Jq77; ,\lllllld r:t 

,II., l'ml; Mo1gg111 pt .11 198'j), HUWI'VPI, the .1ppcln:ot G1Sltep.1!1Clc·L, 

tH·t\>"I'f'11 '-,(lmf' ,.1 t!J( pJf>c;ent (1)11' JUSlollS ,10ri thn<;(' d'-'Ilveri flIJl1l 

",twh,"-, ,I! III!' typl' JIl'">t 'Itf'd IIIJy 1(",,1 oll 1 ('tlnln kPj dlfff'I('lllf'S ln 

1111' "'/"11111"111.11 ..,\,'-,tllll<, .1Od nn,l1ysl"-, ('IIII,lc,yrd III l':lch last'. FII .... t, 

thf' PIC"-,I'lIt ",l'f'llmC'lIt, h .. vI-· IIs,'d <',ll1lpl.·<'" '''III[JlI':;f·d of (llolllntL'r­

l' 1 1111'.) 111111011111,11.\1 IljJlc! \(>~,I' Il''-,. \.1/11(· 1'11.1'-'(' dlPgl.\IJJ~. 101 lIJu]t I-

l "1II1"IIWIII 111'1.1 1111 11I1' Co .11/' t\(>I,.11 1:- "t,Lllnf·il 1I,IllL ,lllIp] ".:; ln 

"11111t dill'I"llÎ "II.IYI·I'-, ',III Il'\11,/\ 1111"101' .)1, l"s(' Id/lgI' (, t 

dl·'I"'I.I')!I', l,j IIIIi1t 11.11111'1111 \(',1' I/~) It 1'- pII'-o'-olhl,' tll.ll rh/' 

1111\111,' ,,1 ,Jill. "III p!J')"Jllilllll'l,h IlI.\\ h, "T'PlI 1 ,,1/)1\ .-!Iftl·I"/lt ln 

1.1/,'./' (JIll 1 1111' 1 J Il V,, Illllit 111111.,11,11 ·,tlll' (lIll"-., ,-... , "11.1. 'Illdlll it·1 1\" 

IIl,d\'" ,t! tll' 1>111'-0' clllI',I.tJllo:., f", 1'11111) lll'Id !Il1',lur"'" ('-'.1; 'hI/l,; 

l ''1'.ll!.11 ,,,11111.111 tll/"'I\ l l' '11111/ '-olllllllt 11I"/)\I~ ,.\ 1I11,lt J/)II "f 'III' 

III 1 \ 1 Il,· ,of 1 1" JI" 1 cl .... 1 " . 1 1 r". 1 1 1 t Il, L. ,J] 1 ri ri '." 1) 111 d 1 1 q 11/ li - 1 1:- '-, t 1 1 1 1 l,' 

"11.1· .... , h"11 ',11111'1,· IlllJd 1I11'dlll'''-. "ft"11 f",lllLII Il Il il 1 Il,1, ,<,,",1 ,r-III:', 

• ,,11,11'11.1"'''' (lllliol ,lIld "'l, l, 1111\ li, jll77, l'Of!, :'t,·".ll l "1.11 l li 7'i: 

\" d, 1111 ,1 ,II 1'):\-,: ">Ih,uo.,. l'i:~h). ,1 t 1 lli,lt IL, Il,'t 'JslI,llh d-

l''I\' " 1"1 III 11111'1" II ~·.\l1,11-'-.()11l1 1"1/ 111.11:--,,'" ft 111,\\ h.· dd11' Itlt 

'II ,11/11\ .• III' l'1i,1"I' dl,I[;I,JIIIL, flll 011111 ,,\',t'·III-. ";"I/)II,,h tfl ,\11.\'( 

1111"1111111.1/1 ,tI",III 11/1 IlIlo,lllg ,f 111'1'\.., Il. tll, 11'1111.-1-. I\.:;f 1111111' 

',1 il,' 1111./11\ 1111",1 ,,1 tIlt' 1'1/1.11\ l'I.! -,\-"'1/1-. r"1 Idll.11 I,ltl' 

"1 Il'.' 1111 'l' l'l' ,'Ilf l, 1\ III .1,/, "II ..... J "t , ,f !l' l "'. \" 1 Il \ 1 III .. 1 /. d 

t 1 III', - 111/ " 1 1 II 1 .1 ( • d ,l" 1 1 1 1.11 [\ " 1 r 1 -. 1''''-''-, :bl,· r-holr 1 Il,· (·f f," l, (Jf 

'.r IlIl 1 III "1. tll.- 1/11"11111' IIl~', "t 1 \ 1"· ..... 

1 l' '', . 1 - " 11 II l ,1 r "11- 2 -, 1"-1 1 n ...... 1 r III ,1 l , ·,1 -,p' , III C;!", 1"'-. hl 1 Il 

1/11 1 /":',"11 1"'11' .,\] tlllili 'lllll"..,ltl{)!1 ..... ) 111.1:- Ill' 1,llh. 1 dlffl'lt'Il! t 1"lfi 

111(\'" ,,/,·,"I\I'd 1/1 th,' -'~'-otl'lIl~ lll"t IlllT,'d. 

III '''Ill Ille.l"II. tll,' l,s\l1t~ Jllt''-of'IJt''c1 III tlll'" '-,Iurh I/ldl"ttr' Ih.11 

1, 1 1 1 \ ,. l' III .1 III 11111"1 t h,11 10., 

Ou,, 

III Il 1 (' 11".111) 

111,\ }" 1 

tli.\JI ')"m, l'I ('\ 11>11'-. 

! Il,-· Pd 1 t 1 t l "n JIlE, 



1 

1 

tCchlllqU(" dCSLllbed hel!' (and \/llI' !,os'::'lhlt' ~'HII't' tlll IIlt' <l1"l'll'p.l1l­

elPS bpt\o,eclI the pU'St'nt l'oncluslons .1I11i thtlSl' dt'll\'t'tI tllllll l'lt'\I''\I~ 

the 1 IJlnrl VOrlll11l st url 1 ("> S li t b HL l 1 ) II P 1 ri III l "1 \1 J(' ~) I!-> t Il<' t.lt' t {1l.1 1 tilt' 

paltltioll1l1g applu,wh 1.111 tH' .lpplH'd ('\'t'l1 Il> ,,\~,It'III'" tll,lt ,'t>Il{,111l 

l1t1l1lhelOf dlffE!I'nt 1111.{(·cuLI1 tOllll'ollt>l\t". 'l'hl.., .IPI'IO.I, l, 111.1\ lliu', Ill' 

li S (' fui n l , t Il nI \ t () 1 Il \ t''::' t 1 g.1 t l' 1 1 P 1 cl - 1 1 P 1 cl 1 11 t l' 1 • Il l "Il.... III" 1111 plI' 

\'l'<.,JI.lt' S~'-.tf·llJ'-, hut ,IlStl {Il t('..,1 fl'I p"','-,Ihll' <'1'lt>, 1\ 11\ III 111'1cI­

Ilpid .lnrl lqHtI-ptnl('ll1 111{PI,I' (1lllh III 11101 t' l 'lIlIl>!t>' '-.)'-,11'111',. 1I1,llId· 

Ine hllll"gl,.tl 1II('iIIt.I,I!1t·C,. 
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2.6 Apppndix: Equilibrium Partttioning of Labeled Probes Between 
Lipid Vesicles: 

IJI !JIJI' 1:, '1(·tW('PII two Jj()puJ:1t IOn", ,,[ llpuJ \'('<,1<'1('<; l'Gn he rI,-"" 1 il>ed 

hy 1 1 JI' "qll 1 t l 'JlI 

Il 1 \. (A, l f'pl UI ) = 
\. ,- (DollOr) 

\.11"1(' \;I~(t\1 'PJJ{(,r) ,lOci _\J~(/J!)(~ur) It'plt'~t'Ilt rtlf' moJ" tlrlltUIIl'" ,If 

III IIIf' 

JI Jf'<-', If"~l'f" t 1\(,1: •• 1Ild "1.> lS ,j p.ll t Il l'lIl «(wifl( le'nt t Il.] t 1'-0 

\ 1 C, l' ,.' '-. , 

\1"('1111 "qll.11 1 (>II 

1 ~ 1 1 ..... ... =: 1" + ( r ,,, .. x) " .~ , f{ 1> " 1 A, 1 /-. P t III " J 

Ti"!.:;o.-;I-" 1 + ~..,. K~ 1 A, ('l'pt UI sI 

1 ~ 1 (1 A. 

!II tilt .d,,,\t (qu.11 [pli'>. thl' lîll 1 Ill. li I:,.>d flllUtI'S( en' (' 1-.""01 lS 

t Il' IllI,,1 "c" •• ", ,. 1111'.)',111'1'11 t () 1 .1 f,l\'PIl pllI\If'-Lont:J Il1in~ ~"llJlf'Je. 

1111(111 \-I()() 

1" (· ... ('1l1 ) .' , ... tlH llllllll.lli:'t'd tllll'Il'Sl"lll,(' IIf 

·.l'ilt III thl IlIII"11 \(''>1' je!">, FA" 

and f .. xch i.., t h(' 

1 1 . Il t J (Ill ,. t 

flll'tlU!1 of tur,tl lltJJds 111 the .1Lceptur 



1 Tn m~ expCtllll{'nts. \'<11\1('<" t.JI lit" p.ll.UIH'tt'I!, (~.", l ,llld F .... " 

.\0'1'_' t-'~ttlll.lt.-'d b\' .lpjll\tll}~ "<}U.ltllll1 12] tn c.,t'ts ,)f tluoIl''>t'l'lhl' d.II 1 

t)ht .11lWrI by J Ih \lbJ t 1 ng .1 <.,lIh111 .1I1d t 1"('" .llllllllllt 'lt " 1 1 l!llIl''>' l'III 

l'l"h.' \\lrh fl"t'd 1't1I1't'llt,.llltlll ,d dllnlll \",>I,lt'c., \lIt! \'.11 1.II>lt' 

cOllt cllt, It 1(l1\S ,li \ t'':> î, 1 t' ..... !' l ,11 .... " fi ... , .. n v,, 1 rit' 
.1 (t'rtl" \', .. 1,\' '''lltt'nttnlttlll hl'It lit tlllt'Ilh III .'qll.rll111I I:!I. 

U"'lllg 1 l1'llllll1('.11 1".I·,i-<"'j\1.ltt·.., t ill 1111', l'JIll 1111' "1111,1,)\ 1111', ,1 '11:ll",,,,11 

dgt)J J (lllII. t II \ l"Ici J- D' Fm .. " ,Inti t:-" "- •• ) .1', t',>( IIII.I( t',j 1',\I.lIII"( t'l', 

III d t\I'I' ,t\ 1"'IIt'IUIlI'lli 20-..!2 doit 1 (lIllllt'-. hl'll' Il.llt't It''\ 1"'1 t 111\1', 

.1I1d thC' !lW.1I1 ,111/1'" of 1 ... 11111.11 tllll tlll l' ...... " ,lllti ('l " •. ) W"/t' lit ffl,' 

(J 1 dt 1 li 

Fu .lnrl ~ AC '.111 bf> d,'t t'tllllllt>t! dl J t't't l~. II 

[e",ch ,IS weIl f/illii t!il' f'<;( IIll.lff>r! v.dut' tlll }'III'-')'I. 

" III' ,. 

l " , " r 1111.1 ( 1 

Ihl 1II,dY·-.I'" Jtht d"sl 1 thpl! 1 dl! p,( 1 1I1.t 1 t' .111 1'1 fi" ( 1\" 1'.11111 1 Il Il 

'1)t'ffl"JI'll! (' .. f p ) hlll Illlf 1\., 11·">(·lt. l'Ill" 11ll/ltdllllfl ,.111 /II' "\'1'1' "/lit· 

1 Il t \, Il \\ ,1 \ • , r 11 <., (, , 'ri" ',Ill l' c., ( 1 \11,11 \' {lit· '., dlll • Il l " l, ~ .t 11 1 Il cI,'(" '11 

dl'{lt e'\I'('t lmt~!lt III thl'" '-.I\IIh, rht·, \.1..1', 11 hl, \l'd 1,\ ,11'1'1\ 1111',1111' 

T'JES Inl"'llnt~ lS'-,1\ "f :"-J'!ldlulld t'{ .11 tl'IHl) 1", ,{IIlI,If" rltl' Il,1t-

t Ions of Illl J ,I~, ('\ 1'()C,I',j Il (ljI' (J\l1 "1 '.\111 l' ,.e, .. t \ Il 11111', r \ 1'1". lit 

""c,Î, j,'s r-h.tt ,olll.tJ[I"" !IlW III"}" fl,j"jUjl',,,f 1'1. (',1' 1'I,tlt'lloIl', 11111 

'\totlH,r\s). ,')(,tlJ!lII,l') !Jill!,. 1 1 ln!', th,' 

1':11 t 1 t 1IlllIllL' 1 ! 

v,'''' 1 cl,-·." Il!1'- ,.111' ,d, Id,ltt' tlt, 1.11 l'l 'd 1 h, 

polltlttlllllllr, "t th" t"'(l pl(lh,~ h,-'t\""'11 dltf"lllil 

[\"" ("'1"1\.11 j'Ill', ,,1 

" \ tllIl" 1111 11\1' 

! Il' 1 d "11\ 1 1"11111' III', 
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CHAPT ER THREE: 

IntermlX1ng of D ipalmitoyl Phosphatidylcholine 
wlth Phospho- and Sphlngolipids 

Be3r1ng Highly Asymmetric Hydrocarbon Chalns 



, -q , 

1 3.1 Abstract 1
: 

H1gh-SCI1S1 t 1\'1 t\ d1tferentLd SI,1flfllllg 1,liolIJlJl'tl\ 

(DPPC) ~~,,ll.lct(ICI'I ehlll'-.Idt', N-I lê',llll! "Illy 1 <"1111 ll-

1-I,lllJ')) 1-2-]lglllll t'Illyl l'h.,'>plwl 111\ Il 11111111" 

glllte dlSI Icpant Lil length, ltl' l'ulllpll'Il'I~ III l',' tllI.' \\1111 DPl'i III fil<' 

llqllld-"I)',t,lI11111' st,He, 

,Ille! 1-1 Illi 0\ 1-2-11)',11111 "1 <IV) PC 

( 1 l HI g Il 1 ~ 1 0 Ill' ) 1 t' % t () (H) mo 1 (' X, 1 d li t Il ~ 1 lit l ',1It)( "t" Y 1 r '( III!' ,'\II'tI'.I\" 

PC, "III f'( t l' Iwh,l\ l' JI , 

Ullt''\I'(>' t, ri 1',1\1'11 " 11111 l,lI tl,III-,IIIClII r"HIIl'I,lfllll'" ,01 t III' 1 \1/') 

,"llIPI1IlI'fll', 11111 tilt' d)lllr~ "f lit, 111:11(11 "1 Il'' 1 

""1.1'\ "l, r II' 1 JI,,,,, 'III 

"t "rl\ 

1 Il l'I - 1 l' Il 1) 1 l.t .. , l', t Il, III 

1 h,IIIIL, t Ilt'" l' l' ',,111', 1 Il,1 1 t III' 

fil 1IIl,II Y 1 JI' ,J () g l , ," 11111" d t III ( " " trl!l' '. l '1" 1" /1 ': '" - l' Y J ,11,(' Il' t l "1 tI tl 'Il 

III .ll\ "pit 1 Jl),,.>1l{' 1 cl 111,1', JI ( III -,IIIIi" t \1111 1 (11(1 1,1 h, 1 

1,II'mh l ,) 11' '-, 

11h(' m.tlllltl 1/1 tlt", ,tl,lf/f'! hIc, 11"111 ,,,11,1 l',tll t! ,', ',I/dllll, -.j 

1 fi tl ", 11 \ 1 li " .1!-' (1 (j li' !) R 1 1 J( li 1 III ~: 1 ( '1" 1" '" \ 1 f. l ' 1 Ho (:, '1 '! - : .. -; --------------
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3.2 Introduction: 

Il IS :J C,tllklllg l:l( 1 that sorne ot the liPlds found ln rnamrn.llulfi 

((·11 [[H'lOhr.IIIIS l'Xhlblt structures th!1t ncpalt strongly from the 'COll­

',PIl',lIh' pntlr'llI (>,<;(>mpltflf>d hy il rll:-lcylglyrerophnsphollpul wlth ,11 y] 

1 OUj'.1t 1 y f'f1urd Ipngth. On(> 1l0tpWOI thy eX:lmple ()f thlS 

phI JlOfllf'111l11 1 ~ 1 hl' 1)( r III renl C ln rnnmmall!111 LI·ll ['1.1"'1110) lnpmbr .\oe .... uf 

of 1 hC' .... ph lngos inl' tl.!\ I-.ho!l( (n' RI U'll .11111 

l'J/,I,: RIl\l'-,f>1 l' 1 (Il . , 1 %8) , ,\ V.U let'. (lf ',lsymmptll" 

, h,1] os ri 11 h' r 

IIldlkr'dl" III Il'fI)',th. !r.I\'I· tHf'lI 10rlllltl'd If) f()rlO lntl,tdq:',lt"tP.! ph.hPS. 

1/1 \.<,,11/111 1 Iii' l'JII)'''I of th.' 1\0,1) hyrlrlll :11l1 III 1!t,IIIlS ,'\;Ipllds 1.'('11 IlI'\llfld 

tl ... hl 1'/\1'1 III 1 dl' 1 \ fI" ( ~1. 1 S f) II (, t ,d .. HU:llle f> t .. 1 '. 1 <)81 ; 

HUI pl .11 

',It 1 P Il '\ 

l'JHHI III d,ltl. It·[.lt1\pl\ Illtl,' 1':0 knnwn ahout th" ,tl"'1 te. (If thlS 

dr 1111,111' .1·~\IIUHI 11\ III 1 Il.\111 1('lIgrh IlIl 1 hr· ,Ihtll 1 U'S [JI ... u, Il lIplds III 

'1111".1 1 d, l ,. III kllglll, 

,1 1 ()0'" • 
'1 , , f.11I1 

1 t)HH ' 

III t 1:,' 1 l ",h l , 1 t 

,., 11Il111I' tll" 1Il1',1 Ill] Ilt\ lit ',I .... \I1I1I1I't 1 Il 

"" lIr Ill', \;-III'lIll1"I"\ 1 

t III 1 \ II(' r II Il \ "IlIIl] l .... f' t 1 If' III 1 J • ' 1 t 1 1< 1011 

10111 '''l'h,, II il 1 d, Il) f"1111 '''r,'l-

1 11 1 -,( >l 1 t 1 l 'II (1 (' \ 1 Il ,,( l 'lH ï , '1. 1 \1 1 1 h. t d, , 

ln pl llle lpl,' 

! ,\. 1 1 h, Il 111'1,11 flllllJ -,\!lUlII'trIL,ll l'h,,<-,pho!lPld .... In 

III l ".' 1 1 1 11I.t Il 1 1 1 \ "l" , 1""Il 11\ hl'>!(lgl' ,II 1ll\'lIIhr.IIlt''-, 
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pOSSlblll t ~, h,I\(' (',\:.1111111e.1 tIlt' 1111'\ 1111'. Ilt .1 "'\1111110'( 1 Il.11 1'1I1",pll.,­

Ilpld .• hp.l!ullt(l\l phosphalld)lcllolllH' (LJPI'C), \,1111 Iltl' IIlf.lth 

,lsymmptrlc IlPlds N-llgnOlt'tl)~ l ".,1111 t~lll'Il'hlll~tdl' (N-~I,:(l ,1'11'1'1"­

sld('), N-1Ign()(,'r()~ 1 l'-s\llfllg.ll.1l'I,l( t'1"hl{l~ldt' l~-:.?/.:() ","11.11 lolo'). 

,n,ri l-LlLll tld-2-1IgIl0l'(,1 ()\ 1 pllOsplt,lt loh Il lIod II\(' (12: 0/ :!/, : () l'c) ,\ 

l'alttlul.1I1~ Inten'..,tll1g ph,lsP dt,lgl.11II t~ ,,\1(.11111'0\ t"l 1111' IlP!','!I-

l,lI11(l~1-L-llgnll(_'l'r,)\1 Pl ..,\~t"III, \.111011 0''\11111/1'' 011',11 t'Itlt'II l' 

1 ho' 1ll',lI t ,-

l ,(' r Il ~ 1 SI" 'l l' '" t' :\,1 III 111 e cl h (' 1 t' ,1 1 0 ., 1 L ~ Il 1 t 1 l' .III 1 1:> 1110 Il 0' PI" lit' 1" .., 0' l', 1 0' 

i-'>.)t(. 1:ltf:I,111') IIl.1 ] lqUlfl-t'ly..,t.d1 IIIC' phll .... plI.,llllld hl!.I\!'1 111.111,11" 

"tllt'r ] q>t,l., hltlt the .,,)IIIt' Ilt',ld~',I()lJl'" 11111 IIllllt· Ill' 111\ "\111111011 II ,1 

h~cll"I.llho-'n oh.lllI~ 



1 
48 

3,3 Materials and Methods: 

3.1.1 Materials 

(;,.loI( f(H .:fpbrosldp and 3'-sulfoga].l< tOlerebrY)Sldp (sult:1tide) 

~('I (' 1'-,11],11 ('r! from .1n ,lCCtO/1P puwder of bovine blo:l10 by Fo]ch 

l'xl rai , Ion. thplI purIiied by stlicl(' [lrHi and lon-c'xchange chromatn­

;'.1011'11). Ihllll~ rnPlhlld'; dPStllbeci pn'vl1lllsly (RarllO, lCJ7b, ~1()IllOI et 

" l , , l '17 (, ) N-J.l~:n(}(.:('royl gn ].lctocerehrnc,ldf' wns synthes lzerl from 

1974) hdlot\'f'd hr 

1 (' Il Y 1.1111'11 W II Il 1 q~l\nl'PI !( 

lCJ75), \!-llgnn-

1)\ 'II ( ,\1111 RI I~~b ( 1 c)8~ , 1CJ8:l) , 1-101111'1';.1-:2-

l" ,II .. 1 IH~ 1 ) , 

• 1 f 1 Il,1 1 

(\, !,tllIl-" ~111 J, 

3,3,2 Mf'thods 

î J 11\'-01' l\lll Il! 

l-l:1\l11,yl-2-

111',1\\11 "I,,\'1 1'( 

Il'''11/'111\1']\, 1llI'lIllHdl·fi LlpHIl\ 11) ï'j"(' ,l/Hi clJ()lt'n [tom tlH' 11ttel 

il'llIl'\'1 Itllll' t,. I,"C ,It .\ l,l{I' le~s tl1<l11 0,1 degl('('s pCI minute, EXlCO[ll 

\\111'1 t' .tltl'I\\l',!' 1"1>1 II Illy lllillt ,lt,·d. S,llllple~, \~l'J(' tlH'11 Incub'lted df 



1 

1 

C,1l01 imetcl, lIS111g ~l Sl',Hl l Ile 01 

u/Uoles tot.tl IlpLC1 ln 0.7 ml huffL'l) \\t'It' It>,ldrlt llllo 1111' ~·.l!(lIIIl\t'l(,1 

.lt tempel<1tul es ht'low ')"C .lnd \o.èl'f' ''l'.lI11H'd tll .1 1 t'Ill pt' 1'.1 1 III t' .11 1 t'.I·,1 

10° ab ove the tl.lIlS1tlon tempt'l.lturt' llt tilt' hlglH'I-IIIt'11 1111'.111'111 

CClmpOI1E'nt. ln some (:xpel LlIlt>ntt>, s.1ll1ples Ii.'t'l't' th!'1l lel'ool«'d III ~l"t' .11 

<1 l.lte of lou~-"hl\ IOC/llHn. ,inti teSL.lnncd \0. 1 thtll 2 Ill, CIIIH l'lit tilt tnll', 

nf IlPul stud, snllttlollS \\'('11.' c!ct"llllltlC'd hy pho ... pl\llIU:-' '\11,11\',1', 

(Lowry.lncl Ttl1S1ry. lCJ74) tOI' phl\ .... ph:ltld\'ldIOllllt'~ .11\11 h~ \\1'11\111111'. 

ItgnoC'E'!uyl sIIJftl~aLlct"I('lf'hl()::'Idt' Pl!.IEd' t!.lnhtl 11)11 Il'1111)1\.11 Jt.~. W,'II' 

,·<;tLllI<ltcd fllllll t!WIITI'lgt.lIllS Il'<-Illl!f'd fil! IIIIXI'd-Ilpld s.\IIlI'II'~ t1'>lIII'. rhl' 

PltJl'f'c!lIr<' of ~l,Üll'f'y .11H1 Stul't('v.\nt (11)7!,). 
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3.4 Resul ts: 

3.4.1 DPPC 1 N-lignoceroyl Cerebroside Mixtures 

ln FIgule 

lo! 1'</(·J1':-.lVI·J} 

(('t('hr(J~lrI(' III 

b are ."hnwn a sertes ot calorimetrie ttaces obtatneci 

pn'IIK'ub,ltl'd samples combirllng DPPC wi th N-24: 0 

v,nylllg prllp!lJtlnns. Th(' pleparatJon tlf DPPC llsed .n 

Illt·<,I· l'\)I('! 1111('01 s, atl ('l' in( lIb:)t ion f'lI 4') d!lys ,lt 4"C. exil ib 1 ts sub­

, pl l '- ,mrl /II.\JI1 1 r.lfhlt IOIlS ,lt 20.{,nc, 1:;.0'""'(' and 42,0"(:, respC'l.tLvC'-

IY·I'IIII· N-;UI:O ~('If'hrOc,HIc IH'PlIlcub,lte r lund('l Ihe samp (C)f!(htinns 

',l!llw'-> ,1 ... 11I.1IJ ,'nduth<>11O .11 29.4'"'c ,lOri '1 large ('nduthC'lUllf transitIon 

dl R'i,rc ~rllllf'l(>f, "f N-2/I:O cerehlosH1C' tilal W01E' lo,'ub.ltcd fOI 

',II''''I/'1 l'I'II"d:, (If tllll'~ (up to 20 rt,JYs) {jlso shnWt'd ,\ sPLond lllgh­

(f>IIlI'f>I.1ÎlIlC' tllllSI11'JIl, t:entprprl .lt 82.9<>C (nut shown), ~hld1 l'. 

l'lllh,lill\ r/l<' S.lIll'· 1'" till" 82"(; tl.'olnSIII()!1 dhsen.rN! hy Rt:ecl nori Sldpley 

(l'Hn) III s.tllll'I,·c. (lf llil', l1pld th,lt \II<:'IC IJlCllh,ltr'd f(ll t ilIIes 011 the" 

dl'("I,I! lllllltlll'S tCl !tOUIS Thr- nlll[l11tlJc10 of the 82.')"(' trdnsltl'Jl1. 

,',' l,futll\' dt"l'·.l .... ,.d. \\hl]! th.1t of the 8'.2 oJC tlanSl.tUHl Increnscd, 

d', ~ .. llllJ,JI''-. \,'('11 Ill' uhdtl'rl fcn ln, IP,ISiug tlm~:s.H 

1"11'1"'1.11111" t,.IIl<..tlt"n 01 N-2/1:0 (erehn,sidc was 

',,11111'11'" tll,lf \.\."1" l.Jlll!l,ltpr! f(lt ·,!tort' 

l' 1 l' 1 1 (, l , ,1 l" 1 1 III" t : \ , 

4·"C. The lllwl,t­

no i uhsc n'pd 1 n 

\', II\(' (',1'-0 1 nI', .1l1Ill\lIlt '. 

111(.' !ll'I'( /'II"\'·I'C., tht' 

() f N- 2/, : 0 ((;1 ('b 1 os lrle cl ri:' 1 nUH- pot ,1 Lr~d 

1/1,)111 tl,lnSII J(JI) nf tlll' lnttel 5[1I'11('S 

,',I,ltltltlh h"lldt'Ih, wllh tll,> lIppe'l ht)ullrtnt~ shiftillg tlJ prIJgtt":;sh,']:. 

111);llf'l ("II'fi' 101(111,,,-, (FleUll' Il). HIMI'\':t', th(' InWC'1 blJlllldrlly!lf tb,' 

111.1111 r 1,111'-01111111 ('Il\'I'!Op" !,f'Ill:.litls Ih':ll l,j .bnr; fOl IlII"t\lIC:, ,ollt,lllling 

,1 lllll' Il .h 'JO 1Il,,1f'';~ ~-;U,:() ("l".'blosirlf'. The pll'- .111d SUJ,tlotllf,Jtllln 

l'Ild,>tlH'llrlC, ()l'SI'IVI'd fllr DPP( .11'( bill Irll'l1t'd . lOci shI ftN! to JOWCI' 

("111(11'1.11111 1 .... tilt s,llllple~ cOllt:llning la IIwl,"Yc, u\l't'hrosLd(' ,11101 ,',lntl"t 

ht' l'lt'.lIh It",t)l\'C'C\ III sampJcs cUI1t:unJl1g 20Il101r>·X. nI lIlut,::. N-24:0 

,t'I,'hlll"'l"", l!o\\,,'\''''L, . .ln app,II"l1tly dlffelèllt ]tlW-t,(·mper.}tlli'c 

(1.111 .... 1111111 IS S\"'11 ,lt 2'i.O"(' in :,.:-tmple" clJnt.lil1ln~ JO-<)O mnll''X, 

'l'll'hl"',j,fto .ln" olt 29./t"C 111 samples "ollL1inll1g 100 lllo1c'Y. c~rC'-

hl 0'-, 1 dt'. 
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Figure 6. 

H,-'atlng thermugrams rCfO!rten tOI' c"lmpl('c, ,omhlllll1l', !lPI',: wltll tll.' 

Illlheat0d Illol.u rerl'entag(~s uf llgllllf erl)~ lit /CIl/(JSlIlP, AI t ('1 1111 t 1.11 

dispersJl ,lS dcs(,Ï ibcd ln Mati'flal':> ,mrl 1-1I,thl).!h, '~')lJJpl, " \""/1' 

1 

1 
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1 

In F igul e 

shown ln FJ glJrf' 

7 lS 

b 

j 1 

for t hl' liPpe N-2 1, : n 

11l"!':% tu o\,rl' qO 11I1l]e% Ill'PC. A Sf'lnnd 111](' 01 thlt't'-ph,t..,!, "llt'\I..,tt'lll·" 

lS ('lp,1r1v plesent ,It 25.0"(" ("..t('llIillll~ fl\llll <';0 \IIlllt'X. ru )'lO IIlnl,"X, 

IllI 1 udll(,l't1 IlIt () \)l'I'C. ,11111 

sepa r, l t ed cl t t !'llIpf' r ,.) t li re S J li S t hl' l\)w 1 Il(' III \ III ph, l '" \' t 1 .\ li '" 1 1 1"11, 1 1 1 .... 

suggested tl1,lt d thl1d JlIIf' (If thlt·t·-ph.I .... " «lI'\I..,r,.,,(!' .If .11,'/111" 1,1-

th,' ph.'1S0 dtdgl,lm) e") .... t-.. This pllt,111VI' [t',ltllll' ,of Ih,· pit"",· dl Il',1.1111 

111,11' not 1"" 1p,1I]Y resnlvnhle III th!' Ihf'llIlll/'.I,IIlI" 01'"11111'1",, Itllll.lIl1-

Ing 20 IllOlr>'){, III 11101'(> ~-24:0 '·"IPhl()'-,lcI,. If Ih,' \l'I'·\'.I1\t 

lelatlvplv hrl);ld, Sln,'" tll,' P!lt tt.tl 1'\ lIl\,,)\/·.! l', 0111,111 

"l\d"IIIf'IIIII" 

1h(' i'()~,)tl"n ,,j tht' 1j()lIldll~, Ill/V" III Ill" l'h,I'., "1.11','.1111 III 

1111 'd' l h 1 (', .1] h (> 1 t IIl.t hl!~.hly IllJll 1 df'.11 1II,1I1111' 1 , 1/1 tlt" 11'1111"'" 1)<,1,11" 

.,1 1111' 1 l'III 1 c1,,<., "" Vt' 1<, '1"1 l,' 

.... 1111 1 l,j 1 t, J t Il 1 t ()".., f' 1 \ 1 ·d Il! fi 11111 , 1" , ' 1 1 1 (JllHI) III illl' 1'1r"<,, dl,II~I,lllI 

[CIl tll' IIP!'L/:'>I-!'dlllil t ",,1 l'Ill' {,,,, 1,·bIIJL,L,I ... ~,y<.,t PIII. 

3.4.2 DPPC / 12:0/24:0 PC Mixtures 

lll)xtU10.., "t 

TIll 1 !t" III l, II/', t Il If 1 f 

f,') 1'11'" flll 1~:i)/24:U PC 1!"-, <.,11111],1/ tll (,lltJ{'11 <,111',1111: l'If'.llpl IIr.III) 

l!t.lt (,...,t 1 III.} 1 et! flll t\-llgn,)( ( Il)} 1 ~pllllll',1l11 Pif\<' (1' 1',1 III 1 

1 [1 1 1 If' 

1~:O/24:()-I'C olflPI 

"/ 
" 

l'III , 

1 .111'" 

III' /·,11 ft .. l-

1 hr' '-,11101 1 Il 1 1 1 dll'-, 1 t 1 tHl l " dl',,) 
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FIgure 7. 

.,j 111'1'(, '" 1111 lIJ-II)',II()' "IIl\ J 

l'II l " •• ,\<., " 1 1 I,,~\": ", l'n' 

• r 1 r '1' l " ' I,)J,/'" 1" 1 /1,,1 h\ DI')'L h,'! 1., "II 1 hl' 1'1 p-

" 
1 J,I ~ 1 1,11,1',1' t III 1II",j Il: Ill' l'( III rh' "'(\ III,' .... ,:~ ,-

.illd fil,) J n 1 l ,IJI~ J t 11111:" , 

md {Jr«-tl,HI'~Jtl,I)I', 

111.1 J"\o\."I-I.'m!'('I.tllll" -,1111)'",1 1'11./'''' t "1111".1 1 )~ Il f' 1'( '') 1 1 .. ' 1 1I1'1J(· 1 -

",1 101 l,III r", l " 1 III' .1 Il' ! III' 1 1 110' ( l , ,\ 1 C'P(" 1 • ..., [l,If 

,01 ~! d, l "\ 1 Il ri ',1 III{"\ 111/ 

Il (1 Il (1 ;',II'CI'-, t (Jf' " t .~, 1 III t· III 

/' l ," ,'dlll , 

~'" l,II," 

,1 l '1',:,1111, 1.' 1 l ,l', (li.' 1" ,II ('1111"1,\1111(', Ill' 1-,'11,11 ["1 "I/!lllth, IIllI' 

l ", Il III , 

1"'1111.1111' 

III' 111t! 1 

,l' ," l,Il ,'t! W 1 ( l, 

1 li Il , 111 1 ... 

III' 

Ill' 

1,,,,1,1111,'" III "Id, 

1 l!t' l ,", , 

1 Il'' ..., 

"';',',111, .. 1 Iii,' 1,11,\·,,' dl \}',I.tllb ,II ,. 

Il l ",,,,,, ( l \11 1" 

l '1 , , l', l ' l \ • IIII! <., 1 b,' 

j 11111} tlJl' 1.11)('1111f', "! il" Id 1 Il ,'nt 

1 

1 
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FlI~ure 8. 

Il. 1 f 1 Il!' f II t 1 III' 1'.1 1111 '. f" 1 -,,1111/1] t "-. 

pt· t t l'II f dg(" ... td 1':" () Il.!l· ()-Pl. 

.t 1 .,,, ,d Il l, (}"( IlId 

1I1"( i\ 11111, 1 1.1.111' .. 1 ... 11111,1. 1'1/'1'11 If I(!ll 

Il' 1 \. Il III "1 f ('11 il· ... oIl1t! ~lt'r !r",j .... 

tif IlPI'(, 

'-> Ullp] t''-. 

plu:.. rit. 

\\(': \. If t ,'1 

• 

1 
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" 

1\ L, Ill/I(·I'-,lll!'. lllllllint c, ,if 1:::(1/21~·(J-i'(, .))': JlIIOJP(lIdt,·rl Illt" IlPl'( 

Illlolrf'!'" (h,' ',llb-, pr('- .111<1 lIlilln tt:JIlSlt1,'I1,:> ot Tbp l.l!t<', SP'" l'" 

1 (,lTlpr- 1,] t III ,'.". 1 hr 

II' W 'l.n'.1 dll( "'1111"') :11 UI ,·s ( 18. 7"( ,1Ild 2').0"(;, III 

( l '. ,,1 , ,d the !li,} 1 Tl t r.-lflo., 1 t Illrt 1.1 ,1r\U.l J 1 \ c.h 1 t t " 

]:;:1J/24'O-PC; 1'::> 

t !l"1I l',I.HIII.III',' Il'-.('0., ,11',.1111 71] t (1 100 lIl(ll ,.'y., 

1:." tl/21, ()-l'f, 

1 III' 1 1 l' li ,II ,1 c.l" 1~\'11 1 Il 

1/111" 

1 H 7"( " r 
~ 1 1) '( \ ') 0"( • l "SPI'ct 1\' Iy, .\ tlllll t Il llll, 

1" Il t \ Il) 1 ,,( ! III Il,\\-1('111111 Idllllt' 

1 Il 1 (' l' -!' Il, ,. 1 1 1 lit' ,le'.11 eutlt!l' 

l'"I Iii ,"'11 Il 1 Omp"s It Illl) 1 t 

III 1',1111 '" ,,"111111111'. 1111111 1('U r'.lIh 

1 l'" 1"11· .. · "1111 1':> tll(' 

11.1' l'l'Ici·. Il' tld 1\ 11110.,' IIJ], ln tilt' llqlllt!-, 1:' '-.1.1 J 11/)1' pl1df-. t_·, 

l ',.! DI'PC / N-lignuceroyl Sulfatlde Mixtures 

III Il)'.111(' 10 ,1/(' ',1111\1:11 .1 ',t'I Il'', ill tht'llIIlI,,1 111)-, 1 (', (JI !I(.t! 1 <II 

II( t' 1 n, IIh.1 1 l'cl dl c.pt' 1'-, 1 ()Il~ 1 IJinh IlIl11f~ DPPC \\ 1 1 II ~-24: () 

·,IIII.,Ildl' III ",1111111':> ['IUplJII !t)IIS, l'Ill" N-2f"O slill,11 iclt' ',!tOh', d 111,1]<<1 

<'IIt1It! hl'lllll' t l ,lIh 1 t Il li) 1 t :ï:.',H"r;. 

tf ! l' 1 III 1 ! 1 1 1 111'01 t 1 nl'. IUIl cllld 

..... 111111 Il p.\1 1 ('Ill li t (lldu! !l"lIl1o., \va ... ()h~(' 1 VI'LI. bu t Lite' III,IJ() l pnrl"r-lF' 1 III 

III (Ill'. \ 1'-.1 \\,1 .... 
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Flgure 9, 

Ph.IS(· Ih.l['.l.lm dedllcpd ftulII calorllllet Il' dlLI 11111'111.\1\ IlIl'dlll"" 

,If DPI'C hlth 1-1c1UIU\'1-2-11~1l1l,('r,,~1 phll':.llll:l![(I~I.\IIIIII)I' (1:2 O/2 1,:()­

pc). 1'11.1<:;('<-' .11(' tie·Slf'.lldted .1,> fil] 1"w<-': L .. Ilqllltt-, 1\<,t.i1IIIH . l',,'. 

'llfJp](" ph.1,>" tOllllen h" r>J>PC bethl',n tIlt, 1'1"- Illti 111.1111 tl.llI<"11 J'l/I',; 

L,,' gpl phd~': flltm(·d fi" flPf'C 1,('1\,('1'11 1 1 If' ~lIh- .11ItI (11('-11.1[1',1111111'" 

L .• suh/:',l' l ph:l~e fUI'Illt'rI h\ (ll'l'('; SI' :""" llpl'el- .tlld IIlV,I'I-II·IIII"·I.IIIII'· 

_,Il] Id l'h.IS!'':: flJllll('r! t, .. ttll' 1 1 1111 [ ('Iuvl .... (,,', li«,. Il.1I.\ 1'"1111', pl,>! (1,1\ 

[('l'/('<-,f'nl tilt: Oll,:>pt :tnl! 1!l1ll1'1t'111l11 tl'lIlpf'l.ttlll(,'~, 1'<.,lllIldl,·d \\,,1[11'.111 1 ' 

fll(JIPrlUII_' /)1 ~!;jl)le.! .IUrl ',tllJlf'Llllt (LI,), lOI 1'f1t!O(-tlf'llIIl' "\'1111' • 

• 1!:>!:>IlLJ.lt"rj wilh ["i-'.II'lIS ()t ll.,(l-p!t.lc,(' (lil'.\I'"I"II[1' III rit, pit"" 

dl.lf,lllll. 1--. ~>,C'11 1~. rh,· ('('dk tl:IIII"·I.Jtlll'><; 1I1t':I::-'UII·r! (III ,"d",tlf'11II11 

[..>,ltuU·<-' ,1'"Sllf l,lI t·1i WI LlI 111I1'S tif 1 hl (·e-plt.I-.' Il)(';.1 -.r 1 Il''' 1'1,.\'.1 

l 'C)UOI !.J 1 I(>C, th Il ,'Ul !l,. 1 t 1111,1'. J""IJ~1lt <1 tllJJII r Il'' l.tiIII IIIW! 1 l' d.t! 1 

;)1/' lndl{ .ltô'd 1,\ SIJ] ,d lln"s III rit'· pll.I·'(· 1\1.1):1'\111'" \,1111,' l'fI'1I1t! 111"'-, 

\dl'IC,'- P')<"ltiCill 1 Inne>! l)(' rt~'-,IL~fl(>d PI"ll'-.,'I), III W/'I,)l flI11',; /'/' 

[JlJstIlLlIl'.t ,n IJtdr·! t'I 1 IJmr,ll·r" t hl' pIUl'>" di.l/;I.llli Il' .1' 1 tlld lfll' \vl 1 Il 

tlH' plt.1""· III]", .11" 111011.11('<1 .jL, d,j·..,lp·rJ 11/1f'. "JI \ 1.1/11), <,(Jill" 

1 et::.} 011'-, tif t h(> plwsp dJ,lgr .llll', ,j 1 P lrot t 111l1.lhr·1 (Il \.:1)('11 1 III (lllol"" 

[>Ies('ot 1.111 l'I-' 1 Je0l11)' }[1I'I"d fllJl!l th, ].t!)I' 1 IIII~ Id tllf' .. d]" ,"I 

le~I{)lh. 
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Figure 10. 

1:(·.ltlIlt, thf'lllll)glollll<', !('I(I/d,ri I!JI 1/lldllll'" of 11I'1'( l'Ill'. 1111' 

IndJI.ltt',1 !lll)l"l pC'IU'nt,}gf'c, Dt 2 11;()-c,II]folIJII". ').II11I'I,··~ W"I" 111"1'''1',(',1 

.It (,0"(, ,Ind llll uh.lted f'-)I (JO d.I!·; Il (4"(, III lUI 1 Il ( .11111 IIIH'( t J' (Jf 1\1'1 

d,> t .111 - f) f ',.\1111' 1 p pl f~I'.ll .1 t 11111 "Ilrl ,_ ,Il l' 1 i 1111>1 JI' 11I,i1: '-:>1 f-, Iii' l" .... /',1 \"'11 

ln ~ldl('1 l.lh ,lllti Mf'th"r!:c.. 
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1 



DPPC /24-SULFATIDE j2V 

1 

10% 

----------"-------

1000;0 

--_ . .--::::-:~_-..: - _.- - - -- - - -"---
i 

10 70 



1 t1cl11s1tlons Sepcll'cltCfÎ b\' 1-2 '''c tnot ::;11\)wl1). 

lJlulphl'_ bol1:1\'1.111 ob.,crvt~d pIf'\ 1()11~l\ fil! tht.., and nt Ill' 1 

sult.1tldf' u .... lng ntht'l t'ondlt luns uf ..... Huplt' Plt'p.ll.11 Illn (Hpgg" ~ _I~" 

1984, 1988.\. l'188h). thl!> Iwh,l\'LUI I~, Ilot <,Ull'll .... ll1g, Ail ,ldtlil 1<111.11 

hcn,Hi ('ndothl,tm j .... ..,t'('n. "'Ilh ,1 l't'.I'' Il 'II.H"('. III 

","lt,lt Idl' tll.\1 .11 l' 111-

l, c'c. fClI 

(,5'-'C .• \ ]1I\,-t'lll{1l'lallJJ'L' 11.11\:-'111011 h,l" nl:-'Il tH'I'11 "'111>11.'.1 il:- BO;',l'," .'1 

.11. (Rnggc.; pt ,11 , lqH4) for ',ampll'" 'It Ihl" IlploI oIhpt'I~I'd.\1 It'!.1 

tlH' c,nht l ,lIh Il 1.,\1 .... \l 1 fil" 1 {I\"t'I 

III il 1 11 ph.\ .., (, t 1 Hl .... 1 t 1 /J Il " t Il r l' l ; Il 1 1 l, 1 ri l 'II , . III dl', 1 .t il Il 1 Il! ',II 1 fi', 1 Il Il 1 l ',Ii l ' 1 

.IIIf.tfldl' hlll 

t li f' lItl' l ,1 J 

tlwl, Inlt'I(",! lllt-,l:-, the' '>1I1,dl UI>(1I'\-II'IIIIII-I.IIIIII·: /.111011 l'III Id"" I\,d 

f')l [11111- ,\j-24:!l sulf,ltld. J~, .tl .... '1 ,J!,·.I·I\(·d (", 1III',IIII.,e, "Jllldlllllll', .1', 

Il t t li .u :!() IIlIJ!0'X, ..,II} j ,H Itlf' III lJflP( 

III! 1 Il,t! " 1)!lI 

1 .1 1 Il l tlJl\' t 1 l' t (1/ t 11t' [)l'l'C - ~J-2/1: () ',III fil 1 dl' ,y'·II'\II l'I,I' 

lIIuli 1 P Le \Ippr 1 -t 1'111111" ,If III (. Il:\11:.1111111', l'JI 

·,ul f.j t J tir- 1 ump l J ( .11 c,·~ 

fC',)tu\'f>S 1\1 thf' ph,bf' dl.II'.LIIII. IItJWf'\'('I, Ihl' /"J..,II 1
'
)/1 III Illt· Ilq\lldlt·, 

\ un (' •. 11lii Illi' 1 Jill 1 (s () f 1 h" ,,11.1<"(' <.,l'p:1J ,II l')" 11i1I1I1'rI 1 If (·1 Y 1)(·lfJW 1(1)"( • 

1_ .Ill 1)1 1.., 0 1 ; ',fi' ri ! t 1 1 1\ II' \Il ,1 te' h. fi l' J) ( , III ri N - :! l, : () ',\111 :11 1 df' ,-,hl .\..: , 

I(J Ju·,t 'I\PI 40 III Il l 1 f il ( 1 l' JIll dll '-. r 111 Vf) 1 wh l' Il Wd', 

1 h. "1-'1-)1' / 
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Figure 11. 

1'11.1''(' dl.I/·/""l dl·,hill·d tIC/III lal'lI 11f/('ll II dolt.l fnl hlI1.1L'\ 1lI1';tIJICS 

,,1 1)1'1'( \,I! Il 1'/-1/1'/1'''1'1''\ l-I'-~t1! tlJf'.,l]:lt !IHe'l"hlflC,I!l,) (i'I-:!Îj :::'\1]-

1.IIld, 1'1.01,,· ..... 11' <1"'>1/'.11.1(,·11 1, f,dl"w~, L ... Il'1l1ld-LI~:,t.lllll1('; 

l',.'. 111,,.1," ,.II.I~.. jflllll··.j IIY L1PP( tH'fW(\('I1 th,' Pt('- ,l[)d lIl.IJll 

III/I',I! '''11', , •• :~t·t phd~(' jlllli:I'd t,y llPP( hpli.o."f'lI Iltp SU/I- !fin pl"-

1 1 III' I! 11111'-, <lIhl~t'l l'ltd>''' fC/IIIWtl bj llPPC; SI '-'." Upp('r- .1001 

1"1"'1-1 "1\1111'1 \1111(' <"d Id 1'11.\'-.,1-. 1,,11Il'-"\ 1,\ th,' 1Ln(}('·lfJ~l 

1111,'1111""1011, l,h.I·," fllllll!'d l,: 21,:n ~1.tf,lt)CIC' t"lf'tw,'C'1l IIH' 

SpOt IPS, 

lIl.llll.lII.i 

1 1 dl1~ l : lOI!. 

'111'.< 1 

Tl 1 t.t p'" Il t ~~ ~,J () t t 0 li 1 C' rI! f' ~J' . n f t Il l' 

(·~t Im.lf l'tI 11', LIlG th,' pltll "dlll f' III 

'/ 1 l, l "\ .tIlt! .,( 111.'1.\/11 (21.). 1"1 'II r lt>llll'llIllC ('\C'IlIs ilS<",'! 1.11,'1i ~,ltl1 

1"",11\11' \\1 1 \\l'·-I,lt.I<.,, I\H'\I'-,( ('Il' t'III 1 h,' ph.l<,,' di.li!,l,llll. ,\'-, v,t'll ,1:.., th" 

1,,'iI, 1"1/11"'111111". 1I1<'.I·)III,d f '1 "11 dl1"IIJllf fe.ltUI,e. 1'-,',')1 J,ltrd \'lth 

IIII!". ,,1 !''l' ,·-"11.1',,,(, "lI',l"I"11I1' ph.l·,,' j,()lIll,l~lrl"'" th .. ! , .. 11111(' 

l' Il 1101 \ 1 '01)'.11"" 1 1 Il III ;Ile "Il!>1 illJ,'1 Il' fi lt.l ,Il C' 1(1111' dt ed 1)\ " ... 11" 

1 1 1 \l", 1 Il 1 1" 

!", \. 11',11.,.1 

, "III!, i , '1 " 1 Il' 

d 1,1)',1 1111', 'l" 

1 III f' l , • 1 1 l "Ii' 

1,ILI"1' d 1,1/',1 ,11Ue" 

11\"'1·,\·1\, III 

Il Il 1',,' "1. Il',1 ,lIlie, 

,1 I<.lt",j l IIH"" 

1 fil lilll dll,l .. d 

t 1:, 11\1" 111l)~ ,0{ 

hllll'\; 1ll11~t lIE' p()~ttll,lt(·,j ln t)1,1C'1 t" 

III 1\. uJ <lnn,~) \dth tht' ph.\~(.' tule. ale 

1')1,111 Jt\, '':;''Illl' Il'I::',J\)I1'-> ()r tht' ph,l~,,· 

will'!! 1 hl ph.l~()~ pt Ct>f"I1! '.10 hl' \ J t'rl1 1 \ 

rhl' ,Idj.î' ,'nt 1 tT.J'lll',. 

1 

1 
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mole% to 100 mole% N-24:0 sulfat Ide, on the dSSlIlIlpl 1011 th,lt .1\\ 

intermediate phase (designaterl 'l') int('r\'t.'tH'S IH'1-w('('11 t tH' gl'l .ulll 

the liquid-clystalUn(' Stc1t0S 10 t h('s(' ':;,llllpl.,,<,. Th0 !J('h,\\'u!I III t IH' 

Jowf'r-tempewture transllIOn ()[ N-24:0 "ttlf.ltid,'-Ildt \lll'dlll('~ i', 

also in,~lllrlerl lB the ph,lSf' dIdglam. "" ph.ls.' bnllllddll," 1·,'II1(.'1! 10 

this tranSition .1PP(',)1 to lntC'I .... l'ct tlH' snlld\l~ .111·\·' .... Tltf'" (11('- .llId 

subtldnsitwns of llPPC 8r(' Ilot ltwlu(h'tl III thl'. ph.lc.l' dl,lgl',lIll, S ItH.' 

they l annol hp mapped "CCLII a tt-.l Yin Slllllp I,'s ,Ilnt.l j \lllll'. 20 \1It1It-'X. III 

mOle N-24:0 sulfatid('. Huwev('l', t11( ..... ,(' tldll~jt iOlls lin litt! .IPP('.II tll 

be iovolved 111 d('tcllllining thC' poslti()11 of flH' 5011<111'-. ('UI\·' .... 
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3 . 5 Discuss ion: 

WIJJle the formation of tntrtdlgltated larndlar phases ln a 

V:lI-IPly of f,inglp-cornponent IJpirl systems 1'0 we11-douJmented, less lS 

known nhou! !he> po!pntÏ::ü for such phases Lü f(H-m ln 11pul mixtures, 

p.1I-1 i( \lIaI Iy Jil 1II1;,!lIr~s thdl ((J/lUIIIl hoth 1 Iplrl SpC-( 11'5 thAt furm 

ln' ('Idl/J,J t al (·rI l'hast's ln isol.lllun artel '>P'" 1(><; rlla! el() nol. Co­

f'Xi~,I(>Jl((' "f Jnt('ldlgit:Jterl ,me! nOIlJll!(>J(!JgJtn(pej gel pl!.J'-,P'> II.1s IH'(>n 

1 hl' cl 1 IIp'{. \lj,,('y 1 PC 1 cil pa 1 mit ()\ 1 PI. '-.: ..... t l'fil (1,ol1n/: 1 

1 CJ R 7 i h 1111 ,. r d 1 ICJHFl) , lJ1r1 !1[\~()n (1')88) h,lS ll'pnrtr>d Intri~lJlng 

f (JI .1 llllllll'c1 IHl111d-11quirl p!1,J'-.e s('l'nr.ltlOn, .1S \vell .1S 

',egrl'gn! 1011 01 lnl l 'ldl['.I1,lIpd .1Oc! llllllllllpulJglt.ltcd gpl ph.1SP·" L1l 

mi"!lll(", (Ji dhtp,llo\l PC: Idth 1-c;!t'.1l(J~1-2-dl:'{,lJl()}] PC, JI hrls be',n 

1<)8&: 1(88) 

(1( l'UJ Illg Ilf"d "'fll'U"S \IIllh llÎghl'.- dis, H'f'{tllt :1ydlu, ,1/h'JI1 dldin 

1"nl',1 Ile., , ":-.lJ( h ,1C~ \'l'IY lllng-tll.lift sphLn/:'.(}llplrl·~, 111.1)0 fil/Ill scgrcg.llcd 

H(l~V('V(>1 • litt II' 

[llp.llmllo\! PC .111<1 12:0/24:0-PC ',,!1ow 11J1II(.JIPte llli::'llhllity ln th.? 

llqUJd-, 1 \ <;;t.111 111t' st.\I,· hut (',t('lhl\'" phns p SPp,l1.1tl()!1 ln tl1Pg(>l 

..,1.111', 1".1<1 Jill', (,) litt> ,IPP('.IJnnu:> of.l '_'lJtel'tL( pIJLnt. The .ll).} dl.llns 

of 12:0/2 1.: 0-I'C "hmv a Ill! 5111.11 <II III t11('1l pffe('tl\t-~ ]eng(!1f.> qunll-

tllP p.It',lmr({', (t.C/LL) rlPfll1NI !J} Huang .lne! ~lac,()11 (l48G). 

ph.lf Id\ Il 11(,( III"'" 1ll.11lItl'st Ing this d('grpl.: of ,lev1 l'h.1I11 1lI1'olllatl'h tOt-nt 

11l1"('c! Jllf. Jdl!',II.lted b!l.l)"'I'" 111 th.' ~('1 "L1te. Th.' g(·l-ph.J'-.' LlIIllIlS-

1 Jhi IJI\ nh"p/\,pci ht>!WC('Il 12:0/24:()-PC .1nd DPP(, !hl('~ prp',ullIilh1v 1P-

ll1 1/ rd 1 g 1 LI tf>d .1nrl JlOIl 1 nI C' 1 rll g lIn 1 t'd 

1',(' J ph.I:-'C''--" 

dl'--otC.IJO\ 1 l'C/I- .... tf·,l1ovl-2-n.'c.mnyl 1'(' :.yc;tl'OIS (Iuhn( 1 l't .11 • 1'187; 

hLIIl l'I .11 .• 1088: l1<lSU!1, ]988). A sUllll.H ,one lUSlOll h~lS veey 

LN'P1lII\' !l/'l'J1 l('p(llle'd b~ Lin .Jnd Hunng (1988) tl} explaln the 

l'ut t'v! Il' b"h,I\Ll)J- ohsclTed in JIlJ\tun:s ut cilmyristn~] PC and 1-

Slt'.lt ()\ l-2-t .1pJ ()~ l P(. 
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The phase dlagrnm determined 101 

system leveals extensin' phdse separai ton 

liquid-etystallmc sUite. 

might Sl'cm reclso11abl(' ID conclud/' Ih.lt 

separaI Ion 

'ib 

ln Ihe gt'l. but 1101 ln 1 hl' 

Ihls 1'\11'1\""1\1' !'.l'\-plI.,,,,' 

nonintel<llgltat,'d PC-lidl g('\ ph,l""'- ,mtl .111 Illtl'ldlJ~lt,lll'd 1'",\ plta ... ,' 

tiClned ()n Sl'\'Pl,tl g1'nunds. ! 11"1, H.tHlllll "t ,li. (l')HI) h.I\I' II'PI>II".! 

thnt nt i '. t li l ,-. S 0 f 

sepnr'ltlon ln tlle gC'l st,ltl' uV!'l d \"1.11' 1.lnge (lI 1 Illllp"::-.IIII)/h 01111'1 

mitDyl-2-()1('()yll'r: wlth hIJ'vI!l(' hl 1111 Il'l't>!lII>...,ldl·, ",1\\' 1 J '-01) 11I'pll 

l'HW, .JI >1111:-' 1 Clll :l1lt! 

sepa r,1 1 r 1 r ClIII DI'I'C 1 n 1 h ... · gl' l ,,1 a t l' m.1Y t IIiIS hr' !l1>f (' 11111111'" III') 1 (' Il\' 

its hP,lrlg.lOUP st nl< tUI l' tlll[l h:- potPllt 1,11 tll fllllil :111 11111'1-

( l 'IHl) 

è\'lricn,,' tlt,1! N-21~:0 1 r'IPbr()~.J(Jf' {'Hm ... 1'.111 J,II J). 

hYliroc 11 hll\1 l('glon. It l~ tbus rldf Il trlt te> 11111'11'11'1 fb, ,,11,1',1' 

separ.itll)ll III tilt' IlPPC/N-2 /1:0 (Î·t.hIIlSIr!f> ~y..,II·111 .1', ,1I1.do)">",> fo Ih,11 

obser\'C'd ill IIllxtUIPS of DPf'C \\'ltL 1~:O/2/1:()-I'C. wll("" lit,· gr·' l'II,,-,r' 

of thÎ' lip,nocf'lllvl IIImpUIH'lI1 l', l>xpf',~I('d II) .ld,,!,1 .\ 11l1\I·r1 IIll1'1-

N-21,: 0 

InlÎ'ldlp.II.llfc! :lItt! 

('1 ,Il. (1 'lilR) t..tV(· r f'(lfJrf f·f! 

that ml\tuIC'-. (d dl(,l;llrll)~l l'C with Il.\flll,11 hl.llfI '.f1Jf;tllc!(·, Whldl 

dOt>s nut fUlm <ln Jntf'rdlgitatf·d ~pl IJhw, .. (RII(J(I(j and '-.lrlpll·Y, 1'!Hi,j, 

show .1 snlld-p!t;lse SÎ~D:tr It 1011 tha t l·~ S J 11111 ,II t IJ 1 h:tI 
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III the' ] Jf.juHl-CfySt.1l110P. state 12:0/24:0-PC. ~-24:0 (clehroSldc 

alld N-L'.:() [.,ulfatHie :l1'p aIl fully misclhle with DPPC. Moreov('r. thr 

gPllcPll h(,h:1VI(J! (Jf th,' 11qUldus el1lYC ln thp phnsp dlngrilm fOL the 

slmil:lr ln th:1t ()hSi>lVP.-! 

P/PVIC1IlS)Y 1/1 IIH' ph:1sP dîlgl;IIflS teJl othf>1 PC-cclcbJO'-.,l(Ü' mlxttllCS 

),)Hl; Mngglu:!...~, 19H'i; <;ul<ltnlu, lQSb; Bunow:lnf! 

I.!'Vlfl. )'lflH; .)()!1osluf\ .ïlHl Uld{'!n,1ll. 198b). allowl!1B (Ill' dlfferences in 

Il l'., 1 1 f',ll 

,I!-> Ill'I'C (;I,lnt ,1Ild 1 u-w'nkPI " (]987, 19o(l) h,)\,' 

t Il.! 1 f hl' !(lJl r ', ,If y] 

gly( ospltlng,,1 If JI cl.., (,,<t('lld ,1\ IDS,", 1111' hll.l;'C'1 1lI1dp].lIlf', P':IWtl,lt Ing 

f-ouhf-olan! 1.\11\ IIlt() tlj(' 0l'PfJSlllt>. 1l\()!lnl.l\('I, W!tPll lfJ\\ mol .. P"'I'P'lltrlgl"-. 

<,\UllII!'! t II il "llC)·.,(IholIPlds, Il would .\pprdl flllln th,· 11'Slilt., plescntpr! 

h"II' Ih,,1 0,11,11 11l11'Idlgll,IIIOll : .. Llnw.:; gl)()d mi'\lllg ut 1l!_'lds \~llh C.YIlI-

1111'1111 • .1 .l1Ic1 ,1'->;'1111111'111".11 Itydluf .tJlHlfl cl .. 1JIlS III th.' liqUld-f'IYC,LIl-

1 1 fil' " 1 . lit. Till <, ,(' '-.ll 1 r Ign"'<' \\.ilh thr tinolings of Gl'-lOt .111e! (11-

(1<)117. 1 <)H8) 

111 f hIc, :.furl} , \<.111'11 IOlllp,lIcd tn 

tltIl C
",' l'"'l'0llf'.! i'1f'VIIJUc,l~ f(ll otlier ph"sf'hullJlidf gl\"fl-';l'hlnt;(l1 iplfl 

III 1 \1111 1· ..... (I\I\()(' Il '" .11 .• 

11111111\\' ,Hill 1.1'\'111, l<)Rt-:; ,TlIllllSloll ctllrl Ch,lpm,lI1. l<)RRj RlI1toUJ ct aL, 

\<)8fl) , 1'111\'ldl' IlO ('\'ldcnce th,lt ~-llgn("'f'rnyl sphlnt'.(JllpHb .)le mat­

kl'dly lllUIl' pl ont' to sl'gn'eLlte LltC'I.Il1v ftnm llQllid-t'rVSt.111inl: 

pl}l)',ph"\IPlri ... th<111 .H'"' tl10 ,JllU-'sp()lldlng :"l,hlng(lllpi'lS \\'ith short!?! 

.11 \'1 t h.llll~, l'f'SIJ 1 t S 1'::11 sC' SOll\l' qlll'S t Ion lOoe e 1 nI ng t 11(' 

tll(' plllll.llY blll!(lglt'dl fUllf tlon ()f the \('1) llll1g 1\-

,11'\1 Ih.ll11:, Ilf SulllC :.phlngllllplrls IS tll pl 1 1l1lOtl' the' Int.'r.l1 sèglC'ga-

t 1011 (l t o,l'hll1gul IpHi-enncllt'rl dOlll.lll1~ ln the menlbralw planp 1t i S 

1Il1)! l' 11 kl\l~ . ln Vit'\\' uf thl' pn"'st'nt reslllts. th.lt \('ly Inng-chal11 



sphlngol.lplds ma) serve tn conf(,l "'Pl'( 1<11 ph)Sll',ll Pll'Pl'l t Il'''' ll',g .• 

greater st.lblll ty or enhLlllCI'd mechanle.li 1'()\Ipllng hl'tWl'{'1l t ht' hl 1.1)'1'1 

le;'lflets 1 Scltm ldt et .JI. , 1 <)781) to tht' II\Cl11hl.\lll' ;10., .1 who Il'. III 

possibl} to sphlng.dlpui-ctlll' hl'd d0I11.1111'o th.lf 1II,1~ <-;('~I('g.lt., 111 th.' 

membranC' pl.lne on tl1l' h.lS1S "f PI()P('lfll'~ Iltill'i tl1.\1\ Ih.' 1"lIglh lit 

the llpui .1<} l Ch,1111S. 
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CHAPTER FOUR: General Discussion 
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The ph)SlCcll Intl'l'Jct IOns bt'tween IlIlld IUoh'l'ttll'h h.1\·I' l'II"-

tomarily been e~.lmlnerl using slmpll' modd .:;ystl'IUS. Whldl"lIll.111l 

f'ithcl ri sIngle l Lp1d SP('('ll'<;!lt t\o.O def 111<'0 Iljlld "'pl" Il'S III 1 ht' 

case nf mlXlng exp~'llnll'nt.;;;. '>llch .... t ulllt'':'' Il.!\., t PIII Ilhut t'd IIHIt Il 

lnfolmatlon ((Malri "li 1 ,'lIllPllt lIndeI.;;;r.lIldlllg (II lill/ci ph\''''I, .. 1 

behrlVIOlIl. lt lS lmpol-t,1I11 tn liure, 11l)Wt'\t'l. tll.11 I1\t\(lt'\ 1I11'mll,.lllt' 

svstems. likp .11J sLientlfi( \Ourle 1 .... hd\'" lllht' 1 t'lit lil1\l!.llltlll", l'tll 

eX<1mplt·, 1f t\VO 1 Lplds .lle tUllnrl tll mi" !l1'.1I1: Id",llly III ,1 hlll,ll~ 

IllCJrlL'l ':;\steOi. lt ic; llkeh tll,lt !Ii,'~ .... ill (',)ll!>lt <;llIIil.lI \lt'h.\\·II)(11 

when palt ot.l filon' (omplc-; ~r'.,t01l1, ,>ll<'h .1,> rhl' lIullI It (lmpOIII'lIt llpld 

Inlarel lit d hwl')gl(al ml~lllhl.lnt' H\' (OUlt.lh!, ,llhl Iljllc!" ,'\!llhll 

phdSf' sepnt'.1t11l1l ln il "Impl., bl0.11\ <>y<-.I('III, Il III.I\' Il(' ,fil fIt IIlt ri) 

<lUtOIll.1f I( .1Il\' ('\tt lpO).ll P thJ"> lwl),l\' 1 Il li 1 tll th.lt I,)llllel 111.1 hl"III!',I­

Lll tnpmbl.lnl' \\IH'l'"' Ille prl.',>pnt t' ul 1II,lny Ilpltl ',pt't 1"', III.!\' 11111 Ig.III' 

the te!lnl'o': Il/w.l111 'if'gleg.tti()n of \\('1 J-d"[JJ)f'tI /111.\:-.(", \.tkt'\d''/' • 

• un\ llhJ(lns (Ihl,lllle'd !Ifllll ~tllrll"':o of Iht" ph\',ft,l! ht'hl\'111I1I ,d Ilplt! 

pr(lhes (, g .. 11w:IP'-,( ,'nt-).lht 11,'11 III "r!\n-l.tlll·111'11 Ilplt!·,). 11111 ... 1 (II' 

Lot('lP/"fr-d ln tlH' Iltjht Ilf fllopel flInt I,d~ will' Il ,.J 11II11I.lt,· 1'""',,111.' 

'Pl'ohe ,1[f Iflt't..,' III g('n"I.1! 11<l\"'\I'/, \.I\('II 11'I'lll'd wlIl1 ·.IIII.tlJ!,' 

(''intnds, lI1udt'1 IlIf'llIhl.lnp'-, and IlI(tIlhr.llH' 1'1 "b,", Il.1\'' 111"'11' '.t 11'1111'1\ 

u~f'f\ll III th!' st\ld) of 1I\01ll111.lf)(· stlllt t.llf' ,lIld IlIlit t 1'111 

On0 ()f th.' (1.1S~I' .11 .IPlJI'I.I,:!t,.,-> f() Ill,' ,.,llId] ,d '.1111(>1 1 ' 11111.\1)/ 

mixttllf's IS hIF',h-st"W>ltl\'Jt\ dltff'II'/lt 1.11 <,t.\I1I1II1/: , .. llJlllllr·l/~ Till'" 

tC'thniqllt, Il1v()lvf's the 1lIt',ISIIICIllf'nt (lf tllr· Iw .. f 1.l1'.lt 11\ ,d .t I!JJld 

<':lmple 1:·11tl\l' (0.1 lf'ff·1f'n,,·, ne, th .. tf'fIIl,el.ltlllr· (d Iht· '·.Y'.II·III 1'. 

s,',lnned ln th.' l.l0gf' tIf Jntl'll·st III thl!' f,I'.,IIII>II. JI l', 1'"., . .,""1'11' 

()ht.lln t!cf:lJ!pd Int()llfl,lt 11lIl .11HJut titI "11111.111'11'0, .llId "/11 Illl't'" td 

ml'.Lng ()f thc' Ilpiri SP('I )l'S {JI'P<'('lIt !fI rlll' .. lIuI'I,· [:II(III/'I/l.\I, I y • 

hec.Ju~.r: of t!Je ,olllple'\lty tif thr· lnfo/III.\IIIJII ()!Jl.llll,·r! flOll1 ·.II.!I 

studles, l t 1':> very dlffl(_ult te, rlll!tlV;'1' ·,.IIHpl·"., IIJIII:IIIIIII)', 1111)1" I!J:I/I 

tWn 1)1 thrc(' t()(.l] t()lIlr)()r~f'lltC, (l'.g'l H ... (I :lfld r ..... '. Ill'id "1"'( J' ',), l, t 

nlone natu!'.d mt'mhr:IflP~. ArlOth('I, IhIJu~~!J J(., . ..., f<JlId:lfflf·lIl.d pltJhl('nl 1/1 

extrn.polltillg flO!TI Lnlur l111elri< ..,rllrllf>S (Jf ",III/pir' Iflorl(·1 o.,y'-,lplII', ItJ 

blologlcal lllf'mbl.ln(·s l1t'lSeS ft'nUl thl' [.'îe! Ih .. t. 1111' '-,:11111'1(,'. typll,lIl:. 

pxamlnpd ln l'alur 1!T1et ri , stlJd/l's :Hr' rlot Irlr·nt /,.Il /rI IIHJI(JhollJi'.Y 1., 
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fI.lIlll.il Irl(·ml,r:lnf·'-. (J.(' .. unIlamell._it- stllKtures wlth very Luge Indu 

,d • Il n/. li IJI 1') Tht' ~;jJllp](,5 used ln most uilonmptric stuclies. for 

1"Wlllp!I', .JII' Il'-,IIi.lJl~ prcpdred .IS rnultll.lmC'l]ar vesl!les whtrh a110" 

fill' putl'nllal fOI Inlr:13ttiuns hf'tv.pen thf' llrnris nf adj!1tpnt 

1:1111(·1 ].)1' Ih.JI .111' nll! fI()llIInJ ly plf'SI'nt Hl hilll()gll.l] 1110mhl.ll1es. 

Tbl' Il'.(' Id f 111111'(''''1 l'Ill 11lJld pl "h0':' tll ~,t IId: IIlpmhJ ane f,ystf'ffiS 

I,.J·. L,'( 111111' .. ri .11' l'pl "ri .1IId v.' 1 dl' 1 \ Il':>011 t PI hl1! qll(' Th(·~(> probe.., 

1I/11l11(' (JI Il'-. h'(jr()'f!tbrlll ,h.llns "Ith.l fllltJlE'S'0nt gloup. '>111(10' the 

IIp/ri '.1 1 III Iiffl' ,.., 1 UII"'I(k·Ic1t.l) .1Itplf'ti \.o.llii thl' adlilt 1011 of thr-

111!tII,·...,·.·,II 1'.1"111', Il 1.., p()c;slblp thd! th,: J,0h.l\lotll ,·xhihltpd Il) 

'~IH Il .1 1'11,111' 111.1)0 hf' dllP III 1 hl"" ~l'l\lp .Ifld thu'-.. mar not hl' '::llmiLu' lr' 

rli.II ,,1 Iii" 1111 I.dll·1 II·d '-,1'011f'S. It IS th"lf>fnlf> Impolt:Hlt to lul,: 

1 )\ 

pt,>!" .. , il lll' dilf('IPllt !llt)hr.c, .111' f"und t" Il.1\'P sllnd.11 hdl.i\ I('UI. 

"'lf" III '(JIll 111111' Ih.\1 tIlt' fllltJ!"'-,u'nt 1.11)(·] h:l'-. Ilit]t' r'tf'-·t t. 

Il 111'- t""'11 ""Ul'.gr·c,l ,"Il, 1l.lS.'d 1)11 nal.1 Ilht,ll1l(·rl fl'llll 1I1"rl,'l 

flld'l 1/1.1111111"1\1' fnlt('S het\.l.t',·n th" 11I'.\(i;.~n)up lnrl/,,! .ltyI 

,11.1111 l"!lr '''1'', "t '1'11110 111'1"" 1Ii.l\ f.1\ ()ll 1 tilt' f()llil.ltiol1 'Jf .:;el'nl,jtl~ 

11 1"d 1!.'III. Ill' III mllil l' UIIIIHIIl.'nl ll'ltlld-, 1\<.,1.11 1 11lr' hi l.l:l·r', (1l1.I!jsteli 

~ ~~. l'IHI; ·)p,r·l',,·1 pt.al., ]qR"), ~Id •. llt pt .11. 1 lq~n; van ~eel 

Illd '-dllltlII L 
•• l'IHf; 1,I,trl"I, pt .Il., 1')8ï; It'LhlP) lnti hlirlln, 19S7). 

'-.\l,1i ,"'III.} III" 1,.1\(' ! 11('() 1 1 t'pd tll p.ll't lClp.lt té' Ill;) nUlilher oi 

1ll"IIIbl IIlt· 11111\ l 11111", Sil. h "Illrl 1 111-: ! t) tht' (e Il SUl f~t.f~ 

('II.HIII.I".I·., l'nI. Il.1y\,l(ld, 1'171,; Rt'\'f>"~ .1nrll;IP;]\P'-" Ill7): S.lffm.1Jl 

.llld [).·[l''l1t''' 1')7';; '-,,'dlllf'1<. pt .11, 1 Ig7b; ~111111n ,'t .11., l'Pt,: 

Il',]IIII'I I 'II.'..:~.11 l'HW; 1 Ilft'hl!'\, l't :rI., lqRl: ReNI ct .11., 19S7: 

~1.I..,'-.t'111l1 t>f ,il., l'IRR). l!Je iOlmat lun nf membrclIles wIth unusual 

lII'IJp),rl!,,)'.\ ((,IlI.I!()lu, 1(18ï), .11 Hi th\.' enhanl ement of meffibl.11lE' stn-

11I1,!\ ('~"1I111dt. t't .11.. 1')7R). AI'gllnhl~, the 11pld spe'.ie.:, ffil)st 

1 1 kl'! \ t (1 l"" 1 Il 1 t 1,1 t PI .1J St'!',ll'g.l t ill!1 1 () fOI m sllch rlom.) 1 ns in 

hltlllll'.I<.11 lIIt'mtn.llw<" .llt' tilt-' ghlo"'phillgoliptr(s. Th .. sp lIpide;; 

III )~...,t' .... , .... "'lIh.., t 1111 l,II h:- lit ogf'll-hondJ ng r'.lpal' 1 t\ ln the] t polal h(!rHi-

:'lt)lIlh (H'lI'.r:', I<)H7), 111t!.1 l.uce fr.1L'tI0!1 of tl)(~c;I· IJ[Hdc.. fnund III 

!llllli II 1II1'1I1h, Ill"'" t.lI 1 \ h1ghl: ,1~ymlll('tll\. ]l\I!II)C.ll!1rlll ,11.1111S (\.111 



1 

1 

( ') 
1 .. 

Deenen and de GIer, To dnt~'. IlUWt'\'t' 1 • 

few studies h::we systematlcally t~xamll\(,ct tht' tlwnnllt 1 \lpll twhav IlHII 

of glycosphll1Boliplds in sunple ml'<tUlt'<; with phllSpho!lpld ..... 

Chapter 3 of thl::' tht'f>l::' dt>c.;l'llht':-' Iht' 1I"t' Id .1 1 I.ldll 1011.11 

approach tn examine the mlXlnp, of s\lIlllleflll!l! 

asymmetrlc <'plungn- c1wi pho<:;phnltpHb. Hlgh <;PII .... I! IVil\ tilflt'lt'1I1 lai 

srélnning calol1mt'tr} W,lS employpr! tn f''\,llIliIlt' fhe 1111'111/'. lit J)I'I'{' wlIIl 

thtee asymmetric N-llgll'll l'IO)! l('l('hlo',ld .. dlld 

sulfatirle, anrl l-l,lUl()yl-2-l1f',n')('PICl)1 pho .... ph,llldyl,!l .. IIII.' TIlt' 

long-chaIIl ,-,phlngnllpHI "'PP('lèS an' rl'p I-PC,('II 1 ,If 1\'" nt /1.1111/.111)' 

occurrlng sphlllgnl1plds whilp th.' \Illlp.-th,llll PC, 

naturlll1y Il( cUI Ilng. W,l', p',llllint-d as ,\ "(lnl 1 III ' , Il,tV 111/-'. 1 h!' .... .11111' 

polat hearlgroup .1" fJPPC but .\ rlf'['.II>(· (If hycll,)(.llbllll ,!l.111I <1 <'ylllllll' 1 1)' 

comp:udtdE' III thal 

speCle.., \<,'pu, fU(lnd 10 he hlghl) 1111 .... ' Ibl/· \"ltll PPPC III rllf' JI'/IIIII .. 

(ryst~l llnp stntp, inrli',ltlng th.\1 till' f 1111,] hll"'I'1 111,,11 IX ,ail 

re::trlll y .lt l'omrnod,1 t (' 

,~halns . rhesf' 1 psul l'l, 

suggest Ion th,1I tl1/"' fUllet IO/l ()t ,1C,yIllOlI' 1 1 l' 1 IPllt'"> , ""1"" ,.III\' I()II~',-

chalO splllllgollpul .... , III Il,1IUI!ll IllPlJlhl:l/)(' .... IIldj' tH' 111I1u'lI III Ilwir 

.IPPlfl'" fi 1 fi •• l'l! IIIIPII l' 

th""" Ju ... l rle .... '·l Ihf'r1, IIIV"I\··, IIIf' ,>f \HI} 

of lipid prot,., pdrt lt !()nillg bf'twPPIl dl ft!'1 ('lll hl \.1)"'1 t'II\ 111I1I1II1'111~, 

:35 des!. dl)(>r! 1 Il Chaptel 2 

Ilpld 51 nll'Iurl''l fllUIHl ln natur.il 1II,>mllr'IIII"', t lia t Il,,t aIl 1IIf' 

dlfferenl llJnd C,PP! If'~ found III n V.lvl·1I 1II,'rnhr,III/' IO:I) IlIlpldr! 

, ideally' , 1.P. with PQl1lv.t\f'nt Tllf' illlporlalll !JuIIII 

arldresserl !J, tlle wUlk deSLl!heri lfl "Hlpll'l 2 w.t'-. Il''' th.1I .. l'.IV(·II 

1 iPld speC·ll;'o., 1l1,1}' :"how "'''IIIP ri i SI 1 J III 1 WI 1 Hill Jill 1 " llll/'Iat Il'1'''-, wllit 

IJther types ()f Ilplds. but ldtltpr Ill .. I/Idgrlltllfl l ' flf Ihl" .... '·!r·'fIVlly. 

l haVI:> (ound th,lt nlffel"nl phIJspllC)- oIw1 <;phlJw.,)llpld 11.1','>1· .... ditl"1 

only morh'sll:- III thplr 1l'ldtlVC ,1ffifllt((·S flll 'hyrll()l~f'II-I)(J!)(JIIII~' ~: 

, non-h} ri J'ogen -1 Jond ing env 1 rf)Tlmpn 1 s -

had suggcsterl 1 hM Il fJlds t hal (an :.leI as tHJ! h hyrll ()v,f'n-t!ond dOllors 
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rwo ac'_eptors (e.e., am1no phospho11PU"iS) may loteract 10 a 11lghly 

nOllldeal mr-mnf.'r wlth I1PIOS that can only accept hydrogen hunrls. such 

as 1 bp (ho Il OP phosphnl i p ](js (Sh lms 1 ck anrl McConne l, 1973; Wu ,.wrl 

Mf Connf~), 197'>; Mahrpy and 5ttlr! f'vaot , 

Ruo((C) pt al.. 19f13, MagglO et al .. !<1RS. Curatol(). 1<:J86 , 1'187; for 

rpVlPW, ~('(, BOI:gs, 1(87). ~lmll:1!ly. II wns fOUlld ln thlS sturly that 

wh,)p IIH' orelf'lof tlH' r(').lllv(' afflnltlcs of (iJtff'lt'nt lip1f:ls for 

dlO)PSlp!o1-(onL1II1lne v~. ,h,>lf'stf'rol-fl('1' t'I1VlrOflnlf'nts ,lgrpf.'c1 \l.lth 

111f' mn jOlI 1 Y of prf'VWllL, n'p"l t s (V,lO lllJ' k pt ,1],. }C"17(,. 1'17'1; Vemel 

pt nI. 1 q77; W,-ll 1 f'llljf'J g pt :l 1. , 1 '181; t'lIgler pt al.. 1'185: YPdgle 

and YOIiIlE, 

Il'Ilflll<, WOII)d c,ugl',Pc,t 

ddf(-CI'Il! hp,l!II',/()IJf''-, 1Il'1~ Int('lmD, ln the' IICJllld u'~st;j]]lnp ph,qse 

mo/!' lH'ally Id(':l!I~ th.lI\ P1P\lllllSl) Ih'llleht. SE'\,(>181 !('.lSOIl', fra 

('()IlClll~lonc, dod thnSt' nf [I\PVl'l\IS 

sI 111111',> h,IV!- IJpf'n dlC,'llL,S('r! ln Clwpler 2 and will not he prC'scnU-d 

hl' / f'. 

011 IIH' h.IC,IS of Ihf' ,Ibove fiala. fakcn toge th.::, r wlth nther 

P1('\ 1",Jsl\ 11'1'''/ tf>d d.lt,) tur ,1 Vcll iety nf hinary Ilplrl svstPlllS. lt 

IlInt spoIlLIOPOUS sf'gregatlon of Il!Jld OOmrllnS, on 

tlH' h.l'> 1 ... ,d f-,~~Jl'( Ilv(' 1lf',HIgnlllp 01 d, yi ,,1!c1111 Irltf'l'.-1Ct ln/l'" illl10ng 

1'.11 t illl!.ll IIII/d ':>(Jf', U'S _ 1'> 1 ikely to ')(' III ln hll,l)f'l membl,ll1CS 

ln 01'1101 l,) plO\<(' (lI 

dl~pt()\'(' Ihl'> 11\potll(''>IS 1 (ln, luslvel]. of ,0u1'<;(', it 1<; n"If'SScltY tu 

look fOl 

Wh Ile tht" lIlpthudnJ ,)gu's 

lilII Pl <j\II>St Ion drc fHIOIl) dc\'(>]opf'd at 

1I/(''>PI1I. 1 Itl'->IUSS !lf'low '~t)1Ilf' fe,lslbJe futUl!' ,lpprorlches by WllICh 

thl'> 11/<>111"111 llltdd he arldll'ss,'rl. 

Tilt' fl'lllIl1lj\H' of fluolpscent pl,)bl~ pHttltioning 15 particularly 

,>\Iltt'd ln 11h' stuO) nf llPld t lu~tcling behaviott1 in natural mE'm-

hr.l/ws IH'l ,IU~I' 1 t ('ll,lblec, nl1e tn sturl) far more ('ompI!';.. memhrane 

sy~tt'm~, (Ill< ludlllg hlOI()glL,l] memhl.lOCc,) tl18n could ht~ studlf:,d ttSll1g 

thl~ \'1'1\ "'llllplf' «(l[H'-tlJ-tlllee-~llmpOnel1t) s\c;t~>ms that .11'1' amenah]1' to 
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sturh ln I~ \'.II"lllllt'II\. 

thu<; '-'[1\-IS1(,11 5.'\-('1,11 '·'~'t"lnH'1It.., 1I~111~: dtft"lt'1I1 t\PI'" lit 

.11l1i sphlnF',J11Jlld plllhC'.:; t" 1.-1.11.' ........ IIIt' Pll""lhllll\ (lI II\1Id 

!l1l1' ,,111 

ph""p'" ,­

• .1.1111.1111' 

lU1IlI.ltllln III hl(l!(,gl"l1 llH'lIllll,lJ\t'''', Il'1 ('\,IIIl!,l.', 1".Il.lllgl'.dd.' ""11-

1j1l1-n<l11IlJ', gh,,'SI,hIIl!:tllqlJd Ill.! pll" .... ',tl<,Jl(lfd PIII/l.·.., • "Ille! hl ',111 

thl .... 1I1't! ""hl,h ,,-(luld 1f'.ldlh 1'.lllllltlll 1111,· 111,1\"1'1,11111"1111'1,111'''' 

(.' ••. ,,~tl1ll1,\I(' du' .... tc.,) III \.111.\1 th, Il 111111""" "1111 ""'''liI'' h,· 

'-, •. n .... ltl\(· III Iii.' 1.11,'1 il dl·,11 d'lit 1"11 ',... .!1"l't'I".·tI \ ',111<,-

t t red') (" t Il., pt .,11t' Ill" 1"1 lil 1 1 l' '111 t lit' "Ill Il dll 1111tl 1 III' 1\ , ",,'litt' 

L11tvn':;lf ,.dllt' IIle.hlll!-.! tll' pl lit"", l'Itl! dllt,'I'IJI ''''ltlr,llIllp'" IlIl" 

h.,t .' 01"1 ( 

t!.' é: 1 PI l' f 

.1 hl (' t (, ,il" 1 PI 1111 Il' , 

l ,t (' t • \ 1 1 \ 

,1 1 f -'1W'Il' hlll") 1 1i.1I1 

1II"ll'{ \. 

t' )',1 ('1',,11 ( 

Il )',l''''''I''IIII)',,III'ld 11)·1,,'" 

1 l' \'''Id.! ·,11111. ",l" If "1 

Il,, 1.11",1111'1' tlu"lt,.( ,'ot 

fit n.l1lt!:l 

t 111111'"'' "ni 

111.111).' Ill"" 1.1'11 '''''" lilll')I'III 1 ll'id Il'.('' " 1 1 JI l', • II If 1 

llpl.! "'Illltl Itlll'Ililt t l \, fil ,-' 1\' 1 Il .. 1\ lit 1 l' 'II' .. ,1"\"'11 1 1"111 

l'Il Il,, 1.d'·I.ll,f1 ,IIII'II! 1'«1 ,,1 Il.. Il,,, 1\1"" .t 1'1,,1 .. 

fil tltll.! l('I,,"\t II. "11' '<llld III' l,III' Il,,, 1,1.11 1\' 1'111111'.01 

, 1 " t 1 l , 'Il t '-> Il j -,' '\ l' l ,1 1 J 1 l' l ,1 \, 1 • II " , l" 1 \" • Il Il 1 1 Il 1 Il!, 1 1 1 \ , ' 1 • Il \ 1 1 • III -

1111'11 t·, 1 >l 

1 q C/\ 1 d, 

1\ JIll th" 

! [J'UI J.., l f Jl'Jl 

III li 1.... 1" ,j 1 t l' 1 III 1 III Id 1 1. I, 1"" l " 

IJltI" 11I"IIi1Jl '!II' 1 ,1'1.1'" ''1 \.11' tl" 

! , 1 J 111.11 l"l. . f 

1 Il 1 ()\lf',11 

f- ln. tJ )', . 

1 l ,'ft'I "ut 1 Il 

'-."111" l' ' , ni 

1 c., - '" lit l' 'II 

he,ll. (,1.' ,,1 

III' " III" 1 111 l'Iii' III '. \,. "il ' 1 

, . III 11\ 1 

; Iii' l , l, 

Il''111'\'' Il Jill, III;' 

\" "', 1 l, 1 1 1 v ,,1 

1 Il 

"II 1111 ,1'" l' .. 
1 1 Il III' 1111, l "111' 

,1 l'IWII 

l' l , " /' III' , 

III' ,,1\.llIi' 

1 J ~ () III 1 f.,' III 111/ 

illl'.ltl)', III Llfll(l~',I' Il Il,,'ml,, 1111 III'" :1/1'" .. <11111"11,"1111 1\'ld l'I/JI, .... 

ln II( 111'''ll'tlldt.,j \lJlII ,fllf/ll'III Il.iI'Il'' 11I1'lltI'l Illf "1''''''.1 r .. 

Ultll-\ 1,,1. r Il)',hl ,tIl'l t11(' 1 ...... 1111 111",1111/111"'1 '! 1'11111 ... 11111' • ""11.111\ 

~J\ 1 ilL: fil' .)'-0111" ed rllo' Il,,',1''1 IIli 1 .. !II\ 1'1111 ,,1 lit. ·lill, l'III 111'1" 

SP'-'( II', ln .\ ~',I\I'1l 111('1111>1 ICI" 

III .t ->1ll1il.ll {,,·,III'ill 'fi r 1 JI' t 111"" .' / fd ,li r 1 1 II' . 1 . d,e ,\ , 

ç l' 1 /1 - 1 11. pli 1 fi H, c,' ud 1 ,. .... /" li 1 ci .\ 1 ~. /J 1" Il' l' .1 1 Il 1 e " ,J l, , 1 1 If' l " -. 1 Il , 1 / 1 -

Ln~'. 1>f'11.1\' 1 l'III II! hl,,j1J1~I' .d 11\1'1111,1.111,0<, (;llfl l .tlid Il;'''''' ~/ 1. ((.r.llt! • 1 

lJ l()H~: '!c'lh"lll 1'1 " I(JK~~) h.I\1' l'''' rll 1', Ij',/ d "1'"1- \.d,. Il,,rI 
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g] Y( IlbphlOgollflld spec les 10 or(jPI to rlclermlnp whethet 01 Ilot 

glycobphing lJ ] IIJlrI-r J( h phases eX1st In s1mplp phosph()11Plr:l bilayers, 

,lOri II l~ !'of,slb]p to Jm:1~lnp IIO\\.' ml))"" lomp]CÀ "ysteOis ,ould be> 

,>Iudi/'cl Ily Ih.·"r' '."lmp lyp(>S nf :lIJfJlO;},ht·s Felr f·'\.lIl1plt'. OIlP ,.()ulft 

'>ynt hf'''1I1' P'~, h,1nf~f':lblf' c.,[llll-J,ÜJP 1 1 pt! Il pHI (JI Ilhes :wrl ;1l1ow thelll t(J 

pdll 1111111 III lilllpl"ld 1)J,J]uglud nlPrnllldflf''-. ,h e,ugge...,t(>r! rlhnve, ':lOft 

lo()k l'li "\ld!'II!(' (Jf c.,PIII-,,:,I!Jallgl' l)Joarlpnlng, InnJI,1ting the 

pl PSP!lI f' of pl ()II(' 1 lusl PI 1 n~ hl'h,j\ 11I11I , 

,,~ IllffJt,jII·rJ III the Illtll)n1JttlIJll {Jt th!s thpsis, n,lturnl 

ml'mbr.IIH·~ Il,f1Llln ,\ glf'ilt l1umht'! (If dtffrlf"nt IlplCi ",PCI1I-·'oo. 1t 

,>p('m~ 1II1IIk('lj that <,lIrh dl\PISlt\ ,o\lld PX1~t \\'llh"ut hlo1ngle.11 

Hdvanl"l~p, ,Inri thu<." Ihl' dlftplf'nt lqJln 1 !.J<., .... I'S 11111,>1 h.J\p SOIllt:>wh<lt 

dlft!'I('1I1 1'<>1('" III l'LI\' III IIldIl1t,1l111fll:j Illpmbt.lllP ...,t,ulflll(' ,mrl "pt IInn] 

111('1110' .tilt' f 1111. t 1011. 1 t sl'('m~ 11kl']". un th,· h,ls 1';:' of the p,<per impnts 

1 hnvl' 1'1,,,-.,,,,,,,11 11(>11', l!Jnt 11\(",p II,jee, no IH,t ln\·ol\,(· the thl'J­

lIlotÎyn.1I1111 .111) "pollf ,lIlPIJU':> fOlmnt l()n uf ...,f'glt'I-'. Itl'd llplrl tioma ins ln 

11111111"'1111""1"111 II/,)(i hIldyt'I'-o Sil' Il "..., th",,!, found il! 1>Jlllu['.llal 

mpmhl.\lII", l'bl'II't'lI'P, 1 su~g(>st t",H tIlt' fil Il , t WIl of Ih"",· Ilpid 

"IH" ,,>c, wh,,"" "IIU.IU1(H, dl\Plgt> glp,ltl} fr(Jm thf> ~..1tllr:1tt'rl/l1ll-

.... ltUI.\t('rlll\.'11I (hal.\( It'rl"'! 1\ ot l\\oSI 1Ilt'lIIhl,ll\(' .... (l',)~., thf' sphlngo-

Ille t lIt .11 \ 1 (·ll.lln~, '-.lllh 

Il IS fH)O:;'?lhlc th,lt IIPJl1<-., h",lllng dS)m­

.l..., n.1tlll.1lh oc, Illling e;phlllgollflldc.,. Illfly 

()n II fil rl- pl (ft f' III IIlI .' 1 rh. t 1"" c., ~f'mh 1 dnl' 

PlolpllI" il Jalgl' p('llurbatlOl1 

Ill~('l t Inn Iht' hiL-t:-('1 (Lullis LIIlIJff, 

1 c, 1 il t> l,II bv IIi , 1<)77). llpld.:; wlth 

III (Ogu 1.11 gt'tllll,'ll Il'S "tH h ,1S t hll<,p pCI"e;('c,s lilg ,1synUflC't lit (ha Ille; (olllrl 

p.lck ,Illllllld tl\l' [llolt'lll ,wc! thu<-., 111,1111(,1111 tIlt' ,:unt Inuit:. I)f the 

!l11,IYt'l (\'1'1 t Il S('fI pt ,II., l 'l7g). r\nother tolt> Ilf .Isymme tllc 11p1l1s 

III Il,lt,II,1I 1II('IIIIlI.ltIe .... Îll\"l\I'S tht' mr.Jl.Jtlll'.11 st.1hillznt ion uf 11p1<1 

hi1.l~t't .... IllItlllgh ,1(\1 IIlIPlrllgiLlllfl l\ III the centlP of Ihe bilnyl'l' 

(\dUIII dl l't Il., IIJ7R). 

SII\('" th,' pllt>llsllln~ ,>1 the Slngpt' and Nl\:hulsun tluid-mnsail 

lII'HI .. 1 Il! hl'1loglcal IIlt'lTIbl,1I1PS (11)72), dn enOlllloUS :llTlount of wllrk has 

ht't'Il l't'l!lIllllt'd \10 t'llu id,ltlng the ~tructlln' clnd functlun of oWmOt'<lnpc; 



1 ,1tlfi of inrli\"lducll membrane compollents. Th s pre\ wu.., WOI k h,lS showll 

that the functlon.l1 Iole ot tht' I1plO t'llmplllH'nt (If hl(lln!J.\l·'~i 

memb~anes IS fnl more complf'x th.ln nI 19i1l.llIv f'IlVl'>lOOt'd. TI::' WI.t·\" 

presenterl in thh theSl'i .11ï?,llt'':; ,1gclll1:'>t nnt' Inl. q;lIlng ;",ft'nl 1.11 Il,]1' 

for 11Plcl OlV01Sity 111 ll1n1 t>f,IC,l 1 lIh.'mhl.1111''>, n.wH'lv tIlt' ~1'(l1l1.1Jlt·()lh 

Ctl',lt ion uf Lltelally Sl'gl ('!~aLL'c\ nom.lln.:;, W 1 th d 1''',( lllt 1 1 1)IllP()~>lt 11)11'" 

1 n h LO 1 ug II al nH'Olhranf's. 
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