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'The ert®t;.: of tempe~att.tr~ on the abso:rpti~ -~:~ ,:~7;·:t· 'F~.:.. 

~haroo~:tstitl s or :Lntliins.to proba, eblorophyll, in ease or 

ehlilro},le.~t, ·and flu~ea-:attU;~:.~ Qhoracrtel~istiOs ot egt:rL"lsie, p:robe, 

AIH3, bound t·o lip(lSonles h~iva been investigated in th1s ·study. 
I , ~ f 

chloroplll;.ll, ill 21~ (chloroplast m~1brt:~ne) (Hurata, 19?!1) and 

it'i lipo.s~ea ( Calbow~ 1973) tlnve bocrt :Sttttl1oo., tut t~er~ hf1.s bean 

no stu~ly so far,,. on the a.bsorption Oh!l~\aetertat;es o.f ahloJ:~ophyll 

"' 

. / 

( ~aoc ..... , • .. ~ l •. lt-O?) l!'·e\~ala an 1J:¥:re~.se· i.vt a.b:$<1T'pt·1on or ehloll'o-

Ph!'ll '::tt te.10t !fltO,, 4?<l11 ·• 5'00 anu 6?5' :hm- and d.tle~ooae a·t 690 n.rn .. 
. . ~ r. 

As tnG \}bl~of&l.asts t1:rf:i h®.ted rt(!ta 11i!ttt.°C to 2~00 (2~00 --711~~0c 

~ ~l9:5 C) 7 a dt~r1rea~ie i.n a:bso:rptton a-~t it-10, . ·44o, t~?O., 5oo and 
• 

675 ·PlJ~$ ~l i."l.C!'(tft~G at 690 om. is ob~1ex•ved and upon: turth(~J' hoattng . . 
upto 42~t)~~O()<J the aboot<p1i:}.Of4 at theSe'V!aV!iJlen._gthS deel"eas~s furtb~n'· 

. . . ~ 

<~~:w.;:,~<ir•···"'""t.~4v 'l~t;!·t.•,.t·t,.,.,...An1· ~*' . ·~ ~ .... .,,~, •.. ·. :. .. 1·~ .~;:Or..(·· tr.·o•·Oi'i ---\ .......... c,~&.\.o- --.~~ ~ • ...., ~· .~~~· ,. ,1, .. '-"'~-.'"".t""~"a.,..,. .. , \l:t-.;:, ... t,; ..... v;.~;;.J...flg t.-0 . Jp o v ·!f.;;• .,.. v / 

13,.6°(J). do .not show the · &t.mil:Ctl" nbsorptt(m i»!o.file ~11en compared 

wi:l:•h! a'ith~Ef!1· 'f1:•~ ca~ t5, .. _90 ot" .Ot:Jo.li.ng ~ heat~~g ·c:,"Clei' 

' 
·tne ·Sl'ee~al ~hunges ·oan be att~ib-lted to tbe -$t~te Qf 

' 

o.ggr>egation of the chl<1:t'fiophyllt; a$ t'l. resuJ.t o·f a. ehangG .!1."1 the 
I 

llh:a:se of ·me.mbral'\e :.U.pid$ ( fJo;t.i.d ----> 1·:L~1td.<! e!t':r~taJ:!!.n~) .stat~ and 
. ' 

vf.Qe v·el,.Sil) ·~ ¢hange .. in the orientatto~l c}!' tbG c;;tn~-cT:aophore result1.)}g 

i.'l a ahanze 1ft the' elaatronisl .state :f\u~·tt®. 



In mod1illl mambli~t~lJ3 s-.ratem, the ll!f~Opltobie proOO;, AN s, ls 

used to monite'll' thG pl'ltH~e t!~tlnsttton in liposomes w\d lipid 

diSPGrsioos ·or egg ···lee itbin~ A 'pbaSf: t~t;..r·~.:~iti~ at ~l~,. 5~ is 

quite sr1::u~p in lipos0±1tes prei)8J!"ad ·u.r\der N·.2.,.a1mOSiJbera,. Tjle 

eh~~mt~a.a of phtt!:J~ ~:rarls1tion. is riS!dueed '\ilb.OO 1t is Q'b~irV'Sld 

eithet' in ro (J;'h.asp!,~t..td!tl. eboline) diep.ersions or ~n lipoSQnes 

:p".repared ut-ader Y~·on.,.r~") ... atmospne~e .. ,,., 



~etu,.~e and ib.n.P tio11a ·ot b1Ql,Qgm:al. mam~an.~~ haw been 

alld. (U'"r.t the atbj oot ot i!ltense ·and bread alaJt(! tnw.st,..gations, Xbe 

-1..~-te~est in ti'd.s ~e.l.d has g~.m~d. mEtl~n~~ ·1n Pl$it wo doo.adea with 

tne. irulreasifig awarefl~ss that memb~~es pertorm Jnany tu.ncttons (see 

Table 1) 1n oodttt~n tQ. part1t10J\ing ~r oelltatar ~Qilpar\m$\ts and 

titGtt~t·toll Of ~arl.S~t. bGtween th~t 
. ~ . 

; . - , . -I -

· It is well. establis!led .faCt tt1at most or tt1e btoob~~al and 

biGJllZf'!ri~e.l fuf'lflti()n.s a.:r.£t related with tbe aont~atJ.on oi' meml'Jrane. 

'fila d:,tw:tst~1' ot' mam'b1l"cane assoc tt:&ted phan~ena. ls ~enacted 1t1 the 

mem.~\la C·anPGS1t1on, ~e'lY types ot l.tpi.ds and prot~itla, and ratio 

bett4een I#"t.>'tGitts and lipid$~ It h.a,s also ba~n iobsel""ved tbat ~bQ 
. . fl'<lm utan;ts . · 
l:i.Pitl oonstttuatitS ot m~bran.(lH1,Aada:,? · tb.a ~ai\)eratu,.~es uui.irlly 

. .... 

QQJ:l,aist$ of un~'tu:tatfld fatty ®1ds (L~h~'l:iJ.'lesr, 197$'; ~turata, 197, •. 
• 

unsatu~a;ted. ratty acids haV:e lowe~ meltmg points tt't--an satu~f'a.ted 

A-...4<~,.. i!>.riill.d'·!!l· A.t'Ji '~;}mdi l'l>~t>4\l""' ].··.~~,;.a,.t.. .. 
A.~\it:l\t,Y q"".Ji! •"ill MI. _.,.,.;;; \!f.\.3""4-4~ .'40~i;'W~~ 

J:"$l.~'lt~d ,to_ tbe pb;a.se transltlon pbooarJ&ena t'lb'!e.h 'fa$.11 ts 1.11 drastiC 

Oba.11ges t.fltae ftinct.~on.ing of 'bium~br-ane~: 

The :fu.mtto11~ ot memb:J\ane$ tn ~ious tt't~d.e of oGlls as given 
I . 

1n i'able 1 are tbe t\u1Qt1~ ot i.*'lteractton batwe~n ita e·onstituents 

and. intel'a~tionS \!11th i't:S ,SUr'r'OUf:ld.tng~,, bHiiJtfl tflte~l B!'ld, GXtSt"ttal,. 

Itt ·it'ltaot natu~al rtlambroJ:'lC' -systems,: metnboltd statu.s (proton. and 

salt CotlQ~trattOr."l e:fD.) is v-~~:Uil.bleJ ant\ dtl$ ·to the O'O:OPl.G:~ e~pos!tion 
' 

(\y{. 

·or membranes the~ ~e:~,l;.)Ql~ffe$ to tbe ~wntU.tlgS k ox' :Co.:'APlex natt;ar$, 

'l:he~etore,:A to $ttlt\y' t..~~ 0ff!OO't$ ot differ,ent para.tUOtGl:'S:t in Stf$tGntatt~ 
--- ' ~ • " + 



.+\11 pla~a 
mambrancs 

u~ plaS.ila 
ta;$'J~rane 

Sa.US~J'' lleUl'"OtUi 

Chlof'oPl~t-s~t and 
mltoehon~:tal 
membl1l1UtG:$ · 

Q.Q'flp9.l't.$ftental.~ati(ll 1 . ·mabttantmci e ot. 
. .··. · · .· . · · 'ba.1 a.nc sanet"al Qlld ~~,:eo ttw 
u. ftt.sion or m~ . '.olttea ~d tott$;.· and 
~11~1.W. pnystotogi!lal.regulation; .~lCt'i\J'e 
tr'aru~~·t1 .. p~ago::yto$iSt ptn®ytosts 
.~d aetn.~~rc1m 

aai1 ad.nes1Qn., nggregat1t?n; spaQ tfto tty 
w1ri plast~tt~ .. of m$t!1Wmle. ~ontact.. · 

~~ot1ltty, cyt()pta.~n1A $t~ea.m.!ng~ . OQa1f3S.. 
eenet;:,, e<mtr~tiOll and ex~ston:; 
tt'3tlslationa.l tmd l"~itatlortal · tnov~ent.s 
o:t. \1latftb~G.n.e ... ~tn:d or~lelle~·· 

~ac~pt~. t~ i$,t!fll'f:t~t,l ~t1gans, ·no~onas,_ 
"Cl'QJl.S11'1ttars m,nd otbQ" b1·0fiy·nma.]g 
Slbsta~~.$_. · 

~ . ,,· ·.~: .··. 

Lfmttati<l~'l ot Grgan. gr~wtb; ~~Ptllitlg and 
eo.~veyai~e of ~y't~plaa'a~ ·and. lur.rinal . ,, 
n1a.tr~; ..• e.V,JX"~:tble. ge-~trte. t'ranstormati. 
b1ns. batwe$11. Vl~tt;t.QU~. f'orm.s.,. tiU0h ·as .. 
GPil~~al, ~~lar·; tra.~s.to~ti~:s ·~Ct'!l 
~ltt_GtlJl \K, ~ng!d ~4(1!1 s, ~d \i~~~a V~f/~ ... 
Ff>raattoo of ttsa.u~~gp~:lfio patteJrns ,d..t 
$p~:il\lv~f~ furlGti~u$ (~:lin.)~· · .. ·. 

:oi.f:t~et·ent~·e;t~:~ ~'1<1 a~s.tteren~~·tiou; 
.,ntA replitla.tton tmd lll:1A $lk"lb"~atton~. 

:nee trte,R,l iu$i;tlittton 

GenetatiO!'t f.Uld cooduott~l r;f n~vous 
ll¥rft'll1 C.""-· / 
-:~.- .... ">J ...... 



· w.\:lit.lt'l studia .. s. of physica.l prapert~s ot~ mooa1 s~r.stQm_.$ are ac~essed 

·to, . is to b.uv~ !m.owl'3Clga abrut tbo roltlti~'l_$b~p b$tvaen sttucture 

atld QBrta1n tun.o ttons of. l;tpid OOltpa'len.t. in ttatu,ral mar1lbl~a.nes.. In 
' 

or"der to &\swar this Q.u.o;stton,. tt ·ts qutto r.el\1V'4nt to investigat'$ 

the s~etur-e. and ~<X-npoaitioo attt.i Pl'OOOl;[ttas ot mtld.al' nt:Emlbr'Me~ 

"' In. t_.his :rtnttr '~a ha~ tt.iod rt~t to cb:n'*aet~isa ·thG' model 
. . I ' .,.._... • • 

r:1em~anes (BUt & L.i.J;>osome.s),. wt. haw ·matl$ pbase traru~tti~ ;stud1tls 

both m ltpt)sootaii and eblQ!'!~plast nte.'11ln'aneSt Het~~e prasont:tng ou.r 

dat.a ve• w.Qilld l.ttle to diteU,$$ fb'st tne: r~~bran~ :st!'uetau.,;;e ofthe 
. ,. . \ - - ' 

.... _t..lfty,,i~!a<A'ta,at and t""e J'!!l<odel ~mmbt~""Qi'l, .·· ¥ U . ~ Vh!"'W.. 9 ~;, . . -~ <1<~.. . .. . ~~ . '"1'4-!i\, .. "'-\!!. 

tral"!1ons m:Qdal.a have ba~n .wgg.esteti. tlQ de~l11be tb.a structure 

ot hiemembwane~ A ·widely aooept.ad ~nara.l modai f'or mar'i\bl"'ana 

s~totu:re 1~ tbe birttol.ecu:lar 'lipid lQa:tet fiemtted ·on either stde 

by ~otet\1 l~Y~~-~ .. GQ1t<J!t' ~\d GrE)ndel (1925) estb~:tt.ud tbttt area 
_, 

, ~~~~"""'""4- *"''"n~if'> o-P 4t;.1'11. ·1-..:-_,,.l·-'tl .....t ... ~'~~'~,.·<t-"".n tt..!(!14+ ,w:t.. 1~·1.1!9 t,'~';c.;.,.~~ft: '"'"-.. Q ....... ,i:'!>. ~114"'·""-a.v.~. ~ ~~ ~ -~~~ ¥'G',..~- ,., ~'-~-'ll.!f;~~·~'~·-"- .-,~v ~~-. -f~!t~~ t.l-~~,~-~·~· -~~:u~ vu.~.Q~. 

SQrl'le j-""ed·$ lat-er tb!.:s bypotbe~is was moottted ctJ~d ra.ttn;ed i.t'lto unit 

metabrru1e -l1Y'!~~ileS'!:s (Robertoon~ 1960) • · 

Jhe t'!lOst aatistaetory model. or maabl"~t.ne struetu:~e to date· 

ap~ar.s to b~ 1'119-id tYt~~ie mildel¥ postu.~trld iw S:ltt.p;eP and i:U.eol:soo 

( 1.91~) ; ( Fig 1) ~ ~n1s moriel :tWstulata;s tl'iat the phtJSph011t>ids of . 
·mtam~an.ea ure· ~~enged ·'in G. b1layell'. to f.ort.n a ·fluid, litJ.uld c:rysttilliru 

ma'b.•ix ·ol~ eo~~.. Ir:t this b1.la.;rel,!) l1Ptd 1~l~1eeul$ e.an t~o;r$ l:ate~a.lty,, 
'·:- .- . 

endQwit\g the bUa:r~ w:ttu ftttidtt;y,• tlolli1b111ty a.nd e,haro.ets~ist:iiJallY 

high elee:~:!eal re~rtstnnee ~d f'elat~tw. ~Jperm~!>\hility to bi.g~-" 



.'.·,J 

sl:O''l't._, ~~J.Hf}~; ~-

1972) ''" 





pOlar tilOl.ecul~$, Tb;e :fluid moS.'lie ·m{)tie:l poatnlu.taa tbat protame 
' • I 

artl ,global~, to aeewnt f~ the~ btgr:t <lort~nt ot ~ halt~~ BGma or 
the' prot.ei.ns ~e· ~ttallY 0tlb00ded m the. t1Gm~ne,. pah~~tins 

t.'lto tne ·ltp:Ld plta.se tt<m · ~ith~ :Sirles· and otber span tba mt.mlb-rmle,.. 

O~toropla$t..s (Fig ~) a.r~ su~~~Q!mde.d l.rt twrJ. un:1t ·r~~hrane.s1 
·tlle tr:m~r· one or· \lll~b mc1y tn~ginat$ to ~ewm, ·eompl®t ·tnte.rn~t 

lamellar ~1<St~... Ghl.~oplrlst · m®abratleSi Q-,e $'2% :t,; .. ptd and 1+8~ protem 
( . . -

· (~eib~ll;. 19?0)" uucb Qf the c~·!lt1ropll,ylls. and otbej? phetOS7tlthetto 

pigraGnts ap~~. lbo ~' bo-J.nd to til~ mGtabt:ane prtOt(!t1t\s and lipids by -
I • 

h0"'iirophob1Jl: f~G.~ Al®.t th~ $~Jl3e$ a.qd Qtbar ~~p:an~t~ hlvolved 

wi~ photos;9't\theti~ el·eet~on t!!'a:n$po:t"'t ar$ looa.tad 'Lil cbloroplr:tst 

lwuellt~ tnemhrane.$j,; Tb~ t<laJw ltptda nre digalQetosyl glyeerid~ ani 

tl'lt>nogsl~ t.osy;l d'tE~<U'ide"', Pnoapbolip1ds tfU,\ka tlP ~15$ of total 

lipids~ trna ~ernatntnG a;% a.re chloroptvllst Oarotenoida and ot11er 
~)i@llent~ .~ter~l. m1d_ ttlYa~td~s are w~ nlinor- nQt\WJtttuents ( Teill,, 197o) 

.'1'1'\e td.e&. that isolated em. Ill%'1tied pbospbolt$?1ds .of eallular 

ortgL'l O(Uld .sponibatlGO'.i sly ~efOl'mt; .in p:!.'*~S~e Of -~~t. tnt,~, a 
pat~er.~l ot O.losad tlletlbl!~nes ~sterns (,Bangbam D !1, 1974} ,. probably 

. ¢nt$11Ged durtag ·tt~e o~t.sa ot a.naaleot~~l. t1ie!to~op10 9tudy that' 
·, 

· Horn~ and Bangtmm ( 196!+) oa:fri~ rut. dur:tng 1961 ... 1963 shortly after 
. ' . 

!.f~mb:t•ane mol:ei:u.las ar-a Ch~aC't~i.3'tica.l~r ~pbiphile, tbat. is 

to Sil:Y' tbat the~~ suff~ientl;;'t la~se t-or dttt-er@nt- :roglotlS ot <()aeh 

nu>lecule to behave., ~o tG s~kt tnt:\Q. di91lr:ete ta.shmn (B<'ttl.gh~m:, 197B),t. 
. . " ' 

Typ:tc~l ext'"~'llple.s of :monibl;"'a'tle Ctl"apQutlds tbat ~bibit t~pbi.Phtl~ 





I 

I 

I 

I 



' 
pbo.sptmtec.ty1 e he">lines; · :att~·;.ulola:.trinas or· -s~:Utos; spt·d.ng~eli.rts, 

' ' oardtolipirts pla,analo.g~!ls, pbospntitij · ~!.d'S; and eerebrosides and 

ohelGst$'o:lt 

I . 

·e:Iv!J:onment und0rgo a saqu~neG ·ot as:Setr(olag~s. ·tnat. retaeet tha therm~ 

dyntlm·~ ~et-t.ttroa1l:lon.tt' ot ·tnoreasing water •. v.ra·tar, ~~eor oil ~nar · 

In ::vaoet:lt twri years two ty;~s :or ~moq~l. .syst~s .haw been 

~ctewtoPQd, both ot ~.~hieb ~.ra c.omp~t~~ of th.~ l:l'!;>~d e~f)i)ftmlt or 

nattl1al m·atn~~a.nes, .. and 1n adtji,t1on, nnw trans~.$e d1m$nstons 
. J r . 

Slitailar te that of' b1ologi.ea1 ~$t~' !t1:a o.rt~n~).ttQn or l.tpid 

~®P~.'~er1t i.lll hot:!l ot tba maci<:~ls is t.bG b:hnotooular· l~l.mellaf .anange­

m~t ~su.ggaated b;r ~;vson tttltl Imltellt (. t·9;12) to be ~tt~ tural form 
~ ·,~·<; I ' , - ·~?l . - - • . .' · • I 

· ot tb~ 1tp1 .. d COi'mPQ~Gnt ot btolt)g!eal metilbranes~, Tue ~~"S1Q$l propar~i(i 

of ene m'~l~l· #'¥ stera, ( tb.e ~crsl,qolip~rl bt:L:~ye:t m~brane separ~tint= 
. . ) . .· . '. ;~,~~i~~ ·.: 

t~·e. a\ll,tePtl$ pb~s~s) haVQ l)l'Oifell ~P be str1tdngJ.;'1f%~1,tn_il.ar' to the . 
. , • . . . !'1 .· ~ . • ' • -:r .... t.--:~/- -~. ·: 

c~~~)Qn.ci'Jng pt'".Ot'a~tr1e.s or natiw~lrnem~an$s (1\la'ng and 'f.bomson, 

19)6~.,. '195ti;), •. Th~ tj'tti,~~ modi!l $5'$~ O~l$tsting o.f··~. O.Q.tleOU$ tiis ... 

parstozis of. 'li(J,u'id 'C:tystais Gt pbosphol1pld. btl.$ been .stlown' to have . . ' 

pena,eab11f..ttie$ ~Ol~tte·s s~t:ta.r to those ·Of b1alog1qal ·mam~ranEts and 
. ' . 

to t'le p..wticuL'l"t'~ lft!Jll a.dapt11d to stu.dy of int~aot;i.ons ootwan 

pbospholt!">id 1 .. a."ft$l\a~ and 1,rotetns in n.quet>as s.vst~s (tttt~u~n t:utd. 
. . 

fbOril.St.:m,, 1~'!1! . 



· aa~.oss a· ~a:ll bole joinhlg two a<ltte·ottS (H.~npa;rtments, a. birilol·eoular 
1 I - ~· 

filr!A tbo.t ;sep."ll'at.a the two CQ'.'i~tmants 1a format\. Tbe onJ.y pra-

requi.stte f!fl'.t a m·G~nbrana folttinrc i$Ol.utiOJl ts that an atitpbipathie 

c~poand (eg. pho~~r~hol+pid) end a. neutX'al bydrooarbon solvent be 

present .( LQ.Y)et o;Cr · 1977) ~ M.ualler ~ ~' ( 1962) oese~d · that 
. . 

a ~-,;p of ao:lut1on1 plaCed. at tu'l npa~·tu;t".~ in a taflO!'l .~ptum imtne'fse~ 
I ' I t 

in a elootvolby't$: som~tm, t-~'ap:td:Ir:Y 'th$lls at"itl f.fll.'l1tts a st~ble membl'?'ana., 

T.tats m~'bran~ apJ:Real~"~ dull .gf!sy. in Ot"ilol~, l~hran ·the ligbt r·efJ .. eet~. 

·tr® it.!! is 111~04 ttarougb a. mtcl~oscope \.Ftg J) &ld hen~H~ tb~ nam.$ 

· balPk 11p:td met:1br'EArne«. 

\tJhetl the at<tP~·tpathiG li!)ida ~• tt.'llowed to awall in le"atGJ::',. , 

al'l~Vtl the tra.tlt'lti~ton teer1paratur(), tbey f~ ~ e10sad aniM like 

etl.\J,Q.tures ( l.tpQS."etJle~) that co.ns1st.-s o'f $tt:t.U~ed l~ttrtellaa ot ll'hospho., 
a . / • ' . . . I 

l:tptds tn. bt~v~ C·atlfigura.tit.Yn witb w~te? tilling S})aaes between 

thE): l~eJ,.lall (Ft~ ~ •. a). Liposome.s h;:.a.ve arl.Vf1nt.agos over BU1s, sino~ 
r . 

thay are. bette~ defi.'led ct~!!l~ally 1nvalv.tng no orgari.10 SC>lvent and 
• . I . ' 

·bl) ~~itb S\)rd.Gt+tiQrt (fba_;g, 1969} 

(b) Witl'lmtt aonirattoo (Batzri a..tl:d ltorn1 19'73) ·• 

. . 

Stn.ee t~ u:sed .eon~:u:.t..t.i.Oll meth~i, be·:::~e \i~ '\d.ll. tli~.u_ss about 

(a) only~ l~tra$Gn~ U'~ad~'ltioo of l:i.poaomes hrealts up the eoo:roo 

par~~l~a i."1ito ~1all v~aiole~ ( F'ie ~~~ 'Q) · of 200-5$oot~0 dwmster ( L~ ... 

0 ?J ~ G . 19'77) ·~ , · Optif.Jal tnethods ea.11. ba applied to tnem~ in ~tudytng 
/ . 

O:$aot1..Q bsb~.vior t:~n.d. s'Wtlf'Jtu~al. Ot'langes as a :t\trletions or pbysieal , 

par·~11~iters; 1t can ba used t.o~'!i ~d:r. ot WC'Il.ter perm.E;Jab1ltty, and 

di.ft)ud~on rates . tol~ iot.ts tbrmgb pb:ost')llo1ipitl veaj,g les .( Bangham .Q. ~. 



. i . . " :- ... ~. 

)~a~i..l'•,~-~ 

c::~~atruJ!~t~, t~~a~l'lt~lt:l~· ot -~~a,,tiM <'Jt mB bp' 
(.f . 

. ·t,~le, ti:.d,tm\ng of ~i~;td._ft;1$· to .e.. bU,.ay~ (J'atn~ . ,1972) ~·· 
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1965). But t!1ef,f!· oo:~a sevGral disadwntaaes 1n Fetlal•at.it~ tnethods 
. ~ . . 

;Of ltPQsQUes b-'1 sonU):ation. a:s h1g!l ~nt)rmr t:;~oots;lat1on Qft~.n oau$eS 

oxtaatt0.n and degtadat1.oo iOJt · pnospbolipttt, . th~atf>rQ, ~a;pa?a·ttcn 

of ltt)OS~~.ls \.il1tlloot oo.ntec.ti® has adv~tnges ()\fe~ u!ttt'asonmat1r..m 

. pr·oo~re Carum~ Sdt, iks 1~?6), 

~!) m«lel systa:Ga tWe o~plement~ and ~!;~t1~1ps th~ bGst 
I I .. 

ap:#oaeh is to carey ·out stttdias Qonou~rent:t.v.,. 

( 1~ ~-l.iall~Ua:z~; 1\Qi~inl$ tbe tfblnper~~;tur·!lt ur a :tnre 
' 

. 
terupera.ture, wbere· ~he hydroc~ban cf:ltJ.tn..s of eanPDl'lGnt ta·t~f ao ids 

raelt and b~~.e lfr.quttt.ltke· t.tt·mobiltty~! 

.~-wt:tt!s:al as 'V.f~ll as ·Ce~ta:tn bi.ol:QgitJal bt~ay~'i"' membranes 

t.trtd~rgo ~~en.rer$tble ~ailsit10llS from atl ~der~d, qqasi: orystalline 
/ 

tQ .a ditso~it~red, l1qu.1d ceystaUtue $~~t'6 a.t a. oha:r~tet•i$t1o ol"1t!dal 
... 

na~.sittg tt.la t<tnr~rafrj~"e of. m.G'lnbran.e lipids to 0,.. 

bayend erttmtl!.1 phi;is(.}~, trarlsi:tia'l t~p~atur~ btmrt>s Qbout ~h~nges in 

pao!~itlg ·ltXTangaments, flo'bil.i,ty- and bi .. a~~ye:r' ~rtn$a.h1.l1W ( Ft~~· S) ·!i· 'Tho 

t~tt.a1· ~.r ~l~ greups ru1d the dapee ot iJ.loor,.atton (lt ~temal 
~ . 

com.pm.tnds a.~-s ~ meroased above fc< Sru:\{l~tliM:l' J'J: ,. ( 1978)). · These 

VQlUea- nl:so ~pend on trae .state ot !.on~~ti«1 antl b;rd~~iti<m or pbos... 

tlhtlliptd pt)l.ar head gt!eu.pn,.. ·:xc. va]JJe.$ ·ma:y ba mQ;.litied bJi"' inc-orporation 

~t fOJ"Si.gtl. .c~Q.,~~~ O"g. cholesterol ('Krtlyli?., .sm .;1.~ 19?3), ·or by 

lt!.ndLil:g ·:or d.11All~t O.:at;ions or· ~o~etns .~ by eba...~~s ill JU Q't-· 19n·1e 

·strengtH';": 



·(a) qua.stery$ta11tl~# $t1~ttt'it.lt~~ 

(b) li(!utd e!"y-sta:l'.!J.ne 



~ cv 

'( ...... ~ 

1Jqsrr tof'-1 
' • . !' 

T r2 rr1 P tJ tZi4-ru 1?E · · · v/fl .. 



lt is krtowtl \~hat the tempa~ture of' pnn.•· ·~an sit1qn i:s l~\~ 

wttf1·a ·l~ deg~~a Qt ~,e_tit,Q!l of r-atty aetd ohams (!!olton~ 

gt. ~~' 1964;) ·!'.. BiOIUet~WW'\~S bav~ b~b <l~il!:G!ltrattoo ·~t po1yr unsaturated 

tatt1 aClids so til}'tt · tha.· lt)}tci~ &~e ~Sh.~~li~ 1n tbe ~iqulti .otystal 
: ~ ' ' 

pl~sa a.t r~ temt~a~ra' (Lea,, 197')., . Th~:ro ~an brl a t~l~ratul?e 

l'MG'@ Vi'l~t'il l:~~giOrt.$ Of. ~~~ana, $$£kl.11tater.f.t'ltaral~, a!'~ .!Jl SOlid · 

and 1·1qutd Ct':rst~l s~tes tr-1u:~~f$.ta, 191?l~. 
'( .. ~ ... .~.· ; 

Tt1e: dGtlr®,sef 1'1· t'l...uo:re;ee~e ot Cb1,. >t>t1tu the change in sta.t:e 

ot li:C~id t.t:~Qirt ::~oa.td (lew. tatttpa~tttt,.e.) to l.tquid c;-yatalline utate 

,(h.igh ~pera~t~~) .1~ itl~r~eted~ ir~ l.i!M').S~es, a~ a ~emllt oi' tlla 

:t'$1:\:la.tiO<"'l Q:f a~gates in. l1®1d et~att\'1 tY.tat,e(tee11 197'> \t· A. model 

· ha:s' bGG.._ll ·pr·oposed tQtt inPwee,se m so:tubilt~y of' 'lhl. ti1th 1nc~ease 

tn_ tem:;perat1':trce ~d tr~suitL"l~ ·itl the t~~t1~on o.f more 8..ggragat&1¥ 

(Mara to., f915) ~ 

·'ln~ at:s~~rjt!ot~ ap~t.~a ~f pho'f~oa~lth@:ttc pi.am~'lts 111 ohloro. 

pl~l$t m~mhf"!U':l.e 1 as a f.;un'lt1o:1 'Of t~P1<ll~iti;.,t~re i~ ·tie,se:t1J:Hild i~~ th$ .. 

1>:tesent ~t):Nt,. a~t!"'al cnan.g2-s r.tt"G: ~~ d~il't:t~il:a~ l.zy' ~easul"i.f,tg tbe 

di.ff~rGl;<:n~ 1n ~bS~I)tiotl b~t~en t,w.;, i,ti~tttsal. 'Sa.un>l.es at difx"'erent 

. t$l"lperatul~e $*" 

(4.) {iii).ll'U~t\~ ~U?JAllUt· ~he dste!J'mir~tion of !'nasa trarad.tton 

ill . .1ipo.s~os -was studied by t.ry.QQI"porattng ex~rnal tf.uotr~soen.t probe::::. 

:tt is t~.~ell mown that a~,e~n~ll tlucwe=ant ;vr·o'be ~~:t~l~t ·tbe 11ola.r-tty 

vt~osi.ty and otb~ f'eat.u~as r:,t tht'ilt' t~tltldiate e11.vtronm<m,t ( ~indum 

8ai." "n?•>n . . . ~, J 7. r J '! 

1'n (;U~· ~d.v we have ·a sad 1~a!tili:ti<:nla;pbtil~tl~f\a....-B .. ~lpho.,ll~te 

· (MHJ).(li"::tg 6) a.s h;}rttropbobto f"~il~e~$nt ~o~:~ 





t-Anitino -'8--oap-tha.jtene · su.tp;hQ_flo.Je, . · 

{}iNS) 



~he CQi,lpl~ ~ano ttontng of bi.an$$br~nss with simply tWQ · 

main flortstttu.$.n,ts (n~e.4r ~~t~in & l11li{l~) l!lvt)lVGs ?ar:tat:tes of 

. 'bltal?®tif>ns.., el.OO'b"~ostatie ~ hyclro:th~ohte., ~~nd;<lrt;k~~l' s t>atwaen ~t,l:' .. 
'- . . . 

lt~td, ~t~.~~·ot~in., lil'Jtd~l:Lpitt, l1p1d.ur~~teltl .and prottttn~~r~()tein., 

result'blg i.l'\. a !'3})0tlif:!O oonf~ati,on to cope witb .. /flt~ change :ill 

·C®fO!'tllatt<>n ol w,~br~1a CCQ.~t.t~...aents 1'1lll ~£feet thess inte~Sflt!ons 

and vte$ver~t., 

. Our aim ·in t)l'iS t4~kt ba.s boon t~o ,study tl~e ~ff®t of 
... · , 1 f1 mod~ diM 
t~-a~vQ ~ r:nembr~'ttl& eonf'Q...~t!Mj~~natural ·mt¥.abrane S't.JS't$m.a;~1)ol }'~?-

~h\l. pa!'~r!~t~l .. ~ tb~t ·\:te tm~ studted as .a; tunct.tM of te;:'fparatu~e 
• 

/ ,~§;lJso~pttan pr()po.r·~iGs; of ahlor~pt~:tl tn. bl·~n ohloo.'o:Pla!lt 

!U~b~t.l t:f~~~nt~. · 

· 2:. , Flt!ora.$eneta pro~t1<~il (J;f Mia bwnd to lil)OSf.?I~e.s. 
. \ 

It is exvactett that these studie·s will h:elp in better, 

un,derstandi.~g of· the p;r-operties ot biomGm"'anes a~ a· fu.natton ot 
. . . . ,· .. 



A., ' ~i.t.J~-~ ... ail~~ 
1 ~, OhlOl'opl.a st ~tracr t1ot1, 

I ' . 

2.; ~empa:lmtr.u:e Lrtdueoo I)1'"lasa tJ;tansttiQn and absor1~tt6n 
mearurem~"its. 

't'r~t BIJ:•1 tormati.on,., 

2" · l1t'ap:.\i.;lai'Yion of l1iYJS~.es,, 
' 

(i) 

< :u.) 
( i'ii) 

~luot"~~cnee ~~:M~a~~lr~<mts 

!natl"wnan tr.:1 t1on 
.. 1 .. 

M~-1isu:r~:eroen.ts· • 
tempal"ab.ti~~ in&.~cn)d pbc~ae t~t.·u:ttttort mld 

. • j. g 

f'luoresolGllC(i} matlmtt~ontf:.'!<~t 

· YQ.\i'l;ll ret~l01 leavo.a we:li*~S: \l.olle.Q·tt)d t::rom 1ttatu.1'(t~ ba:r1e.y 

plants f:tom t":leldt4 rultd chO,!;)ped: t.'lto 1 otn long llioo~-s. . Tn,e 

lGaVC1S ~· o.ruslled tn t~int: blenu~r f01:' 20 seu with.O,.~ 

t;tacrose; 10~$li phospbat-e. luffat pH 7:., 8t') 'then ~-tuey~od thvotush 

8 lasret~ed e11-eeie elottt nf.&.d oentriftu~·a,t1. at 5oo g tor 'e udn to 
!• • • . • ' • 

· Absorp'tt..on rr.I3J~s.t:r~n~:;ut,fJ 'S>J<Jse d'3f;.~ tJitb · Sb.tt:tadu.~u. Oi!PS...J'ooo) ·j 

~rwe cuvette~ navin.~ id.en~si~~al s-traples. ~~<>e r;u~ ref~ranee af;ld . 



\ 

sample Ctt~'tta no1.d~r s. uae tc~!~l~~ Wt1s coolC~.i. t'1l" he.~ ted ~:W 

c :t..~eulati.'1! ·~~ter t~~ a tba1'1n~1Stfltf)d. bath thr·ough the etu.'lfe'tt$r · 

holder:,. 
0 ' 

O~t ' 'G/m in .• 
rJeaat:re tbe temparr~tut"~ i.'11met·sil.1.ij tt il'l ~tal)en:S1G."l ·of a:~ple . 

• 

~ . ;:l . . "" .. . ~ .. ,., <: .. o,... d" "'.P ~-··"'· .~ an11 \-th~ .e ·eooJ.!n~ a'\1 1 . .-x.:., ··\i ~".ttte •· .~.x~e;r~e spao w:.~ \'Jaa meaatrev.. 

Atte.r· measu;)\"j_tlg d.i.ft~l~em(l .sp.mt~ at ·tt.li·°C1 ·S::U1Ple wa$ heated 

upto lf-2,.o4°1J M.d d\.trhlg tht~ -ditte-rQn.oe S'P~t)!fn \~re m{~~,sar~l nt 

1-~ .... nO,_.,_·,. <tQ. flo,., -:l~,.tlr~ "90« n ':;)"!~. t:)·ot~ ~~1'\'1~ '·.? nh.:O.~ mt,_c.a ... :~,~ #.,.--;- ~" t;·>t,7 ~, ;:;.';) "'J· r:~ .,_.,, Yo ,.;tJlif"' . .., ;o;.HYi '1~vw ..... _,. .. q.~.;:,_.~ !>""" . 

st..arted it c.r>cl~f'\g anf.l dur-ing whieh dit'fer~nce sp~~a 1t1eJ!'e 

i . "" ·'116. 1 On 3 . ., ~::o,.. .... f! ~<)n "'L .tOt" 1, ..... ,<)~ ·d 1-.3 ... · ~o"' 
llle&t"P..trec atoi :J· '! f> ""'" . ~~-~ .. ,. ~~, t.::U·~ f '-~;. e:;.Q"·' v1 .~,..b \# an "'u ~--

~~e:rs the~ is esse.1ltt-a.lly ~1!l t'i.OSQ.~·pti(lh.,. Dlffe:ren.Je speetra 

~Efre mea.SLJ.red _,aitbe~ ol~ -~ o_. D. .. ·.·.· f:il!_~·ale -t, "";)_ ·~ ~· ·A 'I! . "'I . .,..... .... ..v f:*-.. 

'1110 ~l,t');~tt:ln~etl1n1 aa~ up f!or: abta:i.i:U.tlg 01}4 ~e sh<nm 1.11 

Fia.'/... Be_to:r~ tbe l')!"epat~t~!Qn of .au~'? t.;aatling ~t' .ilt:t't~r e.ba,:ml?$r ' 

. { of plezt1gl;:ta) r~nd moel"' T~flo.~l. f:J(\laltef" { 8 ilil. iu. "J"Olttmt:~) 'l.rtaPa 
; 

. thori(1.!gb:ly ··v.lashodf J!o'1!1 mt,t$:ir ehttrnb3r tJaShtng, it 'm\$ tt~pt 1n 

soa» solu ttoa for 24 h'r s; The i~efl.P!l l>et:i.lt~l' was o leaned. be:tore 

use by the P't'®edure by Jam-~ W.,(197ia). i'etl:ort bant~er was 

boiled in. 11~ I\O!I solution· for 1t hr·s to ~~ova an" oily mater tat 
' ~ ' - • I . - . ¥' ' 
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st~h:tl\g to teflitin 'bea~~r.jo ·f"uen it l:;ta$ \ra..sbeil tbot'OUghl.Y' in 
i () . 

do:..1bl.~ distilled l'tate~ W1d W&$ !J()aked)etht-tt401ie ... H0l (~·1t4) fCt:r 

r~r b~.l~S to !?~ove the tr{.tce. .ot K0!1 rema.tned on be~tt~~lt d.u.t1Ji.g'· 
'boillng~. Again it t~~ oo:tled ·in ·1oo% r~tt.tanQl on m.a.ntla baa:tf$.r 
t~ one hou~ .. ~nd aoat~~(i in trasll ethanol for: at>rut 4 bou~s;,: 

Iilazd.glJ-J.s ~h~li"Jber and. $tlJ~k.ltl. !.llntiQ by ~p;s;l,ytng :tittle ·mnOtlll'b 

,()f si:U.oon gr(~1ao at th~ · bott~'!J ~t; th~; bae.ltar'~ ~e s.tde or 
( 

pla~igl1·ts cha.mbQr had a t:ranspaF~nt '><~§,,ntlf).l;'l to-r '\f1~~~l.na- 'bha 13-U.f• 

Tile b~~k.et" atld ctlambers \~~e tttled t-1itf1 ~n el\Kl.tttol.,vtil (0.,1 tl 

N'llOl) to tht:t ,Sf;lt;"!le l~wl ~.b!l\ra the .apat>tu'.f!ce .(f)f: t$flO.!'l ~alter,. 

For· · ttd.s \-10 poured 7r§ ml O't.'~N ~fe.ttt in a l.m~~ Mil 7.~' ml o* 1 ~~ 

J:.r;,_~.,C.'·· .. l. ....·~...,_ ~""'~l"'""' ~r'"'.:~~"'""}'t"' . ·~ . .._'If';........., o.Ji.J.l ~·V..k-. "'.J.J.,fl U.:.JJ,.~~~---· 

glass cap!l:tartes were d:ippr;ad in tbe elt~tr-oly~,, Qn·e 'i,.l,'H~i:de th~ 

beak~!:' anti ~tllf:lr in tho Q.ljb$;~ ~ilatraoor., E-'~tr~};.Jel~Jetroly·te \Jta:S 

ad.ded to; or" 'removed ftrOJu ett.het" f)f. thDl CU{il.mbo~~~ u.uttl tne ·ltquid 

l<tlVel.s i."l tb·a tt¥0 tlapilW tes. ~-»:r·~ u t ·th~ · ta~e betght.'tl 'Ibe 

aceurr:lte a.uj1:.$t.'n~:it ·Ciif lt!nrela ·~1as ~~ !'rjpol't!!nt Ea~a the di£tethJnaa 

·t.'l i:zy-d~·osta.t# p-r·esS!l4'G ~ttt:i se.s· ~~.llgltl~ arvl l,t)sa 1n ~tt~h!ltty 
IJ 

aolut1on to;rm~d a th~lt. letts at thet t~r;ertat·~ and fF'Udl.lal]Jr ·thinned. 

Til$ thinnirlir ~ooess ·\fa.$ ·obsel'"wd by rceu.iSU':tt; \'mtt~ 1\Lgbt. ·:t?\M a 

n1ig~o:Sl~n~ J.ru(lp t:u:ld the light rer:teotarl t>y· l'ii:>id til~ tms observed 

tilr<n(Jb a low po~1ered. trnvelt:ltl~ mloroa:epl!:. '!'he len~ litta l.~pid 



. It tl)o~: about 1) tni.ll to apflroaeh biL-ayer thiottne$S wh1c.b appears . ' 

duli rcr/ey til ooloPa t!lfe go.t. 1!1 min. $tabli:l SIM, ·tt.~'~< th~t it 
·-.. ... .. 

' ' t . 
J ·~ • 

. 'Egg leo ithtn s~l,hti.Qn· ( tn ·ohl~.of~~. metlla.~'lol 9$:: $, 

~Qxr.i,d0d \l.tl,it-t,. ~dtpto i~s) \&S ti.\l'Em in n te:st..,.'f.]lb-3 and dried 
' "' '• . . ~ . : . . . \Or" 

1n JJ2;.oat;~oapi.'!~re arid ¥Jt:d~~ti~d., · rr~r-J e\mOt.tr~t otATr:t~l .... EK},,.. 'h'J:j1'f~ 

{ --r.r 7··:) ,.;.•hH:.::.. '"" ·'QDJ'1. T"!:~ o~{Af'?.\. t•ml ~~ ,.v-.. n£1A~i:t 1";_• ... 'b_,.i1>f~.· 9,,-,_h_,-,~1_·.~. ~'~~_ •.. t•••1" .. "". rt1_•1·~·.~.-.· .. _-r>t·i ..... -.·. -~_;yJ:t 'ft·~ ~~·J.:"'~'~·.i.~ \.)",": {'(."<1!'-f'i)' o~.~~ ... r_, t.,.l'!;rP>4•;.,1,,.,"'} -~~-..... ~ ~t-1_ ~ ;.,\tvl;J .-..;-t.~.i~~.,... ~ . .a..-.fi-~, '-~·Y .. ~-- '!l-\i·-~-'(:h ;~4,J 

~r lt;otd ~ls o,~,-t~i ms'/till. .!his su.sp~st~l tii<;:r.s val~~e~ed to1: .?:t.:rre · .. 

m1~l anti tb.ert $0lt!rre;t{-$d 111 altra.so:t·m d;tcsixatftl!rator 01 s.J;, !n~land)" 

f;r,-x· .30 m1n ,.;itb. 2 1ttin -~tap~ a·oc:l~.tiH3 ~~ttheJP- J.n iii'\-. a~6s!)h,t•e or 
. ·. G 

tJithntlt n2 .... 3.'l:rl1l">S.t*11lZ"e • · ~l'll~ v:t;l~ in~1f'h~1t1 aJ•SP~nstii:n ,m,s soni.oa~d 

t'la~~ d(.~pf;ed i:n :ir.H~ ~t;~r~" AtlS ttas ~dded tihil~ pre!*'~it"lll solution 
.. . ~~rf)l') , I 

Of l.tJ~id ~1)~\S...HcJ]. bl.tff~~ (pi! 7~2) ma1~$Jlg ita fittal.C()rle$lltl.~at.t0!1 

~---'"· .... r;_!Ji_· _ .~ __ ·. ¢ ..... ..,.:t.-~,-,'?.:l>d. @<'£ ~""',n s·~ nl'l 'l..~:::~.,. ... ;t;'"t~-.; ,:\ .. i~t•~f~ n:t ~·l~.--· .fl.JJ_ •• H •• ~ .• ,, .~ .. '»_~. O-" ...... _., An_, .. 1v rt.. ....,.,.~~··if.i~.~~il,~ ~;,,~~--~:trv-• .JI0:-1\..!>i·il -~~.lir':i ~~'\IJ: . .t J ... ··@.;*"-\_,.tJi~"'Jk {..,~" ~..--'\#~~.41't ""'V l.; ..., ~.:.~a 

itt Vao..6o1 ee:l~i!u><titlg.A"'l~hine tor ·g.,~ mi~ tf' x~emoye, -~na ttt•1ni.U.m , __ . · . ~ie-:t,o» . \ · . · · · · . . · · · · 
~t;iDl~tJ> f~~ th:e~rlrooo*. &:mu.,at;l.~ ·1.ns d{:;,n0 t~t A ... 1\l ~l -amPlitu~ta. · 
&apernabMlt of c}mtz.·tn~:ged su~~nsion tt·~~.s talt~n r,u\~ lipos~es and 

us~d ro~ flum."'emer~e 1Jl$t~~·u:reman.ts~ 

. . 
t 1) l!li~n.<m:tilt.i91l~ 1'"\lllO'rr~~.oenoo meamrt:.m:tents t:~~ oarr-tad· 

' 
crJ;t Ultting lt flu~.im-etet &J3ie'tt.ecl and ra'J.1l"'1s~.;~t~ in our: laborat~. 

ex.e 1tat1«'1.. Ttle axe :ttation 1·¥{;·~~ langth ~~1s a~ lee ted \rJ ~t mOJ\o ... 
" 



(3~ 

'l~). 

't~i. -\;:JI. 

('i). 

(1) 



~·--~:__.. ·I A.; P' ·f"'J::::' ·=· =;· ........ Re.(pm"""""' .-·····_.--,et~--·'. 
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·>($i!)l''lliiita~A"-.It. t'bt· e1r~1-tlCtl ~~·ttm~h w.,..s .adju8~~ 
to J$'· nm· bY M:l ·mtn~bt~~t-~: ... ,Q~~ I\lf4~~J·;_;l~Rii tnt• . 
·(pi 1•2 vl-· f).~·:o-· ll•' ~~til•)· ., ta• ~. ·lu?tt:~ and ~~~:•~·• 

.···.:· .. : ..... · ... ··:';'··· ... ·' '-"~/ ..... :•.; .. > .. ,··. · .. ·.' .·~· .•.. :, •. :. ··.:· ·:-'··,: ... ~~ .•• ' .·.· ... ,_ •• waa .. mEm; . .,~d,,. ~ •Mll,~ at 4tt~t ~wl~~on v ax1a 
~ ., ' ' t 

~~· ,'11;~1 lr~.«···· .~~······ -~·~ &t 1~~·- ..... lliho 
···~· -···-$/~~-~· 
· ltl~ .~u=u.:~···d"'~:~~iitll ·,.',~ile tiu\w~te 

0 I . , '1"' ,' , , ·' ·•· ! ·• , , 

. ~,··~~ ,' .~11:; •. • .-'!-- • \-}~ ~-

.cantaU\$l1g ~~: .. ;pl.,$ was 1tQp\ 'IQ• ··~' l~k.<JtU:d. tu•t\ •. holf!$~ 
: .'~.: ·. __ ··._,-.,;,,._.,:·_,:;~~---,·.:,-·,':_·'<,·- .. ---\.· .. ~-.•' .·_. ··_ .. : .. ·~.- _, _. ····'.,_\ ... ·~., ', :·· .. -C • ·;·: 1,_ •. -·.· • 

Mdi.wtt.:ffh~Mtl ~~u.la~iA$ \'&W ffta e tbtJWtt~stattt· wate· bll:~~··· 
A Qt)¥'1~ ·n~:~~~_:... +t...~nft•~,~,·~ " ... ~ ........ ; .~·· , . ··: ·.· .. !'.,. 1.-~"'*,•ii?~· :~ 
... - ~lf*"' "f-~1:t~:~~~.'f. VU\lli:~'Wi~.;i>·.,_.....,~ ~.p ,,.~ ~0. ~ii6$Q._ w ~#~.,..~-e t):L' 

. a~~~t~. «M ~:s·tl-l\«<ttd .. to ~;~~1 or tnt··~:~Y..·tario1- ~an 
ampitfttl1'1f,,· · 



Tr~~ eftoot tl'.r o.ool~"lg e..t1:d b.eatina f)f ~'lm!'le on absOll'ptton. 

' ~b.t.U"aetett>isti<Hi have been studi.od ~J data~mmine the ditre~ence 
i. 

· speo:t!'a bet"t'1.Sen t111o idqntieal $7m!'Jles et difterant ter.apemtures. 

Tbe <U.f'i~~renr:e sp~ tl'\lta at oaeh tempere;'bure ts I!tearu~ed as 

t-Jhere. t; t.s aey t&.:ilpera.tu:t·e r:;t lt~~.h tll\'1 S!!~t;.-ral otJiU'lgGS 
' / 

ar~ to oa obs·$l'~d bndi 22?{1 i? rc\,Olili ter:lt~G:!feltitJ.~~ t~;1~ vb~tc.h 1Jif,l)rlt~al 

·mrttPl~ is ~~pt ·tntougt1out tb1r: Em!x:tl"1li:lOlJt~ 

Up~l eooli!tg (22~0 ~ 't1._tJ>00J .; tt1e dif.te~.eooe s~~~m of 

Chl~oplast St1Sper!$1t::m ;$hOi'!$ an :lliiCireasa i~n absorptton ·!lt l1-10~ 41.:0; 
.. ' 

470., ?00 Jlft~ 61:J .fim. al'ld a tloo~~~ in ~lb-~llt.iQ!l r~t ·690 · !:lrJ(Ftg 9a) • 
' . ' 

Xha d:tffe~~..lt SlJ®U\i.tl ourve, $lW~iil tit F!,z 9(a) a.t 12m;!f~a ?k.m.S 
~} 

mea$~ad wl11lQ e ~ol tng tha ·&'WlPltW i':rot'1l 22.(\) to· 11.~ 0'0,., _ · 

· 'llii'.:\Jf b:ea·titlg tt:re G::Utti#le :t~·an .. 114:_4~a _te 29.~~ ( 11,~00...,. 
---7 15',.9{).0 -~ 1Sl~ 9~0 ---::> 2S~C ~2:9• :1°C) , a Pl .. Og1'iS$Si~- dOO;J .. tne in · 

ab~banca at 6'75 ntn 9.ntl en l~\'::Qrn.!).wyin.g ine:r.eaoo ·at 690 nra is . ' 

,A&:'_: t-"<:!"'~<"-~t:;i.i.;t'l! t,"i>~''ll~('\ ·~'"'J., t~t•()· i"'t~~. (·rNf: __ .,_ ~~f\ nF•d. 6~;,-n_·'""' f.~.,;ti, C:t1~\ ~o ~.1 v-'V'~··~(ti~.f. ~.AY.lJ~•~·,_, ~~ Vv. ....~ . ""'.Wx~, # -'-·lA' OW;i.'lfil\t "" -;t.,.J i!---~~ " ... ~~•-Q ·"' w'f ~,.;, 

not1Qed.~ t~eat~:tng the sa.!llP:le t11.,lt-0 0 ~ ~~~?,.,ot~0c. ) is aceQnpanied 

by ~-r:eese~ m a'b~;)f'~f.: at 'HO, itJ«J.t., it-70 and~·,f,QO. fl.m,. emept at 

·1··~-·---""- -9-<)!'·!.·· ·""'_·_-~: ... "'~_ ... · .1_-":'.-.. ooci "'·'·,'"'"-' .. t~_·t"'.r.,c._"'···~-·. ~.-'t-"".~--_·-n. _'f ·.·"·~ .... ""···.·_· •.. ~"_J.l ...... ,, ........ ,!'}"' Al .• ::ln !S·!.<-·9. ~ ... <!!!' ""t· ."'11 ,on: -.1... '>... ~•.'!'"'' ':! .. ·7 "" .. -t:!,.,.. """ -- -· .,.-,.,..... !.,...'-" ""'"'~ ""..:~ '"''~,..::·Q '\:iU"'· . vtlC",;"" 1-£J. ~' ·. i * 'i" Vlf, . 
This esn be att.J;i.'but$!1 te'l hy$:he~e.~is ~lt'f'tlet., It ·ia ·tntere-:;Jting 

to aote tu~t !~JJS!)1t~~e· _pea.~;;$ ha\i~ shift~ 'ttl :!.ooe;-erc ~wleng~ths 



ntff.ferenee· n.b~tton ~~· a.s a t-ltnetlOl':l ,of 

tape~tu~e .~· o(m,l~~ ~ b•t:Ulg_ c~lel 

(b) 

ntftwe~~ ~·trtun ts =~a.·.~lll'et\ oot1~{tfl ·~ 
td~ntillal~ ~tlles at ditt~nt, t-emp~'b.t~e~ 

' . 
·t , t; ·. tam:~atu;~fl·. ~t \ih~.b ~·tJla:t ebang~ tt ob#lrw«~ 
a.a~tl • ·~Cf.'ll\ t$l~tt>awr·(%~ 



20 

. + 
16 

Ci 
0 12. 
<l 
X 

M 

'O 

l .., 

4 

20 

'2 
~30 
0 
<I 

.40.;:, 

'400 

l"- . 
... 

COOLIN_g,-+>HEATING CYC'LE 

450• 500 

15.9 "c 
n. 4 "c 
12.5"c 

2 9. 5 "c 
25 ·c 

----33.5 "c 
---,37.5"c 
--42.04°C 

550 600 

.. W A V E L E N G T H_, ( n m ) 
650 

I ! 
' 

I I 

'J 

700 730 

(~) 

(_C) 



at ~.,o 9 l~ at'tii 63o ntn· tor ~:14PJ,,. 4?o and ':111 nr.t, l"'espeettvely 

~tw;)e:n 1"~,.9°Ct tutu 29.9'00_. L\t ai:~!$00., ·t:tbs.orptl:O!'l due to chl~o... 
' . 

· ~l1s i.s ~tm.tla~ ·t~ tl~at t"t.f ~it ZJ°C and b~y~end 33.$'00, ·thel."e ~e 
d:re.sti!: d®l"!;msa·s ·tt~ a.b~{lt'Ul.Oe o,t lt4Q. t ~', ,00 J;tnd ·(H3o 1'1Vn 

(Fi.g ·9e),. 
I 

n{~ve.t•s1bi1.it:;,'r oi.' $l>~t.wt.~1. ·ehr~t~t~~a a~ 4-10, it4n$ 410 and 

lv!i$' nm as to; futrJttort. of icen.1,~l'a:ture ts otlOO:f''Y'(,.,.--d dt);rir!g cooling....:. 

..-::, beat'Utg ~~le -bttt by·s;~e:eea!$ e!f'txJt ·l.H Q! .. rtt~ c.p~r·ent in all. 

·, _t)!r"Ulfl does rt6t resto~,,~r~~:,tjon~;;) :~?~~J&~r~~&~rt~li n.t ·O.~~"e~­
~ldinS tGr!!!~fl:t~"r·e.A DJ,tr··itltr OOJ,J:mg the ~pler$ a eono.emitant 

t4r$asttl?ement ot• d:i.ffew:arw·a $J:'~'40t:t~a a.,~t 36·._.t.t .. ~tl t~till 31.,2;>'~ shov,ra 

tb~t ·the aJlsOY-~~.rte<.~ t'i#.l.e. ;;;;.:lmf11$.t ~::tm>~ a~ it v#;t;g a 1t, ~~2..,t:Jl+ QG 'or~t at 
1\l . . 'l • ;.3 ~t! ( . 

26~ 1 Q aPGOrba.~tH:~ in.Of'~a.-s~3s %!;\1ru:pt1y \1~t -420 anu, t~~~~:.J i'!\IJ1 · F:tg 10} • 

Afte~ sta'hili~ai~iQil t1oele t~:pe:t'u1,!!r'a a.t 2~~ t°C ~.~;:;- ahQi.tt 5 tnL"l'J 

f\trtb~~ ttl.C~·e~~sa itt ilbs~l'l!b~~r~:Q i.s (lb:<z-ecrve>! llt :~,20 .,Jl:i ·SGo· n:::t • 
. . . 

£tp.stere·sis et:foot up~ C·O.Oling ar1a h~atirag has oo~n 

observed m. s·tudl~s or fl?..tol"'e,93aneej of ~iilo~'~opeyll 1tl l"i'!.rq_ 
. ' 

(t,}u.l"ata$ '19?5) ti and. ofi> e~t~nal t1.uore.ooent- ~~ot:>e, AilS, irt modal 

m:emtwane systems ·( ~~.aubl<t and orera.th, 19'13). He~ ft't.:•Jl'3 :th-;; first· 

time, ub~v~ tb!:l i~ste:resis effect :ttl a'bsorptiGi'l studies ~f 

. Re.ating of tt~e ~:sample undetp .. ~· 
- .· . 



·· _ mt~~~ ab~~l)ttm· a~tfa; as a ~m--tbft, ~ol' 
t~$•~~~- --hl t~eat~.g ~ o:m;llrt ··eytle; at 36~\t-001 31'jt_25~ -. 

' • ·~ ' r- ' 

. ,jj, 26 .tt~ ~~f'~$-l"m· ~$: - .' "~;; - - -~·,. n. - - .•. ,_,.~ .;:._. , . a \f;t!lx<tt> ~ 
·aa~ ~: .. , ~-- ,u~-~ ,·~l;wr .. • ~~!S'f.i. tle.t;$ m~a~F~ ;I..J-1; -~""' P-.,· 

',:_ -_ ~-.,., ,;;l ~-,.,0_ - .;,;;......... .:t5 ... ' '"4_ , ,.; - 4''. afi~ ~ r;. ;t\'1 ---~ 
a~ ~~ :7),..~-~y, ~.\i A<;euli:J."'l~.:~ ~.:. ~, ,,~ :7•: 

r tr - b · ·- -- -·-_---- - - -.- ... --_Dtfff$ -~l1L.~ a. ~l;ftt® ~tft fUl 6. fltt~t~<m Of 
. ' 

tr.mu.teafu~~ in- llSa~Uttl to \lOOcl~~~ :e}l(i].~ ut 26. 1'0a (attar 
~r(:l~""l·ai,. ~,;_--.-- _., ~~'"~ .................. ,.-....,'IIi _,..~ - \1_.;., rat- {,o,~ '_ ·tt 
-~·cY~ ~f.:t;:v~ill Q..l. .~~~- .... ~-~ cl.>.N. ' :tlb'll>\11-f ,_ ,,.f!<:,.,o ~ an -

t3.,6°tJ•, 
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ae,ob!tJ o:ont:U.ttms t~- a. 10llg· fd.m~ misbt tJTeVtWsibJv de$t..-v . 

th$ P-~ettts as lte'11 as '!ipf,.d iUmstittlf.Jnts- of ~~brMe d.u~- to 

the~· ~1&\ttoa an4£~, ~~fJN~.dflttoa.· 

. ~ . . . 

~e liP-i~-s in· Ol1l~flPl~aGt m:~mhr-~'le unde~BQ- a »bane 
- ,~f.4it1Qn upon ~-als~-tbQ tQm~tu.~~(abQve 1\i (c~ttteal 

~ 'I .... l ' ) 

' 
tem:Pfl?flWh) , fl'~ ~-Q)o~d, tP lltlU:id <u.,-st~.:tlJ .. ttne _ -ttate wnieb_ is 

- . . . 

QQGa.ssibli~ to th~ tHtl.m~oplwll{$ 'tiiur~·tt;., 197:;)- ~~d :thtt~ tb~v 
' - - 1-o l . 

o~ fo:t.~ aggre.~te,s le.ad~J~~~:se in .. _ absor!lt.£m at. 690 nm• 
_}, t ·F,; •·•:: ~~ ·"" ' ' . ~-. ... , 

mt..B <t\'IHM4'R~•'-" "'~e ~ .... l'A tA· .-1-<Y!ir'l"".t;,""'ld ~~~-.u<te .. .JOi!f.t.... ·:il.'!twno -~.t-Qn~:.;; 
4~l~ ~~;w_,._._~tg_. ~ ._ ·, :J.Jf1~~ ---- -~ t~~v ~~Y._,_-. .lf~~-~-~-·: ~i.Ji~J: -~~~~~ ,.,i6Qt\.. 

, 

- mte.r8Qtion~1J:e and 1fle:t~aast.\ ·temJal"atul'e atr~ts t·aes inte!'a.Cttons 
' ~..(-o . ' . - -

11h~·h •, l~ad) u~~l'ase .ln. q.gslf:~{fite :f\)l~a.7.1ior~· ~u.a tt 1s quite 

pas$!.b,i,e tuat apecwal ~~~s may be arus~:tAte4 with .U"r~)yerstblQ 

oli'JW~G · hl a~r~t;att~i,~. 

n~~fi va.tl31t1~ .\~n1~eratutta locsett!ng ot~ nt~~­

DACking 03tlltr3 -~ i~yd~~'ob~· f1ot~· ot riiQt'1bvane may ·be· expOsed 
' ' . 

to •t~: mGletlu.tes wld#h wttt desfa,bilUe ttte' membraa~ amtonnatton~ 

te811tins- tnto, -change 1n mtetQ ~.tQhl.$ltr't ~tty tn the 

imm-e.dtat$ envs.ronm.enb o.t ptgm~t.s aad orltJatflt$;0f\ ot O.b~omopbore 
'- ~- . . ~:. ~. -' . . ~ .. 

wh~b nt~· -1 .. ~~ ito -tl~ll~~ 1t1 ·ab.oo.~pttou as ·1fli'l1 ~a :Shut ·tn· 
. -a'bSOl"_ptttWl ~k~ 

*i'fl~ k1& t~lu~~~$ te(;ul$ nt 'al ilnl in- too, haft~ fio -
I 

- . -

!b.'1$o!o:a:C1 lit ?w.2) tnt \11he!l tiqunit to lil~~~s th@ r~:we~·c~s;~~ 
# - -

tJttenattr tne"llesf .si:ttWP:lr -lmd a bluQ ~Lf*t 'ill tlu.or:as::te~·a 
ma:dmum is ob~wd {F:t,g 12)~. taa br.uild ~o~ t"luG%'$6Ces ~t · 

• 

~ =~i 



I o7t> f1) 
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: · ·~~ei$:~ ~~~~~ (Jf ltl~-Bt U~!tis~':Iqll~tf~~ 
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Al'TS ts .. ampb1!)b1.ltl' $1 :!la~re bavtng by(l~c:>$Ul!Q· ancl 

~~;pbq~t.e regt•s ~d binds en ,~iP'-'Jl2f'' ~l~·~iJ· ot l$p1d 
. ' . . ' 

~~1ea.f:e t.o ·orten:'b' wttil· ~cl~t.lpl.ttlto ~~,-in tbe a(td.'$01l1l phase 
~!'! - ' • . . ,·. ,· ' -

.( 1Taub~,. 1912lw The fht~,Qt~;e!\0~ oi\I~UJ d~i!)(mds On. 4. 'fthte 

wllU:o"·t$·'an trulex ot poWttt --i;\o~a~tvent. · Fitgbatr t~ z val.tttl1, .• 
I ~ ' \' •· ' ' • ~ . . • 

.· , a~ <il~ ·tbQ no':l . .o:ol;it~ Oftd, ~k~er~"'Q· ~&~,ci~"tt' !,c, m~ .. ffll;jf;&ft"i.~Q8 
: ~i~.~~- ·.~·· ,. ~---~~~~113' ~--11 .. - -~~-.-,-~-- ,, ~'y~~~:A . ~~-~~--~~~i-tt .. ~---

; . ·. ~ . <.· .. .. . ' ' :: . . . :;,.' . .· . . ·. : . .. . . . . .· . . . . . i.t·. ' . . . ' . ' .. 
( li;tit\<lam, 19?7-· ~-tt .• ' .. 'l9'76~ .1\trn.e.r & .arWtdi cf·96S) li !bts wquld 

~ • ' ;:··:;.¢ 0:,: ' ;' . • ' 

axpletn· the: ~t·ea~ ~!n Al~s t'luore-~e bo-«nll t() :tll)(JG-e~~ 

. · ~~ .Ai;s · 1~ -!1 't<i 1lpogoma,tJ, ---tb.a·. d.~1l~d .. lT\. ~i~tw ~ttl 
' • f \ • • - "' • • • • ~ 

1'hiJ bl\laQ shUt ·tn •tns.~ ma$~ ot tttoleeul.e;S bas b~en: 

def$f..\~1~Q dlJ.e t-G gl'~tQtt ~destabi:L~a.t,t~ of' ~w $0'1Wfit.# 
. . 

( ~-lnda'n:t· t91f) Mfl po.atttoit 0t al~~~~~ lev~l..a is al;so d.epander\t 
. . 

Pt. pnas~ ~an:$lUOt\ a;t 4t~.~~ 1$ qu:tte ~P in·lit»~e;~:,.·._' 
~~~~~'\"A n~r3.tlM, 1\'f: .. · ,ifi~"l'!l6nt~~~"'~ t,...,; mh<'!W;~c<f . ..,.,t:t """ · ..!We"'>A'V'Il i1~n<il'<na~ - l!S. il.>!"'. ~'>$~-~ ~~V·~· .J:'2.,.Wf.V;n'I\;!!~J:"~~._~ li.l~. 'l>if~...,""'l«&.l~et ·o,.;;. $,'1~;:~ ~fMc,..,..G,S'"-" -~1. 

n.u,~~,stf}noa ,et mtt.md AlHl ( ~f' 13) ,., :rn §,a~<i of I~Jt.S btllUnii to· PO 
' . 

dis~$iMcs aaCi. l:!oo~~la ptepaf:ttd. untt~ t{c;m"'M •tmo~sp~re. the ...... .. ..·. .. . .· . ·· .. ·· ... ·. . . . - . . .. : ....... -:· ... 2 .... ·.·· . . ' 

·t-anstt~ «t<tur"a at ~3~<J a.!¥i lf~,;fl:!~ ~~~s~tiv~w bUt ~pn~s.$ 
. l.$ ,eduf>':~A; iT.t tb~$~ ~-\"~i!t;~}b:1.~·1tS f''"g 1!) 4!:. .ln tieerea.•. ~ 
tl?~t.nstt~~t · t~I~~tllr-e t;Jt lt~~a·s. !)'r·eJ;a~·ed 1.n r~ea.,.!{~,t·•&tmospnera 

.mti:r ~ tM5~£a;tQtl 'Wtth tba ~tdat·i.on r.>t .ltp~tds du.rinig aonieation. 
... ' 

At· pha-3~ tl~m.'l,~iti-tlri, ~$ :u~i.d ~bat~s~a ~·G.$·· ~<)l_icl .. ·to 1tqu.1d 

cry$tallirlil ~~a~· t~e, ~(#tlJ7$ l~)S$;t!1\t; .. •h'l tl1~ pa({f~~iH)~ the 

JJila},~ net onlY' ·tn t~CQ.~!~ ;a:hain ~$&1Qtt qut ·~t~ ttr-polaf.~ 
b1iad ~(&p i!t-QtJ1./3!\ t.Q 'Wh~b AN S i~ 'f.ltillin.t\ ( X'lattble, ij(9~l2) rt' It t~t . 



mt..· .· ... ~~.~c.r.:.t~ ·• .··· o#tiHI e , :P .1·: .;~.. .·· ··.- ..• , . --. d ~qa.$1 ~·u:J,'~·Y~l F -~~ .. · o.. .-..po~$.$ f.in:. 
I 

-. :~: 4is~·s1(m.s t egg lettthm) \• Co.ae:entl'e.itS.on f?lf $11 . . -~r ·iilit!A.t~ ·_ .:;lil~ . . 1. ·.t; . ' , : ... .d.- ~~ · .•. - <" U ~4' JtQl·. ,. 
, ~~IIO ... N.~. s •. '1:1 i'ngttft 'J $$'"'~·iri_lljo,.Qll ·~s;-~.oi$1' 1fl. ~.,~ .;a;Jr .:..$. < f 

. ~· 

· ·PI ?,'lt:a wtttt &~o~ lfL'UidQ1 e~~ft~tt• o.r ANS, 1<li6~t. 
. ' I . . . 

Ex0:1tu:t1<m. l!&VlJltanglb 36; nm1:· $:oo \WaW~tmgth 490 nm. 
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Sllgge~ed> that gtadu.a1 loo$•1nB ~ed~'a tbe ··b wwu.i!tlol\ . 
( ~ol.l~" ~ 11t&itl ·~sJtG;l1'f;nj) ~d ~·~$aS$ in AI.''Ul ~~e:l'J~n~·e 

'tn.tenttt~ at pbaS$ vansitton t~peratu;~~. ls p-r~Jmarlly' .due 'bo 

' 

. ' 
I 

.·~. d~~ase t.~ tl.ttmNl~~nc~ ,_,,tQtl!!t:J heyoot!. tb~ ~e.nstttcn 

. t•~~Q;tllt>~ m~ be' the ~ea,,l:t ·~t ·cnan~.~ i'l .. ~l~ h~~d. ~..tp 

· mob1l1tu: fln.t;l·e~~.ges in !iltle pa~~in~~ ·of' Al~S bett~an ·tn~·· IJO-la\1 

·. "ha~d #W.P~<J l!.Jhi~h ul:t~iJ~atel:' Qausae th~ <tlhW!~ in .~etss~tll.ty 

cr 't>W.t1$f to .. MIS Ufeqanea & .staerkt~ '97~) ·1ncl"~tla1n;g polN'ltr' . . 

· ;ar·~ tb~ .411.~'~ V'ande,k"l a.n4 Mor~'l0$t ( 1969) ltaV$ ld,s.Q !\iggested 

, tbe doo~ea~· tnt%~or-em$11Ca fit NU3 ~nd t~. pl\QSYlho11ptQ. m iC:~.lles 

·~s a ~e$l1t o.t $~!l~ •U.• c:t.rd'o-.t~ ot t~em~~,t ~kt~ilg ·m, 
·•:4n.lt1 hila~~ . ~+.1!"4~ ..... v·~~ 

. . . 

au,t · ~t:e~~at!un tr~ dOn~l wtd it~ :~tabtt·tw ts .tOttnd to11· 
.. 1· ft mli~l: :11'1 . ••it' .....,,."~j<:J 

.~ w.W. - . ~" . iiJ.YUi"'\,J'~ ._ 
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