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Differbntiol scanning calorimetry (DSC) has proven an excrl- 

lant technique in studiss of the th+mal behaviour of lipid-water 

systems which c%n be regarded as aiatp$o but useful madels of the 

lipid matrix of cell membranes (for reviews, see 1,2). The model 

systems as the natural membranea show the chara&%ristics of 

lyotropic LLquid crystals (3). I- prominent reprcsentativo of 

lipids, d~~~rnltoyl-phosphatid~lchol~n8 (DPPC), which is among 

others the main phospholipid in lung alveolar surfactant (4) for 

instance shows three distinct phase transitions in the tcmpera- 

ture range of IO-50°C. The moot stu*>ed gel-liquid crystalline 

transition tak8s place at 41,5'C. Structural alteration in the 

lipid matrix which reflect in the thermograms connect to changes 

in the iontransport of the membrane (5) and to changes in the 

function of membrane proteins (6), In this work we investigated 

the thermal bchaviour of sevaraf Iipid-water systems modified by 

changing the pH-value and the ionic composition of the snviron- 

ment or by chemical agents like nonionic tenzides and some new 

crown ethers, 

XATERIALS ADD REJ!IIODS 

DSC-msasurements w8re made with a DuPont 910 DSC cell with a 

heating rat8 of 5oC/mi.n-and in the sensitivity range of 

0.1-0.2 #cm. The samples were made by suspending the lipid 

powder in th8 appropriate amount of bldistilled wattr ox salt- 

-sol&on or solution of other chemical agents, The saunples were 

kept above the phase transition temperature of the lipid compo- 

nent for 30 min before loading tham into the Al-crucibla for the 

calorimetric runs. 

The intercept of ths base line with the slope of the peak in 

ths heating curve LS given as the transition temperatura. The 
area for th8 enthalpy calculatron was dotorminrd b;p phu~&ix?‘g. 
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RESULTS AND DISCUSSION 

In the case of lipid molecules with one or more dissociable 

protons the variation of the pH-value of the system affects the 

interaction between the head groups of the lipid molecules. 

Phosphutidic acid (PA) which has two dissociable protons has been 

investigated. On increasing the pH-value from 3.5 to 9 the degree 

of dissociation increases from 0.5 to 1.5. Due to the increasing 

electrostatic repulsion between the head groups the gel-liquid 

crystalline transition temperature decreases as the cooperative 

unit size of the trmqition does too. l?urther increase in the 

pH causes an abrupt drop in the transition temperature which can 

be explained Nith the suggestion (7) that the hydrocarbon chains 

of lipid molecules tilt from the normal of the bilayer. 

Also the poqw head-group region of the lipid bilayer can be 

affected with monovalent ions. Table I shows that the chloride 

salts of alkalinas increase the phase transition temperature (T,) 

of dipolmitoyl phosphrtidylethanolamine (DPPE) and to leas extent 

that of DPPC. Other (nitrate and perchlorate) salts seem to be 

less effective. 

Table I 

water 

3 I I&Cl 
3 P MN03 

3 M NaCl 

DPPC DPPE 

41.5 

43.1 
41.3 

t:*: 
41:4 

42.9 68.3 
41.4 65.3 

42.9 69.6 
40.9 66.0 

3 M xc1 
3 M xNo3 

3 M RbCl 
3 III RbN03 

We assume that the Cl- ions promote the formation of H-bonds 

between the head groups stabilizing the gel phase. The effect 

increases with increnszng salt-concentration (8). 

An other phase transition (smectic G *rippled structure) the 

so called "pretransition" of the DPPC is sensitive to the 

different alkali cations. The chnractcrlstic temperature of this 

transition (T 

B 

) increases in the presence of alkali. cations and 

the increase ATp) correlates well with the (chorge)2/radius- 
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-values of the wtlons (Fzg.). 

3- 

O- 

-l - 
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(chorge$tudus (nni') 

Che:iiczl ..;cnts lilic noniomc tcnzldcs L-.nd soinc nlw crown 

ethers >crturo:tr, the llpld bll.2ycYS more Etrrn,;ly. The homolo; 

ser1c‘s oi oolyoxy-:thylcne co~pouads containing 4-30 cthglme- 

-x:ide goupc xr '101 YU~GE (n,) L:vr? bzcr_ inv-stlgnted (9). The 

t:x,idcE dccrmsc the ch.rxt~~r~~ tic tc~~,?x* Lure of ths g,cl-fluid 

$-SC tr2xltlon of LPPC-=7,tcr cyst-x ,>nc: lso dxreaa? the cnth- 

alpy of th9 trxzltloa. ""13 rceulis &OVJ th -6 the i;?nr,ido 

-.Ol?C~lSE ~c,lnt:;t : ~.~zoq t:?c~ hyd-~7c zhon ch-llnz 01 liilid ~lolo- 

cults. i'hlr_ 1atc-rc l..'iI!_OL d 3:-~13il~: 011 the wtio of l:yPro?!:olic 

,_n? k:d::ooii; lie 2. rts T/lthil? the tenzide molecule i.o. on ne. The 

riodifgin[, nolcculcs m ct ?s rtructurz.1 defects loosenmg the lipid 

packing cimsity. As :& cmsequcnce thoy incrcpse the ~3 mrrki1x-t;~ 

oi lipid v-Eicles ,xxillctx::: possible ch.~n:,cc in the function 

01 n turn1 b c 'sr,rles under the ln1lurnce of taxldee. As :a 

C‘, Tl,?l- t!ln stl,lct COY;-Cl tlon 'szt,-- y? the p~:rt~:~~L'111ty in- 

crexiil:, 9; feet :.r?d ';:I? str;vcturc tlicorc!x+ny, c_fnct of noiiyl- 

-:~il~.?l:,l-~t_-~lC_7_C-3:.? i . r olccul~s 3-c <cl Lonztratrd In ':'~,%le II. 
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control 

n e =4 

n =6 e 
II =9 e 
n e = 13 

n e 
= 23 

Tm (‘Cl 

41.6 + 5.2~0.04 

33.9 5.320.04 

37.5 9.0f0.08 

38.9 12.0+0.09 

40.0 3.220.07 

40.7 G.0f0.05 

Similar correlation ha bc n obtained for EOI c ncyr crown e&~_rs 

pcrM.const<ant 

x 10'12 n/s 

which show great ion selectivity (10). 

COiiCLUSION 

Our s.nd other's cxpcrlzientcl results shov: th.*t DYC FE 5 

powerful technique for the tudy of model azabrnn~s. Recc??t 

development of hi&-e dnsltlvity ln,otrum?nts help this t?shnlque 

in becoming a porylcrful tool in the Etudy of natural mcr,lbrLnzs 

and other biological systems too. 
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