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The interactions of  salmon calcitonin with glycosphingolipid sult'atide are studied by right angle light scattering from the lipid 
suspension, by tbe excimer to monomer ratio (ELM) of  the fluorescence intensity of  pyreac phosphatidylcholinc and pyrene 
sulfatide and by the Ical:age of  carboxyfluorescein. ]t was found that calcitonin stronl~ly modified the structure of  the sulfatide 
aggregate, as indicated by the light scattering determinations. At a lipid peptide ratio 1O0: i (molar catio) light scattering from 
the suspension was negligible, indicating the formation of peptide-salfatide complexes with a structure different figure that of the 
lipid aggregate. The interactions ot calcitonin with sulfatide when the latter is a cemponent of a bilayer were also evaluated, A 
specific calcitonin-membrane sult'atide interaction was demonstrated ,',,y delc.r~ining the temperature-dependent E / M  of 
py,cn¢ pimsphatidylcholine and pyrene .,~ulfatide in dipalmitoyl phusphatidylcholine/salfatide (80:20, molar ratio) liposomes. 
The E / M  curJcs were modified by cald.tonin only when the liposomes were labelled with fluorescent sulfatide which probes the 
sulfatide behavior in the me.nbrane. Furthermore, the addition of ealeitonin to the incubation medium of ~iposomcs containing 
sulfatide promoted the release of vesicle entrapped carbo~fluorescein without disrupting the bilayer str~emre, the rek~se being 
correlated with the amount of sulfatide in the bila.~er and the calcitonin concentro :!on in the medium. 

Introduction 

The interactions of proteins with phospho- and gly- 
¢olipids are of particular interest because tL~ey have 
be*.n considered important for many membrane fnnc- 
tions, or membrane-related phenomena such as the 
fusion and binding of ligands to the cell surface. In 
previous pope.rs we demonstrated that the acidic glyco- 
sphingolipid :~ulfatide can strongly interact with albu- 
min [I] and insulin [2] at acidic pH values, a ,~ondltion 
under which these proteins arc positively charged. Al- 
bumin, in particular, promotes the aggregation and 
fusion of sulfatide.contaln~ng vesicles through gl~,co- 
lipid-protein interactions which depend on the sul- 
fatide concentration in ~he bilayer. In the case o f  
insulin, it is the binding to the glycolipid at acidic pH 
(3.5), as consequence of ionic interactions, whld~ dei~.r. 
mines a stable association of the protein with lipo- 
somes containing sulfatide. This association remains 
even when electrostatic interactions are removed by 
the neutralization of the incubation media, which 
translbrms insulin into its anionic form. 

Many peptide hormones, inc|ading glucagon [3], B- 
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endorphin [4], growth hore~one [5] and calcitonin [6!, 
inter~.ct with lipids through conformational chang,.'s, 
resulting ill an amphipatic structure of the peptide. In 
fact, a specific affinity for acidic lipids has been 
detuonsttated for peptide hormones which are posi- 
tively ella,'god at neutral pH, i.e.,/3.endorphin [4] and 
calcitonin [6]. This affinity is due to electrostatic inter- 
actions which promote the formation of lipoprotein 
complexes in which peptidcs assume an amphipatic 
structure. Amongst the liplds reported in literature, 
sultatide has been considered also; it has been hypoth- 
esized that interactions of sulfatide with ~-endorphin 
could be relevant to the biological activity of the pe~- 
tide [4,7]. In this study we proposed to characterize the 
calcitonin to sulfatide binding, already reported by 
Epand et al. [8]. Particular attention was paid to ti',¢ 
interaction of peptide with sulfatide when the latter is 
a component o~ ~ r,hosphatidylcholine bilayer; Dossible 
modifications of membrane properties as a conse- 
quence of theae interactions were also inw;stigated. 
Ti~e affinity of calcitonin for membrane sulfatide could 
be involved in elucidating the mechanism of peptide 
activity at the level of the central nervous system which 
is particularly rich in acidic glycelipids such as ganglio. 
sides and sulfatides [~,I0]; in particular, it has I~er. 
demonstrated that sulfatide, which is mainly located in 
myelln, is also present in isolated neurons [11] and in 
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synaptosomal plasm,amembranes [11,12]. Since sul- 
fatide is naturally located almost exclusively in the 
outer layer of the membrane [13], unlike acidic phos- 
phol/pids 'which are mainl~ meseut in file inn,:r i~yef 
[14]. ~ulfatide could be involved in tile caleitovin-to-c¢ll 
membrane b~nding proce:;ses. 

Materials and Methods 

Analytical grade chemicals, distilled solvents and 
doubly distilled ,- :ter were used, Dipalmitoylphospha- 
tidylchol[ne (DPi'C), egg phosphatidylcholiu¢ (PC), 
5(6)-cartoxyfluorescein (CF), NADH and synthetic 
salmon -alcitonin (Cq's) wt:re purchased from Sigma; 
1 -palmit 3yl-2-(10-pyrene)decanoyi phosphatidylcholine 
(P.fPC) and pyrene decanoic acid were obtained from 
Molecular Probe (Jvr.ct.;u. City, OR); Sepharose 4B 
from I:harmacia (Uppsala Sweden). Bovine brain sul- 
filtide (CS) was purified following lhe procedure of 
Hara and Radin [15[. N.(12-(1-Pyrene)decanoyl) 
ga!actosyl-sphingosin,= 1 ~ suii'atc (PIoCS~ and 
N[14C]stearoylgalactosyl.sphingosine 13-sulhte were 
prepared from galactosyl-sphingosine l'Lsuihtc follow- 
ing the procedure of Marchesini et al. [16] 

P.eparatkm o]' sulfatide ,rod sulfatide-calcitonin aqueous 
di~rJersions 

Su!fatide dissolved in chloroform/methanol 2: i was 
evapurat,:d under a nP.rogen stream, dried under vac- 
uum for 30 min and resnspended at 70°C irl 1 ml of 10 
mM Tns-HCI buffer (pH 7.4) containing the appropri- 
ate amount of NaCI or urea. Sulfatide.-ealcitonin co- 
dispersions were obtained by adding the appropriate 
amount of calcitonin to the sulfatide suspending 
medium, following the procedure described above for 
sulfatide resuspension. The final concentration of sul- 
fatide was always 10 -4 M. The obtained suspen~k,.,. 
were used for light scattering determinations 20 min 
after preparation. 

Preparation of  phosphatidylcholine / sulfatide small uuil- 
amelIar vesicles 

Different lipid mixtm, es dissolved in chloroform/ 
meth.tnol (2:1, v/v)  w~.~rc evaporated under a nitrogen 
stream, dried under vacuum for 30 rain and resus- 
pendcd above t~e lipid transition temperature (T m) in 
the appropriate buffer to obtain multilamellar vesicles 
that were then subjected to sonication to obtain small 
unilamellar vesicles, following the procedure of Barcn- 
holz et al. [17] and already applied by us io sulfatidc 
containing vesicles [18]. 

Excimer-to-monmner ratio de?erm#mtions 
Phase transition curw:s of DPPC-CS (80:20, molar 

ratio) small unilamellar vesicles were determined by 
the Exc/.mer (475 nm)-to-monomer (379 ~iii) ~uo~cs- 

cence intensity ratio ( E / M )  of pl0r, c or PuiCS at 
different temperaturcs [16]. The final lipid concentra- 
tion was 10 -4 M and in both cases, the probe rr.prc- 
scnted 3.5 mol% of the total lipidic. Lipid mixtures 
were rcsuspendcd above tile T m in I~ mM Tris-HCl, 
154 mM HaCl (pH 7.4) or in the same buffer contain- 
ing 2 ~,.~, of ,~lcitonin (2 - I0-" M)." 

Carboxyfluorescein leakage determimttions 
Small unilamellar vesicles of egg phosphatidyl- 

choline/sulfatide at different molar ratios were pre- 
pared in 10 mM Tris-HCI (pH 7.4), 100 mM CF. 
Vesicles containing entrapped CF were separated from 
extravesicular CF by passing the mixture through a 
1,5 × 20 cm Scpharose 4B column at room tempera- 
ture; 100 p.l of claret2 vesicles, corresponding to 100 
nmol of lipids, were th,.~n diluted to 1 ml with 10 mM 
Tris-HCI, ~,54 mM NaCI (pH 7A) and, setting the 
excitation wavelength at 490 nm, tile fluorescence 
emission al 520 nm was determim~d (zero time fluores- 
cence, Fo). 

The increase in the fluorescence emission of CF, a 
highly fluorescent substame which undergoes a con- 
centratioa-depcndent self-quenching [20], was moni- 
tored by measuring the time-dependem leakage of this 
molecule from ]ipo~omes. The oata are expressed as % 
CF release: 100 × ( F -  Ft~)/(I 7 - Fo), wttere F is the 
fluorescence intensqty at a given time and F~ is the 
total CF fluorescence measured after the ruptu:,~ of 
vesicles with sodiarn dodecyl sulfate (SDS), 2% fir.al 
concentration. 

Light ~cattering measuremoats 
1 .ight scattering exfl,'fiments were carried out w~th a 

Jas~o F',~ 700 spectrophotofiuorimeter. The Rayleit, h 
pr~,,k from unpolarized incident iight at 450 nm was 
mea.~ured to monitor the 90 ° ligh; scattering of the 
lipid suspension The data are expressed as A / A o  
whele A 0 is the light ~cattering of the reference sam- 
ple and A that of the analyzed sample. 

Fluorescence metesureuwnts 
All fluorescence measuremenls were carried out 

with a Jasco FP 700 spectrophot,:)fluorime:er eq'Jipped 
with a cuvette holder the temper,~ture being mantained 
by a Haake GD3 thermostatic circulating bath and 
monitored with a Subline PT 100 digital thermometer. 

Gel chromatography separatiot,s 
Egg phosphatidylcholine/sulfatide (80:20, molar 

ratio) small unilamellar vesicles containing entrapped 
carboxyfluorc,:cein were incubated lbr 20 min, either 
alone or in the presence of ealcitonin, and then sub- 
jeg~et~ to gel filtration on Sep~larose 4B (1.5 .': 20 cm) 
using l0 mM Tris-HCI, 154 mM NaCI t~s elution but for; 
! ml f.'acti~ns were collected and each fraction ana- 



lyzed for CF, egg phosphatfdylcholine and sulfatide 
content. The elntion profile of CF was determined by 
measuring the total fluo~cscence intensity after ruptm- 
ing the vesicles with SDS 2% final concentration. The 
phosplmlipid elation profile was determined by meas- 
uring organic phosphorus according to Bartlett [21]. To 
determine the elation profile of sulfatide, trace 
amounts of [t4C]stearoylsulfatide were added to the 
chloroform/methanol lipid solution in order to obtain 
a sulfatide specific radioactivity of 500000 dpm/p.mol; 
titus, the su[fatide content in each fractio'~ was deter- 
mined radiometrically. 

Results and Discussion 

The ability of salmon calcitonin to interact with 
sulfatide is demonstrated by the right angle light scat- 
tering determinations reported in Fig. 1. The codisper- 
stun of sulfatide with increasing amounts of caleitonin 
determined a progrcssi~¢ redti~;.ioii of ihc iighi ~caticr- 
ing from the suspension, expressed as A / A  a where A 
is the value obtained at a given calcitonin/sulfatide 
molar ratio and A n is the value obtained for the pure 
sulfatide dispersion. A 50% decrease in the light scat- 
tering was obtained when the caleitonin concentration 
in the medium was 0.75 ~M and the light scattering 
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Fig. l. Decre~.*:e of right angle light scaner~ug from sulfattde (e) and 
cerebroside ( ~  ,, ~uspensionb as a function of increasing amounts of 
calciton[n in I ml of the resusp,~nding medium (final lipid concentra- 

_t~o,~ 10 -4 M). Light ~anering determinetions are expressed as 
A/Ao, wheL-e A is the value obtained at a given cMcilonin concen. 
tration and .4 0 is the vaiuv obtained from a pure lipid dispersion. 

was praticaUy negligible above 1 p.M cplcitonin. The 
lipid-peptide complc~ formed is quite a .~able structure 
since light ~cattering values from the s~ spensions did 
not change after 24 h or even longer. Wi'en calcitonin 
was added t,~ the rcsuspending mudi¢m o'," :~rcbr,=,~ide. 
a neutral g!ycolipid which differs from sulfatide for the 
absence of the sulfate group, no changes m the light 
scattering from the suspension were observed even at 
high concentrations of calcitonin (Fig, 1), 

Light scattering determinations reported in Fig. 1 
clearly indicate that calcitonin has a strong af;'in~ty for 
the acidic glycolipid snlfatide, which results L'l a dra- 
matic change in the morphology of sulfatide aggre- 
gates. These results are in good agreement with those 
obtained by Epand et el. [8] who reported, on tile basis 
of electron microscopy results, the possibility that calei- 
tonin could interact with sulfatide at a lipid/peptide 
~atie. of 10: l without any increase in the helical con- 
tent of the peptide since the 222 nm elliptieity of the 
CD spectrum on caicitonin Old not increase. 

Lignt scattering determinations reported here 
demonstrate that the morphology of aulfatide aggre- 
gat¢~ is strongly modified in the presence of 'very low 
concent~ aliens of caleitt,ain. At: aknost complete lipid 
solubili~ation was obtained with a lipid/peptide ratio 
of 100:1, demonstrating that only a few molecules of 
ealcitonin are required to give I.~popeptidc complexes 
with a more hydrophil~c structure than sulfa. :ide aggre- 
gates, Results obtained with cerebroside indicate that 
the negative charge is necessary in order to determine 
the lipid-protein intciactions. These interactions could 
promote conformational changes in the peptide and 
bring about a segregation of hydrophobic amino acids 
in domains which can in turn, interact with the hy- 
drophobic moiety of the glycolipid. 

The importance of electrostatic interactions in the 
formation of lipid-peptide complexes is further demon- 
strated by results reported in Fig, 2: increasing the 
NaCl conceutration from 0 to 1 M greatly affected on 
the light scattering from the iipid-peptide complex. 
Since tlte light scattering from the pure  sulfatide sus- 
pension increased with increasing the ionic strength of 
the resuspending medium, the data of the calcitonin- 
sulfadde complex (1 : 100, molar ratio) at different NaCI 
er urea concentrations are related to the light scatter- 
ing Ao from the pure  suifatide dispersion in the same 
resuspending medium. The d~:.ta reported in Fig, 2 
indicate that for NaCI concentrat!ons higher than 154 
mM the light scmtering from the calcitonin.sulfatide 
complex rapidly increases and, above 500 mM NaCI, 
A / A  o approaches the value of 1, thus indicating that 
high salt concentrations, able *.o decrease the strength 
of electrostatic interactions, reduce the extent of CT- 
sulfatide complexation. The presence of high concen- 
trations of urea in the medium~ which can inhibit 
hydrogen bonds between the peptide and glycosphingo- 
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Fig. 2. Effect of increasing NaCI (e) and urea ( • )  concentratioo ol~ 
right angle light scattering values l'rom sulfa;ide/calcitonin codispcr- 
sions (100:1, molar ratio). Light scattering dc.'ermina'.inns are ex- 
pressed as A/Ao ,  where A is the value obtained with sulfatide/ 
calcitonin complexes at a given NaCI or urea concentration and A~, 
is the value obtained from pure ,.ulfatide dispersion in the same 

res,~spending medium. 

lipid, does t~ot interfere wiq: th~ stability of ':he pe.t'.- 
tide-glycolipid complex, thus excluding that this bond- 
ing contribute': to the hpid-pzotein interactions neces- 
sa~'y to forum the complex. 

Furthermore,  calcitoain is able to disrupt the sul- 
fatide st~permolecular organization w.hen added to pre- 
formed sulfatide aggre.~atcs a~ different pept ide/ l ip id  
molar rgtios. The time dependent decrease of A / A  n 
after calcitonin addition is reported in Fig. 3. The 
addition of calcitonin r.o a 10 -~ M sulfatide suspension 
determined, in all cases, an initial rapid decrease of the 
light scattering, followed by il second much slower 

i., ,'r. p,as¢.  • hc addition of I nmol of calcitonin promoted, 
ir~ the first 10 min, a 30% decrease in the light scatter- 
ing values, expressed as A / A  n. A se~: :rod addition of 1 
nmol of caleitonin determined a further 70% decrease 
of  A / A  o after 10 rain of incubation. When 2 nmol of 
calcitonin were directly added to a 10 -4 M sulfatide 
suspension a 90% decrease in the . d / A  o value was 
observed after 5 rnin of incubation. These results con- 
flint that, ht the presence of caleitonin, the (. '] 'sulfa - 
tide complexes have greater stability than the snlfatide 
aggregate attd that the rate ,~f com,?lex fornmtion de- 
pends on the concentration of ca!cito,:in in the medium. 

The possibili~, that calcitonin could interact with 
sulfatide when the latter is a c3mponcnt of ~, phospho- 

lipid bilayer has also been considered in order to 
attribute a physiological significance to the great affin- 
ity of the polypep~ide for this glycolipid. In fact, the 
natural location of sulfatide in the exofacial layer of 
cell me;nbrane, together with its tissue distribution, 
suggests,, that this molecule has some role in the bind- 
ing of tile hormone to the target cell surface. 

When phosphatidylcholine small unilamellar vesicles 
containing different amounts of sulfatide, from 4 to 20 
real% . f  total lipids, were incubated in the presence of 
ealcitonin the light scattering properties of the suspen- 
sion were not modified. Thi~ ittdicates that the bilayer 
structure of vcsiclcs [6,8] is not disrupted by calcitonin. 
Furthermore, aggregation or fusion phenomena be- 
tween sulfatide containing vesicles [1,2] can also be 
exehtded on the basis of these light scattering determi- 
nations. It could therefore be hypothesized that the 
interactions between sulfatide and phosphatidylcholine 
in the bilayer inhibit the capacity Gf calcitonin to 
interact with the acidic glycolipid or, alternatively, that 
calcitonin still maintains its ability of complexing tile 
sulfatidc without macroscopieally modifying the bilayer 
structure of sulfatide-containing small unilamellar vcsi- 
cles. Evidence strongly supporting the capacity of calci- 
tonin to interact with sulfatide in the bilayer is re- 
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Fig. 3. Effect of calcitonin addi;.ion on right az;~le listh~, sc, tteb;t;g 
from sulfatide aggregates. I re) or 2 (~1) nmol of ealcitonin were 
added to sulfatid¢ aggregate (10 -'1 M) and Pight scattering detel- 
mined at diffenmt times of incubation. The arrow indi~.ale a further 
addilio, of I nmol of ealcitonin to the incubation medium (I ml). 
Light scattering values are expressed as A / A  o where A is the value 

at a given time and A a is that at zero time of incubation. 



ported in Fig. 4. The ElM vs. temperature CalVeS of 
PjoPC and PI.CS in liposomes of DPPC/sulf~!tide 
(80:20, molar ratio) were obtained in the absence attd 
presence of calcitonin, in a prev:ous paper we applied 
this double labelling of liposomcs to discriminate be- 
tween sulfatidc and phospholipid behavior in the ment- 
brane [16]; in particular the less prgnennced inflections. 
in the ElM curve at the transition temperature ob. 
tained with PtoCS-labelled liposomes was attributed to 
a partial segregation of PjoCS in sulfatide-enriched 
domains in the membrane, which resulted in a de- 
c~'e~,scd scnsitivity of the pyrcnc ring to the phase 
transition of the surrounding phospholipids. The re- 
nults reported i~ Fig. 4 indicate tha~ when liposomes 
are labelled with Pt0PC, the ElM c:urve is not modi- 
fied by the presence of calcitonin, .~ihowing the tradi- 
tional 'N' shape [22] with a sharp inflection at the 
transition temperature of DPPC (4L50C). On the con- 
trary, calcitc,nin modifies the E/M vs. temperature 
curves obtained with P.)CS labelled liposomes; the 
ElM curve of Pt0CS in the presence of calcitonin 
maintains the inflection at the transition temperature 
of DPPC, indicating that the phosph~,lipid enviromr, ent 
still influences the suifatide behaviom. This demon- 
strates that sulfatide is still a component of the lipo- 
some; nevertheless, calcitonin determined an inc~rease 
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Fig, 4. Phase transition curves of dlpalmiteyl phc, sphafidylcholinc/ 
sulfatide (80:20. molar ratio) unUamellar vesicles determined by the 
excimer (475 am) to monomer (379 am) ineensi'.y ratio (ELM) of 
P,oPC (o) and PtoCS ( • )  in flic absence ( ....... ) or in the presence 
( . . . . . .  ) of 2' 10 -6 M of ealcitonin, in both ea~es the probe lepre- 

sented 3,5 tool% of total lipids, 
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Fig. 5. Extent of calcRonin induced carbo~fiuoresceln (CF) release 
from small unilamellar vesicles of egg phosphatidylchnline containing 
0 (A). 4 (o), l0 (rn) and 20 (*) tool% of snlfatide (total lipid 
concentration 10 -4 M). Leakage of CF after addilion of 20 nmol of 
calcitonin (2.10 -5 M). was measured by menitotlag the increase of 
CF Puorescenee with time. Data are expressed as % CF release 

calculated as described in Materials and Methods, 

of E/M values both below and above the transition 
temperature and an increase in tl'e slope of ElM vs. 
temperature curves in both the gel and liquid-crystal- 
line phases, indicating a greater possibility of sulfatide 
collisions due to an increase of the glycolipid local 
concentration in both states of the membrane in the 
presence of the hormone. The unmodified curves ob- 
tained with PtoPC confirm the inability of calcitonin to 
interact with zwitterionie phospholipids. 

Though interactions of calcit~min with liposomal 
sulfatide seem not to disrupt the bilayer structure, it 
could nevertheless alter the structural lipid organiza- 
tion, thus promoting a modifica~'ion of membrane 
properties (i.e., permeobility to hydrophilic molecules). 
To evaluate this possibility we studied the release of 
!iposome et,Ltrapped carboxyfluorescein consequent to 
the addition of calcitonin, both with regard to the 
sulfatide molar fraction in the liposomal menibrane 
(Fig. 5) and the calcitonin concentration in the incuba- 
tion medium (Fig. 6). 

Fig. 5 shows how calcitonin-dependent membrane 
permeability to CF is influenced by the presettce of 
different amounts of sulfatide in the bilayer. The kinet- 
ics of CF r~:lease are characterized by a biphaslc behav. 
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Fig. 6. Exteat ~f car~oxyflt.orescein release (CF) from egg pho~pha- 
tidylcholine/su~tatidc (80:20. molar ratio) small unilamellar vesicles 
induced by 2 ('.-~). -~ (z~). 6.5 (*). 15 ((3) and 20 (o) nmol of 
ealcitonin. Lz'.akage of CF after addition of calcitonin, was measured 
by monitming t'.le increase of CF fluorescence with time. Data are 
expressed as% CF re,case calculated as described in Materials at)d 

Methods. 

icr with an initial fast leakage in the ~rsl 4-5 rain, 
foiiowed by a more prolonged slow release, ~hich w.',,; 
moi:,itored for up ~o 45 rain. 

The spontaneous release of CF from cg~ phospha- 
tidylchoi;ne sma!~ unilamellar vesicles was very Iow: 
only 9% of the entrapped molecule was ~:eleased after 
45 min of incubation (data not shown). The presence of 
different amounts of sulfatide (from .4 to 20 mol%) in 
the membrane further reduces the spontaneous leak- 
age of the entrapped CF from the liposome; the re- 
lease after 45 rain being 6, 4 and 3% for liposomes 
containing 4, i0 and 20 tool% of sulfatide, respectively 
(data not shown). The kinetics of CF spontaneous 
release still mantain the biphasic behavior obtained in 
the presence of calcitonin; sulfatide determined a de. 
crease either ~n the fast and the slow phase of CF" 
release. This could be (.'.:e to the ,rdering effec~ that 
~ulfatide exerts in the rolar region of phospholipid 
bilayers that are in a fluid phase [23,26]. 

The addition of 20 nmol of calcitonin (2" 10 - s  M), 
while not determining any significant increase in the 
CF leakage from liposomes of phosphatidylcholine, 
progressively enhanced the CF release from lipJmmes 
containing increasing amounts of sulfatide. With lipo- 

somes containing 4 mol% of sulfatide the CF release 
was :!.5-ftid greater than that obtained with egg phos- 
phatidylc|,,oline vesicles in the first 5 mln of incubation. 
The same extent of increase was observed during all 
incubation periods; after 45 rain the CF released fre.. ~. 
egg phosphatidylcholine liposomes and those contain- 
i~g 4 ~nol% sulfatide was 12 and 29%, respectively. 

A higher tool% of sulfatide in the membrane fur- 
ther increased the calcitonin induced CF release. The 
leakage from lipo~m~e.~ contai.-.ing lfl and 20 mnlqf. ,--f 
sulfatide was, after 5 rain, 21.5 and 23%, respectively 
and. ,after 45 rain. 405 and 43%, respectively, thus 
showing a non linear dependence on the amount of 
sulfatide in the membrane 

The highest amount of sulfatide used in this experi- 
ment was 20 nmol, correspondin,, to the 20 tool% ,,¢ 
total lipids. Since the sulfatide is symmetrically dis- 
tributed between the inner and the outer !ayer of the 
vzsicle [23], v, bout 10-12 nmol of the glycolipid are 
available for calcitonin binding when the peptide is 
added to the vesicles. Thus, the calcitonin concentra- 
,,ion de,'~ ,~nt represent a limiting factor even in the 
extreme hypothesis that the optimal ratio for lipid- 
protein interaction was 1:1. This evidence seems to 
indtcatc that a greater number of sulfatide molecules 
in the bilaycr does not determine a proportional in- 
crease in !he mer,:bra~e calcitonin binding sites; this is 
probably due to ~ different distribution of the sulfatidu 
as a function of its tool% in the membrane. It has been 
demonstrated, in fact, that sulfatide tends to form 
glycolipid enriched domains when it is present in a 
phosphatidylcholine bilaycr at concentrations higher 
than 5 tool% [19,25]. If the sulfatide was randot:.ly 
dispersed in the membrane at all the tool fractions 
censidercd the numher of anionic anchoring sites for 
c~dcitonin should be proportional ~o the ~ulfatide con- 
c~:ntratiou in the me~brane,  but as a consequence of 
the segregation of ~he glycolipid in the membrane, at 
10 and 20 mol%, the sulfatide could form polyanionic 
domains in which more than one negative charge could 
contribute to the binding site of calcitonin on the 
membrane, with a consequent deviation from the lin- 
earity between sulfatide concentration and CF release. 

When liposomes co~l~aining 2.0 tool% of sulfatide 
~ver¢ incubated with different amounts of calcitonin, 
ranging from 2 to 20 n~ol,  there ~,as a linear increase 
i~, the CF released as the calcitonin in tl'e medium was 
au::.mentcd (Fig. 6). The percent release determined at 
thrace different tintes, 15 s, 5 )nin and 45 rain, is always 
dir¢L:tly proportional to the amount of calcitonin incu- 
bated with liposomes containing sulfatidc. This seems 
to indicate that for liposomes containing the same 
amount of sulfatide, thus the same number of calci- 
tonin binding sites, the modifications in membrane 
permeability to CF depend on the amount of caleitonin 
which cat) interact with the biiatyer. 



As dlscussed above, light scattering and ElM deter- 
minations demonstrate that I.he interaction of calcl- 
toi~it, with liposomes containing sulfafide neither dis- 
rupts the bilayc;r structure nor promote~ n~,.',~:':,':-:.~,~ 
fusion. To exclude the p~.,~sibility that the inte~ action of 
calcitonin with liposomal sulfatide could alter the lipid 
composition of the vesicles, the liposomes of egg phos- 
phat~;dylcholine-su!fatide (80: 20, molar ratio) with en- 
trapped CF were chromatographed on scpharose 4B 
after 20 rain of incubatio~ with 20 nmol of calcitonin 
and the elution proft¢ of phosphatidyIcholine, sul- 
fatide, and CF wa~ determined. R~s~lt~ ~rc reported in 
Fig. 7 in which the elution profiles o, r the same lipo- 
some at zero time of incubation are reported for com- 
7.arison. Phosphatidylcholn¢ and s~:ffatide were com- 
pletely recovered in the void volume of the column 
both at zero and 20 min of incubation and they were 
present it: each fraction at the same mole ratio of the 
loaded sample. The amount of liposome associated CF 
was about 9.5% of the total recovered CF at zero time 
aad decreased to 67% after 20 rain of incubation, if 
tke permeability properties of the bilayer were modi- 
fied without macroscopic alterations of the membrane 
structure, then it could be possible that the alterations 
in membrane permeabilty could depend on calcitonin- 

induced pore formation through the hlayer ,  if this is 
try,:, ,ll,,~ Lydrophilic entrapped ~olu:es with molecu- 
lar dimensions greater than the diameter of the pare 
wo~!d I~e retained by liposomes even in the presence of 
cal¢itonin. Preliminary results obtained by substituting 
CF (PM 358) with NADH (PM 709) seem to support 
this hypothesis, in fact after 45 min of incubation with 
20 nmol of CT, egg phosphatidylcholine/sulfatide lipo- 
somes totally retained the entrapped NADH, indicat- 
ing e. size selectivity for the El '  induced leakage of 
molecules in an indicative range between 358 and 709 
in La~,lccular weight. 

Thus" evidence demonstrates that the interaction of 
this pepttde hot'iho,le is able to modify the structural 
properties of bil~yered membranes contai~dng sul- 
fatide, thus proatoting an alteration of the barrier 
properties of the bilayer. It has been demonstrated 
(Fig. 4) tllat sulfatide-ealcitonin interactions determine 
an increase in the local concentration of sulfatide in 
the bilayer. This could alter the molecular packing of 
lipids at the interphase between the bulk bilayer and 
the sulfatide enriched domain, thus promoting an ;a- 
crease in CF leakage. An analogous explanation has 
been proposed by different authors [26-28}, to describe 
the enhanced permeability to CF obtained at the phase 
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Fig. 7. Elution profiles of egg phosphatidylchollne ( I ) ,  sulratlde ( + ) and cnrbosyfluorescein ( x ) after chromnto,~rap|,.~ on Sepharose ~.B ¢f small 
unilamellar vesicles of egg phosf, hatidylcholine/sulfatide (80:20, molar ratio) ¢ontalnin~ carbo~fl~oresccin. Before chrom~toEraphic separation, 

vesicles were incubated for 0 tAt and 20 tB) min with calcitonin. 
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t ransi t ion t e m p e r a t u r e  o f  different  pl lospholipid bilay- 
ers.  Su l fa t ide -ca lc i ton in  i n t e r ac t i om might  occur  in 
the  lipidic mic roenv i ronment  su r round ing  the  r ecep to r  
g lycoprote in ,  p romot ing  a modu la t ion  o f  bo th  bioavail- 
ability a n d  b inding  capac i ty  o f  the  r ecep to r  itself. O n  
the  o t h e r  h a n d  these in terac t ions  might  occur  in differ-  
ent  mic roenv i ronmcnts  fa r  f rom the r ecep to r  site; al,;o 
in '.'his case  the  consequen t  =ea r rangcment  o f  the mem-  
b r a n e  organiza t ion ,  could  be  impor tan t  in the  de te rmi-  
na t ion  o f  some physiological  activities o f  the ho rmone ,  
regard less  o f  the  b inding o f  the  h o r m o n e  to the recep-  
tor.  
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