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8uMuRY. The fluorescent probe dsnsyl oadaverine has been shown 
Pa strongly to mIxed bile salt-phospholipid mioelles contaln- 
lng unsaturation In the fatty ao 1 ohains. Inoorporation of 
oholesterol into the mired mice1 1 es reduces the number of mole- 
wales of bound densyl eadaverine without altering the bindlng 
affinity. These results suggest a tighter paclting of the hydro- 
carbon matrix of the mioelles In the presenoe of cholesterol. 

IN!TRODUCTION. 

The solubllf~ of cholesterol In bile is critically 

dependent on the ooncentration of bile salt and phospholipid (1). 

Interest in this area stems from the faot that the preolpitatlon 

of aholesterol from bile mlcelles results In he formatlon of gall 

stones. While phospholipid mioelles and their interaction with 

oholesterol have been the subject of intense physlcochemioal 

Investigation (2) relatively little Is known about the struoture 

of mixed bile salt-phospholipid mfoelles. Small has proposed 
. 
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dlso shaped models of bile salt-phosphollpid mlaelles with 

cholesterol lmbedded in the hydrooarbon matrix (3). Beoent ESR 

studies have suggested the preaenoe of a different type of 

aggregate when large concentrafion of oholeaterol was lnoorpo- 

rated Into the mioeller (4). It ha8 been demonstrated that the 

feeding of polyunsaturated fats to rat8, alters the oomposltl~ 

of fhe blliary phosphollpids leadIn& to greater unsaturation of 

the fatty aoyl chains. This in turn leads to lnoreared aolublll- 

sation and excretion of cholesterol through bile (5). In order 

to understand the molecular meahaalsms of cholesterol solublli- 

sation, we have attempted to study bile--ralt-phosphollpld- 

oholesterol mlcelles, usIn& dansyl oadaverine a8 a fluoresoent 

probe. 

MATERIAL8 MD YETHODS. 

Soyaleoithln (BP&) oontsinlng about ?O$ llnoleio acid was 
a gift from Wattermann end Co., 
by chromate raphy over alumina. 

Cologne, ffermsny and wa8 purified 

leoithln (D&J were from @sa Chemlaal Co., USA. -6yl oada- 
Sodium deoxyoholate and dipalmitoyl 

rerine was synthesised a8 deeoribed earlier (6). Bile from goats, 
sheep and ohicken were oolleoted by puncturing the gall bladder. 
Mired mlcelle8 of bile salt-eoya lecithln tith (BP&B&Chl) and 
without cholesterol (EPEBS) were prepared by a modlfioaffon of 
tbs prooedure of Saunders and Well8 (7). Lecithin and oholerterol 
were dissolved In chloroform end the solvent was evaporated under 
vacua. The 
nitrogen. 

last traoee were removed by passing a stream of 
The residue was dissolved In 0.025Y Tris-HCl buffer’ 

(pH 8.2) and sodium deoxyoholate dissolved in the 8ame buffer was 
added. The solution was mixed, cooled and sonlcated for 45 sea 
using a Branson sonifier (20 Xoyoles, 75W), and inoubated for 2 hours 
at 37oc. The solution war then passed through a Milllpore filter 

Mixed micelles without cholesterol were prepared in a 
. 

Fluoresoence measurements were made using a Perkin-Elmer 
Yodel 203 8peotrofluorimeter. All spectra are uuoorreoted. The 
exaltation maximum for dansyl oadaverine wa8 340 nm. 

BESUIB’S AND DISCU%3IOH. 

Daasyl cadaverine ha8 reoently been shown to be a useful 
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Fig. 1. Uncorreoted fluorescence speotra of dansyl oadaverine In 
the presence of model micelles of deoxycholate, lecithin and 
cholesterol. All solutions were made in 0.025M 'Iris-HCl buffer 
pH 8.2, probe concentration was 4 pg/ml. 
(a) Probe blank, (b) Probe + EPLB8 (100 &ml - 100 &ml). 
Probe was added externally after the mioelles were prepared. 
(c) Probe + BP&B8 (100 &ml - 100 &ml). Micelles were pre- 
pared 
100 L, 89 

long wltb ae probe. 
ml - 30 &ml). 

(d) Probe + EPL-BS-Chl (100 p&l - 
Yicelles were prepared along with the 

probe. (e) Probe + DPbBS (100 &ml - 100 &ml). Ilioelles 
were prepared along with the probe. 

Fig. 2. -corrected fluoresoence spectra of dansyl cadaverlne in 
the presenoe of lecithin dispersions and deoxycholite pboelles. 
All solutions were made in O.OZgH Pals-HO1 buffer pH 8.2, Probe 
concentration was 4 &al and was added externally. 
(a) Probe blank, 
DPL (100 &ml), 

Probe + Deoxycholate (100 &ml), (c) Probe + 
Probe + EPL (100 &ml). 

probe for anionic sites on biological membranes (6). It has also 

been shown that danuyl oadaverine is displaced from erythrooyte 

membranes on addition of cations that compete for negatively 

charged binding sites (8). The probe may therefore be used to 

monitor structural perturbations In lipid micelles In low ionic 

strength buffers. The experiments described below were carried 

out in Tris-HCl buffer (O.O25M, pH 8.2) as very little binding to 
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bile salt-phosphollpid mlcelles could be detected In sodium 

phoaphate buffer. Fig. 1 shows the fluorescence spectra of dansyl 

cadaver&e in the presence of various lipid micelles. It is seen 

that Incorporation of the probe into EPEBS mlcelles is aacompanied 

by a significant enhancement of emiseion lntensitg and a 20 nm 

blue ehlft of. the fluoresoenoe maxlmum. An intereating feature of 

Fig. 1 is that dansyl oadaqerlne Shows almost no binding to DPD-BS 

micelles as evidenced by the lack of emission Intensity enhancement. 

This suggests that probe molecules are more effectively lnoorporated 

into unsaturated phosphollpld mlcelles, indicating that altered 

packing of lhe fatty aold chains facilitates penetration of the 

fluorescent probe.’ Two Sets of experiments were carried out In 

which the probe moleoules were lnoorporated Internally by addition 

bef0r.e ,sonioation, and externally by. addition after sonication. 

The degree of binding was substantially higher for internal in- 

oorpor~,tion suggesting that the mixed mioelles are not fr,eely 

permeable to the probe. pig. 2 demonstrates that though the probe 

showed considerable binding to sonioated EPD dispersion, no binding 

was observed with similar DPL dispersion and with deoxyoholate 

micelles. 

Iqtroduction of oholerrterol into the EPL-BS Pdaelles oauses 

a dramatic reduotlonln the Intensity of the probe fluorescence 

(Figi ld). This may arise due to a reduction In the number of 

probe ao&eoules bound to the nlcelles or due to a,fall in the A,’ .) 
emission quentum yield of-the bound fluorophore or due to a oombi- 

nation, of both factors. Iqorder to asses8 the causes for the 

fluoreeoenoe deerease, titrations varying the lipid and probe 

oonoentrations were oarried out. The quantum yield of densyl 

cadaver+e remained unaltered In the presence of cholesterol 
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Fig. 3. Soatchard plots for the binding of the dansyl oadaverine to 
mixed miorlles of lecithin, deoxychalate and oholestercl. 
(a) KPLBS, (b) EPLBS-Chl. 
Pf I Probe free. 

P,, = Probe bound to mioelles) 

Fig. 4. Unoorreoted fluoresoenoe speotra of densyl oadarerine in 
the presenoe of bile. All solutions were smde in 0.0251 l!rls-HO1 
buffer pH 8.2. Probe ccnoentratlon was 4 &ml. 

a) Probe blank, (b) Probe + Goat bile (60 
o) Probe + Sheep bile (60 &ml lipid 

bile (60 p&l Upid orno.). 

(Figure not shown). Khe blnding data presented in the form of 

Soatchard plots (9) are shown In Fig. 3. It Is seen that the 

addition of oholesterol to the KPbBS sdoelles reduces the number 

of probe molecules bound tithout an appreciable change In binding 

affinities. Average dissociation constants (XI,) of 3.05 x loo516 

for probe binding were obtained. !Che extent of probe bindlq (n) 

varied from 8.9 qaoles -’ In the presence of cholesterol to gm 

11.9 pmoles gum1 in the absence of cholesterol. Blmllar studies 

were not carried out fox DPGW alcelles due to weak blndlng of the 

fluoreeoent probe. 

Dausyl cadarerine was chosen initially with the aim of 
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probiq the environmnt of snionlc bile salt noleoules. However, 

the r&l1 ohangel in fluorescence with bile salt mloellea alone 

suggest a low affinity for the probe binding. Alternatively 

lnteraotlons between the oharged oarboxylate aud amlne funotions 

in the lplcelles and probe respeotlvely, may not result In large 

changes in emission, if the naphhalene slug remains largely 

exposed to solvent. !C!his Is conoelrable In the caue of the 

relatively small bile salt sdcelles. However In mlxed phoapho- 

lipid-bile salt mlcelles It Is likely that the posltlvely oharged 

anLne groups of the probe may bind to the carboxylate groups of 

deoxyoholate while additional binding lnteraotions of the hydro- 

oarbon parts of the moleoule are possible with the nonpolar regions 

of the mixed miaelles. The relatively strong lnteraotlon with 

EPEBS micellea on the other hand points to the possibility that 

dausyl cadaverine my 8erve mainly as a reporter of the uriaaturated 

pho8pholipid environmetit. Weak lnteraation of the probe with 

DPIrBS micelles suggerrts that the fatty acid unsaturation of the 

phospholipld leads to a relatively loose paoking of the hydrooe,rbon 

chain, tiich then allows faolle penetration of the hydrophoblo 

residues of the probe moleoule. 

!Che displacement of the probe on addition of,oholes.terol 

suggests that dansyl oadaverlne and dzolesterol paok In a 

sitilar region of the mlcelle. As a consequenae pvesenoe of 

cholesterol reduces the accessibility of the probe to the.mioellea. 

High resolution lH lVMR studies of the mlcelles of bile salt and 

phospholipld having different fatty acid compo8ltion suggest the 

possibility that the fatty acid chains in these sdcelles are in a 

relatively fluid state independent of the type of phoepholipld 

(10.11). It is likely &at eolubllisation of cholesterol in this 

state reduces the fluidity of the hydrooarbon region. Preliminary 
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erperlments using pyrene exolmer fluorescence as a mobility 

mm&for, 00nfQv~S that cholesterol incorporatlon efreesesw the 

hydrocarbon matrix of the micelles. In this context It Is 

interesting to note that In phosphollpld vesicles, presenoe of 

cholesterol reduces the fluidity of the hydrecakbon matrix above 

the phase trsnsltion temperature, but enhances the fluidity below 

the phase transition (12). 

The extrapolation of These studies to natural biliary 

mlcelles having different phosphollpid composition yielded encourag- 

ing results. The fluorescence spectra of dausyl oadaverine in 

the presence of various bile samples show that, while goat and 

sheep bile produced small spectral changes, relatively large 

fluorescence changes are observed with chicken bile (Fig. 4). It 

Is significant that bile lecithin of ohlcken Is more unsaturated 

than that of goat and sheep bile (11). !Chls suggeits that dansyl 

oadaverlne may prove a useful indicator of phospholipid unsaturatlon 

and that further iuvestigations in progress using homologous probes 

say yield more detailed structural information on mixed bile salt- 

phospholipld miaelles. 
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