
INVFSTIGATION OF VINCA ALKALQID-PLASMA MEMBRANE INTER- 
ACTIONS BY DETERGENT GEL CHROMATOGRAPHY 

SUMMARY 

Detergent gel chromatography was successfully applied for the separation of 
protein subunits and lipid mice&s of [lJC]Vincristine-treated and sodium dodecyl 
sulphate-solubilized liver cell plasma membranes- The elution profiles of solubilizd 
membranes depended on the pore size of the commercial agarose and agarose- 
poIyacrylamide gels used. It was found that most of the membrane-bound Vincristine 
was associated with the soIubilized lipid micelles and only a very small proportion was 
bound to protein subunits. 

INTRODUCTION 

Gel chromatography of biological membranes solubilized in detergents has 
been reported to be a valuable method for studying membrane structure and func- 
tion1*2 . 

Recently, we observed that Vinca alkaloids used widely in cancer chemotherapy 
bound strongly to liver cell membran&. In order to investigate the character of 
plasma membrane-drug interactions in detail, detergent gel chromatography using 
commercial gels of different pore sizes was performed for the separation of membrane 
protein and lipid constituents. 

MATERIALS AND METHODS 

Prepmtim of phnm membmm 
Liver ceil plasma membranes were prepared from male Wistar rats (200-250 g) 

by the method of Hodson and Brenchlep and purified according to Wisher and 
Eva& by ultracentrifixgation in a surcrose density gradient. PuriGed plasma mem- 
branes (d = I.lbE -16) were suspended in 10 ti piper&x-N,N’-bis(2-ethane- 
sulfonic acid) (PIPES)-5 tif MgClz buffer @I 7.4) to give a protein c~ncentratio~l of 
OS-1 mgjml and incubated for I h at 25“ with N-VT-formyl]-Vincristine (Specific 
activity 50.13 $ijmg; Richter, Budapest, Hungary) using S- l@ cpm activity per mg 
of membrane protein. C’CJVmcristine-treated plasma membranes were washed and 
pelleted five times with PIPES-MgQ buffer, and solubilized in 50 mM Tris-glycin 
buffer (PH 8.5) containing 2% sodium dodecyl sulphate (E. Merck, Daimstadt, 



G.F.lL) and 1% Z-mercaptoethanol by heating for 10 min at 1OQ“. Afkcen%ging, 
the ciear plasma membrane solutions (3-S mg protein per ml) wereapplied to the 

gelcchmns. 

Plasma membrane samples were analyzed by extracting their lipid content 
according to Folch et aL6, and fractionated by quantitative thin-Iayer chromat~grapZty~. 

The lipid couteut of the eluted factious obtaiued in the columu chromatographic 
experiments was determined by the micromethod of Woodman and Price?_ Protein 
meassments were made according to Hartnz@. r’C-Activity was measured in Bray- 
cocktail (toluene-dioxane) u&g an Intertechnique Type SL 30 liquid scintillation 
s_pectrometer. 

Column chromatography 
In an attempt to perform a perfect separation of solubihzed plasma membrane 

protein subunits and lipid miceks in detergent gel chromatography it was necessary 
to: 

(a) choose the appropriate amount of detergent in the solubilization procedure 
to attsin the critical micellar concentration (CMC) which is at least l-4-1.6 mg of 
sodium dodecyl sulphate per mg of membrane proteinr3; 

(b) maintain a low ionic strength during the chromatography to prevent 
aggtion of detergent mice&s; 

(c) choose the appropriate pore size of the gel as well as the optimal parameters 
for column chromatography11-13. 

In our experiments Whatman precision columns (39 x IS cm, total volume 
(V,)=6Oml;or90 x 254cm, V,=450ml)werefilled~if_hthegelslistedinTabIeI 
and cquihbrated with 50 mM Tris-glycin buffer (pH 8.5) containing 25 W NaCI 
and O-1 ok sodium dtxkcyi sulphate. The flow-rate was maintzined between 6 and 
10 mlrh by hydrostatic pressure as specikd by the manufacturers. One (or 5) ml of 
soiubked membrane sample was applied on the columns and fractionated dropwise 
in 1 (or 5) ml portions using an LKB Ultiorac 7ooO Fraction Collector and monitored 
by au LKB Uvicord II system at 282 mu. 



RESULTS AND DESCUSSION 

De-t gel chromatography of the protein and lipid components ti well as 
~Cc~cristiue bound to the solubilized rat liver cell p&ma membranes Ied to the 
foMowing CoQC~usi~ 

Taking into c0nsideratioi~ the pore size and the cbromatographic properties 
of the gels used as weli as the virtual rnokcukr weights of the sodium dodecyl sul- 
phate-solubiked protein subunits and lipid ticelks rep~rted’~~~‘~*~, the best separa- 
tions were achieved on macroreticular agarose gels. T&e experiments also illustrated 
the favourabIe properties of mixed agarose-polyacrykmide beads (Ultragel AcA) 
which have a higher resistance to deformation. Using Ukragel AcA-44, -34 and -22, 
an increase in ef%iciency of separation could be observed depending on the pore size. 
From a practical point of view, U&rage1 AcA-44, B&Gel A&n and Sepharose 6B 
gave no useful separations. Sepharose 4B and Ultragel AcA-34, however, proved to be 
convenient for separating the lipid micelles from the pro&n subunits (Figs. and 2) and 
there a tendency for subfractionation of lipids. UItragel AcA-22 gave the best 
subfractionation of solubilkd lipid rnicelk (Fig. 3). Similar observations have been 
reported by Helenius and SimonP, who separated the lipids of serum Iow-density 
lipoproteins into cholesterol and mixed phospholipid-cholesterol mice&s by sodium 
dodecyl suIphate detergent gel chromatography on Sepharose 4B. 

Regarding the [LqejViicristiae biding of the liver cell plasma membranes, 
Figs. 1-3 demonstrate tbat the drug is strongiy associated with the soIubilized lipid 

F;s- 1. Detagent gel ebmrnatograpbk separation of Iiver cell plasma membrane proteins, lipids and 
~~hxktine ohi Sepbzae 4B column, Expemtal conditions as in Table ll. 



mice&s, whiIe protein subunits bind considerably Iess ~~C~iocristine. For example, 
Table IR showy that in the case of Ukagei AcA-34,85.1 yO of the ~4Cfvicristine is 
associated with 71.5 oA of the membrane lipids and only 28.2% of tEre p~0tei.m With 
Se&arose 4B (Table II), 79.9 % of the ~4Cjlkm&ine eMed with 926 ‘=/, of&e lipids 
and was not associated with anj, proteins. These results are in good agreement with 
our eariier observations based on the conxcutive washing procedures of [t’C]- 
Viicristine-treated pkma membranes (with buffers, 2 M NaCl, 10% HClO,, et& 
and also on the solvent extraction of membrane lipids. 7Ckrefore, it is suggested that 
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Fii- 3, Detergent gel chm~~tographic separation of I&X C& plasma m-b= proteins, lipids and 
~4Z~maiSine on Ultrogel AcA-22 coItnnn. Experisnatal conditions as in Fig. 2. 

TABLE El 

DISIRIBUTION OF PROTEINS, LIPIDS AND p4’CIV!NCRI!3TINE JN FRACTIONS OR- 
TAXNED BY DETERGENT GEL CHROMATOGRAPHY OF LIVER CELL PLASMA 
MEMBRANESONULTROGELAcA-34 
For eiution pattern see Fig. 2. Cofumn, 39 x I.5 cm. V, = 60 ml, flow-rate, 6 mlfi. Sample: 1 ml, 
3.47 mg of membtant piotein. Fractious, 1 ml_ Total “C-activity: 42,79Q cpa 

Fracfion 
No. 

&14 
IS-20 
21-2s 
26-30 

Dirtributim (7;) 

Pr0teins Upi& [“Cl YiicnXBie 
- 

229 22 4.8 
489 26_3 10.1 
24-S 56.1 53.8 
3.7 15.4 31.3 

there are hydrophobi-polar interactions (Van der Wads-London forces) between 
the drug mokcuks and the membrane lipids and this may be the most &aracteristic 
feature of the binding of Vinca alkaloids to the hepatocyte membranes. 
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