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ABSTRACT 

The use of dohchyl phosphate-contammg hposomes m glycoprotem blosynthesls 
under condltlons that control the transfer of exogenous dohchyl phosphate from 
hposomes to mlcrosomes IS described The exogenously added dohchyl phosphate IS 
avaIlable for mannosylatIon, and direct ewdence for the role of dohchyl phosphate a< 
IntermedIate m protem mannosylatlon was shown by use of hposomes contaming 
dohchyl [‘“C-J mannosyl phosphate 

INTRODUCTION 

Protein mannosylatlon m Aspergrlh nrgu van Tleghem, as well as m many 
other orgamsms, is a complex process that mvolves a hpld mtermedlate’ ‘, the hpo- 
phk moiety of which has been shown to be a poly(lsoprenol)3 These enzymlc 
reactlons occur wthm membranes and, III vltlo, the mclm difficulty IS to mtroduce 
hydrophobic compounds mto the membranes To solve this problem, polar and 

neutral detergents have been wdely used, but were shown to mhlblt drastlcally the 
enzymlc reaction, especially for the present system” Llposomes of known cornposItIon 
seem to be a valuable tool for the study of membrane-bound enzymes’ In the present 
paper, we describe (a) the mteractlon between mlcrosomes and hposomcs, and (b) the 
Influence of dohchyl phosphate and dohchyl mannosyl phosphate-contammg vesicles 
on the transfer of mannose to hpld and endogenous protems, respectwely 

EXPERIMENTAL 

Matenal ami methods - Egg yolk leclthln, phosphatldlc acid, 3-sn-phosphatl- 
dyl ethanolamme, phosphatldylcholme, and dohchyl phosphate were obtamed from 
Sigma Chemical Co, St LOUIS, MO 63178 (U S A ), and radlochemlcals from 
Amersham France, B P 563, F-78005 Versailles (France) LIpId vesicles were routmely 
prepared by dlssolvmg egg yolk leclthm (10 mg), 3-srl-phosphattdylethanolamlne 
(3 mg), and various concentrations of phosphatldlc acid, dohchyl phosphate, or 
dohehyl mannosyl phosphate m 2 I (v/v) chloroform-methanol (1 mL) After bemg 

OOOS-6215/81/oooo-oooo /.S 02 50, @ 1981 - Elsewer Sclentdic Pubhshmg Company 





LIPOSO\lCS IN VANNOSYL \TlOU 147 

TABLE I 

I R \\StLR 01 [’ ‘cl\1 \X\OSE FRO11 GDP-[’ ‘cl\1 \XXO\t I-0 L~DCK.L~DU\ PDLI PKCV\ L PHOSPHAYtS OK 

\DDLD DOLtCH\ L I’ftOSt’fl \TL” 

__- --- 

None 

Doltchyl phosphntc CdOr~h;) 
Dtmtth> I sulfoudc (0 5x1) 
Doltch\I phosph tte (60rrhr) rn drmcth~1 \ttlfo\tdc f0 5hl) 

I TIlton X-100 (0 OY’,,) 
Dohch~l phosphate (60-150rrkl) tn Trlton S-100 (0 OS”,,) 

550 
550 
550 
620 
100 
950 

-- --- - --- ~_ -- --- 

grThe mt\tt~rcs \\crc tncub tted lor 5 mm, the ~dttcs tn paxznthc~~~ tndtc.ttc hn.d conccntr wonr 
bDoltchxI phosphatt a.ts tiat d~~ol\td tn 2 I (\ j\) chlorolorm-mcth lnol and the solutton drtcd 
under t ae.tm of nttrogcn then thL tnuthat~on mtuurc WA tddcd to the drtcd rcstduc 

I=lS I Electron mtcropraph ot ncgw\cl> SI uncd prcpxattotx 01 \m tll untl tn~cll LI hposomc~ 

t Xlagndtc ~tiort 34 000 ) 

U DP-glucose ceramtdc glycosyltmn~f~r,t~~’ ‘_ WC .tttcmpwct to xiapt tht\ rcchntquc 

to tl,c p,cscnr ptoblem The shape and we ot the Itptd ~estclcs, prepared .LS descrtbed 

Iti tbC E\p2tXtll2lltJl XCItOtl WCIC tnvestt +ttcd by clectt on mtcro\copy ustng ncgatt\ c 

\t,ttntng the nvctapc stze of the I~posotncs dctcrmtned by electron mtcroscopy \\as 

20 tlm (Ftg I), <L ~.duc that 15 Lcry clox to the one observed by Hnnovet and 

Lcntlnt~ * ’ By f12czc frrtctw-e, however, a value ot 40 ntn was estttnared’ ‘, 3 \alut 
th,lt IS tn good qt-eemenc wtth the dtatnetcrs measutcd by Barenholr or nl ’ In 

‘lddttton, gel liltratton on Sepharosc 2B conltt-mcd that the ltptd vcstcles were homo- 

geneous tn SIZC (bee Fig 2) ln order to avotd modtlicatton of the overall phosphol~p~d 

cotnpobtlton of the tntcro~otml mcmbr~nes, the nature and ratto of the phospholtptd 
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Fig 2 Sepharobe 2B gel filtration The ltposomes contamed egg-yolh lectthm (10 mg), 3-swphos- 
phatldylethanolamme (3 mg), doItchy phosphate (0 5 mg), and phosphattdyl[X-methyI-lJC]chohne 
(0 1 10. spec actnny, 55 G/moI) per mL of Tr~s HCI buffer pH 8 5 (G -0) absorbance at 
370 nm and ( \- ---^) radloactnltj (d p m ) The posmon of Blue Dextran IS at VO 

Ftg 3 Fusron between mtcrosomes and hposomes Lrposomes (2OfrL) contammg egg-yolh lectthtn 
(IO mg), 3-An-pnosphatld~lethanolamme (3 mg), and dohchyl phosphate (0 5 rng) or phosphattdlc 
aced (0 3 mg) per mL of 50mM Tns HCI buffer, pH 8 5, contammg phosphatldyl[N-methyPC]- 
chohne (spec actwty 55 Cl/mol) were mIxed wth a mlcrosomal suspension (100 /CL, 0 3 mg of 
protem) m the same buffer At \anous time-Intervals the mixture was centrifuged for 3 mm at 
150 OOOg m an Alrfuge Beckman centnfuge, and the radloactwty of the supernatant solutton and 
the peilet measured ( - ) supematant solutron, (c -0) pellet 

05 30 60 
mm 

Fig 4 Synthesis of dohchyl mannosyl phosphate Llposomes (20 /IL) prepared as described m the 
Iegend to Ftg 3 (but wtthout labeled phosphattdyicholme) xvere added to mtcrosomal membranes 
(100 ILL, 0 3 mg of protem) and Incubated for I h at 32” Then GDP-[WJmannose (10 rtL, 5 nCt/mL) 
was added to the suspenston At vartous ttme-mtemals, the reactlon was stopped by addmon of 2 I 
(v/v) chloroform-methanol (20 v 01) The radtoacttve hptds were extracted accordrng to Folch et al 9 

and the radloactwty was measured (O----e) mlcrosomes wthout Itposomes, (0 -0) mlcrosomes 
lvtth phosphattdtc actd-contammg hposomes, and ( < -Y ) mtcrosomes wtth dohchyi phosphate- 
contatntng Itposomes 
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components of hposomes were selected to be close to those of the naturally occurnng 

ones 
In the study of the rate and extent of fusion between hposomes and mlclo- 

somes a plateau was reached after 1 h of Incubatron, and -40% of the negatively 
charged 11p1d ves1cies had fused with the m1crosomal membranes [see FIN 3) The 
results obta1ned with A rpergrllm mger mlcrosomes, which have a very htgh protein- 
to-phosphohp1d rat10 (> 15 I) as compared to that from rat liver m1crosomes 
(rat10 -4 I), show that the extent of fusion IS about the same, but the mltlal velocity 
of the phenomenon IS much hqher III the latter1a 

The fusion of dol1chyl phosphate-loaded vesicles and nxrosornes (see FIN 4) 

resulted In (a) an Increase of the mmal velocity of the mannosylatlon. and (b) a 
tremendous enhancement of the dohchyl mannosyl phosphate synthesis, whereas 
the ftislon of charged 11posomes that did not contain any dolichyl phosphate did not 
affect the mannosyltransferase activity These observations indicate that the substrate 
(exogenous dohchyl phosphate) had access to the GDP-mannose dohchyl phosphate 
mannosyltransferase The chromatograph1c behavior and hydrolysis propertIes of 
the mannophosphohp1ds formed upon addition of dol1chyl phosphate were 1denttcal 
with those of dohchyl mannosyl phosphate’5 
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Fig 5 Influence of dohchyl [*Qnannosyl-contammg hposomcs on glycoprotcm btoslnthcsls 
Llposomes (70 I/L) contammg egg yolb lecnhm (10 mg), phosphatldylcthanolamme (3 mg). phos- 
phatldx acid (0 3 mg), and dohchyl [llC]mannosyI phosphate (IOh d pm) per mL ot 50mhl 
Tns HCI buffer pH 8 5 \\ere added to rmcrosomes (100 /lL 0 3 mg of protem) from A M_.WJ 
At various tune Intervals, the reactton was stopped by addltlon of 2 1 (v/v) chloroform-methanol 
(2 mL) and the radloactwrty of hpld C X- x) and protem (O- (1) measured as descrlbcd m the 
Eupenmental sectlon 
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The apparent K,,, for dohchyl phosphate IS -3Opv this value IS very close to 

that obtamed by Forsee and Elbem16 for ficapre n I j p hosphate In the presence of a 

detergent It IS of Interest that, by use of hposomes It IS possible to control the amount 

OF Itpophlhc substrate avaIlable to the mlcrosomal enzyme 

In previous expenments’. some ewdence that dokhyl phosphate IS an Inter- 
mediate m protem mannosyiatlon had been presented and this conclusion was based 

on hlnetlc results the use of dohchb I [“Cl mannosyl phosphate-containmg hposomes 

prowdes direct ewdence for the transfer of [‘SC]mannose From the hpld to endoge- 

nous proteins (see FI,O 5 ) SO “/, of the total radloactwty was recovered as [‘sC]man- 

nohpld after 120 mm of mcubatlon of the remammg ZOT;, I 1;: \iere [%]mannose 

co\alentIy bound to plotems, and the rest wr~s recovered as Ct3C]mannose and 

[‘4CJmannosyl phosphate no ohgosacchande (or related compound) was Found 

The data presented hereln show that Ilposomes can be used for the assay of 

t\\o different membrane-bound mannosyltransferases thus, addltlon of detergents 

whxh In some cases have lnh~b~tory effects or orgamc solvents to disperse the hptds 
I\ no longer required As previously rnennonedL3 phosphohpld vesxles may bc 

expected to be used for cl more general dpphatlon than for $ycosyltr,msferases only, 

namely for all the enzymes that require lrplds or amphipatlc molecules as xtlvator 

OI substrate 
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