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modulatmn by lipids and detergenta 

Aktnct-Interactions of detergents and lipid compounds on the activity of delipidatd preparations of UDPG : stcrol 
glucosyltransfcraxe and stay1 #-~glucoside hydrolase (SG hydrolase) isolatal from white mustard seedlings were 
studied. It has been found that various lipids exert diverse effects on the activity of SG hydrolaxc. This activity wax 
distinctly stimulated by several neutral, relatively unpolnr compounds such as phytol, tripalmitoylglyccrol, methyl 
stcaratc or chokstcryl acetate and, to a kxser extent, by free fatty rribs. On the other hand a number of phosphe and 
glycolipids were inhibitory. A pxrtkularly strong inhibition was obsctval with charged. zwitterionic phospholipids such 
as PC, PE or their 2-1~~0 derivatives. m results point to the possibility of in ciw, regulation of the membrane-bound 
SG hydrolaK by its lipid microenvironment. In contraxt to SG hydrolasc no cvidcnce wax found for a clearcut effect of 
lipids on the activity of UDPG: stcrrl glucosyltransferase even after a pretreatment of the cnzymc preparation with 
phospholipasc C. 

I~ODUCTION 

Raextt studies [ld] it&ate that stcryl @-I, 
mon4Jgluc0xi& (SG) arc componaltx of p&DC uxfn- 
brarex, along with free stcrols, and it hr been suggested 
[2,7,83 that revcrsibk glucoxyktion4cglucosylation of 
membrane-bound stcrols may have regulatory cffazts on 
membrane organization and functions due to induced 
alterations in lipid-lipid and/or lipid-protein intcrac- 
lions. Both in tiirro [9] and in vitro [lo] experiments have 
dcmonstratad that a dynamic quilibrium between free 
staok and tbcir glycoskle derivatives exists in plant 
thus. There are sow indications that this quilibrium 
may be under control of phytohonootus [ 1 l] or some 
cnvironmcntal f-on such as the light conditions [12]. 

~hc ghzosytation of plant stcrols is catalyzed by a 
specifk cnxymc, UDPG : stcrol glucosyltranxferasc, which 
occurs dominantly in dictiosomcs [ 13-151 and/or in 
plasma membrane [16. 173. Razntly we have reported 
[ 181 that white mustard (Sinqis olbo) seedlings contain 
ucryl #eglllcoridc hydrdue tiivity rhkb could be 
p se++ from otbcr 7 with B-C+ 

uaJ@&cactlvlty.lIussGbydro4uctsakoprcentin 
manbranoux frrcliona and its sub&Mar distribution ix 
similar to thxt of UDPG : stcrol glucosyltransf~ [IS]. 
Althougb both UDPG : stcrol glucosyltransf~ and !% 
hydrokac were partly puri6ed and some of tbcir pro- 
pert& studkd [l-3, 7, l&22] very little ix known on 
regulation of stcrol glucosylation4cgluc0syl&on at tbc 
cnzymcledIthasbcenrqxMtcd[7,2&22]th8tpccpu- 
ations of UDPG : staol glucosyltranxfcruc from cotton 
fibrcs [7]. pa seedlings [2O] ot maize scallingl[21.22] 
arc stimulatad by some phosphdipidx ruggcsting possibk 
regulatory rdc of tbcsc lipids in stcrol glucoayktion. 

IllthiSppXWCreportESUltSdOtKcompurtiW 

rtudica on tbe dkts of detcrgultx and lipid8 on activities 
of partly p&fkK& ddipidrtad prqIu8tions of 
UDPG: staol glucooyltransfcraac and !%G hydrolase 
from white mustard seedlings 

RKeuLls 

Our pwiou studies [18.19] hve shown that white 
mustard taadliags contain UDPG:stcrd gltcoqltranx- 
fcraac and stcryi j3-D-glua?xide bydrohxe (SG hydrohlc) 
which both are memhcanebound aqma ocnuing 
mainlyincxGlustntcturcxsaiimcntingat3000-15000q. 
Roth enzyme an be rdubihxed, the forma by ddipid- 
ation of crude man- f&n with rctonc and 
subqtunt extra&m with 0.3% Triton X-100, the latta 
by dctipidation with acetone f&wed by extraction with 
succiDIte bu&f (ret Experimental). 

Figurca1and2showtbedGctofromcdctcrgents.both 
ionic and non-ionic on the activitkd of dclipidatd 
UDPG:rtad glucusyltratufcrau and SG hydrol# 
rerpeaivtly. A wide range (O-01-1.0%) of detergent 
00acentIations were ruad. I-be tivity of 
UDPG:glucoxyltranxfcraxe wura! 
‘*c)Ebokstcrol and unLb4al UDPG ax thzhbtra:: 
(Fig. 1) was dist&tly stimulated by a number of non-ionic 
mu -l-be bigbest rcivatioo was obtained with 
Tritoa X-100 which rtimuhtai tmxymatic glucosylatiun 
ol[C’*c)cbolecterdowrtbcwbokooaaatrrtionrmgc. 
At 0.1% concentration of Tritoo X-100 about 6.5fold 
stimuhtio#lwuobun&.A.uothcrao4onicdetcrgcnts 
tuta!8hortimuktalthisnrcioaatbow concentrations, 
homa. to a mucfi Iowa extent. The higbut stimuhtion 
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Fig I. E&t of xomc detergcn1s on rhc activity of dclipniadoral 

UDPG : staol gluccnyltransferase from S. albra. Enzyme prcpar- 

ation (Me&O praipira1cd enzyme. 0.2lOmg prorem) was 

iruzuhtul at 30” for 2Omin with [C’4CJcholaterol and 

unlabclkd UDPG in the pracnce of Triton X- IO0 (0). Twccn-40 

(O), Twccn-20 (0). Twccn-60 (A). sodturn taurocholate (V) or 

radium dcoxycholatc ti!,L For other deuuls see the Expcrlmental. 

62 contra. -_---_----------_ 

Detergent concn I%: 

FIN. 2. ERkt of some detergents on the activiry of dcbpidarcd 

xtcryl &co&k hydrolaxc from S. &a. Enzyme prcparatlon 

(Me&O precipitated enzyme, 0.056 mg protein) was incubalal 

PI 3CV for 20 mm with [C’4C)choks~cryl &~glucoside in rhe 

presence of Tnton X-100 (0~ Twccn40 (0). Twccn-20 (0). 

sodium taurochota1e (V) or sodium deoxychola1e (.?j. 

by Twen-20 wax about 2-fold (at 0.1 ‘/. conocntntion). 

For Twccn40 and TwccnUl the mhuwrwat of the 
gluoosylation rate was rc3pecrivcly 70% (at 0.05 % con- 
centration) and 35 % (rt 0. I % concentration). In contrast 
to the non-ionic detergents sodium taurochokte and 
sodium deoxycbo&te were strongly inhibitory over the 

_--. _ _ 
wbok concentration range. In the case of SG hydrolase 

from white mustard sculling (Fig. 2)all testal detergents, 
both ionic and non-ionic, had very strong inhibitory 
cfTa!ts on the rake of hydrolysis measured with [C”C] 
cholcs~eryl &c@zo&dc as the suktratc With Triton X- 
100, Twccn-20 or Twccn40 the rcwztion was almost 
completely inhibitad at 0.1 ye concentration of detergent. 

Our further experiments have shown that the activity of 
solubilixal SG hydrolasc can be modulated in cim by the 
prcscne of various lipid compounds in the incubation 
maiium. As it can be concluded from data shown in Fig. 3 
a number of phospho- or glycolipid.s, typical for higher 
plant tissue, hsd a distinct inhibitory inflm on the 
activity of SG hydrolaxc. Among compounds tcslcd 
inhibitory properties inmosed in the following order. 2- 
lysephosphxtidylcthxnolxminc (ZlysePE) > 2-lyso- 
phosphatidykholinc (2-lyso-PC) > phosphatidykholinc 
(PC) > phosphatidykthanolaminminc (PE) > mono- 
galactosykliacyl~yarol (MGDG). Pbosphatidylinositol 
(PI) at low concentrations (up to 0.1 mM) increased the 
rate of SG hydrolysis (by about 10%) but at higher 
concentrations it hpd 8n inhibitory dfazt similar to that of 
all other phospholipids tested. On the other hand we have 
found (Fill. 4) that the activity of SG hydrolase is distinctly 
incramcd in the presence of some neutral lipids of low 
polarity such ax phytol(200’/, at 0.02 mM concentration), 
methyl stcarate (I 55 y0 at 0.1 mM concentration), choks- 
teryl aa%ate (150% at 0.1 mM concentration) or tripxl- 
mitoylglycerol (145 % at 0.1 mM concentration). Similar, 
but kss pronounced stimulatory effects on the SG 
hydrolasc activity were obsctvad with free fatty acids such 
as palmitate or laurate. It is noteworthy that the stimu- 
lation by phytol could be compktcly abolished by 0.05 T0 
Triton X-100. 

It has been mentioned in the Introduction that some 
phospholipids (particularly PE) were found to exert a 
stimulatory dfazl on the activity of UDPG : stcrol gl~ 

. “&. - - - - - - _ _w!Qzp~_ ---- 
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Fig 3. Influence of xomc phospho- and glycolipidx on the ralc ol 

sreryl glucoGdc hydrolysis by xolub~lixcd. dclipidatal cruya~ 

prcparallon from S. a/ha. The xolubrlizd enzyme (0.030 mg 

protein) was usal. Incubalmns were carnal out a~ dcxcnbcd In 

the kgcnd IO Fig. 2 In the presenceof PI (r:J MGDG (A). PE (JA 

PC (0). 2-lyePC (0) or 2-lyso-PE (W). Sources of the above 

lipds are given In 1he Expcrimcn1aI. 
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Fig. 4. lntluma of sow neutral lipdsand fret fatty a&son the 
activity of steryl &coside hydrolasc. lncubt~ons were carried 
out as described in the kgends 10 Figs 2 and 3 in the presence of 
phytd (m). methyl swaraw (0). choksrcryl acewe (A) tripal- 

rn~toylglycerol cT3. palmilr a4 (0) or lauric acbd CA). 

syltransfcrasc from some plants, Such a stimulation was 
obsawd with crude memhranc preparations from pea 
seedlings [2O 0r partly ddipidatad enzyme preparations 
from cotton b brcs [7] pd maize seedlings [21.22]. Gur 
experiments with solubilizal UDPG : sterd gluaxyltran- 
sfcrasc from white mustard could not demonstrate any 
cnbamxmcnt of this xtivity by an addition of lipids to the 
incubation dium Both in the presence and in tbc 
absence of T&on X-100 none of tbc tested lipids (see 
above) bad a stimulatory effect on tbe rate Of [C 
“CJcbokstcrol glucosylation. In frt, at tbc higher 
c0ncentrations usal (above 1.0 mM) we o&al a sligbt 
inhibition (by about lO?J of this resctioa by PC. As we 
hove shown pnviously [19] solubilized UDPG:sterol 
gluaxyltransferrw from white mustard seedlings giva 
upon gel filtration on !kpb&x G-m a singk p& of 
rtivity corrcsp0nding to an hf, ofco 140000. However, it 
can not bt excluded that this prcparatioa still cootaim 
enough a%dQgenoua lipids Wxssary for optimum activity 
of glucosyl~sfcrasc. To test this possibility we & 
out cxpcriaunts in which a UDPG: staol glucosyltrans- 
ferasc preparation from white mustard was pfcincubted 
for 60 min with phospbolipase C prior to the incubation 
with [4-14Cjch&steroland UDPG (see Experimental). It 
has heen sh0wn in control cxpcriaxnts tbat under 
prcincubation conditions PE sddal to the incuheion 
mixture (I mg/ml) was compktely bydrolyscd to di- 
acylgl~ol After such a pfctratamt of the enzyme 
ptcparation with ph~pbolipasc C we were unable to Bnd 
any stimulation of SG synthesis by the addition of Lipids, 
among them PE and PC which were reportal [7,2O-221 
to stimulate the oaivity of UDPG : staol gluaxyltrans- 
fcrase from pea, maize or cotton plants. 

DWA%BtJN 

It is well established [23] that manhranebound en- 
~Pfewdl~ptedtooctin8rpscificLipidenviron- 

mcntpracntinmcmbrancs.ManyofthucenzymcJ,aflcr 
their ddipidation and 8olubili&on. roquirc tbe prcscna 
ofamphipatbiccompoundssucbasvariousl$dsor 
detergenta for the ex@a of their full activity [23-261. 
Studies on the intcractioar of rrmll amphip& mokcuks 
with enzymes isolatad frofn ttmntius structures are of 
itnw not only for atabliahing of optimum assay 
conditions in uirro but m8y als0 supply uacful information 
OII porsibk ways of regulating enzyme activities in uiF0 

PI. 
Both p&nt UDPG : stcrol gluaxyluonsfcrasc [ 13-17, 

191 and SG bydrolasc [ 181 are found only in munti 
fr&ons. UDPG : sterol glucoayltransferasc from various 
plant tissues can he aolubilizad exclusivdy with the use of 
dctagcnts [7.19,21,22]. A stimulatory cffozt of the non- 
ionif detergent Triton X-100 on the membranous pnpar- 
ations of tbis enzyme was obaerval in several C3.us 
[4,13-17,2&U]. This effect was explained by tbc in- 
crcasal permeability of scaM maubranc v&&s to 
UDPG at low concentrations of Triton X-100 and by tbc 
solubilization of the enzyme at bighcr concentrations of 
detergent [2l]. Tbc prcacnt results indicate that low 
cormxntrations of Tritoo X-100, as well as of soax other 
non-ionic dctagents, have also a distinct stimulatory 
etroa on tbc ddipidatad pfcparation of UDPG: staol 
ghJaxyltransfcrasc. It sems that this c&t CBn be 
explainad on tbe assumption that tbrsc detergents faci- 
litate tbc intcracti0ns of the hydrophobic substrate (i.e. 
stcrol) with the active site of the enzyme. It has ban 
reported that partly delipidatal preparations of 
UDPG: staol glucosyltransfcrase from developing 
cotton fibrcs [7j or etiolatal maize c&optiks [21,22] arc 
rtimuhai by the addition of come pbospholipids such as 
PE or PC. likewise. expaimcats with crude mcmbran0us 
fr&ons from ctiolatcd pm seedlings have shown [2O] 
that a pretreatment of these preparations with pbos- 
pbolipase lad to a wial loss (by 2&3O YJ of the activity 
of UDPG:stcrol glucocyltransfcraac which could be 
restored by an addition of PE PC or PS. Our studies with 
the s0luhihzul gltxc16yltransfera.u could not confirm that 
it is a Ii-t etuymc. All tcstal lipids, among 
them PC and PE bad little c&t on the crtivity of 
aolubilized UDPG : tier01 glucosyltransferaac from white 
mustard. Monover. we were unabk to find any inhibitory 
c&t of the pretreatment with pb0epbolipesc C on the 
scAtbili& gltxosyltransfcrasc. It can not be cxdtxkd that 
UDPG:staol glucusyltransfcrasc from white mustard 
differs in its lipid dependence from similar enzymes 
present in cotton. pa or maize. However, another expla- 
nation is still possibk. In all the cited studies [7,2&22] 
gluc0syltran5fcrasc activity was assayed using labdkd 
UDPG and unlaklkd sterol aaxptor. 

It is p0ssibk that in tbcsc cases the stimulatory effect of 
sow pbospholipids can be explained by the facilitated 
dispersion of relatively large amounts of stcrol xceptor 
added to the incubation medium and by the facilitatai 
utilization of endogenous sterols present in the enzyme 
preparation. It is well known that pbospholipids rcrrdily 
form mixed mice&s with sterok es&ally in the presence 
of cktcfgcnts 8lKl that tksc miccucs are good substrates 
for some cnzytms involved in stcrol metabolism [ 27,281. 
In tbc present study we used a glucxxyltransferasc assay 
with lab&d cbokstcrol of high sp&Iic activity which 
was ackkd to the incubation mixtures in a very small 
amount ensuring a gaod dispersion. 

In contrast to the effects upon UDPG : sterol glucosyl- 
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transferax we hvc found that various lip& exert dktinct 
and diverse cffaX.5 on the activity of solubilited SG 
hydroksc from white mustard acedlings. A pa&cululy 
high stimulation of SG hydrolysis was obxrvcd with 
neutral lipids of low polarity such as phytol, tripelmitoyl- 
glpol, methyl stmte or chokstayl etate. This 
demonstrates a requiremen t of SG hydroksc from white 
mustard for a highly hydrophobic environment. However, 
the stnrtural divcftity of the above mentioned com- 
pounds suggest rather a low spa&ity of interactions 
between thee lipids and the cnxymc. On the otbcr had, a 
number of pbospldipids exerted a pronounced in- 
hibitory c&t on the ectivity of SG hydrolasc. This is 
particularly evident in the use of xwittcrionic pbos- 
pholipids such aa PC, PE and their 24yso derivatives. It is 
possible that the above dcacribal dfats auy have sow 
importancz for regulation of SG hydrokse in ciao. 

In our previous wor)r [ I8 J we unexpectedly found that 
during solubilixation and partial pur&ation of SG 
hydrolxsc from white mustard, cspa5xUy during rub 
sequent precipitations of the cnxymc with yxlone, a 
co 3Gfold increase of the toti enzyme sctivity took 
place. This result indicated clearly an activation of the 
enzyme during the puri6cation procedure. Taking into 
amount the prcscnt results it seems likely that the 
ectivation of SG hydrolaxc obutval by us earlier [ I8 ] can 
kcxp&inalbyamorcorkssrdaaivcrcmovalofsomc 
inhibitory lipids at some stages of cnxyme puri6ation. 

U?uJMeNlAL 

S~eryl gluti hydrolw prepmnbm. Gnylodoar ad hype 
cocybofldryoldS.olborcod~rat~ritbr3- 
fold U~KM~ of 0.1 M Tris-a&me hufTer. pH 5.2 Tbc boat+ 
pervrc YII 6kai 0lrough I cbcac&7tll md suusiwly 
amtrifu#alr~ 1000~(10min)Md 15aIog(20min~orpadla 
from rhc 15OOOg pcucC were wpaxkd in l sumll amount of 
0. I M T-t+ pH 5.2 uxl ddad dropriv with s&in& 10 
r2@fokl unountolc&l(-15”)Me,CG.Tbcpptvmsc&!ctal 
byantrifuption,w&al x3withc&lMc,CGuIdrialinr 
mual. This prqu8tioil (‘McaCG prepiwal ulzylnc? wu 
ruble I( - 2V for -1 months. For rdubilinrion of SG 
bydrake rtivicy M&O prsipirr~al enzyme wu Spaded in 
0.1 M swcirwe bu&Ter. pH 5.2 (1 q/l ml) rad cwrifugcd at 
105 000 0 for 1 hr. The supcr~unt (?be solubilitsd enzyme’) yu 
ured ialwwety for inc%&mtknts. 

UDPG:aerd glwosylwan#erax prcpawbw. Me,CO pre 
apiutal auymc -lion vu obkrbal u daaibcd rlnwc 
for SG hydrduc uiq 0.1 M TrieHCI buUcr. pH 7.2 (5 ml/g 
fruhpIUlrnmWial)for~ThiIprepuatioaru 
urbk at -20” for II Lau 2 wak Foe wtubilktioo of 
UDPG : sterd @uaeylwwtaferaw rrivily Mc,CG pcaipirrtal 
enzyme prqwatiocl wu incubwaJ. with e in 0.1 M 
T&HCl,pH72cxmuining0.3~TritoaX-100(1.4m~jml)~c4~ 
for 3Omin uxi u~koqucntly antrifu@ at 105OOOg for 1 hr. 
The laqEnulAnt il r?fmul in the lcxl u’tbr Iohhitkal cazyud. 

Enzyv ussays. For uny of SG hydrokr wtivity the sue- 
dUd~titllrCC0Uuiaedin~toulvohrnwoC0.5700 
Me,CO pmcipiutd enzyme (54~ pcotcio) or lduhilkd 
~(~OIUpocciakW)nmd~tzpH5.2;0.06mlEtOH 
d 0.12luBol [c’*cJchokuql @-D-g#w&k [la] (1.2 
xI~dpco).TbchhdkdsubunccdctcrRentsunilipidswerc 

ddad u solm in EIGH. Tbr twztion ELI NII l ( w for 
lO-4Omin. The ibolatioo of hkuaJ chokatcrol vu dcuribul 
urk [ 181. For uuy of UDPG: stcrol gluoorylvlnsfcruc 

rtivityiacuhtioarracMiodOUt~1t~*ohrmcoTQ5fOml 
rhkh ilriudui: Me&O pra+ulal v (210 )cl pro&in) OI 
rolubilizul auymc (32 M poreink % nmol Tri+HCl, pH 7.2; 
30 amol UDPG. dkodium s& (16 d [C’Qbokstcrd (a0 
xl0’dpcn)lad(L061111etOH.IIICUh~YCTrNI)~IjOOfo( 
1o+omilL uekd cboka.lcql gkwkk w8I irolrtal chro- 
matogqhklly u &u&cd preoualy [ 19.291. 

Pboq&ud&cdipi&prod~aKymc&clocswereorttx 
f0uowin~ or@ pboq&v (PE) fmal E. co& 
phosptutirIyiiwitol (PI) froal MS )arc ti p&ql&tidyl- 
&dine (PC) from a yolk. 2-lywz+PC & 2-@ePE were 
obuincdbyauywtichydrolysisafPCudPEwithphoe 
pbolipuc A MoaophctqWpad (MGDG) wu ise 
Ltodfromwhitc mustdadiinp 
Olhcr urti. Prokin was UtilBntcd wwrding to knity et al. 

[300]. tipla conkning T&on X-100 YCII dklyoal @IUC 
H,O for 48 hr brforz protein detamiartion. Pdinrrivity was 
maruKdudsrihaJariicf[18].~tioacof~ucuyi- 
truufauc prcpmtkms (Me,CO praipirrced w or Deb- 
lid auymc) from S. alba with p&up&w C (a Bacf/lw 
ceeu) in rhc ~CZEIKZ d 13.3mM a*’ were carrial out u 
ckacribad by Fw ti B&al [20> 
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