
Phyrochemutry, Vol 22, No I, PP 59-63, 1983 0031-9422/83/010059-OS.03 00/O 
Pnnted ,n Great Bntam ic,j 1983 Pergamon Press Ltd 

THE OCCURRENCE OF STEROL-ESTER HYDROLASE ACTIVITY IN ROOTS 
OF WHITE MUSTARD SEEDLINGS 

MAXGORZATA KALINOWSKA and ZDZ~SCAW A WOJCIECHOWSKI 

Department of Bmchemlstry, Warsaw Umverslty, 02-089 Warszawa, Al Zwlrkl I Wlgury 93, Poland 

(Received 6 Aprd 1982) 

Key Word Index-&naps alba, Cruclferae, steryl esters, sterol-ester hydrolase 

Abstract-Roots of white mustard (S~nap~s alba) seedhngs contam sterol-ester hydrolase actlvlty Enzyme assays with 
[4-‘4C]cholesteryl palmltate as the substrate show that the hydrolytlcactlvlty 1s located m cell membrane structures but 
can be easily solublhzed with 0 1 y0 Trlton X-100 Durmg gel filtration on Sepharose 6B m the presence of Trlton X-100 
and sodium chloride the hydrolytic actlvlty IS eluted as a single peak This peak also contams hydrolytic activities toward 
some other esters such as p-mtrophenyl palmltate, trlpalmltoylglycerol or n-hexadecanyl palmltate However, the rate of 
hydrolysis of [4-14C]cholesteryl palmltate 1s not slgmficantly affected by a large excess of these esters m the mcubatlon 
mixtures, suggesting that different enzyme protems are involved m the hydrolysis of steryl ester and the other esters 
tested Sterol-ester hydrolase from white mustard seedlmgs exhlblts a marked speclficlty with respect to the length of the 
acyl chain bound to sterol For a series of steryl esters contammg saturated fatty acids (from C, to C,,) the rate of 
hydrolysis 1s the highest for esters of C 1 *-C 1 8 acids Steryl acetate (C,), butyrate (C,) and behenate (C,,) are very poor 
substrates 

INTRODUCTION 

Esters of sterols with fatty acids are commonly present m 
tissues of higher plants It seems that at least a part of these 
compounds 1s mvolved m cell membrane structures 
together with free sterols and their glycoslde derlvatlves 
[l] Enzymatic synthesis of steryl esters was recently 
studied m mature spinach leaves [2-51 and m roots of 
white mustard seedlings [6-83 Solublhzed, partially 
purified acyltransferases which catalysed acyl transfer 
from dt- [3-S] or trlacylglycerols [6,7] to sterols were 
obtained from these plants Subcellular dntnbutlon, 
speclficlty and some other catalytic properties of these 
acyltransferases were described [3-81 

In comparison with steryl ester blosynthesls very little 1s 
known about the breakdown of these compounds in plant 
tissues Most of our knowledge m this area comes from zn 
VIVO studies Net loss of steryl esters was observed under 
certain physlologlcal condltlons, particularly during the 
early stages of seed germmatlon [9-111 Examples are 
germmatmg seeds of Raphanus sutwus [9] and Calendula 
O&WUI~~S [lo] or germmatmg spores of the moss 
Polyttwhum commune [ 1 l] Grunwald [ 121 has reported 
that Intact tobacco seedhngs can hydrolyse [4- 
“C]cholesteryl palmltate to yield free [4-‘V]choles- 
terol, lmplymg the presence of a sterol-ester hydrolase in 
these plants Sterol-ester hydrolase (EC 3 1 1 13) IS widely 
dlstrlbuted m mammahan tissues [13] During the last 
decade several papers have been published reportmg the 
occurrence of slmlfar enzymes m a number of mlcro- 
organisms such as bacteria [14, 151 or fungi [16, 171 So 
far there are no reports on enzymatic hydrolysis of steryl 
esters by cell-free preparations from higher plants 

Our previous unpubhshed studies have shown that 
during germmatlon of white mustard (S~~pzs alba) a 
marked decrease occurs m the content of steryl esters with 
a concomitant Increase of the free sterol content In an 

extension of these studies a search has been made for 
sterol-ester hydrolase actlvlty m cell-free preparations 
from young white mustard seedhngs 

RESULTS AND DISCUSSION 

Hydrolysm of steryl esters by crude cell-free preparations 

Prehmmary experiments with crude homogenates of 
white mustard seedlmgs showed the ability of these 
homogenates to catalyse the release of labelled cholesterol 
from [4-‘4C]cholesteryl palmltate or labelled palmltate 
from sltosteryl [1-‘4C]palmltate The rates of hydrolysis 
measured with both of these substrates were almost 
ldentlcal The hydrolytic actlvlty, calculated per mg 
protem, changed with the age of the plants It was hardly 
detectable up to the fifth day of germination but then 
Increased markedly The best results were obtamed with 
8-11-day-old plants The enzyme activity m roots was 
always much higher than m cotyledons For 1 l-day-old 
seedlings the homogenate prepared from roots had ca 17- 
times higher activity than the homogenate obtained from 
cotyledons (0 35 and 0 02 nmol/mg protem/hr, respect- 
ively) Thus, m subsequent experiments roots of 1 l-day- 
old seedlings were used 

The measurements of sterol-ester hydrolase actlvlty of 
the crude subcellular fractions obtained by differential 
centrlfugatlon of the homogenate demonstrated (Table 1) 
thaJ ca 95% of the total actlvlty was associated with 
cellular structures sedlmentmg at 150009 (crude mlto- 
chondna) and 105OOOg (crude mlcrosomes) Quite dlf- 
ferent results were obtained when a synthetic detergent, 
Trlton X-100, was present m the buffer used for homoge- 
mzatlon at a final concentration of 0 1 “/, In this case only 
ca 40’;/, of the total enzyme actlvlty was found m the 
sedlmentmg fractions The remammg part of the activity 
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Table 1 Sterol-ester hydrolase activity m the crude subcellular 
fractions from roots of white mustard seedhngs 

Enzyme actlvlty 
(pmoI/g fr roots/hr) 

Fraction - Trlton X-100 + Trlton X-100* 

Crude mltochondrla 312 167 
Crude mlcrosomes 239 70 
Supernatant 105 OOOg 34 335 

l Trlton X-100 (final concn 0 1%) was present m the buffer 
used for homogemzatlon For other details see the ExperImental 

was recovered m the lO5OOOg supernatant fraction 
suggesting that Trtton X-100 could be used for solubthz- 
ation of sterol-ester hydrolase from the membrane 
fractions 

Solubzltzatron and partral purzfcatron of the enzyme 

Based upon the above expertments the followmg 
procedure was developed for solublhzatton and partial 
purlficatlon of sterol-ester hydrolase from roots of white 
mustard seedlings The particulate fractions obtained 
from the homogenate were treated with 0 1 M Tns-HCl 
buffer, pH 7 3 contammg 0 17; Trlton X-100 After 
centrlfugatlon at 105 OOOg for 1 hr the solublhzed enzyme 
present m the supernatant was precipitated by acetone 
treatment as described m the Experimental Subsequently, 
acetone precipitated enzyme preparation was applied to a 
Sepharose 6B column When buffer contammg no Trlton 
X-100 was used for elutlon the hydrolytic activity, 
measured with [4-14C]cholesteryl palmttate as the sub- 
strate, could be separated mto two peaks (Fig 1) The first 
peak emerged m the votd volume of the column indicating 
that this actlvlty IS associated with a protem (or rather a 
protein aggregate) with a MW of 4 x 10’ or more 
Essentially different results were obtained when 0 1 y0 
Triton X-100 and 0 5 M sodium chloride were present m 
the buffer used for elutlon (Fig 2) In this case only a single 
peak of sterol-ester hydrolase activity was obtained which 
corresponded to the second peak observed m the above 
experiment This suggests that the peak with a high MW 
obtained m the absence of Trlton X-100 represents an 
aggregated form of the enzyme Therefore, buffer contam- 
mg Trlton X-100 was used m all further experiments with 
gel permeation chromatography 

Efict of some factors on the rate of steryl ester hydrolysis 

Hydrolysis of [4-‘4C]cholesteryl palmltate occurred 
within a fairly wide pH range of 5 69 2 (m 0 1 M sodium 
phosphate, pH 5 6-7 2 or m 0 1 M Tns-HCI, pH 7 2-9 2) 
At higher or lower pH values the activity sharply de- 
creased No pronounced activity maximum was observed 
Trtton X-100 stimulated the reaction at concentrations up 
to 0 5 % The highest stimulation (2 5 x ) was found for 
0 1% Trlton X-100 Some other detergents, such as Tween 
20, Tween 60 or sodium deoxycholate, exerted a strong 
inhibitory effect wlthm the same concentratton range For 
sodmm deoxycholate, 50% mhlhtlon was observed at a 
0 25 % concentration The hydrolysis rate was not affected 
by sulphydryl reagents such as 2-mercaptoethanol, dl- 
thlothreltol or reduced glutathlone at concentrations up 
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Fig 1 Gel permeation chromatography of solublhzed sterol- 
ester hydrolase from roots of white mustard seedlmgs on 
Sepharose 6B Trls-HCI buffer (0 1 M, pH 7 3) wlthout Trlton 
X-100 was used for equdlbratlon of the column and elutlon 
Fractions of 1 5 ml were collected and assayed for protein content 
(----) and sterol-ester hydrolase actlvlty with [4- 
14C] cholesteryl palmitate as the substrate (0) Void volume (V,) 
was determmed with the use of Blue Lkxtran For other details 

see the Expenmental 

Fig 2 Chromatography of sterol-ester hydrolase on Sepharose 
6B in the presence of 0 1% Trlton X-100 and 05 M NaCl 
Fractions were collected as described m the legend to Fig 1 and 
assayed for protem content (----) and hydrolytic actwltles 
toward [4-“%]cholesteryl palmltate (0), [1-14C]n-hexadecanyl 
palmltate (A), tn-[1-‘4C]palrmtoylglycerol ( q  l)or pmtrophenyl 

palmitate (e , A,,,) For other detads see the Experimental 

to lo-*M Dlvalent metal tons such as Mg’+, Ca*+, 
Mn*+ and Zn*+ exerted a pronounced inhibitory effect 
(ca 70% at 10e3 M concentration) whereas monovalent 
ions such as NH: or Na+ were inactive Free palmltlc acid 
had no effect on the rate of hydrolysis of cholesteryl 
palmltate at concentrations up to 3 x lo- ’ M but, rather 
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unexpectedly, we have found that free cholesterol sttmu- 
lated the hydrolysts wtthm the same concentratton range 
The highest sttmulatlon, reaching ca 100 %, was observed 
at a cholesterol concentratton of 1 5 x lo-’ M 

Fatty acid spec@ty 

Spectficlty of the hydrolase for the acyl moiety of the 
steryl ester was determined by mcubatlon of the parttally 
purified enzyme with a series of [4-14C]cholesteryl esters 
containing saturated fatty acids of dtfferent chain length 
ranging from C, to CZZ The results of these experiments, 
shown m Table 2, indicate that the enzyme 1s markedly 
specific wtth respect to the length of the acyl chain present 
m the substrate Cholesteryl palmttate was hydrolysed at 
the highest rate High reaction rates were observed also 
for cholesteryl myrtstate and stearate For esters contam- 
mg shorter or longer acyl chams the rates of hydrolyses 
were much reduced Cholesteryl acetate (C,), butyrate 
(C,) and behenate (C,,) were hydrolysed at very low rates 
amounting to only 4-6x of the hydrolysis rate with 
cholesteryl palmttate as the substrate 

Table 2 Speclficlty of sterol-ester hydrolase from roots of white 
mustard seedlmgs for cholesteryl esters contammg saturated 

fatty ands of different cham length 

Ester of 
[4-14C]cholesterol 

Rate of hydrolysis 

dpmx10e3 % 

Acetate (C,) 052 6 
Butyrate (C,) 031 4 
Caprylate (C,) 1 70 21 
Laurate (C, & 141 18 
Myrlstate (C,,) 486 61 
Palmltate (C,,) 796 100 
Stearate (C, J 401 50 
Arachidate (C,,) 080 10 
Behenate (C,,) 034 4 

All esters had sp act = 47 Cl/mol Incubatrons were carned 
out for 30mm, the enzyme concentranon was 0 5mg 
protein/sample 

Spec$mty of the enzyme toward steryl esters 

As shown m Fig 2, after chromatography of the 
solublhzed enzyme preparation on Sepharose 6B, frac- 
tions which catalysed hydrolysis of cholesteryl palmitate 
also contamed hydrolytic actlvltles toward some other 
esters of palmltlc acid such as n-hexadecanyl palmltate, 
trlpalmltoylglycerol or p-mtrophenyl palmltate Elutlon 
profiles of these actlvltles were almost tdentlcal Thrs may 
suggest that the hydrolysis of all the above-mentioned 
esters, including steryl ester, IS catalysed by one, relatively 
unspecific enzyme of the esterase type For the most active 
fractions obtained from the column the activity ratto with 
cholesteryl palmttate, n-hexadecanyl palmltate and trlpal- 
mltoylglycerol as substrates was ca 1 0 20 1.6 This 
indicates that the affinity of n-hexadecanyl palmttate or 
trlpalmnoylglycerol for the enzyme 1s somewhat higher 
than that of cholesteryl palmltate 

However, some results obtained m the course of this 
work (see below) suggest the posslblhty that hydrolysis of 

steryl esters and other esters tested may be catalysed by 
different hydrolases, 1 e that two or more hydrolases with 
different speclfictty patterns are present m the purified 
enzyme $reparatton Experiments wtth an enzyme prepar- 
ation purified by preparative gel permeation chromato- 
graphy on Sepharose 6B (see Experimental) demonstrated 
that there was no pronounced substrate competttlon 
between cholesteryl palmttate and several other non-steryl 
esters of palmttlc actd (Ftg 3) As expected the release of 
labelled cholesterol from [4-‘4C]cholesteryl palmttate 
sharply decreased when mcreasmg amounts of unlabelled 
cholesteryl palmltate (3-30nmol/sample, I e 6&&l-fold 
molar excess) were present m the mcubatron mixture 
Under the condttlons used m this experiment the release 
of labelled cholesterol was almost completely restrained at 
a concentration of unlabelled cholesteryl palmltate as low 
as 15 nmol/sample (unlabelled cholesteryl ester-labelled 
cholesteryl ester molar ratlo, 30 1) The rate of hydrolysis 
of [4-‘4C]cholesteryl palmttate m the presence of mcreas- 
mg amounts of unlabelled trlpalmltoylglycerol or n- 
hexadecanyl palmttate was affected to a much lower 
degree Even m the presence of a 60-fold molar excess of 
these esters (30nmol/sample) only a partial mhlbltlon of 
hydrolysis of [4-‘4C]cholesteryl palmltate was observed 
(31 or Sly& respectively) Slmtlar results were obtained 
with unlabelled 1,2-dtpalmttoylglycerol, l-monopal- 
mltoylglycerol and p-mtrophenyl palmltate (data not 
shown) The results of the above experiments suggest that 
all non-steryl esters used m these expertments must have 
much lower affinity for the enzyme responstble for 
hydrolysis of steryl esters 
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Fig 3 Effect of some esters of palmltx acid on the rate of 
hydrolysis of [C”C]cholesteryl palmltate Enzyme preparation 
punfied by chromatography on Sepharose 6B (002mg 
protem/sample) was mcuhated with [4-14C]cholesteryl pal- 
mutate (0 5 nmol/sample) m the presence of 0-30nmol of un- 
labelled cholesteryl palnutate (0), n-hexadecanyl palmltate (A) or 

tr~palm~toylglycerol (0) 

The results of another experiment (Fig 4) indicate that 
at least m the case of n-hexadecanyl- and steryl ester the 
hydrolysis IS probably catalysed by different hydrolytic 
enzymes During the development of white mustard 
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GermmotIon (days) 

Fig 4 Hydrolysis ofcholesteryl palrmtate (0) or n-hexadecanyl 
pahmtate (A) by crude homogenates from cotyledons (A) or roots 
(B) of germmatmg white mustard plants Homogenates were 
prepared as described m the ExperImental using 1 g fresh plant 

material/33 ml buffer 

seedlings changes of hydrolytic activities toward choles- 
teryl pahmtate and n-hexadecanyl palmltate are not 
parallel The activity ratio with both substrates IS not 
constant but differs considerably m plants of different age 
and m different parts of the plant This IS particularly 
evident when hydrolytic activities m roots and cotyledons 
are compared The activity towards n-hexadecanyl pal- 
mutate IS several-fold higher m homogenates prepared 
from cotyledons than that m homogenates prepared from 
roots By contrast, the hydrolytic activity measured with 
cholesteryl palmltate as the substrate was much higher m 
roots than m cotyledons 

EXPERIMENTAL 

Enzyme preparations Roots of 11-day-old wlnte mustard 
plants (35 g) were homogemzed with 0 1 M Trls-HCl buffer, pH 
7 3, contammg 0 25 M sucrose (105 ml) Unbroken cells and cell 
debris were removed by filtration through cheesecloth The 
resulting filtrate was centrifuged at 15 Ooo g for 20 mm The pellet 
was suspended m 40 ml buffer (without sucrose.) contammg 0 1% 
Trlton X-100 The suspe.nslon was stlrred at 4” for 30mm and 
then centrifuged at 105 OOOg for 1 hr The supernatant was added 
dropwlse to a lo-fold amount of cold (4”) Me,CO, the ppt was 
collected by centrlfugatlon at 6000g for lOmm, washed twice 
with cold Me,CO and dned m uacuo All operations were carried 
out at 4 o This preparation, stored at - 20 O, retamed almost all 
sterol-ester hydrolase actwity for several months 

Gel permeation chromatography Crude Me, CO pptated 
enzyme (2 mg protem) was &solved m 0 1 M Tns-HCl buffer, 
pH 7 3 contammg 0 1% Triton X-100 and 0 5 M NaCl (0 5 ml) 
and applied to a Sepharose 6B column, 1 x 6Ocm, eqmhbrated 
with buffer as above Elutlon was carried out (0 15 ml/mm) with 
the same buffer For large scale lsolatlon the crude enzyme 
preparation (25mg protem) was chromatographed on a 
Sepharose 6B column (4 5 x 18cm) The maJor part of sterol- 
ester hydrolase activity was present m fractions elutmg between 
185 and 215ml 

Sterobester hydrolase assay The standard reactIon mixture 
contamed 10 ml enzyme preparation (0 02-O 5 mg pro&m de- 
pending on the activity of the fraction used) m Tns-HCI, pH 7 3 
and 005ml EtOH soln of [4-“%]cholesteryl palrmtate 
(55OOOdpm, 0 5 nmol) Usually Trlton X-100 was also present 
(final concn 0 1%) The reactlon was run at 35 O, usually for 
30mm, stopped by ad&Ion of MeOH(2ml) and bolhng for 
5 mm Subsequently, 0 05 mg unlabelled cholesterol was added to 
each sample as the carrier and hplds were extracted with CHCI, 
( x 3.4 ml) Free sterol was separated from Its ester by TLC on Sl 
gel with CHCl,-MeOH (97 3) as the solvent Rhodamme 6G m 
Me,CO was used for locahzat~on of sterol on the plate The 
radioactivIty was measured after elution from SI gel with Et,0 

Hydrolase assays wrth other substrates Enzymatic hydrolysis 
of n-hexadecanyl palmitate was determined as described above 
but labelled cholesteryl pahmtate was replaced by [l-“C]n- 
hexadecanyl palrmtate (55 000 dpm, 2 29 nmol) Unlabelled n- 
hexadecanol(0 05 mg) was added as the carrier at the end of the 
mcubatlon period Assays of ‘true hpase’ activity were performed 
usmg tn-[1-‘4C]palrmtoylglycerol (55OOOdpm, 1 18nmol) as 
the substrate Other components of the mcubation nnxtures were 
identical to those for sterol-ester hydrolase assays After mcu- 
bation, unlabelled palmmc acid (0 1 mg) was added as the earner 
Samples were then acldlfied with 0 1 NHCI to pH 2-3 and 
extracted with CHCl, Free palrmtlc acid was separated by TLC 
on SI gel using CHCl,-MeOH-Me COOH (97 3 1) as the 
solvent Enzymatic hydrolysis of p-mtrophenyl pahmtate was 
assayed spectrophotometrlcally Incubation mixtures contained 
1 ml enzyme preparation In 0 1 M Tns-HCl, pH 73 and 
0 1 ml EtOH soln of p-mtrophenyl pahnrtate (0 158 mmol) 
Samples were mcubated at 35 ’ for 30mm The reaction was 
termmated by an addition of 04ml 0 1 N NaOH and samples 
were read lmmedlately at 428 nm 

Other methods Labelled cholesteryl or n-hexadecanyl esters 
were obtained by refluxmg [4-L4C]cholesterol (0 002 mmol, sp 
act 47 Cl/mol) or [ l-14C]n-hexadecanol (0 01 mmol, sp act 11 
Cl/mol) with a large excess (ca 100 x ) of an appropnate acyl 
chloride m lml dry C,H,-CSHSN (95 5, by vol) for 1 hr 
ReactIon products were purified by prep TLC on Sl gel m n- 
hexane-C,Hs (1 1) Sltosteryl [ l-‘4C]palm:tate was prepared as 
above using [ l-14C]palrn~toyl chloride (0 014 mmol, sp act 7 1 
Ci/mol) and a 100-fold excess of unlabelled snosterol Protem 
concns were determmed by the method of ref [lS] with bovme 
serum albumin as standard Radloactlvlty was measured by 
hqmd scmtlllatlon countmg as described earher [19] 
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