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The membrane-bound sterolglucoside synthase from the yeast Saccharomyces
cerevisiae has been solubilized by nonionic detergent, Nonidet P-40, Triton X-100, and
partially purified by DEAE-cellulose column chromatography and ammonium sulfate
fractionation. SDS/PAGE of the purified fraction revealed the presence of two protein
bands of molecular mass 66 kDa and 54 kDa. In an attempt to identify further the
polypeptxde chain of sterolglucoside synthase, the partially purified enzyme was
treated with [dl-usll-s-[i?o-(p-audosal:cylamlde)}allyl—UDPglucose, a photoactive
analogue of UDPglucose, which is a substrate for this enzyme. Upon photolysis the
12]_labeled probe was shown to link covalently to the 66kDa protein. The
photoinsertion was competed out by the presence of unlabeled UDPglucose thus
suggesting that this protein contains substrate binding site for UDPglucose.

Since photoinsertion of the probe to protein of 66 kDa correlates with the molecular
mass of the protein visualized upon enzyme purification we postulate that the 66 kDa

protein is involved in sterolglucoside synthesis in yeast.

Very little is known about formation of sterol-
gluc051de (SG)! in the yeast Saccharomyces cere-
visiae. It has been reported [1, 2] that upon
incubation of yeast membranes with UDPglu-
cose two glycolipids are formed. They have
been tentatively identified as glucosylphos-
phodolichol (GPD) and sterolglucoside. For-
mation of these two glycolipids is probably
independent since yeast mutants defective in
the synthesis of GPD (alg5 and dpgl) can syn-
thesise SG to a level similar to that of the paren-
tal wild type strain [2].

Direct biochemical characterization of the
enzymes involved in the synthesis of these two
glycolipids has been hampered due to their
extreme sensitivity to detergents [1, 2]. To obvi-
ate the problem associated with conventional
purification methods, active-site-directed
photoaffinity labelmg of the yeast membranes
with 5-azido[B->*P]JUDPGIlc was employed.
The latter studies led to the proposal that a
35-kDa membrane protein was involved in the
synthesis of GPD. However, using the above
photoaffinity probe it was not possible to ident-
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ify the protein involved in SG formation, most
probably due to the lower affinity of the probe
to this protein [2] as well as its low abundance
(present results).

To identify the protein involved in SG forma-
tion in yeast we have constructed a highly re-
active [d1 I]—5 [3-(p-azidosalicylamide)]-
allyl-UDPGIc [3] (Fig. 1), which has been sub-
sequently used to photolabel the solubilized
and partially purified enzymic protein. The re-
sults of the studies revealed a direct correlation
between the extent of photolabeling of a 66 kDa
membrane protein and the existence of SG syn-
thase activity measured in the solubilized and
partially purified yeast membrane fraction.

MATERIALS AND METHODS

[1%11-5-[3-(p-Azidosalicylamide)]allyl-UDP-
glucose was synthesized and 1od1nated accord-
ing to Meikle et al. [3]. UDP[® Hlglucose (10
mCi/mmol) was obtained from New England
Nuclear. Phospholipids used in the enzyme ac-
tivity assays were from Sigma. All other chemi-
cals were from commercial sources.

Yeast strain and media. Standard laboratory
strain DBY 1033 was used in this study. Yeast
was grown on YPG medium (0.5% yeast ex-
tract, 1% peptone and 2% glucose) to early
stationary phase (Aggg was 1-2).

Yeast membranes were prepared as described
earlier [4] except that the membrane pellet was
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§ 1. Chemical structure of the photoprobe, di-
[14]]-5-[3- ~(p-azidosalicylamide) Jallyl-UDPglucose.

The photoprobe was synthesized and iodinated according
to Meikle et al. [3].

washed twice with 0.15 M KCl, to remove losely
bound proteins. The membranes (about 400 pg
of protein) were suspended in 15 mM Hepes,
pH 7.4, containing 5 mM uridine, ImM EDTA,
20% of glycerol, 1 mM DTT, 1 mM PMSF and
0.3% of Nonidet P-40 or Triton X-100, and incu-
bated for 30 min on ice. After centrifugation at
120000 x g for 45 min, the supernatant was
gently shaken with Bio-beads SM-2 for 20 min
to remove excess of detergent, followed by ad-
dition of glycerol to 50% concentration.

Fractionation of detergent extract containing
SG-synthase activity

1. DEAE-cellulose column chromatography:
about 3 mg of protein was applied to the col-
umn (6 mm X 60 mm) equilibrated with the
buffer used for enzyme solubilization (“solu-
bilization buffer”) and eluted with 30 ml of the
same buffer. Fractions of 1.5 ml were collected.
The activity of SG synthase was determined in
every second fraction after precipitation of pro-
tein with ammonium sulfate (0.8 saturation,
w/v) and subsequent removal of salt by dia-
lysis against two changes of “solubilization
buffer”.

2. Ammonium sulfate precipitation. The
detergent extract (20 ml} was brought to 0.55
saturation of ammonium sulfate and cen-
trifuged for 10 min at 5000 x g. Subsequently
ammonium sulfate was added to the superna-
tant to 0.8 saturation and centrifuged as above.
The pellet was resuspended in 1 ml of “solubili-
zation buffer” and dialyzed as above. Determi-
nation of the phospholipid content of
solubilized enzyme fraction was carried out as
described by Bligh & Dyer [5] and by Rouser
etal. [6].

Determination of the enzymic activity. About
250 pg of protein of the appropr:ate fraction
was incubated with 0.3 uCi of UDP[> Higlucose
in 4 mM Tris, pH 7.4, containing 0.75 mM
MgCl; and MnCl, (total vol. 100 pl) for 15 min
at 30°C. Ergosterol at final concentration of
0.01% or/and the mixture of commercial phos-
pholipids (100 pg) were added in chloro-
form/methanol (2:1, v/v). Organic solvent
was removed by evaporation and the residue,
after the addition of protein was suspended in
the incubation mixture by sonication. The reac-
tion was stopped with 2 ml of chloro-
form/methanol (3:2, v/v). The lipid fraction
was purified by the Folch procedure as de-
scribed elsewhere [2] and subjected to TLC in
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the solvent system: chloroform/methanol/
water (65:25:4, by vol.).

Identity of sterolglucoside was verified by
TLC in the presence of SG standard [2].

Protein determination. Protein was deter-
mined by the Lowry method after quantitative
precipitation with 10% trichloroacetic acid in
the presence of yeast-soluble ribonucleic acid
as a carrier to remove the substances interfering
in the colorimetric method [7].

Photoaffinity labeling. 22 pg of protein was
incubated in total volume of 50 ].Ll for 20 s at
room temperature with 0.4 pCi of [121)-5-[3-(p-
azidosalicylamide)]allyl-UDPglucose in 4 mM
Tris, pH 7.4, 0.75 mM MgCl, and 0.75 mM
MnCl,, 5 mM 2-mercaptoethanol, and 800 mM
UDPglucose when indicated. The incubation
was followed by UV radiation at 366 nm for 5
min. Protein was precipitated with 500 pl of
12.5% trichloroacetic acid. The precipitated
proteins were washed with 66% ethanol, evap-
orated to dryness in Speed Vac and resus-
pended in 20 p.l of the PAGE sample buffer.

Photolabeled ®I-proteins were separated on
SDS/PAGE and identified by autoradiography.

RESULTS

Sterolglucoside synthase in yeast membranes;
solubilization and fractionation of the detergent
extract

The membrane pellet was washed with 0.15
M KCl to remove loosely bound proteins. Inthe
preliminary experiments we have established
that by this procedure specific activity of the
membrane-bound enzyme was increased 2-3
fold.

As it was reported earlier [1, 2] the enzyme is
extremely sensitive to detergents. Out of the
detergents tested (i.e., Brij 35, Emulgen 911,
1-O-octyl-B-D-glucopyranoside), Nonidet P-40
and Triton X-100 at a concentration of 0.3%
showed reversible inhibitory effect. Removal of
an excess of the detergent in the presence of
Bio-beads resulted in an about 5 fold increase
of the specific activity of the solubilized
enzyme as compared to the membrane-bound
enzyme (Fig. 2) with a 40% recovery of the total
enzyme activity.

Phospholipid composition of the solubilized
enzyme fraction was determined (Table 1).
After the addition of commercial phospholi-

pids at the ratio indicated in Table 1 specific
activity of the enzyme increased 34 fold.
Thus, in the subsequent attempts on enzyme
solubilization, phospholipids were added to
the “solubilization buffer” routinely.

The detergent extract was subjected to the
ammonium sulfate precipitation and the 5G
synthase activity was recovered in the protein
fraction precipitated between 0.55-0.80 satura-
tion.

The activity of the membrane-bound enzyme
did not require addition of the exogenous sugar
acceptor (ergosterol). However after solubiliza-
tion, the activity was increased two fold on
addition of 0.01% of ergosterol, and after am-
monium sulfate precipitation the addition of
endogenous ergosterol was prerequisite.

In a parallel experiment the detergent extract
has been subjected to DEAE-cellulose column
chromatography [8]. The elution profile re-
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Fig. 2. Effect of removal of an excess of Nonidet P40

on sterolglucoside synthase activity.

Yeast membranes were solubilized in the presence of
Nonidet P-40. SG synthase activity was determined in the
120000 x g (see Methods) supernatant (lower curve) and
after removal of an excess of detergent with the Bio-beads
SM-2 (upper curve).

Table 1
Lipid composition of the solubilized enzyme
fraction
Phospholipid % (by weight)
Phosphatidylcholine (PC) 45
Phosphatidylethanolamine (PE) 19
Phosphatidylinositol (PI) 26
Phosphatidylserine (PS) 10
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vealed two broad peaks of the activity (Fig 3).
Yet, proteins of both peaks showed the same
migration rate on SDS/PAGE (see Fig. 4). No
conclusive explanation of this result can be of-
fered at this moment. The fractions containing
active enzyme were pooled, concentrated by
ammonium sulfate precipitation (at 0.8 satura-
tion) and after removal of salt, run on SDS/
PAGE alongside with the protein fraction ob-
tained directly from the detergent extract after
ammonium sulfate precipitation at 0.55-0.8
saturation, Purification on DEAE-cellulose and
ammonium sulfate precipitation of the deter-
gent extract gave similar result, i.e. two protein
bands, visualized by silver staining, of molecu-
lar mass about 66 kDa and 54 kDa (lanes 1, 2,
Fig. 4). Since the degree of purification of the
preparation obtained by DEAE-cellulose chro-
matography and directammonium sulfate pre-
cipitation was the same the latter method was
used in the subsequent experiments.

Photoaffinity labeling of the solubilized and par-
tially purified SG synthase with I12511-5-[3-(p-azi-
dosalicylamide)allyl-UDP glucose

The protein fraction containing 5G synthase
activity, was irradiated in the presence of
photoprobe. Subsequent SDS/PAGE followed
by autoradiography revealed that the fraction
containing SG synthase activity (lanes 6 and 7,
Fig. 5) reveals the presence of at least 5 proteins
binding the photoprobe upon irradiation. Since
photoincorporation can be usually abolished
by the presence of the enzymic substrate [9]
photoaffinity labeling was carried out paral-
lelly in the presence and absence of unlabeled
UDPglucose. The protein band of molecular
mass around 29 kDa is equally visible in the
presence (lane 6) and absence (lane 7) of un-
labeled UDPglucose suggesting that photo-
labeling of this protein did not compete with
the substrate. This is also true for the protein of
93 kDa. Labeling of the two proteins with 45-
kDa molecular mass is partially abolished by
0.8 M UDPglucose. However, as it was demon-
strated earlier [2] synthesis of sterol glucoside
in vitro is inhibited by 80% and photoaffinity
labeling of the protein is abolished at much
lower concentration (i.e., 0.05 and 0.1 mM)
UDPglucose, respectively. Thus it seems highly
unlikely that either of these proteins contains a
substrate binding site for this sugar nucleotide.
The only protein which is photolabeled in the
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Fig. 3. DEAE-cellulose column chromatography of
the solubilized membrane fraction.

Solubilized membrane proteins were applied to DEAE-
cellulose column (6 mm x 60 mm) equilibrated with 15
mM Hepes, pH 7.4, containing 5 mM uridine, 1 mM
EDTA, 1 mM DTT, 1 mM PMSF, 20% of glycerol and 0.3%
of Nonidet P-40, and eluted with the same buffer. Frac-

tions of 1.5 ml were collected and SG synthase activity
determined in every second fraction.

absence, but not the presence, of unlabeled
UDPglucose is the 66 kDa protein. In addition,
this protein is detectable in the fraction of the

1 2 3 4 5
Fig. 4. SDS/PAGE of the partially purified sterolglu-
coside synthase.
1. DEAE-cellulose column fractions 7-9 {compare Fig. 2); 2.
DEAE-celulose column fractions 15-17 (compare Fig. 2}; 3.
Solubilized membranes; 4. Ammonium sulfate precipitated
(0.55-0.80 saturation) proteins from the solubilized mem-

branes; 5. Protein standards. Proteins were run on 10%
SD5/PAGE “mini-gels” and visualized by silver staining.



Vol. 42

Membrane protein involved in sterolglucoside synthesis 273

detergent extract containing SG synthase activ-
ity (lanes 3 and 7, Fig. 5). Moreover, the 66 kDa
protein coincides very well with the results of
SDS/ PAGE, of DEAE-cellulose column and
ammonium sulfate precipitated fractions con-
taining the SG synthase protein (Fig. 3). Taken
together, the above results strongly indicate
that the 66 kDa protein is involved in sterolglu-
coside synthesis in yeast.

DISCUSSION

Detailed biochemical characterization of the
membrane-associated enzymes has been often
impossible due to their rapid loss of activity
after solubilization with detergent. Photoaf-
finity labeling is one of the approaches to im-
prove purification and identification of gly-
cosyltransferases involved in the synthesis of
lipid-linked saccharides. 5-Azido-UDP-glu-
cose and 5-azido-UDP-glucuronic acid have
been successfully used for identification of glu-
cosylphosphodolichol-synthase in yeast and
ratliver [2,9, 10] and UDP-glucuronyl transfer-
ase in rat liver [9]. However, this approach has
also potential complications. One of them is
specificitg of a photoprobe. Theoretically, 5-
azido-[B- 2I’]UDPglucose used for identifica-
tion of the protein involved in the synthesis of
glucosylphosphodolichol in yeast, should
photolabel also the protein engaged in the syn-
thesis of sterolglucoside. However, with the use
of this photoprobe it was not possible to ident-

4 2L 3 & 5§ ¢ 3 8 9

ify conclusively the latter protein. This was
most probably due to the 5 fold lower affinity
of the photoprobe towards SG synthase than
towards GPD synthase [2]. Thus we have taken
advantage of another photoprobe, i.e. [di-121]-
5-[3-(p-azidosalicylamide)allyl-UDPglucose
which, in preliminary experiments, photo-
labeled more proteins in yeast membranes
than the azido-derivative of UDPglucose.
However, the drawback of using the probe of
a higher affinity is its specificity. To minimize
this complication we have partially purified
SG synthase from yeast membranes and
photolabeled the fractions enriched in the
enzyme activity. We have established that
labeling of the 66 kDa protein was abolished
by unlabeled UDPGIc. In addition, a band of
similar molecular mass was visualised by silver
staining on SDS/PAGE of the fractions contain-
ing SG synthase activity (Fig. 3). The fact that
photolabeled 66 kDa protein occurs in the frac-
tions containing SG synthase activity allows us
to conclude that this protein is involved in the
synthesis of sterolglucoside in yeast.

Authors wish to acknowledge the help of
Jacek Lenart from The Nencki Institute of Ex-
perimental Biology (Warsaw) in determining
phospholipid content.
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kDA rio 5. SDSIPAGE of "®Lphotolabeled pro-

: teins of S. cerevisine membranes.
2 1. Membranes incubated with unlabeled UDPglu-
- 9 <. cose, control without photolysis; 2. Membranes, un-
S 6 7 labeled UDPglucose, standard conditions of
i i photolysis; 3. Membranes, without UDPglucose,
, o i standard conditions of photolysis; 4. Solubilized
§ membrane proteins, unlabeled UDPglucose, photo-
” - lysed; 5. Solubilized membrane proteins, without
i UDPglucose, photolysed; 6. Pellet after ammonium
% .____ 29 sulfate precipitation (0.55-0.80 saturation) with

UDPglucose, photolysed; 7. Pellet as 6, without
UDPglucose, photolysed; 8. Supernatant after am-
monium sulfate precipitation with UDPglucose,
photolysed; 9. Supernatant as in 8, without UDPglu-
cose, photolysed.
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