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SUMMARY

Further studies on the structure of the microsomal endogenous substance which
accepts labeled glucose from dolichol monophosphate glucose are reported. In order
to obtain sufficient amounts of substance for measuring bound dolichol monophos-
phate, a concentrate was prepared by treating liver with mixtures of chloroform—
methanol-water which lead to purification of the radioactive compound.

Estimation of dolichol monophosphate, by its accelerating action on dolichol
monophosphate glucose formation, showed that it is liberated by mild acid treatment
of the concentrate. The dolichol monophosphate-yielding substance behaved like the
labeled glucosylated acceptor when tested by its solubility properties in some solvent
mixtures, thin-layer and DEAE-cellulose chromatographies and acid or alkaline treat-
ments. Therefore the results provide further evidence that the lipid moiety of the
endogenous acceptor of microsomes is dolichol phosphate.

INTRODUCTION

Dolichol, a polyprenol found in animal tissues, has been shown to be involved
in the transfer of sugar residues'. Thus liver microsomes catalize the following reac-
tions: ,

UDP-Glc+-dolichol-P — dolichol-P-Glc4-UDP (1)

Dolichol-P-Glc+-acceptor — Glc-acceptor--dolichol-P (2)

where dolichol-P, dolichol-P-Glc and Glc- acceptor represent dolichol monophosphate,
dolichol monophosphate glucose and glucosylated endogenous acceptor respectively.

The two reactions can be studied separately by using either labeled UDP-Glc
or dolichol-P-Glc. Information on the structure of the Glc-acceptor was deduced
from the properties of the radioactive compound prepared from dolichol-P-Glc2. It

Abbreviations: dolichol-P, dolichol monophosphate; dolichol-P-Glc, dolichol monophosphate
glucose; Glc-acceptor, glucosylated endogenous acceptor. !
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was found that mild acid treatment leads to the liberation of what appears to be an
oligosaccharide containing about 20 monosaccharide residues. The identity of the lipid
moiety of the Glc-acceptor was not definitely established but studies of the deoxy-
cholate inclusion compounds showed that it could be dolichol®. Deoxycholate is known
to form inclusion compounds with lipids. For instance, it combines with fatty acids
and the ratio of deoxycholate to lipid is related to the lenght of the parafin chain?®.
The molecular weights of the Glc-acceptor and dolichol-P-Glc measured in Sephadex
columns equilibrated with deoxycholate were found to be 14000 and 11000, respec-
tively. The difference (3000) is nearly the same as the difference in the molecular weights
of the hydrophylic moieties of the Glc-acceptor and dolichol-P-Glc which is 3400.
From this result it was deduced that the lipid part of the Glc-acceptor could be
dolichol. Evidence was presented indicating that the oligosaccharide and lipid
moieties are joined by a phosphate or pyrophosphate bridge.

Since dolichol-P can be estimated by its accelerating action on the rate of
Reaction 1 the method has been used to detect its presence in the Glc-acceptor®. It
has in fact been found that the breakdown of the Glc-acceptor leads to the liberation
of substance which reacts like dolichol-P.

MATERIALS AND METHODS

Liver microsomes, dolichol-P and labeled dolichol-P-Glc and the Glc-acceptor,
were prepared as previously described2.

Glc-acceptor concentrate

A concentrate containing unlabeled Glc-acceptor and substances of similar
solubility was prepared as indicated in the simplified diagram shown in Scheme 1.
About 100 g of rat liver were suspended in 100 ml of 4 mM MgCl, ahd homogenized.
Methanol (400 ml) and chloroform (600 ml) were successively added. The mixture was
centrifuged and the protein interphase was removed and extracted twice with 1200 ml
of chloroform-methanol-4 mM MgCl, (3:2:1, by vol.) and twice with the same mix-

ture but with water instead of MgCl,. The denatured protein was then dried under

reduced pressure, extracted once with 300 ml of chloroform-methanol (2:1, by vol.)
dried again and extracted 3 times with 350 ml of chloroform-methanol-water (1:1:0.3,
by vol.). The extract was dried and dissolved in 350 ml of chloroform-methanol-
water (1:1:0.3, by vol.).

Aliquots from this crude extract were further purified as follows. They were
dried, a small amount of the denatured protein from the previous step was added and
the whole was extracted 4 times with 6 ml of chloroform—methanol (2:1, by vol.). The
residue was dried and extracted 3 times with 2 ml of chloroform-methanol-water
(r:1:0.3, by vol.). The extract obtained is referred to as the Glc-acceptor concentrate.
A parallel preparation performed with radioactive Glc-acceptor and dolichol-P-Glc
added at the first step showed that the concentrate contained about 259, of the added
Glc-acceptor and none of the dolichol-P-Glc.

Chloroform—methanol-water (3:2:1, by vol.) partition
The partition was performed by the successive addition of 0.4 ml of methanol,
0.2 ml of water, about 20 mg of denatured protein saved from the last step of the prep-
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Rat liver homogenate in
chloroform—methanol-4 mM MgCl, (1:0.66:0.33, by vol.)

Centrifuge
Lower phase Inter phase Upper phase
P Discard Discard
Suspend in
chloroform—methanol (1:0.5, by vol.)
Centrifuge
3 v
Precipitate Upper phase
Discard
Suspend in
chloroform—methanol—water (1:1:0.3, by vol.)
Centrifuge
|
Supernatant Precipitate
Glc-acceptor Discard
concentrate

Scheme 1. Simplified diagram of the procedure for the preparation of Glc-acceptor concentrate.

aration of the .Glc—acceptor concentrate and 0.6 ml of chloroform. The upper, inter
and lower phases were processed as described in text.

The amounts but not the proportions of the components were sometimes modi-
fied.

Treatment with o.15 M acid

The sample was heated for 5 min at 100 °C in 0.4 ml of 0.15 M HCI in 1—pro-
panol after which 0.3 ml of water and 0.6 ml of chloroform were added. The lower phase
was then washed three times with 0.5 ml of chloroform-methanol-water (1:16:16, by
vol.). The blanks were prepared by adding the HCI after the chloroform.

Dolichol-P estimation .

10 ul of 0.1 M EDTA (magnesium salt), containing o.x M MgCl, were added to
the samples. They were dried under vacuum and the following incubation mixture
was added: o.15 M Tris-maleate (pH #7.7), 0.7% Triton X-100, 0.1 M 2-mercapto-
ethanol, 102000 cpm of [*CJUDP-Glc (228 Ci/mol) and 1.5 mg of rat liver microsomal
protein in a total volume of 0.175 ul. The samples were incubated 15 min at 37 °C.
The reaction was stopped by the successive addition of 0.4 ml of methanol, 0.1 ml of
water and 0.6 ml of chloroform. The lower phase was twice washed with chloroform—
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methanol-water (1:16:16, by vol.) and the radioactivity was measured with a flow
counter. '

RESULTS

The release of dolichol-P from the Glc-acceptor concentrates by acid treatment

It was reported previously that the hydrophylic moiety of the Glc-acceptor is
liberated by mild acid®. If dolichol-P were the lipid moiety of the Glc-acceptor it
would be expected to be liberated simultaneously under similar conditions. Since the
method of dolichol-P estimation is not sensitive enough to detect the small amounts
present in radioactive Glc-acceptor the experiments had to be carried out on the Gle-
acceptor concentrates. These were prepared as described in Methods, making use of
the solubility of the Glc-acceptor known from studies with the radioactive compound?.
The method was based on the following properties: (a) [*C]Glc-acceptor remains in
the interphase together with denatured protein in chloroform-methanol-water (82T,
by vol.), while dolichol-P and dolichol-P-Glc appear in the lower phase: (b) [H“C]Glc-
acceptor is insoluble in chloroform-methanol (z:1, v/v) while the other two sub-
stances are soluble, (c) [*C]Glc-acceptor is soluble in chloroform-methanol-water
(r:1:0.3, by vol.). :

The experiment presented in Table I shows that the Glc-acceptor concentrate
treated with acid yields a substance which behaves like dolichol-P in that it stimu-
lates Reaction 1. The experiment also shows that the solubility of the dolichol-P
yielding substance is the same as that of [*C]Glc-acceptor.

It was checked that the radioactive substance formed in the dolichol-P test
was in fact dolichol-P-Glc by the following criteria: (a) it migrated like dolichol-P-Glc
in thin-layer chromatography with chloroform-methanol-water (65:25:4, by vol.)
(Rr = 0.2) and with 1-propanol-water (7:3, by vol.) (Rr = 0.63)%, (b)'it had the same
half life in 0.1 M HCI in chloroform-methanol (2:1, by vol.) at room temperature?.

T hin-layer chromatography

Radioactive Glc-acceptor and dolichol-P-Glc can be separated in thin-layer
chromatography in silica gel plates with 1-propanol-water (7:3, by vol.) as solvent?.
The Glc-acceptor concentrate was run in this solvent with dolichol-P-Glc and the

TABLE I

DOLICHOL-P PRODUCTION BY ACID TREATMENT OF THE Glc-ACCEPTOR CONCENTRATE

The Glc-acceptor concentrate from 8 ml of crude extract was dried and subjected to the chloro-
form-methanol-water (3:2:1, by vol.) partition (see Methods). The upper and lower phases were
removed and the protein interphase was dried and extracted twice with 0.7 ml of chloroform—
methanol-water (1:1:0.3 by vol.). The three fractions (upper, lower and interphase extract) were
divided in halves and one set was treated with o.1 5 M acid as described in Methods. Dolichol-P
was then estimated. The numbers shown in this table correspond to the cpm of dolichol-P-Glc
synthesized in the presence of the samples minus those of dolichol-P-Glc synthesized by the en-
zyme alone (297 cpm). &

Dolichol-P (cpm in dolichol-P-Glc)
Divect estimation After 0.15 M acid treatment

Upper phase o o
Lower phase o 211
Interphase extract o 2478

Standard dolichol-P 1500 —
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Fig. 1. Thin-layer chromatography. The Glc-acceptor concentrate from 1o ml of crude extract was
spotted on a 5 cm X 20 c¢m silica gel G plate and developed with 1-propanol—water (7:3, by vol.) as
solvent. [*C]Glc-acceptor and [*C]dolichol-P-Glc were added as internal standards. The plate
was scanned (continuous line) and then twelve fractions of 1 cm width were scraped off. Each was
heated for 1o min at 100 °C in 1 ml of 0.25 M HCI in 1-propanol, centrifuged and decanted. The
silica gel was extracted 3 times more with 0.5 ml of 0.12 M HCI in chloroform—methanol (2:1, by
vol.) at room temperature. The supernatants were pooled and chloroform and water were added so
as to produce a chloroform-alcohol-water (3:2:1, by vol.) mixture. The lower phases were then
washed 3 times with 1 ml of chloroform-methanol-water (1:16: 16, by vol.) and dolichol-P was
assayed. The bars represent the cpm of dolichol-P-Glc obtained in each fraction minus those of
dolichol-P-Gle synthesized by the enzyme alone (220 cpm). DMP for all figures represents dolichol-P.

Glc-acceptor (both C-labeled) as internal standards. The plate was scanned and
twelve fractions of 1 cm width were scraped from it.

Since no mild method for eluting the Glc-acceptor from the silica was found, a
treatment with 0.25 M acid was performed directly on the fractions. Dolichol-P was
then extracted and estimated. The radioactivity of the internal standards did not
interfere because it remained in the aqueous washings. The results are shown in Fig. 1<
It can be seen that the substance that produced dolichol-P has the same Ry as [HeC=
Glc-acceptor.
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Fig. 2. DEAE-cellulose chromatography. The Glc-acceptor concentrate from 110 ml of crude
extract, together with [*4C]Glc-acceptor and [#H ]dolichol-P-Glc was chromatographed on DEAE-
cellulose as previously described?. 1 ml of the fractions was used for the radioactivity measure-
ments. The remaining part of the fractions was divided in halves. All were dried and one set was
subjected to the o.15 M acid treatment. Dolichol-P was then assayed. e—e, [®H]dolichol-P-Glc
and [*C]Glc-acceptor; 0—o0, [C]dolichol-P-Glc synthesized in the aliquots subjected to the
acid treatment minus that synthesized by the enzyme alone (150 cpm); A—A, the same but with-
out acid treatment. !
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DEAE-cellulose chromatography

Radioactive Glc-acceptor and dolichol-P-Glc can also be separated by DEAE-
cellulose chromatography using chloroform—methanol-water (1:1:0.3, by vol.) as sol-
vent and a linear ammonium formate gradient?. Fig. 2 shows an experiment performed
with the Glc-acceptor concentrate using [**C]Glc-acceptor and [*H]dolichol-P-Glc as
internal standards. Dolichol-P was found after the 0.15 M acid treatment only in the
fractions which contained [*C]Glc-acceptor. '

Alkaline treatment

It was previously reported that the hydrophylic moiety of [*C]Glc-acceptor can
be liberated by alkaline treatment®. The experiment described in Fig. 3 shows that
under such conditions, the rate of liberation of radioactive oligosaccharide from [14C]-
Glc-acceptor is the same as that of dolichol-P from the Glc-acceptor concentrate.

Mild acid treatments in methanolic and aquéous media :
[1C]Glc-acceptoris decomposed by 0.1 M HCI in methanol at 30 °C with a half
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Fig. 3. Alkaline treatment. The Glc-acceptor concentrate from 75 ml of crude extract was divided
in five aliquots and dried. After addition of 0.4 ml of 1-propanol and 4 ul of 10 M KOH, each ali-
quot was heated for different times at 64 °C after which 0.3 ml of water, 0.6 ml of chloroform and
4 ul of 11.7 M HCI were successively added. The lower phases were washed 3 times with o.5 ml of
chloroform—methanol-water (1:16:16, by vol.), dried, and subjected to the chloroform—methanol—
water (3:2:1, by vol.), partition. The lower phases were removed and dolichol-P was estimated in
them. The cpm of dolichol-P-Glc synthesized by the aliquot treated for 40 min with alkali minus
the dolichol-P-Glc synthesized by the enzyme alone (3778-229 = 3549 cpm) were taken as 1009,
for this curve (0—0). A parallel experiment was performed with [C]Glc-acceptor under the same
conditions with the exception that after the alkaline treatment the samples were diluted with 0.8
ml of water, neutralized with acetic acid, dried and subjected to the chloroform-methanol-water
(3:2:1, by vol.) partition. The upper phases were removed and counted. The cpm found after 40
miu of alkaline treatment (9o5 cpm) were taken as 100%, for this curve (e—a@).

Fig. 4. Acid methanolysis. The Glc-acceptor concentrate from 20 ml of crude extract was divided
in five aliquots, mixed with [*4C]Glc-acceptor and dried. After adding 0.6 ml of methanol and 5 ul
of 11.7 M HCI, the tubes were incubated at 30 °C for different times. The reaction was stopped b#f
the chloroform-methanol-water (3:2:1, by vol.) partition. The upper phases were removed,
neutralized with LiOH and counted. The cpm found in the 40-min aliquot (1934 cpm) were taken as
100%, for this curve (8—®). The remaining inter and lower phases were washed twice with 0.5 ml
of chloroform-methanol-water (1:16:16, by vol.) The lower phases were removed, divided in.
halves and one set subjected to the 0.15 M acid treatment. Dolichol-P was then estimated. 0—o0,
Dolichol-P-Glc formed in the aliquots subjected to the o.15 M acid treatment; A—A, the same but
in samples not subjected to that treatment. The cpm of dolichol-P-Glc synthesized by the 40-min
aliquot subjected to the o.15 M acid treatment minus the dolichol-P-Glc synthesized by the enzyme
alone (1633 —276 = 1357 cpm) were taken as 1009, for these two curves.
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TABLE II
ACID HYDROLYSIS OF GLC-ACCEPTOR CONCENTRATE
The Glc-acceptor concentrate from 15 ml of crude extract was divided in 3 aliquots and dried.

Water (0.45 ml) and dilute HCI (to pH 2) were added to Tubes A and B. These were heated for
5 min at 100 °C after which they were subjected to the chloroform-methanol-water (3:2:1, by vol.)
partition. Tube Cis an unheated blank. The inter and lower phases were washed twice with 0.5 ml
of chloroform-methanol-water (1:16:16, by vol.), the lower phases were removed and subjected
to the 0.15 M acid treatment where indicated. Dolichol-P was then estimated. The cpm of dolichol-
P-Glc synthesized by the enzyme alone (550 cpm) have been subtracted from the numbers given
in this table.

4 Tube Hydyolysis at pH 2, 0.15 M acid treatment Dolichol-P
5 min, 100 °C of lower phase (epm in Dolichol-P-Glc)
of previous
A ik = : 909
B e -+ 2182
== =k 3

life of 7-8 min. A radioactive, uncharged, water soluble substance is produced which
appears to be a large oligosaccharide?.

The experiment depicted in Fig. 4 showed that under such conditions two dif-
ferent lower-phase soluble products were liberated from the Glc-acceptor concentrate.
One of them could be estimated directly as dolichol-P and the other could generate
dolichol-P after a stronger acid treatment. It can also be seen that the rate of libera-
tion of these two substances was the same as that of radioactive oligosaccharide from
[“C]Glc—acceptor.

These two lower phase soluble substances were also produced by a mild acid

. treatment of the Glc-acceptpr concentrate in a completely aqueous medium (Table IT).
It was found that [*C]Glc-acceptor was almost completely hydrolizéd under these
conditions and that a radioactive water soluble, uncharged molecule was produced.

DISCUSSION

The results reported in this paper show that a substance extracted from rat liver
(Glc-acceptor concentrate), having the same solubility properties as [*C]Glc-acceptor
in chloroform-methanol-water (3:2:1 and 1:1:0.3, by vol.) mixtures, liberated
dolichol-P by acid treatment. Moreover, this dolichol-P producing substance migrated
in thin-layer chromatography like [1*C]Glc-acceptor and was eluted together with it
from DEAE-cellulose. The rate by which the Glc-acceptor concentrate liberated
dolichol-P in o.x M KOH in 1-propanol was the same as that of production of radio-
active oligosaccharide by [*C]Glc-acceptor. The Glc-acceptor concentrate liberated
two lower phase soluble substances by acid methanolysis or hydrolysis. One was
dolichol-P and the other could generate dolichol-P by a stronger acid treatment. The
rate by which both substances were produced by acid methanolysis was the same as
that of radioactive oligosaccharide liberation by [**C]Glc-acceptor.

The structure previously suggested for the Gle-acceptor was that of an oligosac-
charide joined to dolichol through a phosphate or pyrophosphate bridge?. If the latter
possibility were true, dolichol pyrophosphate would be the expected lipid moiety
produced by acid methanolysis or mild acid hydrolysis, since an uncharged oligosac-
charide is liberated by such treatments. It is possible that under those conditions
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dolichol pyrophosphate is partly degraded to dolichol-P. As dolichol pyrophosphate
is presumably not a substrate for dolichol-P-Glc synthesis, the increase in dolichol-P
that appeared after the stronger acid treatment is probably due to the conversion of
the pyrophosphate to the monophosphate derivative.

- The results presented in this paper provide further evidence indicating that
dolichol is the lipid moiety of the Glc-acceptor. The fact that mild acid treatment leads
to the formation of a substance which has the solubility of dolichol-P and which yields
dolichol-P on further acid treatment, indicates the presence of a pyrophosphate bridge
joining the hydrophylic and lipophylic moieties. This strengthens the previous evi-
dence based on the elution pattern of the Glc-acceptor in DEAE-cellulose columns?.
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