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ABSTRACT

Membrane preparations from developing soybean (var. Prize) cotyledon
tissue, at the time of synthesis of storage glycoproteins, catalyze the
sequential assembly of lipid-linked oligosaccharides from uridine-5’-
diphospho-N-acetyl-D-[6-*H|glucosamine and guanosine-5'-diphospho-p-
[U-**Clmannose. The maximum size of lipid-linked oligosaccharide that
accumulates contains the equivalent of 10 saccharide units on the basis of
Bio-Gel P-2 gel filtration studies. These lipid-linked oligosaccharides show
similar characteristics to polyisoprenyl diphosphate derivatives on dieth-
ylaminoethyl-cellulose chromatography and are potential intermediates in
glycoprotein biosynthesis in this tissue. These glycolipids do not appear to
turn over in pulse-chase experiments and no completed storage glycopro-
teins were detected among the products of these incubations.

Tissue slices from cotyledons at the same stage of development synthe-
size lipid-linked oligosaccharides from [*H|mannose and [*H]glucosamine
with sizes equivalent to 1, 7, 10, and approximately 15 saccharide units. In
pulse-chase experiments, the lipid-linked saccharides with the equivalent
of 1 and 10 units rapidly turnover, whereas those with 7 and 15 units do
not. Examination of the higher oligosaccharide peaks (10 and 15) by Bio-
Gel P4 gel filtration shows them to comprise 2 distinct subsets of
oligosaccharides containing different proportions of glucosamine and man-
nose units. Tissue slices synthesize products which resemble the completed
7S storage glycoproteins as judged by similarity of molecular weight and
precipitation with specific antisera. Analysis of the oligosaccharides ob-
tained by hydrazinolysis of glycoproteins shows the presence of a similar
size “high-mannose™ type N-linked oligosaccharides as in other glycopro-
teins from animal and plant cells.

The 7S complex of soybean storage proteins contains about 5%
by weight of covalently bound carbohydrate (29). When the
purified 7S complex is subjected to SDS-polyacrylamide gel elec-
trophoresis, it can be resolved into several components, all of
which are glycosylated as determined by periodic acid-Schiff
staining (25). The saccharide moieties include oligosaccharides
attached to asparagine containing 2 glucosamine and up to 9
mannose units (28, 29). Similar oligosaccharides are found in
soybean agglutinin (18). Little is known about the mechanisms of
biosynthesis of these proteins and less is known about their
glycosylation. A temporal difference in the accumulation of stor-
age proteins during maturation of the seeds has been demonstrated
in soybean (14), as well as in other legumes (3, 20). Growing
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evidence implicates lipid-linked oligosaccharides as intermediates
in the biosynthesis of mammalian glycoproteins (see reviews in
refs. 11 and 21). Such compounds have been identified in devel-
oping pea (2) and french bean (9, 12, 13) cotyledon tissue. Dolichyl
phosphate has been purified from soybean and shown to act as an
effective acceptor for glycosyl transfer from sugar nucleotides (5,
22).

Evidence that lipid-linked oligosaccharides can be assembled in
a sequential manner from UDP-GIcNAc and GDP-mannose by
membrane preparations from developing soybean cotyledons and
that some of these, as in mammalian systems, may be involved in
the synthesis of endogenous storage glycoproteins is presented
here. Earlier studies in these laboratories have been concerned
mainly with the assembly of glycolipids in growing tissue (pea
stem) where glycoproteins do not accumulate (1, 10), and it was
of particular interest to employ similar techniques with a tissue
where a major part of metabolism is geared to the synthesis and
deposition of glycoprotein.

MATERIALS AND METHODS

Plant Material. Soybean (Glycine max. var. Prize) was grown in
Vermiculite with a 12-h photoperiod at 28 C (daytime) and 22 C
(night). Plants were inoculated with Rhizobium japonicum and
watered with N-free medium as described previously (27). Coty-
ledons were harvested when their fresh weight was between 100
and 250 mg.

Membrane Isolation and Incubation. A membrane preparation
was obtained from developing soybean cotyledons by modification
of the method previously used in studies with pea stem tissue (1).
The cotyledons were homogenized with a mortar and pestle at 4 C
in 0.1 M Tris-HCl (pH 7.4) containing 5 mM dithioerythritol, 10
mM MgCl; and 0.4 M sucrose, and the brei was filtered through
Miracloth (Calbiochem). The filtrate was centrifuged at low speed
(1000g for 10 min) and the pellet was dispersed for 20 s using a
tissue homogenizer (Polytron, Brinkmann Instruments, at half-
maximum force). The homogenate was recentrifuged (1000g for
10 min) and the supernatant was combined with that from the
previous centrifugation. A total membrane preparation was ob-
tained from this supernatant by centrifugation at high speed
(48,000g for 60 min).

The membrane preparation was resuspended in homogenization
buffer at a protein concentration of approximately 2 mg/ml and
incubated with radioactive substrates (GDP-["*C]mannose,’
Amersham, 173 mCi/mmol; final incubation concentration of 20
uM, 4 X 10° dpm added to each incubation; UDP-N-acetyl-

? Abbreviations: GDP-['*C]mannose, guanosine-5'-diphospho-p-[U-
*C]mannose; [*H]glucosamine, p-[1,6-*H]glucosamine; [*H]leucine, L-[4,5-
*H]leucine; ["Hjmannose, b-[1-*Hjmannose; UDP-[’H]GIcNAc, uridine-5'"-
diphospho-N-acetyl-p-[6-*H]glucosamine.
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[’Hlglucosamine, New England Nuclear, 10 Ci/mmol, final in-
cubation concentration of 3 pM, 4 X 10° dpm added to each
incubation) in 60 pl total volume at 25 C. The reactions were
terminated using chloroform-methanol (1:1, v/v) to bring the final
concentration of chloroform-methanol-H;O to 1:1:0.3 (v/v).

Labeling of Tissue Slices. Individual tissue slices (0.1-0.2 mm
thick), cut from developing soybean seeds (fresh weight, approxi-
mately 250 mg) were placed on glass plates upon 25-ul drops
containing 0.1 M Tris-HCI (pH 7.4), 10 mm MgCl; and 10 pl of
either [*H]mannose (32 uM final concentration, New England
Nuclear, 13.2 Ci/mmol), [*H]glucosamine (10 M final concentra-
tion, New England Nuclear, 36.9 Ci/mmol), or [*H]leucine (8 um
final concentration, Amersham, 120 Ci/mmol). The slices were
illuminated from below with 40-w fluorescent light and incubated
at room temperature. In pulse-chase experiments, concentration
of the unlabeled substrates was 10 mM. The reaction was termi-
nated in the same way as the membrane assays described above.

Analysis of Products. Reaction mixtures from both membrane
and tissue slices were thoroughly homogenized with chloroform-
methanol-H,O (1:1:0.3, v/v, 8 ml) and insoluble material was
separated by centrifugation. The soluble material was washed with
0.5% KCl and the resultant lipid phase was either subjected to
DEAE-cellulose chromatography or hydrolyzed directly using 0.1
N HCI at 90 C for 30 min as described previously (1, 10). The
oligosaccharides released by hydrolysis were separated by either
Bio-Gel P-2 or Bio-Gel P-4 gel permeation chromatography on 1-
X 100-cm columns, using 0.1 M Tris-HCl (pH 7.4) containing
0.05% (w/v) sodium azide and 0.2 M NaCl as eluant. Sugar
analyses of these lipid-linked oligosaccharides were performed as
described by Spiro (24). Neutral sugars were released by treatment
with 1 N H,SO, for 8 h at 100 C and subsequently analyzed by
cellulose paper chromatography (31). Amino sugars were released
by treatment with 4 N HCI for 8 h at 100 C and subsequently
analyzed by ion-exchange chromatography using 10-ml columns
of Zerolit 225 (BDH Chemicals) with 0.33 N HCI as eluant (7).

The pellet obtained from the centrifugation of the initial extract
with chloroform-methanol-H,O was washed with the same solvent
(2 x 8 ml) followed by methanol (1 X 8 ml) and lyophilized. An
aliquot was subjected to hydrazinolysis by heating with anhydrous
hydrazine (containing catalytic amounts of hydrazine sulfate) at
105 C for 10 h as described by Yosizawa et al. (30). The resulting
hydrazinolysate was repeatedly evaporated with H.O to remove
the hydrazine and then subjected to Bio-Gel P-4 gel filtration, as
described for the lipid-linked oligosaccharides. Another aliquot
was dissolved by boiling for 2 min in a small volume of 1 M Tris-
HCI (pH 6.8) containing 2% (w/v) SDS and 10 mm DTT. SDS-
insoluble material was removed by centrifugation using an Ep-
pendorf microcentrifuge for 5 min and washed once with 1 ml
SDS buffer at 100 C for 10 min. The pellet obtained upon recen-
trifugation (for 10 min) was assumed to contain mainly polysac-
charide material while the product solubilized by SDS was con-
sidered to contain glycoprotein or protein-bound saccharide (10).
The SDS-solubilized material was either counted directly using
Aquasol (New England Nuclear) scintillation fluid or subjected to
SDS-polyacrylamide gel electrophoresis on 1.5-mm thick 17.5%
acrylamide slab gels (16). Gels were routinely over-run to resolve
more clearly those components of mol wt 30,000 to 100,000
daltons. Proteins were visualized using Coomassie brilliant blue
and glycoproteins were visualized using a modified periodic acid-
Schiff stain (15). Fluorography of the gels was performed using
prefogged Kodak X-Omat R film (4).

Animal Material. Mouse L-cells (provided by Dr. R. Sinclair)
were grown in suspension culture as described previously (1). Cells
were harvested after labeling with ["Hjmannose (New England
Nuclear, 13.2 Ci/mmol, 0.1 mCi/100 ml medium) for 1 h. Lipid-
linked saccharides were isolated and analyzed as above.
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RESULTS

Lipid-linked Saccharides Formed by Soybean Membranes. To
test for synthesis of lipid-linked saccharides and storage glycopro-
teins in vitro, a total membrane fraction was isolated from devel-
oping soybean cotyledons and incubated with nucleotide sugars.
The lipids labeled during incubations of the cotyledon membranes
were separated by DEAE-cellulose chromatography. The profile
obtained for lipids labeled with UDP-[?’H]GIcNAc shows that
only one species of lipid was synthesized (Fig. 1a). This component
in other systems (5) has been identified as polyisoprenyl diphos-
phoryl saccharide. GDP-['*Clmannose labeling results in two
peaks (Fig. 1b) which have been characterized on the basis of
several criteria (1, 10) as polyisoprenyl monophosphoryl mannose
and polyisoprenyl diphosphoryl oligosaccharide.

A time course for the incorporation of UDP-[*H]GIcNAc into
lipid is shown in Figure 2, together with the effect of unlabeled
GDP-mannose added at 5 min. When the mild acid hydrolysate
of the lipid labeled with UDP-[*H]GlcNAc for 5 min is separated
by gel permeation chromatography, there are two major compo-
nents corresponding to GIcNAc and chitobiose, without any
higher oligosaccharides (Fig. 3a). Longer incubation periods do
not alter this pattern. Analysis of the lipid-linked saccharides
formed during the period of GDP-mannose addition shows the
generation of several new lipid-linked oligosaccharides of succes-
sively higher mol wt (Fig. 3, b and c). These are products which
could be expected from the addition of mannose residues to the
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FiG. 1. DEAE-cellulose chromatography of labeled membrane lipids
from soybean cotyledons. Aliquots of the 0.5% KCl-washed chloroform-
methanol-H,O extract were separated on columns of DEAE-cellulose (10
ml) by sequential elution with chloroform-methanol-Hz:O (1:1:0.3, v/v),
chloroform-methanol-5 mM ammonium formate (1:1:0.3, v/v), and chlo-
roform-methanol-140 mM ammonium formate (1:1:0.3, v/v). The fraction
volume was 10 ml. a, extract separated after labeling the membranes with
UDP-[’H]GIcNAc for 60 min; b, extract separated after labeling the
membranes with GDP-["*CJmannose for 60 min. The peaks eluted with 5
and 140 mM ammonium formate represent polyisoprenyl monophosphoryl
and polyisoprenyl diphosphoryl saccharides, respectively. Arrows indicate
the points of addition and the concentrations of ammonium formate.
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F1G. 2. Effect of unlabeled GDP-mannose on accumulation of lipid-
linked [’H]GlcNAc. Cell-free membranes from developing soybean coty-
ledons (total volume, 55 ul) were incubated with UDP-[’H]GIcNAc and
the time course was determined for incorporation into lipid (fraction
soluble in chloroform-methanol-H.O but insoluble in 0.5% KCl).
(O——0), control, no other additions (@——@®), +GDP-mannose (5 ul,
120 mm) at 5 min (arrow).
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F1G. 3. Elongation of [*’H]GIcNAc-initiated lipid-linked oligosaccha-
rides. Bio-Gel P-2 gel-permeation chromatography profiles are shown of
acid-labile, lipid-linked oligosaccharides synthesized from UDP-[’H]
GIcNAc (panels a—c) and GDP-["*C]mannose (panel d) by cell-free mem-
brane preparations. a, 5 min incubation with UDP-[°’H]GIcNAc (3 umM)
alone; b, as in a, followed by 2-min incubation with unlabeled GDP-
mannose (10 mM); ¢, as in b, with the incubation continued for 1 h; d, 60-
min incubation with GDP-["*CJmannose (20 uM) alone. The scale above
the profiles represents the elution volumes of a saccharide series (1). V,
void volume of the column.

[PH]GlcNAc-labeled lipids.

With GDP-["*C]mannose as substrate, mild acid hydrolysis of
the lipids produced during membrane incubations, followed by
gel permeation chromatography on Bio-Gel P-2, yields the profile
shown in Figure 3d. Peak 1, found only after labeling with GDP-
mannose and absent from the lipid-linked GIcNAc components,
is likely to be derived from polyisoprenyl monophosphoryl man-
nose, with the other peaks derived from polyisoprenyl diphos-
phoryl oligosaccharides (see refs. 1 and 10). A saccharide series is
presented above the profiles for reference and is discussed at
length elsewhere (1). The major [“C]oligosaccharide peak corre-
sponds to a decasaccharide and is equivalent to the largest [*H)-
oligosaccharide that is generated in the system containing GDP-
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F1G. 4. Synthesis of lipid (L), SDS-soluble (G), and SDS-insoluble (P)
products by cotyledon tissue slices. Slices (250 mg) were incubated with
(a) [*H]glucosamine or (b) [*H]mannose and incorporation into tissue
fractions was measured as described.
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FiG. 5. Lipid-linked saccharides synthesized by tissue slices. Bio-Gel
P-2 profiles are shown of the oligosaccharides released from lipid fractions
by mild acid hydrolysis after labeling cotyledon tissue slices (a) [*H]-
glucosamine for 30 min or (c) [’H]mannose for 20 min. Time courses are
shown for incorporation into individual lipids labeled with (b) glucosamine
or (d) mannose. The numbering on the scale above the profiles indicates
the relative positions of the individual lipids whose time-courses of syn-
thesis are shown in b and d, respectively, and correspond to positions
shown in Fig. 3 for typical saccharides. V, void volume of the column.

Incubation time (min)

mannose and UDP-[’H]GIcNAc (Fig. 3c).

With respect to incorporation of these sugars into glycoproteins,
in vitro, the SDS-soluble material from these incubations analyzed
by gel electrophoresis resolved several labeled peptides. However,
they did not seem to correspond to the size of the major glycopro-
teins in this tissue and the yield was low (data now shown).

Analysis of Lipid-linked Saccharides Formed by Tissue Slices.
Time courses for the incorporation of [*H]glucosamine and [*H]-
mannose into lipid, SDS-soluble, and SDS-insoluble products in
tissue slices from soybean cotyledons are shown in Figures 4, a
and b, respectively. The tissue slices incorporate glucosamine
preferentially into lipid components and, to a lesser extent, into
SDS-soluble products. No significant incorporation into SDS-
insoluble products is observed even after 120 min incubation. This
is to be expected since no known polysaccharide containing glu-
cosamine exists in such tissues. In contrast, mannose is incorpo-



1116

e
T
.

Ee b 15
‘e

x

£

€ L

(]

N .

c

S .

§ osf

[*}

a

[e]

g |

[

3

c = 7
s .1
g O . ) ! $10

o 30 60 90 120
Incubation time (min)

F1G. 6. Pulse-chase labeling of lipid-linked oligosaccharides with man-
nose in tissue slices. ["H]Mannose was supplied for 20 min and then
unlabeled mannose (10 mM) was added. Lipids were extracted, hydrolyzed,
and chromatographed on Bio-Gel P-2, yielding profiles similar to those in
Fig. 5 (a and c). Incorporation into peaks 1, 7, 10 and 15 was assayed as
in Fig. 5b.
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F1G. 7. Bio-Gel P-4 gel-permeation chromatography and amino-sugar
analyses of lipid-linked saccharides synthesized by soybean cotyledon
tissue slices and mouse L-cells. Bio-Gel P-4 profiles of oligosaccharides
released from lipid fractions by mild acid hydrolysis after labeling tissue
slices with ['HJmannose and [*H]glucosamine are shown in panels a and
c, respectively. ["H]Mannose-labeled lipid-linked oligosaccharides from
suspension cultures of mouse L-cells is shown in panel e, together with
elution positions of the glucosylated oligosaccharide (G) formed by L-cells
in vivo and the highest mannose-labeled oligosaccharide (M) formed by
isolated L-cell membranes (see text). The oligosaccharides were hydrolyzed
with 4 N HCI at 100 C for 8 h (24) and then separated by ion exchange
chromatography as described. Panels b, d, and f show profiles obtained
from hydrolysates of the oligosaccharides shown in panels a, c, and e,
respectively. The elution positions of the neutral and anionic sugars and
glucosamine are indicated in panel d, V, void volume of column.
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rated into all three of these fractions, suggesting that mannolipid,
mannoprotein, and mannan are all formed.

Analysis of the size of carbohydrate released by mild acid
hydrolysis of glycolipids formed from glucosamine and mannose
by Bio-Gel P-2 gel filtration are shown in Figure S, a and c,
respectively. In both cases, peaks of common elution volume occur
at positions 1, 10, and approximately 15. The peak at position 2
is unique to glucosamine-labeled tissue. Time courses for the
incorporation of label into the individual lipids are shown in
Figure 5, b and d. With glucosamine as substrate, lipids 2, 10, and
15 are labeled after an initial lag period of about 20 min, whereas
lipid 1 becomes labeled immediately. With mannose as substrate,
there is little or no lag and lipids 1 and 10 saturate within 30 min,
whereas lipid 15 continues to accumulate for at least 60 min. In
pulse-chase experiments in which labeled mannose is followed by
high concentrations of unlabeled mannose (Fig. 6), label in peaks
1 and 10 declines rapidly, whereas label continues to accumulate
into peak 15. It appears, therefore, that peak 15 represents a major
glycolipid which is not subject to turn-over in the time of the
experiments reported here, whereas lower-sized oligosaccharide-
lipids are rapidly metabolized further.

Analyses of these lipid-linked oligosaccharides by Bio-Gel P-4
gel permeation chromatography are shown in Figure 7. Using
mannose as substrate the lipid-linked oligosaccharides include
(Fig. 7a) a major component eluting at fraction 50 which corre-
sponds to the oligosaccharide denoted as 15 on the basis of Bio-
Gel P-2 chromatography. The label in this fraction remains as
neutral sugar and is not converted to glucosamine (Fig. 7b). Using
glucosamine as substrate, the lipid-linked oligosaccharides (Fig.
7Tc) also show a major saccharide eluting at fraction 50, together
with other oligosaccharides of intermediate mol wt. The latter are
only minor components among the oligosaccharides labeled from
mannose (Fig. 7a), suggesting that they are enriched in glucosa-
mine. A major oligosaccharide of intermediate mol wt corresponds
in size to the peak denoted as 10 on the basis of Bio-Gel P-2
studies and was the only oligosaccharide to show an appreciable
degree of turn-over during pulse-chase experiments (Fig. 6). The
label in the lipid-linked oligosaccharide fraction remains as glu-
cosamine (Fig. 7d) and is not present to any significant extent as
neutral sugar.

To determine the relationship between these soybean lipid-
linked oligosaccharides and the common lipid-linked oligosaccha-
ride thought in animals systems to be the donor of the “core”
oligosaccharide to nascent proteins (23), a similar mannose-la-
beled lipid-linked oligosaccharide fraction was isolated from sus-
pension cultures of mouse L-cells by DEAE-cellulose chromatog-
raphy followed by mild acid hydrolysis (1). Bio-Gel P-4 gel
permeation chromatography of these mammalian lipid-linked
oligosaccharides is shown in Figure 7e. Several oligosaccharides
rapidly accumulate, all of which turn over during pulse-chase
experiments (data not shown). The elution volumes of the major
lipid-linked oligosaccharides synthesized from GDP-mannose and
UDP-glucose by L-cell membranes are also indicated (labeled M
and G, respectively, Fig. 7e). The elution volumes of both these
oligosaccharides correspond closely to those reported for similar
lipid-linked saccharides from other mammalian cells (6, 19, 23).
The major soybean lipid-linked saccharide (peak 15) is slightly
smaller than the similar lipid-linked saccharide formed by mam-
malian cells.

Glycoproteins Formed by Tissue Slices. SDS-soluble fractions
from tissue slices after labeling with mannose or glucosamine were
analyzed by SDS-polyacrylamide gel electrophoresis. Defined
glycoprotein products comparable in mol wt to those seen in
developing cotyledon tissue were formed (Fig. 8). The identity of
two of these products as 7S-a-related glycoproteins has been
independently verified by precipitation with antisera specifically
raised against purified 7S-a-glycoprotein. Pulse-chase experiments
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show that the products initially labeled are slightly larger in mol
wt than the final 7S components which begin to accumulate after
1.5 to 6 h of incubation (Fig. 8) (C. Sengupta, V. DiLuca, D. S.
Bailey, and D. P. S. Verma, unpublished data). This indicates that
the complete biosynthetic sequence of the major glycoprotein
components of the cotyledon is operative in the tissue slices. In
addition, the fact that exogenously supplied mannose and gluco-
samine label only those polypeptides which are glycosylated
(namely, the 7S complex and soybean agglutinin) and not any
other proteins which are labeled with leucine implies that these
sugars are being directly incorporated into the carbohydrate resi-
dues of the glycoproteins and do not enter any other metabolic
pools within the time period of these experiments.

Bio-Gel P-4 chromatography of the oligosaccharides released
by hydrazinolysis of the chloroform-methanol-H,O (1:1:0.3, v/v)-
extracted [’H]mannose-labeled product synthesized by the tissue
slices gives the profile shown in Figure 9a. This fraction contains
high mol wt material, probably H,O-soluble mannan, as well as
intermediate-sized oligosaccharides and small oligosaccharides
which were originally protein-bound. A similar hydrazinolysate
derived from lipid-extracted glycoproteins biosynthesized from
[*H]mannose by mouse L-cells shows no high mol wt components
and is enriched in intermediate-sized protein-bound oligosaccha-
rides which correspond in size to the “high-mannose” class of N-
linked oligosaccharides isolated by similar techniques from other
mammalian glycoproteins (23). The major group of protein-bound
oligosaccharides from both soybean and mouse L-cell glyco-
proteins appears to be smaller in size than the major lipid-
linked oligosaccharides present in both tissues (Fig. 7, panels a, c,
and e).

DISCUSSION

Several reports have characterized specific lipid-linked saccha-
rides which are thought to be involved in the process of glycopro-
tein biosynthesis. These lipids, from both animal and plant
sources, appear to be polyisoprenyl derivatives. We present evi-
dence concerning the assembly and turn-over of such lipid-linked
saccharides in developing soybean cotyledons, where deposition
of reserve glycoproteins is a major biosynthetic reaction.

Soybean cotyledon membranes synthesize lipid-linked oligosac-
charides from both UDP-[?’H]GIcNAc and GDP-[**C]mannose

A B

= —20K

FiG. 8. Glycoprotejns synthesized by tissue slices. Polyacrylamide
SDS-gel electrophoretic separation of the major storage proteins present
in soybean cotyledons are shown; stained with Coomassie blue (track A),
and periodic acid-Schiff reagent (track B). Fluorography of SDS-gel
electrophoretic separation of the products formed by the incubation of
tissue slices from soybean cotyledons with [*Hjmannose (track C) and [*H]
leucine (track D) and [*H]glucosamine (track E) is also shown. The position
of the 7S glycoprotein components and soybean agglutinin (SBA) are
indicated on the left and the mol wt of marker proteins run on the same
gels are shown on the right.
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F1G. 9. Protein-bound oligosaccharides synthesized by soybean coty-
ledon tissue slices and mouse L-cells. Bio-Gel P-4 profiles of the oligosac-
charides released by hydrazinolysis (30) of the chloroform-methanol-H.O-
insoluble products derived from soybean cotyledon tissue slices and mouse
L-cell suspension cultures after [’H]mannose labeling for 60 min are shown
in panels a and b, respectively. The position of high-mannose oligosaccha-
rides is indicated in panel b (according to ref. 23). V, void volume of
column.

(Fig. 3). The ma!lor lipid-linked oligosaccharide which accumu-
lates after UDP-["H]GIcNACc labeling behaves as chitobiose, judg-
ing by its elution position from the Bio-Gel P-2 columns. By
prelabeling the membranes with UDP-[’H]GIcNAc and subse-
quently adding unlabeled GDP-mannose, the initial lipid-linked
chitobiose appears to be elongated sequentially to form higher
oligosaccharides, in a manner similar to that observed in pea (1)
and other tissues (11, 21). The most abundant oligosaccharide
formed under these conditions (Fig. 3c) corresponds to that formed
from GDP-["“C]mannose alone (Fig. 3d) and has a mobility
equivalent to a decasaccharide.

When tissue slices are supplied with either mannose or gluco-
samine, acid-labile lipid-linked saccharides are also formed (Fig.
4). Using mannose, lipid-linked saccharides seen at positions 1
and 10 turn over during chase with unlabeled mannose (Fig. 6)
and appear to be intermediates in the normal metabolic pathways
of the tissue. A sugar analysis of the total acid-labile, lipid-linked
saccharide fraction labeled from [*H]mannose shows that mannose
is epimerized to other neutral sugars, but not to glucosamine (Fig.
7b), during such incubations: 80% of the label after 60 min is still
present as mannose; 15%, as glucose; and less than 5%, as galactose.
In contrast, metabolic conversion of glucosamine to other sugars
is negligible (Fig. 7d) and [*H]glucosamine is, thus, the substrate
of choice for such in vivo experiments. Lipid 10 is strongly labeled
with glucosamine and can be clearly separated from the other
lipid-linked oligosaccharides by Bio-Gel P-4 chromatography
(Fig. 7c). Its structural relationship to the lipid-linked oligosac-
charides of similar size synthesized by membrane preparations
from UDP-[’H]GIcNAc and unlabeled GDP-mannose (Fig. 3c)
remains to be ascertained.

The lack of significant labeling of completed storage glycopro-
teins during in vitro incubations might be explained by an absence
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of mRNA translation in our membrane preparations, and thus
lacking appropriate membrane-associated protein acceptors, and/
or the incomplete synthesis of lipid-linked oligosaccharide donors,
although low levels of glycosylation of proteins has been observed,
in vitro, in preparations from Phaseolus vulgaris cotyledons (8).
There is evidence in animal systems (for example, see refs. 19 and
21) that some Man,-GIcNAc; lipids must be lengthened by addi-
tion of glucose units to form a glucosylated-oligosaccharide before
they are efficiently transferred to nascent polypeptide acceptors.
Although a common lipid-linked oligosaccharide intermediate has
been identified (23) and characterized (17) as a donor during
glycoprotein glycosylation, recent reports suggest that there may
be more than one such intermediate (6, 26).

The size of lipid-linked oligosaccharide which is accumulated
by soybean tissue slices and membranes during incubations with
GDP-["“C]mannose (Fig. 3, peak 10) is clearly smaller that that
which is formed by mouse L-cells and membranes in similar
incubations. A similar phenomenon has been observed in pea
membrane preparations (1) where the efficiency of formation of
the higher mannose-containing lipid-linked oligosaccharides was
less than that of L-cell membranes. In animal systems (19, 21, 23),
the size and structures of lipid-linked saccharides that are synthe-
sized in vivo and in vitro are similar. In soybean cotyledon tissue
slices, the major lipid-linked saccharide labeled from both man-
nose and glucosamine (Fig. 5, peak 15) is of higher mol wt than
that formed in vitro (Fig. 3). In addition, unlike such lipid-linked
saccharides in animal cells, this lipid accumulates in vivo and does
not appear to turn over during pulse-chase experiments. It may
thus represent a structural lipid in soybean membranes which is
not metabolized further.

An analysis of the mannose-labeled, protein-bound oligosac-
charides formed by soybean cotyledon tissue slices (Fig. 9a) shows
them to be of approximately similar size to the high-mannose,
asparagine-linked oligosaccharides synthesized from [*H]lmannose
by mouse L-cells (Fig. 9b). This is in agreement with other workers
who have analyzed the size of such oligosaccharides attached to
asparagine in soybean 7S reserve glycoproteins (28, 29), and with
the detailed chemical structures proposed for asparagine-linked
oligosaccharide side-chains of soybean agglutinin (18). The great
structural similarity between asparagine-linked oligosaccharide
present in soybean glycoproteins and those high-mannose chains
present in animal glycoproteins (18) itself suggests the conserva-
tion of the biosynthetic processes involved in their assembly.
Attempts to determine the structures of the lipid-linked oligosac-
charides isolated here and the ability to linked in vitro lipid-
oligosaccharide assembly to protein synthesis will help in further
elucidating the requirements and mechanism of glycoprotein bio-
synthesis in soybean cotyledon tissue. In vivo labeling studies
suggest (Sengupta et al., unpublished data) that there is both co-
and post-translational glycosylation of 7S storage proteins indi-
cating the presence of two different glycosylation sites in this
tissue. The nature and the specificity of these reactions remains to
be established.
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