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1. Introduction 

From a series of studies it has become apparent 
that a glucosecontaining lipid-bound oligosaccharide 
with the composition GlcsManpGlcNAcz [l] seems 
to be the immediate donor in the glycosylation of 
asparagine residues of membrane-bound as well as 
secretory proteins. This Glc-oligosaccharide is trans- 
ferred en bloc from the lipid to nascent polypeptides 
and subsequently processed giving rise to both poly- 
mannose and complex oligosaccharide chains. There 
is evidence that glucose could have a signal function 
in the oligosaccharide transfer [2,3]. Studies delineat- 

ing the ‘dolichol pathway’ thus far, both in vivo and 
in vitro, have used mainly animal [4-81 and yeast 

cells [9-lo]. 
Here I show that plant tissues also are able to cata- 

lyze the formation of lipid-bound Glc-oligosaccharide 
with the composition GlcsManPGlcNA+ The data 
provide initial evidence that N-glycosylation of glyco- 

proteins in all eucaryotic cells is very similar, if not 
identical. 

2. Materials and methods 

Preparation of membrane fraction: 

1. Nicotiana tabacum membranes were isolated from 
cells grown in liquid suspension culture in LS-me- 

dium [ 1 l] supplemented with 2,4-D (2 mg/l) and 
kinetin (0.03 mg/l). Cells from the logarithmic 
phase were digested with 1% cellulase Onozuka-SS, 
1% cellulysin and 0.2% macerase in LS-medium 

Abbreviations: Dol-P, dolichyl monophosphate; Do1PP, 

dolichyldiphosphate;Man,mannose;GlcNAc,Nacetylglucos- 
amine; Glc, glucose; GDP-Man, guanosine diphosphate man- 

nose; UDP-Glc, uridine diphosphate glucose 
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2. Crude spinach membranes were prepared as follows: 
Leaves were separated from the middle rib and 

homogenated for 2 s with a Warring blendor in a 
medium, containing 50 mM MES buffer (pH 6.5), 
0.33 M sorbitol, 2 mM Na-EDTA, 1 mM MnC12, 

1 mM MgClz and 20 mM NaCI. The homogenate 
was filtered through cheese cloth and centrifuged 

at 2500 X g for 70 s. The resulting supernatant 

was centrifuged at 50 000 X g for another 30 min 
and the pellet was suspended in lysis buffer to give 
-25 mg protein/ml. 

Transfer of mannose from GDP-Man and glucose 
from UDP-Glc into glycosyl lipids, oligosaccharide- 

lipid and polymer was assayed as for yeast [9]. Mild 
acid hydrolysis, endo-Nacetylglucosaminidase diges- 

tion and gel-filtration of oligosaccharides were done 

as in [9]. 

containing 0.4 M sorbitol (5 ml/g cells). After 2 h 
cells were centrifuged, washed with the same me- 

dium without enzymes and lysed with a potter 
homogenizer in 20 mM Tris-HCl (pH 7.4) con- 
taining 3 mM MgC12, 160 mM NaCl and 2 mM mer- 

captoethanol (lysis buffer). The homogenate was 
centrifuged for 45 min at 50 000 X g. The pellet 
was resuspended in lysis buffer and usedas enzyme 
source. 

Thin-layer chromatography was performed on 
Merck Silica Gel G using the following solvents (A) 
chloroform/methanol/water (65/25/4, by vol.) or (B) 
n-propanol/acetic acid/water (3/3/2, by vol.). 

3. Results 

A membrane fraction isolated from tobacco sus- 
pension cells catalyzes the incorporation of mannose 
or glucose from GDP- [ 14C] Man and UDP- [ 14C] Glc, 
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Fig.1. Thin layer chromatography of chloroform/methanol 
(3/Z, v/v) soluble gly~o~pids obtained by incubation with 
GDP-Man (A) or UDP-Glc (B). The arrows indicate the posi- 
tions of authentic Dol-P-Man (A) or Dol-P-Glc (B). 

respectively, into various lipid-linked saccharides and 

polymer fraction, probably a mixture of glycoproteln 

and polysaccha~de. The main constituent (-90%) of 
the chloroform/methanol extract upon incubation 

with GDP-Man has chromatographic properties of 

Do&P-Man (fig.1). With UDP-Glc as glycosyl donor, 
however, 3 compounds are formed. Most of the radio- 

activity partitions on thin-layer chromatography as a 
sterylglucoside and its acylated derivative, as for Pha- 
seolus aureus [12]. Only a minor amount of radioac- 
tivity has a RF value characteristic of Dol-P-Glc. The 
observation that addition of exogenous Dol-P stimu- 
lates glycosyl transfer to the compounds migrating 
Like ~I-P-Man and Dol-P-Glc, respectively, provides 
an additional evidence for the dolichol nature. 

Lipid material not soluble in chloroform/methanol, 
but extractable into chloroform~methanol~water, 
representing larger lipid-linked oligosaccharide species, 
chromatographs on a DEAE-cellulose column like 
Dal-PP-o~go~ccha~des from yeast. The radioactivity 
is rendered water soluble by mild acid hydrolysis. Fig.2 
shows the gel filtration profile of this material synthe- 
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Fig.2. Gel filtration profile of [Glc-“C]oligo~accharides 
from tobacco. Lipid-linked ohgosaccharides were synthesized 
with UDP-Glc. The oligosaccharides were released from the 
chIoroform/me~~ol/water (lO/fO/3, by vol.) extract by 
mild acid, treated with endo-&metylgJucosaminidase and 
fractionated on BioGel P4. (A) The profile of tobacco cells, 
(Bf of yeast and (C) of liver synthesized according [ 131. The 
arrows indicate the position of marker oligosaccharides M,, 
Man,GlcNAc,; G,, G,, G,, Glc,,,,Man, GlcNAc,. 
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Fig.3. Chromatography of lipiddinked [Mhti-Yloligosacchar- 
ide fraction from tobacco. Membranes were incubated with 
GDP-Man and mild acid hydrolysis products were separated 
in solvent (B). Plates were developed twice for 24 h. Whatman 
paper was clamped to the top of the plate to absorb the sol- 
vent. Arrows indicate marker position M,, Man,GlcNAc,; 
M,, M,, M,, Man,,,,GlcNAc, 

sized with UDP-Glc after additional endo-iV-acetylglu- 
cosaminidase H treatment. Three oligosaccharides are 
formed migrating as reference compounds of the com- 
position GIcIMangGlcNAcI, Glc2MangGlcNAcI, 
G~c~Man~GlcNAc~. The largest detectable species has 

the same size as the longest oligosa~cha~de from yeast 
[9] or from liver [ 143. The reason for the reiatively 

small amount of Glcs-oligosaccharide is not clear at 
the moment. However, it might be due to the presence 

of an active glucosidase, specific for the terminal glu- 
cosidic linkage of the Glc~~ligosaccha~de [ 151 or 
due to a preferential transfer of the Glcsspecies to 

endogenous protein as shown for liver [ 141. More- 

over digestion with a-mannosidase causes a shift in 
mobility towards lower Mr-values. Treatment of the 
Glc-oligosaccharide fraction with a membrane-bound 

yeast glucosidase [9] led to a decrease of radioacti~ty 
in the oligosaccharide with a concomitant appearance 

of free glucose (not shown). The largest lipid-oligo- 
saccharide formed with GDP-Man as donor migrates 
with the Man,GlcNAc2 marker (fig.3, in this case the 

endo H treatment was omitted) and minor amounts 
of radioactivity were incorporated into species of the 
size Mans_3GlcNc2, which seem to act as precursors 
for the larger ones. Table 1 shows that formation of 
glycolipids requires Mg*+ or Mn2+, whereas polymer 
is synthesized only in the presence of Mn*‘. The pres- 
ence of Triton X -100 has no pronounced effect on 
polymer synthesis, but strongly inhibits glycosyl trans- 
fer to endogenous lipid. 

To determine whether the formation oflipid-linked 
Glc-oligosaccharides involved in N-glycosylation of 

Tabb 1 
Requirements for glycosyl transfer with tobacco membrane 

preparation 

Additions Radioactivity (cpm) mcorpo- 
rated into fraction 

C/M/W Polymer 

(A) GDP-mannose 
+Mg*+ 
+Mn’+ 
+Mn’+, Triton X-l 00 
f EDTA 

14 559 120 100 
16 348 1440 2161 

3268 414 2146 
3273 25 10 

(B) UDP-gtucose 
+Mg’+ 10 556 479 15 
+Mn2+ 8790 942 2971 
+Mn2+, Triton X-100 2671 234 4100 
+ EDTA 3867 15 25 

Membranes were incubated for I. 5 min with either GDP-Man 
or UDP-Clc according to standard assay with 7 mM Mg’+ or’ 
Mn2+; Na-EDTA was 10 mM and Triton X-100 was 1.5%; 
C/M = fraction soluble in chloroform/methanol (2: 1); C/M/W 
= fraction soluble in chloroform/methanol/water (10: 10:3) 

proteins is of general occurence in plants, too, another 
tissue was investigated. Using a microsomal fraction 
from spinach similar glycolipids were synthesized with 
GDP-Man or UDP-Glc as in the tobacco cells. Fig.4 
shows the oligosaccharide pattern, released from the 

origin 
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Fig.4. Chromatography of lipid-linked ]G~c-‘~C joiigosaccaride 
fraction from spinach. Microsomal fraction from spinach was 
incubated either with UDP-Glc (A) or GDP-Man (B) and the 
oligosaccharides released from lipid-oligosaccharide fraction 
was separated in solvent (B) as in fig.3. (C) is the Glc-oligo- 
saccharide fraction from yeast. 
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glycolipid fraction by mild acid. The main compounds 
of the Glc-oligosaccharide fraction have the mobility 
of Glc,-and GlczMan9-GlcNAc*. When GDP-Man was 

the donor, as expected, the largest oligosaccharide 

formed migrated with the Man9GlcNAc2 marker. 

4. Discussion 

Our knowledge about the structure and assembly 
of glycoproteins in plants is still very limited as com- 

pared to that of animal organisms. So far in plants 
lipid-linked saccharides containing mannose [ 16- 181, 
glucose [ 17,19,20], N-acetylglucosamine [ 18,201 or 

N-acetylglucosamine-mannose-oligosaccharides [ 18, 

20-221 of undefined size have been synthesized and 

implicated in the glycosylation of glycoproteins. In 
some cases the nature of the lipid was shown to be an 

a-saturated polyprenol (dolichol) rather than of unde- 
caprenol of bacteria [ 1 g-20,23]. 

Here, for the first time in vitro, the formation of 
Dol-PP-GlcNAcz-Man9 and Dol-PP-GlcNAc2Man9Glc3 

has been shown. The oligosaccharides seem to be 

identical by several criteria to those found in animals 
[ 1,8,14,24] and yeast [9,10]. Of particular interest 
is the finding of the derivative with 3 glucose resi- 

dues, since this compound is thought to play the key 
role in the glycosylation of asparagine residues. From 
an evolutionary point of view the observations made 

here further strengthen the argument that the dolichol 

part of the biosynthetic pathway of N-glycosylation 

of proteins seems to be the same in all eucaryotic cells. 

Acknowledgement 

I would like to thank Drs G. Hauska and Ch. 

Neubauer for their cooperation in preparing spinach 

microsomes. The excellent technical assistance of Mrs 

M. Neueder is acknowledged. Thanks is also due to 
Dr W. Tanner for helpful discussions and Dr C. B. 
Sharma for reading the manuscript. The work was 
supported by the Deutsche Forschungsgemeinschaft . 

References 

Ill 

121 

[31 

[41 

[51 

[61 

I71 

[81 

[91 
[lOI 

[Ill 

[I21 

iI31 

[I41 

1151 

(161 
1171 

iI81 

1191 

[201 

[211 

[=I 

~31 

v41 

Li, E., Tabas, I. and Kornfeld, S. (1978) J. Biol. Chem. 

253,7762-7760. 

Turco, S. J., Stetson, B. and Robbins, P. W. (1977) 
Proc. Natl. Acad. Sci. USA 74,441 l-4414. 

Sharma, C. B., Lehle, L. and Tanner, W. (1981) Eur. 

J. Biochem in press. 

Behrens, N. H. and Leloir, L. F. (1970) Proc. Natl. 

Acad. Sci. USA 66, 153-159. 

Spiro, M. J., Spiro, R. G. and Bhoyroo, V. D. (1976) 

J. Biol. Chem. 251,6400-6408. 

Robbins, P. W., Hubbard, S. C., Turco, S. J. and Wirth, 

D. F. (1977) Cell 12, 893-900. 

Hunt, L. A., Etchinson, J. R. and Summers, D. F. 

(1978) Proc. Natl. Acad. Sci. USA 75,754-758. 

Tabas, I., Schlesinger, S. and Kornfeld, S. (1978) 

J. Biol. Chem. 253,716-722. 

Lehle, L. (1980) Eur. J. Biochem. 109,589-601. 

Lehle, L., Schulz, I. and Tanner, W. (1980) Arch. 

Microbial. 127,231-237. 

Linsmaier, E. M. and Skoog, F. (1965) Physiol. Plant 

18,100-127. 

Bowles, D. J., Lehle, L. and Kauss, H. (1977) Planta 

134,177-181. 

Parodi, A. J., Staneloni, R. J., Cantarella, A. I., Leloir, 

L. F., Behrens, N. H., Carminatti, H. and Levy, J. A. 

(1973) Carbohyd. Res. 26,393-400. 
Staneloni, R. J., Ugalde, R. and Leloir, L. 1:. (1980) 

Eur. J. Biochem. 105,275-278. 

Michael, J. M. and Komfeld, S. (1980) Arch. Biochem. 

Biophys. 199, 249-258. 
Kauss, Iii (1969) FEBS Lett. 5,81--84. 

Forsee, W. T. and Elbein, A. D. (1973) J. Biol. Chem. 

248,2858-2867. 

Lehle, L., Fartaczek, F., Tanner, W. and Kauss, H. 
(1976) Arch. Biochem. Biophys. 175,419-426. 

Pant-Lezica, R., Brett, C. T., Martinez, P. R. and 

Dankert, M. A. (1975) Biochem. Biophys. Res. 

Commun. 66,980-987. 

Brett, C. T. and Leloir, L. F. (1977) Biochem. J. 161, 

93-101. 

Forsee, W. T. and Elbein, A. D. (1975) J. Biol. Chem. 

250,9283-9293. 

Bailey, D. S., Diirr, M., Burke, J. and Maclachlan, G. 

(1979) J. Supr. Struct. 11, 123-138. 

Delmer, D. P. and Kulow, C. and Ericson, M. C. (1978) 

Plant Physiol. 61,25-29. 

Hubbard, S. C. and Robbins, P. (1979) J. Biol. Chem. 

254,4568-4576. 

66 


