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The gastric epithelial cells ribosome–UDP-GalNAc complex is a donor of UDP-

GalNAc as the substrate for N-acetylgalactosaminyltransferase, which catalyse the

transfer of GalNAc residue to the polypeptide, existing on polysomes. It was observed

that the deglycosylated porcine mucin and synthetic peptide (PTSSPIST) can be also

glycosylated with participation of N-acetylgalactosaminyltransferase and ribosome–

UDP-GalNAc complex. The probability of the ribosome–UDP-GalNAc complex as an

intermediate in the O-glycosylation is considered.

Glycoprotein biosynthesis, especially its se-

quential O-glycosylation, has been a matter of

investigations for many years. In contrast to

N-glycosylation, O-glycosylation does not be-

gin with the transfer of oligosaccharide from a

dolichol precursor, but with the addition of a

single monosaccharide from the nucleotide

substrate to acceptors. In the case of mucin-

type glycoproteins, GalNAc is transferred to

the hydroxyl of some serine or threonine resi-

dues of the mucin protein backbone. The

polypeptide N-acetylgalactosaminyltrans-

ferase family (pp-GalNAc-transferase, EC

2.4.1.41) is involved in the initiation of

O-glycosylation. The site of the subcellular

compartment where O-glycosylation is initi-

ated is still controversial (ER, proximal Golgi,

intermediate ER-Golgi, beyond ER-Golgi in

Golgi apparatus) [1–8] and may depend on

the type of pp-GalNAc-transferases involved.

In a previous study we demonstrated the for-

mation of stable complexes between active ri-

bosomes and nucleotide carbohydrates, which

have the ability to form the substrates for

glycosyltransferases [9–11]. These results en-

couraged us to test the possibility of initiating

O-glycosylation of polypeptide existing on

polysome and exogenous peptides (synthetic
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or apomucin preparation), as acceptors in

glycosyltransferase reaction in vitro, using

UDP-N-acetylgalactosamine–ribosome com-

plex as a carbohydrate donor. In our earlier in-

vestigations we demonstrated the formation

of Dol-P-P-(GlcNAc)2 with UDP-GlcNAc-ribo-

some complex. The oligosaccharide from

Dol-P-P-(GlcNAc)2 was incorporated in vitro

into the polypeptide synthesized on poly-

somes [12].

MATERIALS AND METHODS

Materials. UDP-N-acetyl-D-[1-14C]galactosa-

mine (56 mCi/mmol) and [U-14C]leucine (300

mCi/mmol) were purchased from Amersham;

UDP-[1-3H(N)]-N-acetyl-D-galactosamine (14.7

Ci/mmol) was from DuPont NEN; all other

chemicals were analytical grade purity from

commercial sources.

Ribosomes, [
14

C]leucyl-tRNA and elon-

gation factors were prepared as described

previously [13]. The purity of ribosomes was

tested by means of an electronic microscope

and by the ratios: A260/A280, A260/A235,

RNA/protein and the phospholipid content

[14]. The biological activity of the ribosomes

was estimated in test of [14C]leucine incorpo-

ration into proteins [13]. The ribosome prepa-

ration was admitted as free from reticulum

membranes therefore free from glycosyl-

transferases. Protein contents were deter-

mined by the Lowry et al. method [15] using

bovine serum albumin as a standard. All pro-

cedures were performed at 2–4�C.

Preparation of ribosome–UDP-N-acetyl-

[
14

C]galactosamine complex. The reaction

mixture in a total volume of 200 �l, contain-

ing: ribosomal suspension (3 mg), UDP-

[14C]GalNAc (0.5 �Ci) and 50 mM Tris/HCI

buffer, pH 7.0, was incubated for 30 min at

37�C. This ribosome–nucleotide complex was

then isolated according to our previously de-

scribed method [12] and immediately used for

further experiments.

Glycosylation of the peptide chain existing

on polysomes

(a) With the use of UDP-GalNAc. The incu-

bation mixture consisted of ribosomes puri-

fied from epithelial gastric mucosa (3 mg),

UDP-[14C]GalNAc (9.2 nmoles), GalNAc-

transferase preparation, 5 mM MnCl2 and 50

mM imidazole/HCl buffer, pH 7.2, was incu-

bated at 37�C for 30 min in a total volume of 1

ml. The cooled mixture was then centrifuged

for 2.5 h at 105000 � g on the sucrose gradi-

ent [13]. The translocation of glycosylated

polypeptide from A to P site of elongation fac-

tor was performed in the following way: the ri-

bosome pellet was suspended in 0.4 ml of a so-

lution containing: 50 mM Tris/HCl, pH 8.0, 2

mM dithiothreitol, 6 mM MgCl2, 80 mM

NH4Cl, 0.2 mM GTP-MgCl2 then 60 �g of the

elongation factor EF-2 was added and incu-

bated for 30 min at 37�C. Then the sample was

cooled in an ice bath, mixed with puromycin

(1 �mol) and NH4Cl (10 �moles), and the incu-

bation was continued at 37�C for 30 min. The

reaction with puromycin was terminated by

the addition of cooled 0.1 M sodium acetate

solution, pH 5.5. The GalNAc-containing

polypeptide released from ribosomes was ex-

tracted [16] and its radioactivity was mea-

sured in scintillation liquid (Ultima Gold).

(b) With the use of ribosome–UDP-

GalNAc complex. The O-glycosylation reac-

tion was performed in the same conditions as

above, except that the ribosome–UDP-[14C]-

GalNAc complex (composed of 3 mg ribo-

somes and 62 pmoles UDP-[14C]GalNAc) was

added instead of UDP-[14C]GalNAc. Next

steps: isolation of ribosomes, translocation of

glycosylated polypeptide, release and extrac-

tion of polypeptide from ribosomes were car-

ried out as described in point (a).

Preparation and purification of mucus

glycoproteins

Gastric mucus was obtained in a procedure

elaborated in our laboratory [17]. Mucin ex-
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tract (in 6 M urea) was purified (by gel exclu-

sion chromatography) twice on Sepharose

CL-2B and on Sephacryl S-500 columns. Both

columns were equilibrated and eluted with 6

M urea solution in borate buffer, pH 7. Frac-

tions containing the mucin were identified by

the phenol-sulfuric acid method [18], pooled,

dialyzed against water and tested for purity

by SDS/PAGE.

Deglycosylation of purified mucin. The

purified mucin was reduced and S-carboxy-

methylated according to Thornton et al. [19],

then digested with pronase and glycoprotein

fragments were separated on a Sephacryl

S-500 column. The deglycosylation was per-

formed in TFMSA/anisole mixture (10 :1,

v/v), according to Raju & Davidson [20]. After

oxidation with periodate and �-elimination

[21], the samples were treated as previously

described with TFMSA/ anisole.

Purification of UDP-GalNAc:polypeptide

N-acetylgalactosaminyltransferase

pp-GalNAc-transferase (EC 2.4.1.41) was iso-

lated from the porcine gastric mucusa accord-

ing to the procedure previously described

[22].

Glycosylation of the synthetic peptide or

porcine apomucin

(a) With the use of UDP-GalNAc. A stan-

dard assay mixture contained 0.1 M imi-

dazole/HCl buffer, pH 7.2, 10 mM MnCl2, 4

mM dithiothreitol, 0.5% Triton X-100, 0.1

mg/0.1 ml of purified GalNAc-transferase

preparation, 1 mg of apomucin or 0.3 mg of

synthetic peptide, 0.1 nmol UDP-[3H]GalNAc

and 30 nmoles of UDP-GalNAc in a final vol-

ume of 0.2 ml. Samples were incubated at 37�
for 60 min. The reaction was stopped by the

addition of 100 �l of 25 mM EDTA, and the

mixture was applied to a column of Dowex 1-X

8 (2 ml), in acetate form. The column was

washed with 10 ml of 20 mM sodium acetate

[23]. From the 1 ml fractions aliquots (0.5 ml)

were taken, mixed with 5 ml of scintillation

liquid and submitted for radioactivity count-

ing.

(b) With the use of ribosome–UDP-

GalNAc complex. This assay mixture was

the same as above except UDP-GalNAc was re-

placed with ribosome–UDP-GalNAc complex

prepared as previously described (see

Methods). The ribosome–UDP-GalNAc com-

plex (obtained from 2 mg of mucosa ribo-

somes and 37.2 nmoles UDP-[3H]GalNAc)

was suspended in 120 �l of 0.05 M Tris/HCl

buffer, pH 7.4; 20 �l of suspension was sub-

mitted for counting the radioactivity bound to

the ribosomes, the rest of the sample with ri-

bosome–UDP-GalNAc was used for glycosyla-

tion reaction under the same conditions as de-

scribed above in (a). After incubation, EDTA

was added to the assay mixture and next ap-

plied to a column (0.8 cm � 12 cm) of

Sephadex G-50 (fine), equilibrated with 0.1 M

NaCl containing 0.02% NaN3. The column was

eluted with 0.1 M NaCl. The 0.5 ml aliquot of

each 1 ml fraction was mixed with 5 ml of

scintilation liquid and submitted for radioac-

tivity counting. The radiolabeled apomucin or

synthetic peptide was eluted in void volume of

the column, and the next fractions contained

unbound radiolabeled sugar.

RESULTS AND DISCUSSION

In the first step of our experiments we com-

pared the binding of UDP-Gal[3H]NAc to the

ribosomes, isolated from different tissues

“specialized“ in the biosynthesis of O- and

N-glycoproteins (gastric mucosa and liver, re-

spectively). The obtained results showed, that

1 mg of ribosome preparation from gastric

mucosa binds 9.2 nmoles of UDP-[3H]GalNAc,

in contrast to liver ribosomes (1.6 nmoles

UDP-GalNAc), what demonstrates the high

specificity of gastric ribosomes to this sub-

strate (Table 1). These results suggest the pos-

Vol. 47 Ribosome–UDP-sugar complex as a substrate in O-glycosylation in vitro 423



sibility of the ribosome–UDP-GalNAc com-

plex participation in the effective initiation of

protein of O-glycosylation in gastric mucosa

cells.

The results of glycosylation of nascent

polypeptide with ribosome–UDP-GalNAc

complex, as well as, with UDP-GalNAc as sub-

strates tested with partially purified prepara-

tions of pp-GalNAc-transferase are presented

in Table 2. These results show that the greater

amount of sugar was incorporated into the na-

scent peptide in the case of the glycosylation

with the complex ribosome–UDP-GalNAc, be-

cause UDP-GalNAc content in the complex

was much lower than the concentration of

free UDP-GalNAc. These results demonstrate

that the GalNAc, from the ribosome–UDP-

GalNAc complex can be transferred onto the

nascent polypetide by the pp-GalNAc-

transferase.

The synthetic peptide (PTSSPIST) or free of

carbohydrates apomucin preparations were

424 A. Paszkiewicz-Gadek and others 2000

Table 1. The binding of UDP-[
14

C]GalNAc to ribosomes

Source of ribosomes

Amount of UDP-[
14

C]GalNAc (nmoles) Bound nucleotide

initial
bound to ribosomes nmoles/mg

ribosomes
%

sample control

Mucosa (0.25 mg) 180 2.8 0.5 9.2 1.27

Liver (0.5 mg) 180 1.0 0.2 1.6 0.44

In the control experiments the ribosomes were inactivated at 100°C for 2 min, other conditions as described in Materials and

Methods.

Table 2. Glycosylation of nascent polypeptide with pp-GalNAc-transferase and two sources of

UDP-GalNAc

UDP-[
14

C]GalNAc source to
GalNAc-transferase reaction

Amount of
UDP-[

14
C]GalNAc

[
14

C]GalNAc bound to nascent
polypeptide (pmoles)

initial
(nmoles)

in complex
(pmoles)

with
transferase

without
transferase

net value

UDP-GalNAc–ribosome complex – 62 16 2 14

UDP-GalNAc free and ribosomes 9.2 – 15 5 10

The amount of epithelial gastric ribosomes was the same in both cases. For details, see Materials and Methods. The experiments

were performed by following steps: 1, formation of UDP-[
14

C]GalNAc–ribosome complex; 2, O-glycosylation of nascent peptide

with or without GalNAc-transferase: a, in the UDP-GalNAc–ribosome complex; b, in the free ribosomes; 3, isolation of

glycosylated polypeptides.

Table 3. The O-glycosylation of peptides by ribosome–UDP-[
3
H]GalNAc complex as a donor of

GalNAc for pp-GalNAc-transferase

Acceptor peptide
UDP-[

3
H]GalNAc as ribosome
complex (pmoles)

[
3
H]GalNAc incor-
porated (pmol)

[
3
H]GalNAc pmol/

mg acceptor

PTSSPIST 128 2.5 8.3

Apomucin 100 4.5 4.5

The reaction was performed in a mixture containing 0.3 mg of PTSSPIST peptide or 1 mg of apomucin,100 �l pp-GalNAc-

transferase preparation and ribosome–UDP-[
3
H]GalNAc complex, and incubated at 37°C for 60 min (in 3 samples). For details

see Materials and Methods. In control experiments only GalNAc-trasferase was omitted. The obtained values of incorporated

[
3
H]GalNAc were at the background level.



used as carbohydrate acceptors (Table 3). The

results show that, chemically synthesized pep-

tide was glycosylated by ribosome–UDP-

GalNAc complex as a carbohydrate donor to

much higher extent as compared to apomucin

preparation (Table 3). This difference in ex-

tent of glycosylation depends upon amino-acid

composition of the peptide acceptors: the

apomucin consists of only 30% of hydroxyl

amino acids but peptide PTSSPIST — 62.5%

[22].

It is very reasonable to suppose, that in vivo,

ribosomes can also participate in the O-glyco-

sylation processes. Some authors suggest that

the positioning of pp-GalNAc-transferase on,

or near the ribosome might promote the effi-

cient glycosylation of Ser/Thr residues, irre-

spective of amino-acid sequences adjacent to

the glycosylated site [24]. It is also reasonable

to assume that ribosomes can play an active

or passive intermediate role in the early event

in mucin O-glycosylation. Ribosomes can ac-

cumulate active forms of carbohydrates, form-

ing complex closely located to glycosyl-

transferases, connected with the bilayer struc-

ture of rough endoplasmic reticulum. Co-

translational O-glycosylation seems to be the-

oretically plausible; singly glycosylated re-

gions of protein can be more extended, cre-

ated more accessible conformation for the

subsequent glycosylation [25].

Summarizing, it may be suggested that the

epithelial ribosome–UDP-GalNAc complex

can play an intermediate role in the initiation

of the O-glycosylation process of mucin-type

glycoproteins.
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