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1. Introduction

Recent investigations have established-that the ER
of rat liver synthesizes not only secretory glyco-
proteins (GP) but GP destined to become integral
components of the ER membrane as well [1]. These
latter proteins are localized either at the outer or at
the inner surface of the membrane [2] and biosyn-
thesis is carried out by a complex process involving
several lipid intermediates and glycosyl transferases
[3,4]. Experimental data indicate that the biosyn-
theses of different oligosaccharide chains do not
follow the same pattern. Sugar transfer may be
regulated partially by the specificity of individual
polyprenyl phosphates and partially by the specificity
of different transferases for different acceptors [S].
Thus, the oligosaccharide chains of various membrane
proteins may follow specialized mechanisms of
syrithesis: they may be completed at a single location
[6]; they may be completed sequentially at different
locations during a transport process [7]; and finally,
these chains may be synthesized by the latter
procedure and subsequently be relocated to the site
where the biosynthetic process was initiated [8]. In
this investigation we have studied the location of
newly synthesized GP in the transverse plane of the
ER membrane in order to gain insight into the
mechanism of biosynthesis of these proteins.

Abbreviations: ER, endoplasmic reticulum; GP, glycoproteins;
Gal, galactose; GIcN, glucosamine; NANA, n-acetylneuraminic
acid
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2. Materials and methods

Rats starved for 20 h were used. D-{1-*H]Gluco-
samine (2000 mCi/mmol) and D-[1->H]galactose
(5000 mCi/mmol), purchased from the Radiochemical
Centre, Amersham, and dissolved in 0.9% NaCl, were
used in the in vivo experiments. 0.2 uCi (for GleN
labeling) or 0.5 uCi [*H]GIcN (for NANA labeling) or
0.2 uCi [*H]Gal was injected into the portal vein of
each rat under pentobarbital anesthesia. In the time
course experiments non-labeled GlcN (5 mg/rat for
GlcN labeling, 10 mg/rat for NANA labeling) or
non-labeled Gal (5 mg/rat) was injected into the
portal vein 5 min after administration of the radio-
active pulse.

Rough microsomes were prepared and washed with
0.15 M Tris—HCI, pH 8.0, as described earlier [9].
For trypsin treatment 50 ug trypsin (Boehringer,
Mannheim) per mg protein was added to a suspension
of rough microsomes in 0.25 M sucrose and 50 mM
Tris—HCI buffer, pH 7.5, and this suspension was then
incubated for 15 min at 30°C. The incubation was
stopped by addition of trypsin inhibitor (1.5-fold
excess) and by cooling in an ice-water bath. Control
microsomes were treated in an identical manner but
without trypsin. Microsomes were pelleted by
centrifugation at 105 000 X g for 60 min and this
pellet was used for analysis. The microsomes were
suspended in water and extracted with chloroform/
methanol (2:1) and chloroform/methanol/H,0
(1:1:0.3) as described earlier [6]. After hydrolysis,
NANA, Gal and GlcN were purified by ion-exchange
chromatography as previously [2]. Radioactivity in
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the purified sugars was measured after the addition of
scintillator. GIcN and Gal were quantitated by gas liquid
chromatography of the alditol acetate derivatives
[10,11]. Determination of NANA was carried out with
the Warren procedure [12]. Protein determination was
performed with the Biuret reaction [13] and phospho-
lipids were analyzed as described earlier [14].

3. Results and discussion

The chemical composition of rough microsomes is
shown in table 1. These determinations were made using
Tris—water—Tris washed rough microsomes; the washing
procedure removes all non-membraneous proteins, i.e.,
both secretory and adsorbed proteins. Trypsin treatment
removes about half of the membrane protein without

Table 1
Chemical composition of rough microsomes and incorporation
of [°H]glucosamine into rough ER in vivo

Rough microsomes

Exp. Control Trypsin-
treated
1 Protein? 6.1 3.15
Phos%holipida 2.65 2.46
GIcN 7.65 4.42
Gal® 3.08 181
NANAP 420 296
2 GleN (20 min label)©
Total protein 45 800
Luminal soluble protein 20 100
3 GleN (60 min label)®
Total protein 86 900
Luminal soluble protein 31 000

2 mg/g wet wt liver
ug/mg phospholipid
€ cpm in protein-bound GlcN/g wet wt liver

The analysis in exp. 1 was performed on fractions which were
subjected to the Tris—water--Tris washing procedure {9] to
remove both adsorbed and secretory proteins. The rough
microsomes in exp. 2 and 3 were only washed with alkaline
Tris buffer. After in vivo labeling with GlcN the luminal
soluble protein, localized inside the rough microsomal
vesicles, was removed by the modified procedure of

Kreibich et al. [15,16]. Each value represents the mean of
5-7 experiments
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solubilizing phospholipids. A sizeable portion of the
protein-bound sugar residues is also liberated. Trypsin
treatment removes 40% of rough microsomal GlcN and
Gal and about 30% of the NANA. In exp. 2 and 3,
table 1, the pattern of GlcN labeling in washed rough
microsomes both before and after removal of the
luminal soluble protein from the inside of rough
microsomal vesicles is given. Both after 20 min and

60 min of labeling in vivo a significant amount of radio-
activity (40—50%) is associated with the soluble
proteins in the vesicle lumen, i.e., with secretory
proteins. In subsequent time course studies with
various precursors the luminal proteins were not
removed by water treatment, since this washing
procedure slightly alters the membrane structure [17],
which is disadvantageous in such membrane studies

as these.

After injection of the appropriate precursor in vivo
the appearance of radioactivity in protein-bpund sugar
residues isolated from washed intact rough microsomal
vesicles was followed (fig.1). Radioactivity in GIcN
increases continuously during the time period studied
(60 min). The appearance of radioactivity bound to
trypsin-sensitive proteins exhibits a very different
pattern. During the first 30 min there is no labeling
of these proteins, but later there is a slow increase in
labeling, which reaches 15% of the total at 60 min.
Making correction for the presence of non-membra-
neous secretory proteins in the lumen of the vesicles,
the value for the trypsin-sensitive radioactivity is 25%
of the total membrane-bound radioactive glucos-
amine. In the case of Gal no label is apparent in rough
microsomes during the first 30 min. After this period
there is a rapid increase in radioactivity both in
trypsin-sensitive and -insensitive membrane proteins,
and the label liberated by trypsin after a 1 h labeling
period is 25% of the total incorporated. After injec-
tion of [*H]GIcN labeling in NANA is low initially
and increases after 10 min. At all time points, trypsin-
sensitive radioactivity is significant and about 25% of
the total.

There are several possible explanations for the
presence and delayed appearance of newly synthesized
GP at the cytoplasmic surface of rough microsomes.
One or two enzyme systems in this fraction may
synthesize two different GP, one with a low and the
other with a high rate. Another possibility is that the
primary site of synthesis is at the inner surface and at
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Fig.1. Labeling of rough ER in vivo. The rats were injected
into the portal vein with [*H]glucosamine (A and C) or
[*H]galactose (B). The control values represent the radio-
activity in purified sugar fractions. (A) GIcN; (B) Gal; (C)
NANA. The delipidated protein was hydrolyzed and purifi-
cation was achieved by ion-exchange chromatography [2].
The trypsin-sensitive protein represents the difference between
the control pellet and the pellet obtained after trypsin treat-
ment (50 ug trypsin/mg protein, 15 min, 30°C). In all three
cases more than 90% of the radioactivity was found to be
associated with the original monosaccharide upon chromatog-
raphy. The values represent the means of 5—6 experiments.

some later stage the newly synthesized protein is
translocated to the outer surface by a “flip-flop’
motion. Both of these alternatives are improbable
because of the lag phase in the appearance of radio-
activity in trypsin-sensitive protein; and furthermore,
“flip-flop’ of membrane proteins has not yet been
demonstrated. Secondary incorporation of new
proteins into the outer surface by ‘back flow’ from
the Golgi system or by incorporation of soluble
proteins from the vesicle lumen were excluded in
previous studies [18]. The experimental findings in
this study are, on the other hand, consistent with a
biosynthetic pathway by which some GP are
synthesized on bound ribosomes; their sugar moiety
is then completed during transport to the Golgi
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system; the completed protein is discharged into

the cytoplasm as a lipoglycoprotein complex and
subsequently incorporated into the ER by an
exchange process [8,18—20]. The presence of
radioactive GlcN in trypsin-insensitive protein during
the early phase of labeling is very reasonable, because
this sugar is an obligatory component of the core
portion of the oligosaccharide chain [21]. The
appearance of this label in trypsin-sensitive protein
after 30 min may be explained by incorporation
from the cytoplasm into the ER of protein completed
at the Golgi level. The majority of Gal residues
occupy terminal positions in the oligosaccharide
chain and are added at the level of smooth ER and
Golgi membranes [7]. Consequently, radioactivity is
apparent in rough microsomes only after relocation
through the cytoplasm of the protein released from
the Golgi. One complete cycle requires 30—40 min
[18]. The fact that incorporation of radioactive
NANA is seen earlier than that of Gal and Gl¢N is

in good agreement with the presence of acceptor
proteins at the surface of Golgi vesicles [8] which,
after sialidation, appear in the cytoplasm and are
shortly thereafter transferred to the rough ER.

Acknowledgements

This work was supported by grants from the
Swedish Medical Research Council and the Swedish
Society of Medical Sciences.

References

[1] Hughes, R. C. (1976) in: Membrane Glycoproteins,
Butterworths, London.

[2] Bergman, A. and Dallner, G. (1976) Biochim. Biophys.
Acta 433,496-508.

[3} Waechter, C. J. and Lennarz, W. J. (1976) Ann. Rev.
Biochem. 45,95-112.

[4] DePierre, J. W. and Dallner, G. (1975) Biochim.
Biophys. Acta 415,411-472.

[5] Wetmore, S., Mahiey, R. W, Brown, W. V. and
Schachter, H. (1974) Can. J. Biochem. 52, 655—-664.

{6] Behrens, N. H., Parodi, A. J. and Leloir, L. F. (1971)
Proc. Natl. Acad. Sci. USA 68, 2857-2860.

[7] Schachter, H., Jabbal, 1., Hudgin, R. L., Pinteric, L.,
McGuire, E. J. and Roseman, S. (1970) J. Biol. Chem.
245, 1090-1100.

361



Volume 82, number 2

(8] Elhammer, A., Svensson, H., Autuori, F. and Dallner, G.
(1975) 1. Cell. Biol. 67, 715-724.

[9] Dallner, G. (1974) in: Methods Enzymol. (Fleischer, S.
and Packer, L. eds) Vol. XXXI, pp. 191-201, Academic
Press, New York.

[10] Kim, J. H., Shome, B., Liao, T. and Pierce, J. G. (1967)
Anal. Biochem. 20, 258-274.
[11] Niedermeier, W. (1971) Anal. Biochem. 40, 465-475.

[12] Warren, L. (1963) in: Methods Enzymol. (Colowick, S. P.

and Kaplan, N. O. eds) Vol. VI, pp. 463—465, Academic
Press, New York.

[13] Gornall, A. G., Bardawill, C. J. and David, M. M. (1949)
J. Biol. Chem. 177, 751-766.

[14] Daliner, G., Siekevitz, P. and Palade, G. E. (1966) J. Cell.

Biol. 30, 73-96.

362

FEBS LETTERS

October 1977

[15] Kreibich, G., Pascale, D. and Sabatini, D. D. (1973) J.
Cell. Biol. 58,436-462.

[16] Nilsson, O. S. and Dailner, G. (1977) J. Cell. Biol. 72,
568-583.

[17] Nilsson, R., Peterson, E. and Dallner, G. (1973) J. Cell.
Biol. 56, 762-776.

[18] Autuori, F., Svensson, H. and Dallner, G. (1975) J. Cell.
Biol. 67, 687--699.

[19] Autuori, F., Svensson, H. and Dallner, G. (1975) J. Cell.
Biol. 67, 700-714.

[20] Svensson, H., Elhammer, A., Autuori, F. and Dallner, G.
(1976) Biochim. Biophys. Acta 455, 383-398.

[21] Kohno, M. and Yamashina, I. (1973) J. Biochem. Tokyo
73, 1089-1094.



