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Cell-surface glycoproteins of rat liver sinusoidal plasma membranes from control and regenerating livers

were studied. The glycoproteins were labeled using specific methods for sialic acid (NAIO/NaB3H)) and

galactosyl/N-acetyl galctosaminyl residues (galactose oxidase/NaB3H, and neuraminidase-galactose oxidase

{NaB®H,) and the solubilized proteins were analyzed by gel electrophoresis. The patterns obtained with re-

generating livers were quantitatively different from controls. This shows that cell surface glycoproteins
change during liver regeneration,

Sialic acid Liver plasma membrane

1. INTRODUCTION

The mammalian Hver is an excellent system for
the study of growth regulation in the adult
organism, Under different experimental situations,
like regeneration or neoplasia, the hepatocytes in
the liver of adult animals can easily be induced to
enter the replicative cycle, and it can be
demonstrated that most cells undergo DNA syn-
thesis and subsequent cell division [1,2].

The key events in the control of the triggering of
this process and the initiation of DNA synthesis re-
main unkpown. It is, however, probable that the
plasma membrane plays a decisive role as a recep-
tor and transductor structure. In the early pre-
replicative events of the process it ¢an be an-
ticipated that the sinusoidal plasma membrane of
the hepatocyte is involved, since in this region of
the cell surface most of the receptors for peptide
hormones, growth factors as well as the molecules
involved in ion or metabolite transport across the
membrane are located [3].
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Here, we have radioactively labeled the oligosac-
charide portions of the membrane glycoproteins
and analyzed the proteins by polyacrylamide gel
electrophoresis in the presence of sodium dodecyl!
suifate. The results show specific changes in the
plasma membrane glycoproteins at the pre-
replicative phase of liver regeneration,

2. MATERIALS AND METHODS

Male Sprague-Dawley rats weighing 200250 g,
maintained on a standard rat diet, and under light
control were used for all experiments. Partial
hepatectomies were always performed between 8
and 10 a.m. Surgery was carried out using the pro-
cedure of Higgins and Anderson {4]. Ligation and
excision of the median and left lateral lobes of liver
constituted partial hepatectomy (70%), The mem-
branes were isolated [5] and labeled as in [6,7].
Polyacrylamide slab gel electrophoresis in the
presence of sodium dodecyl sulfate was done ac-
cording to Laemmli [8]. After electrophoresis the
gels were fixed, treated for fluorography [9] and
exposed to Kodak AR X-Omat films. "“C-labeled
standard proteins were obtained from the
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Table 1

Specific activities of rat sinusoidal plasma membrane enzymes from control and regenerating livers

Enzyme

Specific activity in controls

Specific activities at 6 h of regeneration

Homogenate

Plasma membranes

Homogenate Plasma membranes

5'-Nucleotidase 26.25 + 4.96 (4)

Ca?*-activated

ATPase 8.73 + 2.92 (3)
Mg?*-activated
ATPase 4.75 £ 1.58 (5)

522.13 + 97.35 (10)
58.67 £ 10.01 (12)

40.65 + 10.89 (10)

31.06 + 4.93 (3) 324.71 + 63.24 (6)

8.02 £ 2.54 (2) 21.63 + 5.40 (4)

9.06 £ 1.79 (6) 14.26 + 6.06 (4)

The results are expressed as: zmol P; released/mg protein per h for Ca®*-activated ATPase [13] and for Mg?*-activated
ATPase [14] and in zmol inosine/mg protein per h for the 5’-nucleotidase [15]. The numbers in parentheses give the
number of experiments. The enzymatic assays were performed in triplicate in each instance

Radiochemical Centre, Amersham. Densitometric
scans were obtained using a Double-Beam Record-
ing Microdensitometer (Joyce-Loebl). Protein was
determined by the method of Lowry et al. [10].

3. RESULTS

In previous studies it was demonstrated that a
few hours after the initiation of the regenerative
process, induced by partial hepatectomy, several
changes occur at the sinusoidal plasma membrane
[11,12]. The changes are most remarkable at 6 h
after regeneration [11].

The activities of 5’ -nucleotidase, Ca®*-activated
ATPase (table 1), alkaline phosphatase and
phosphodiesterase did not change in the
homogenate [11]. There was some increase in
Mg?*-activated ATPase activity (table 1).

When compared with the homogenate, the
purified plasma membranes from regenerating
livers showed a relatively large increase in the
specific activity of 5’ -nucleotidase. In contrast, the
corresponding increase in the specific activities of
Ca’*-activated ATPase and Mg?*-activated
ATPase was smaller (table 1). The yield of plasma
membranes was 0.46 + 0.14 mg/g liver and 0.54 +
0.17 mg/g liver for controls and regenerating
livers, respectively.

Several changes in the protein composition were
detected, the most important being those found in
the glycoproteins resolved by the Schiff staining
method (fig.1). The reduction of the PAS 5—6 and
the presence of new bands (see arrows at 200, 85,
80 and 40 kDa) were the most obvious.

When sinusoidal membranes were labeled by the
NalO4/NaB*H4 method, a decreased labeling of
GP 80, GP 70, GP 52, GP 40 and GP 32 was seen

200 120 94 L 45
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Fig.1. Densitometric scans at 560 nm of PAS-stained
polyacrylamide gels after electrophoresis in sodium
dodecyl sulfate; 800 xg plasma membrane protein were
applied in each sample. (A) Control, (B) 6 h regenera-
tion. The molecular mass scale is based on the electro-
phoretic migration of reduced standard proteins.
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Fig.2. Surface labeling of control (—~)and 6 h (~~~)
regenerating livers. (A) NalO4/NaB>H,, (B) galactose
oxidase/NaB*H,, (C) neuraminidase-galactose oxidase/
NaB*Hi;. The molecular mass markers are indicated
above. 1, myosin (200 kDa); 2, thyroglobulin (168 kDa);
3, phosphorylase & (94 kDa); 4, bovine serum albumin
{68 kDa); 5, ovalbumin (44 kDa); 6, carbonic anhydrase
{30 kDa). The acrylamide concentration was 8% and the
densitometric scans were performed from the fluoro-
graphs of fig.3.
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in regenerating livers. The GP 110 increased in in-
tensity and a change in the GP 48 region was
observed (figs 2A and 3).

When the plasma membrane glycoproteins were
labeled by the galactose oxidase/NaB*H, method,
the densitometric scans of two samples, 6 h and
control, show that there was an increased label in
several components but especially in the GP 170,
GP 160, GP 110, GP 48 and GP 40 indicating that
more galactosyl residues were present/accessible at
the cell surface.

When the membrane glycoproteins were labeled
by the neuraminidase-galactose oxidase/NaB’H,
method {fig.2C) it was evident that most bands
{GP 250, GP 230, GP 170, GP 160 and GP 48)
became more efficiently labeled in the membranes
from regenerating cells.

4. DISCUSSION

Hepatic regeneration, obtained after partial
hepatectomy, is a suitable model for studies on cell
division in adult organisms. The quiescent cell
population is activated through a complex se-
gquence of reactions concluding with a burst of
DNA synthesis and subsequent cell division.
Alterations of cell surface glycoconjugates have
been observed in many differentiating and
developing systems and the carbohydrate moiety
has been implicated to be important in cell dif-
ferentiation, proteolytic stability, secretion, and
recognition [17].

The yields of plasma membranes from control
and regenerating livers were similar. On the other
hand, the specific activities of the marker enzymes
were lower in the isolated membranes from
regenerating livers than in those from controls.
This could mean that the plasma membranes from
regenerating livers are less pure or contain a dif-
ferent ratio of inside-out/outside-out vesicles. This
is possible, but the uneven decrease in specific en-
zymatic activities and the changes in glycoprotein
patterns show that molecular changes occur in the
plasma membranes.

A significant reduction of sialic acid bound to
the sinusoidal plasma membrane was seen in
regenerating livers, as well as quantitative changes
in the glycoprotein patterns.

From the data obtained it is clear that the label-
ing of all sialoglycoproteins was not decreased.
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Fig.3. Fluorography of a slab gel of sinusoidal plasma membrane proteins labeled by NalO,/NaB*H, (A,E);

neuraminidase-galactose oxidase/NaB*H, (B,F); galactose oxidase/NaB*H, (C,G). In D and H the membranes were

only treated with NaB’H, without oxidation. (A~D) Control samples, (E~H) from plasma membranes after 6 h of
regeneration. Molecular mass markers as in fig.2.

The GP 110 in the NalO4s/NaB*H, (fig.2A) pat-
tern shows an increased labeling at 6 h after
hepatectomy. Also the Schiff profiles show that at
least 4 new components appear, with apparent
molecular masses of 200, 85, 80 and 40 kDa
(fig.1). Other authors have demonstrated an in-
creased sialylation during the early period of liver
regeneration [18].

Although relatively little is known about the
hepatic surface glycoproteins [19}] it is interesting
that whilst regenerating normal liver contains a
decreased amount of sialic acids [20], liver cancers
seem to contain increased levels [21,22]. It will be
important to compare the sialoglycoproteins of
growing normal and malignant liver cells.
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