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Sorting and topogenesis of cell membrane proteins in eukaryotic cells,
especially in hepatocytes (3)
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[ntracellular transport, processing, sorting and distribution in rat hepatocyte of the four
membrane proteins—phenobarbital inducible cytochrome P-450 (P-450-(PB)), asialoglycoprotein
receptor (ASGPR), (Na™*, K*) ATPase and leucine amino peptidase (LAP)—were investigated; the
former as a marker membrane protein of endoplasmic reticulum (ER) and the latter three as those
of plasma membrane, and following results were obtained.

1) We asked whether P-450 (PB} is transported to the Golgi apparatus or not by combining
biochemical and quantitative ferritin immunocelectron microscopic techniques. We found that P-
450 (PB) was not detectable on the membrane of Golgi cisternae either when P-450 was maximally
induced by phenobarbital (PB) treatment or when P-450 content in the microsomes rapidly
decreased after cessation of the treatment. We suggest that when the transfer vesicles are formed
by budding on the transitional elements of ER, P-450 is completely excluded from such regions
and is not transported to the Golgi apparatus, and only the membrane proteins destined for the
Golgi apparatus, plasma membranes and lysosomes are selectively collected and transported.

Then we asked where P-450 (PB} is degraded in rat liver. Autolysosomes, almost completely
free from contamination by the other organelles such as ER, were prepared from leupeptin-treated
rat livers. Quantitative immunoblot analysis showed that P-450 (PB) was found in large amounts
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in the autolysosomes regardless of PB treatment, whereas hardly any P-450 (PB) was detected in
the cytosol fraction throughoui the experiment. Ferritin immunoelectron microscopy revealed
directly that when the limiting membranes of the premature autolysosomes were partially
broken, the smooth vesicles segregated within the autolysosomes were heavily stained with
ferritin anti-P-450 (PB) conjugates. Thus, we could present coavincing evidence that P-450 (PB) is
transported to the autolysosomes {o be degraded.

2) Rat asialoglycoprotein receptor (ASGPR) is composed of 43, 54, and 64 kilodalton (kd)
components. Incorporation of *H-leucine into these forms showed that no precursor product
relationship exists between the 54 kd and 64 kd forms. The half-life of the 43 kd for (25 h) was
shorter than those of the 54 kd and 64 kd forms (66 and 70 h, respectively). Gel filtration analysis
of the glycopeptides before and after endo H {reatment revealed that they were all resistant to
endo H, indicating that the three molecular forms contained only complex oligosaccharide chains.
The receptor was prepared from rat livers previously treated with tunicamycin in vivo and
subjected to SDS-PAGE. It was also immunoprecipitated from rat hepatocytes in primary culture
previously labeled with ¥3-methionine and analysed by SDS-PAGE and fluorography. Our resulis
indicate that the 43 kd form is synthesized as a 33 kd polypeptide, cotranslationally glycosylated
to form the 41 kd component then processed to the final 43 kd form.

Phosphorylation of asialoglycoprotein recepior was investigaied by using rat hepatocytes.
Analysis of the purified receptor by SDS-PAGE and autoradiography revealed that the 64 and 54
kd polypeptides of the receptor were phosphorylated but the 43 kd one was not and that
phosphorylation took place at the cell surface, These results are compatible with the fact that the
64 and 54 kd species exist predominantly at the cell surface. The sites of phosphorylation were
identified as Ser and Thr with no detectable radicactivity in phosphotyrosine.

33 {Na*, K*)ATPase was purified from rat renal outer medulla by concanavalin A- and wheat
germ agglutinin-lectin Sepharose-affiniiy chromatography. The antibody, which was raised in
rabbits, markedly inhibited ATPase activity. The endoplasmic reticulum (ER)-rich, and Golgi-rich
subfraction were prepared from the rat kidney microsomal fraction by sucrose density gradient
centrifugation. On the immunoblot, the molecular weight of the & subunit in both fractions was
95 kd; whereas, that of the # subunit was 50 kd in the ER-rich fraction and 54 kd in the Golgi-rich
fraction. When treated with endo H, the 50 kd component was converted to 38 kd, but the 54 kd
component was endo H resistant. These results suggest that the 8 subunit (38 kd) is glycosyiated
cotransiationally in the ER (60 kd) then is converted to the mature type subunit (54 kd) in the
Golgi apparatus.

We have investigated the uitrastructural localization of the a subunit of (Na*, K")JATPase in
ral hepatocytes, exocrine pancreatic acinar cells and parotid gland acinar cells and found the
subunit is exclusively localized on the basolateral surface of the plasma membranes.
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