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SUMMARY 

Tile metabolism of plasma membranes of rat liver ceils was studied using 
D-~I-laQglueosamine. The labelling of plasma membranes occurred more slowly 
than that of microsomes, reaching a maximum at about 3 h after injection compared 
to 1.5 h for lnicrosomes, and the radioactivity decayed with a halfqife of 37 h which 
is close to the value obtained using ~guanidino-UQarginine to label proteins. Hexos- 
amine and sialic acid of plasma membranes were found to metabolize at practically 
equal rates. 

These findings suggest that complete glycoproteins are built into plasma men> 
branes after being syntheAzed in the endoplasmic reticulum, and the polypeptide 
and carbohydrate moieties then turn over in a concerted manner. 

INTROI)UCTION 

The metabolism of plasma membranes of rat liver ceils has been studied using 
amino acids to label proteins, and the results appear to suggest that proteins are 
built up into plasma membranes after being synthesized in the endoplasmic reti- 
culumh However, the observed turnover rates of plasma memt;rane proteins varied 
considerably depending on the amino acids used to label proteinse,a 

In connection with our recent work on the characterization of glycoproteins 
existing in plasma membranes of rat liver cells~ ~, we have investigated the rate of 
synthesis and degradation of carbohydrate lnoietv of the plasma lnembranes using 
1)- I-~C jglucosamine. 

MATI'21,~IAI.S AND METHODS 

Female rats, Wistar strain, weighing 11o-13o g, were used. The animals were 
fasted overnight prior to death. A dose of 3 ~C or 6 #C of 14Qglucosainine (1)- i 1-14( " - 
glucosamine hydrochloride (I I. 5 mC/mmole)(New England Nuclear Corp.)) in o. 5 ml 
of saline was injected intraperitoneally. At varying time intervals after injection, 
groups of three to four animals were exsanguinated from tlae carotid artery and the 
jugular vein to collect blood, and the livers were then immediately perfused iJz silu. 
The blood was allowed to clot, and the serum recovered by centrifugation. Plasma 
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membranes were isolated from the livers according to the method of NEVILLE 7, 
and microsomes by  the method of ERNSTER et aI. 8. 

The yield of plasma membranes was about x mg protein per I o g  wet wt. of 
liver. The puri ty of the isolated plasma membranes was checked by electron micro- 
scopy and by assaying the marker enzymes, i.e. 5'-nucleotidase (5'-ribonucleotide 
phosphohydrolase, EC 3.1.3.5) for plasma membranes and glucose-6-phosphatase 
(D-glucose-6-phosphate phosphohydrolase, EC 3.I.3.9) for endoplasmic reticulum. 
The former was assayed according to the procedure of SONG AND BODANSKY 9, and 
the latter according to the method of NORDLIE AND ARraN m. 

The specific activities of 5'-nucleotidase and glucose-6-phosphatase of the 
isolated plasma membranes expressed as the amounts of P~ in/~moles liberated per 
rain per mg protein were o.55-o.8I, a Io to i7-fold increase over the whole homogenate, 
and 23" xo-a-39" Io-a, respectively. From the latter value, contamination by endo- 
plasmic reticulum in the plasma membrane preparation was estimated to be 9-I5 %. 

To determine protein and radioactivity, plasma membranes and microsomes 
were dissolved in barbital buffer, I = o.oi and pH 8.6, containing o.1% sodium 
dodecvl sulphate and i M urea. Trichloroacetic acid precipitates of the liver homoge- 
nate were dissolved in I M NaOH. These solutions were used for protein determination 
according to the method of LOWRy et al. n and for the radioactivity determination. 
To determine specific radioactivity of the sugars, sialic acid was released from the 
membrane preparations by hydrolysis in 2.5°0 trichloroacetic acid at 80 ° for I h, 
and after centrifugation the precipitates were heated in 2 M HC1 at Ioo ° for i0 h to 
release hexosamine. The liberated sugars were adsorbed on ion exchangers and eluted 
as described previously a. Aliquots from each eluate were used for colorimetric de- 
terminations according to the procedure of WARREN ~2 for sialic acid, and by the 
Elson-Morgan reaction for hexosaminO a. Radioactivity was determined in the scin- 
tillation mixtures of MADSEN H using a liquid scintillation counter. 

I t  should be noted that  the radioactivity of plasma membranes was located 
entirely in hexosamine and sialic acid. 

R E S U L T S  A N D  D I S C U S S I O N  

The rate of labelling with I14Clglucosamine of plasma membranes is shown in 
Fig. I compared with those of serum proteins, whole liver homogenate (homogenized 
with I mM NaHCOa), and its 5% trichloroacetic acid precipitate and microsomes. 
The radioactivity of plasma membranes increased for 3 h and then decreased gradual- 
ly. This pattern, resembling that  of serum glycoproteins, was also similar to that  found 
when iaH!leucine was used to label proteins, as reported by  RAY et al. 1, but was mark- 
edlv different from that  of microsomes which acquired radioactivity rapidly, the 
activity reaching its peak about 1.5 h after the isotope injection. Radioactivities of 
the trichloroacetic acid-soluble fraction of the whole liver homogenate calculated 
from the values of the whole homogenate and its trichloroacetic acid precipitate, re- 
presenting the activities of low-molecular intermediates, were decreasing sharply. 

These data appear to be consistent with the idea that  microsomes contain 
precursors of plasma membrane glycoproteins. This possible relationship was further 
investigated by measuring the specific radioactivities of hexosamine and sialic acid 
of plasma membranes at various times after the isotope injection. 
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The results shown in Table I indicate that the activities of the microsomal 
sugars were always higher than those of the sugars in plasma membranes. Thus, a 
single precursor-product relationship could not be deduced between glycoproteins of 
these two fractions. However, it is likely that some of the microsomal glycoproteins 
may be precursors of plasma membrane glycoproteins since the former is metaboli- 
cally heterogeneous 5. 
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Fig. I. The k ine t ics  of the incorpora t ion  of 1~- I I-I4C iglucos~mine in to  l iver  subf rac t ions  and serum 
pro te ins  of rat .  Each  r a t  received 3 pC of i14C'glucosamine i n t r ape r i t onea l l y  and  was ki l led a t  the 
i nd i ca t ed  t imes.  O --O,  seruin pro te ins  (serum dia lyzed  aga ins t  saline) ; .'4---X, p l a sma  membraIms  
12 -[], whole l iver  homogena t e  ; A Jk, t r ich loroace t ic  acid p rec ip i t a t e  of whole l iver  homogena te  
O - - - O ,  microsomes.  

TA BL l'." l 

I N C O R P O R A T I O N  O F  D -  i I - l i e  G L U C O S A M 1 N E  I N T O  H E X O S A M I N E  A N D  S I A L I C  A C I D  O F  ] P L A S M A  M E M -  

B R A N E . %  A N D  M I C R O S O M E S  

Each ra t  received 3 pC of I14C g lucosamine  i n t r ape r i t onea l l y  and  was ki l led  at  t i le  ind ica ted  t imes.  
The va lues  are mean  values  wi th  abou t  lo°~ accuracy  from dupl ica te  saniples  ill one r ep re sen t a t i ve  
exper iment .  

T i m e  D i s i ~ l . / m i n  per  nmole  

(h) P l a s m a  m c m b r a m ' s  M i crosomes 

H c x o s a m i m '  S ia l i c  acid H e x o s a m i n e  p l u s  H e x o s a m z n e  p lus  
s ia l ic  ac id"  s ia l ic  acid * * 

o. 5 5.c) 2 2.62 4.4 ° 42 .o 
1 "5 IS.O 19.7 18.8 48.8 
3.0 2o. 9 21.2 el  .I 35-5 
7 .o r8.4 21.3 ~9.8 Z4.2 

" Values were ca lcu la ted  from the  specilic act iviUes of hexosamine  and sialic acid and the 
con ten t s  of these sugars  in p l a sma  membranes ,  i.e. 51.7 pmoles /g  pro te in  and  44.4 pmoles  g 
prote in ,  respect ive ly ,  de t e rmined  according to the  methods  descr ibed p rev ious ly  4. 

• * Values  were ca lcu la ted  from d i s in t . /min  per mg pro te in  of microsomes and the  con ten t s  of 
hexosamine  and sialic acid in microsomes,  i.e. :9.8 pmoles /g  pro te in  and 12.6 pmoles /g  protein,  
respectively~. 
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Glycoprotein metabolism of plasma membranes differed from that of micro- 
somes in that the ratio of specific radioactivities of hexosamine to sialic acid in 
plasma membranes was practically constant from 1. 5 h after the isotope injection 
onward, whereas in microsomes the ratio had been shown to decrease from 1.45 at 
1.5 h to o.7o at 7 h, reaching o.4 after 24 h (ref. 5). The values at o.5 h are exceptional, 
which might indicate that a minor fraction of plasma membrane glycoproteins meta- 
bolizes differently from the total glycoproteins. 

The decay of specific radioactivity of plasma membranes is shown in Fig. 2. 
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Fig. 2. Decay of specific radioactivities of plasma membranes, and hexosamine and sialic acid of 
plasma membranes. Each rat received 6 ,uC of [~4Qglucosamine intraperitoneally and was killed 
at the indicated times. Arrows denote half-life times determined graphically. X- -× ,  plasma 
membranes ; Ak--A, hexosamine of plasma membranes; C; - O, sialic acid of plasma membranes. 

The regression lines were drawn by the least-squares method from four time points 
from eo h to zoo h, showing a single phase decay. This differs for microsonlal mem- 
branes which showed an inflection point between x-3 days, indicating that  microsomal 
glycoproteins turn over heterogeneously 5. The calculated half-life of the carbo- 
hydrate moiety of plasma membranes was 37 h. This value is about half that  of the 
carbohydrate moieties of microsomal membranes (8o h for the slower phase of 
decay after the inflection point) and is similar to that of a serum glycoprotein 
(26 h) reported previously 5. 

Decay curves of hexosamine and sialic acid of plasma membranes determined 
separately are also shown in Fig. 2, the slope of the lines being in good agreement 
with that of the whole plasma membranes. 

The turnover rate of total proteins of plasma membranes has been measured 
by other workers using amino acids to label proteins. By using r3Hlleucine and 
~a~C6~arginine, the half-lives were estimated to be 85 h and 74 h, respectively 2,a. 
However, when [gua,zidino-14Clarginine was used to minimize the reutilization of 
isotope, a much shorter half-life, i.e. 43 h, was obtained a which is very close to the 
value reported in this paper. Thus, it may be assumed that the polypeptide and 
carbohydrate moieties of glycoproteins constituting plasma membranes turn over 
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in a concerted manner, although no study has been made as to how far the turnover 
rate of plasma membranes labelled with ,l~Ciglucosamine is affected by reutilization 
of isotope. 

The plasma membrane glycoproteins ,nay be synthesized in the endoplasmic 
reticulum and then built into plasma membranes. In tiffs connection, it should be 
noted that glycosyltransferases (transferring sugars from nucleotide-sugars to accep- 
tors) working in glycoprotein synthesis have been shown to be localized in the Golgi 
apparatus of rat liver, but not in plasma inembranes ~5-~r. This may also be relevant 
to our recent findings that plasma membranes possess as their constituents only 
acidic oligosaccharides that are considered to be completed carbohydrate chains 
containing neutral sugars, hexosamine and sialic acid, in contrast to the presence 
in endoplasmic reticulum of apparently incomplete carbohvdrate chains containing 
only glucosamine and mannose ~. 
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