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Incorporation of [|-taC]glucosamine by rat intestinal microvillus membrane 

Synthetic pathways involved in tile production of glycoproteins of the cell 
surface have not been studied extensively. COOK, LAICO AND EYLaR 1 showed that 
[14C]glucosamine was incorporated into glycoprotein of a smooth endoplasmic reti- 
culum fraction which contained plasma membranes, and suggested that their data 
described the biosynthesis of surface membrane glycoprotein. Incorporation of label 
into an isolated plasma membrane fraction was, however, not established. The small 
intestine presents a unique opportunity for the study of surface glycoproteins, since 
nlethods exist for the isolation of highly pure plasma membranes ~. Moreover the 
intestinal lunfinal surface possesses intense staining properties which are charac- 
teristic of glycoproteins a. I fo  4 has shown by electron microscopy that this staining 
is confined predominantly to a filamentous coat attached to the luminal surface of 
the microvillus plaslna membrane. This surface coat appears to be part of the surface 
membrane rather than a layer of mucus, since it respects cell boundaries4, 5 and resists 
removal by mucolytic agents ~. 

Since [r-~4Cjglucosamine is an excellent labelled precursor of plasma and tissue 
glycoproteins ~, studies were undertaken to determine whether it might be incorpo- 
rated into acid-precipitable glycoproteins of intestinal plasma membranes as a pre- 
liminary step in the study of their synthesis. 

The purpose of this communication is to indicate that [I-~4Cjglucosamine is 
incorporated into, and can be isolated with, microvillus plasma membranes, and to 
present preliminary evidence which suggests that glycoprotein may be transported 
to the membrane from a microsomal site. 

Table I shows the acid-precipitable radioactivity in intestinal subcellular frac- 
tions and intestinal contents 6 h following the intraperitoneal injection of [I-HCI - 
glucosamine. At this time interval 3I ?o of the total radioactivity found in the in- 
testinal mucosa was present in the membrane-rich brush border fraction. The specific 
activity of the brush border fraction was higher than that of any of the reinaining 
fractions whether expressed per mg of protein or per/xg of hexosamine. Labelling of 
the brush border fractions cannot, therefore, be due to contamination by other sub- 
cellular components. Although tile mucus-rich intestinal content contained approxi- 
mately one third as much radioactivity as tile intestinal mucosa, the low specific 
radioactivity of hexosamine in this fraction indicates that it too cannot be responsible 
for the brush border radioactivity. 

In order to show that [I-~4CJglucosamine was incorporated into the microvillus 
plasma membrane, and not into a contaminant of the brush border fraction, purified 
microvillus membranes were isolated under similar experimental conditions and in- 
corporated radioactivity compared with that of the membrane marker invertase 
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T A B L E  I 

R A D I O A C T I V I T Y  I N C O R P O R A T E D  I N T O  A C I D - P R E C l P I T A B L E  P R O T E I N  A N D  H E X O S A M I N E  O F  I N T E S T I N A L  

S U B C E L L U L A R  F R A C T I O N S  

Male W i s t a r  rats ,  unfas ted ,  i 5o -2oo  g, received io  ffC - I -HC]glucosamine  (New E n g l a n d  Nuclear ,  
5 ° t~C/mg) in o.2 ml isotonic  sal ine in t r ape r i tonea l ly .  6 h la ter  the  smal l  in tes t ine  was removed.  
I n t e s t i n a l  con t en t  was ob ta ined  by  wash ing  the in t e s t ina l  lumen  wi th  2o.o tnl i sotonic  saline. 
Brush  borders  were i so la ted  w i t h o u t  purif icat ion.  Other  subce l lu la r  f ract ions  were prepared  from 
the  brush  border  s u p e r n a t a n t  by different ial  cen t r i fuga t ion  fol lowing the  add i t i on  of sufficient 
sucrose to br ing  the concen t ra t ion  to o. 3 M. Acid-prec ip i tab le  f rac t ions  were prepared  by precipi-  
t a t i im  wi th  io  % t r ich loroace t ic  acid and 1% phospho tungs t i c  acid, fol lowed by l ipid ex t r ac t ion  
wi th  chloroform m e t h a n o l  (i : i, v/v).  Pro te in  and  hexosamine  were ( te termined by  the me t hods  
of LowRY et al. s and ALLISON AND SMITH 9. P ro te ins  and  hexosamines  were dissolved in 0. 4 M 
N a O H  and dis t i l led  water ,  respect ive ly ,  added to BR.av's TM solu t ion  and  r a d i o a c t i v i t y  was de- 
t e rmined  in a l iquid  sc in t i l l a t ion  counter .  
_ n  

Frac t iou  % of total Cou~zts/miu Coulzts/min 
radioactivity per mg per fig 
in mucosa protei~t hexosamine 

Honiogenate  65 ° 34-o 
Brush borders  31 223o 72.o 
Mi tochondr ia  x 2 444 39.o 
Microsomes 17 650 24.0 
S u p e r n a t a n t  39 513 I7.°  
I n t e s t i na l  con t eu t  iooo 14,3 

(EC 3.2.I.26) 2 at several stages of purification. As shown in Fig. I, each stage of 
membrane purification, indicated by an increment in the specific activity of invertase, 
is associated with a corresponding increase in specific radioactivity. It is apparent, 
therefore, that [>14Qglucosamine is incorporated by and remains tightly bound to 
the plasma membrane during its isolation. 
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Fig. I. Compar ison  of specific ac t iv i t i e s  of i nve r t a se  and  ac id-prec ip i tab le  r a d i o a c t i v i t y  a t  succes- 
sive s tages  of m e m b r a n e  purif icat ion.  I, homogena te ;  I1, b rush  borders  as i so la ted  in Table  I ;  
I l I ,  b rush  borders  purif ied as p rev ious ly  describedg; IX', microvi l lus  m e m b r a n e  2. E x p e r i m e n t a l  
procedure  was the  same as descr ibed in Table  I. l n v e r t a s e  was assayed  as descr ibed by  
D A H L Q V I S T  11. 

Fig. 2. Change in specific a c t i v i t y  of ac id-prec ip i tab le  hexosamine  of in t e s t ina l  subce l lu la r  f rac t ious  
wi th  t ime.  [i-14C]Glucosamine, io  ffC, was in jected i n t r ape r i t onea l l y  and  d a t a  ob t a ined  as 
descr ibed in Table  I. R a t s  were sacrificed fol lowing in jec t ion  a t  the  t ime  in t e rva l s  shown. Resu l t s  
shown are for the  b rush  border  f rac t ion (A -A),  the  microsomal  f rac t ion (O O), and  the  
s u p e r n a t a n t  f rac t ion ( © - - © ) .  
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The specific activity of acid-precipitable hexosamine in the microsomal, super- 
natant  and brush border fractions of the intestinal nmcosa from I to 24 h following 
[iJ~C~glucosamine injection is shown in Fig. 2. At I h the microsomal specific activity 
was greater than that  of the brush border but diminished rapidly thereafter. The 
specific activity of the brush border fraction was greatest at 3 h, falling to negligible 
levels at 24 h. The specific activity of the supernatant hexosamine was also greatest 
at 3 h, but remained low at all time periods. Early labelling of glycoprotein by the 
intestinal mucosa, therefore, occurs at an intracellular microsomal site while labelling 
of the plasma meInbrane is delayed. The microsomal and brush border curves do not 
conform strictly to that  of a precursor product relationship since their periods of 
maximal specific activity do not coincideE It  is possible that  the delayed rise of the 
brush border specific activity curve reflects the transport of glycoprotein from a 
nlicrosomal to a brush border site. If tiffs is the case, the transport process must 
require several hours for completion. I t  seems most likely that  glycoprotein is trans- 
ported in particulate form since the low specific activity of the supernatant hexos- 
amine apparently excludes transport in soluble form. As yet, however, a t tempts to 
identify a precursor of membrane glycoprotein in the particulate fractions of the 
mucosa have not been successful. 

These results are consistent with the concept that  surface glycoproteins of tile 
intestine are an integral part  of the plasma membrane, and indicate that  information 
regarding their synthesis may be obtained by labelling them i~ vivo with [I-~4C - 
glucosamine. 
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