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Summary. Microvillus membranes were iodinated from luminally administered lactoper- 
oxidase, H20 2 and 12 s I before and after neuraminidase treatment. Membranes were isolated, 
solubilized in sodium dodecyl sulphate buffer and electrophoresed on gels. Gels were stained 
for protein, and then sliced for liquid scintillation counting. When membranes were not 
treated with neuraminidase, the nonpermeating iodination probe attached only to a band 
containing protein of 150,000 daltons approximate molecular weight. This, size class of 
protein may reside on the luminal side of the brush border membrane as opposed to 
the serosol side. Qualifications of this statement are discussed with reference to the location 
of tyrosyl residues and to the possibilities of masking molecules. Membranes treated from 
the luminal side with neuraminidase to remove possibly masking carbohydrate and then 
iodinated, appeared to contain an additional protein of estimated molecular weight 220,000 
daltons which was accessible to 12sI. Thus, a 220,000 dalton protein may also be on 
the luminal side of the membrane. An explanation is attempted for the discrepancy between 
the very few proteins labelled and the many proteins involved in terminal digestion and 
transport which would all be expected to be available to luminally administered iodination 
probe. Membranes were isolated, exposed to iodination and then solubilized for electropho- 
resis. Nearly all proteins were labelled, which indicated that there is an asymmetric distribu- 
tion of proteins in the plane of the membrane. The two smallest molecular weight polypep- 
tides which were not iodinated were proposed to be so disposed in the membrane that 
they were inaccessible to the probe, from either side. 

In  a t t e m p t s  to  p r o b e  the sur face  s t ruc tu re  o f  cell m e m b r a n e s ,  cons ider -  

able  use  has  been  m a d e  o f  r eagen t s  which  cova len t ly  attaclh labels  to 

the  sur face  o f  cells. Theore t i ca l ly ,  it shou ld  be  poss ib le  to loca te  surface-  

s i tua ted  molecules ,  so long as the cell m e m b r a n e  is i m p e r m e a b l e  to 

the  reagent .  

R e a g e n t s  which  have  been  e m p l o y e d  in such ana lyses  are f o r m y l m e t h -  

ionyl  su l fone  m e t h y l  p h o s p h a t e  (Bretscher ,  1971), su lphani l ic  acid  dia- 

z o n i u m  salts (Bender ,  G a r a n  & Berg, 1971), a n d  d i iodosu lphan i l i c  acid 

(Sears,  Reed  & H e l m k a m p ,  1971). H o w e v e r ,  because  o f  its m o r e  r eady  

app l icab i l i ty  to cell surface ,  m o s t  w o r k  seems to have  been  done  on  the 
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iodination of surface molecules using the lactoperoxidase-hydrogen 
peroxide system of Phillips and Morrison (1971). These workers have 
apparently identified a protein which resides on the outer surface of the 
human erythrocyte. The IgM of the cell surface of spleen lymphocytes 
was shown to be on the outside of the plasma membrane by Vitetta, Baur 
and Uhr (1971). Also using the lactoperoxidase technique, Marchalonis, 
Cone and Santer (1971) probed the accessible proteins of the lymphocyte. 
Tsai, Huang and Canellakis (1973) extended this iodination method to 
identify the membrane surface proteins of HeLa cells. 

In the present studies it was hoped to identify luminal surface proteins 
of the microvillus membrane of mouse duodenum, using the iodination 
techniques of Phillips and Morrison (1971). 

Materials and Methods 

Lactoperoxidase was purchased from Calbiochem, U.S.A. Carrier-free NalZSI ( 8~  
120 mCi/ml) was obtained from The Radiochemical Centre, Amersham, U.K. 

Methods 

Iodination of Membrane Proteins in situ. Duodenal segments of batches of 20 mice 
were excised, and immediately placed in ice-cold normal saline, buffered to pH 7.4 with 
phosphate. They were then gently irrigated to remove ingesta, and separated into two 
groups. Both ends of each segment were ligatured. One group was used immediately for 
iodination. The other group was treated with neuraminidase to attempt to remove the 
carbohydrate coat from the luminal surface of the brush border membranes. 

Neuraminidase Treatment. The solution for the digestion consisted of sodium acetate, 
0.05 M, pH 5.5, 1 unit of neuraminidase ( Vibrio cholerae) per 0.2 ml, NaCI (9 mg/ml) and 
CaClz (1 mg/ml). 0.2 ml of this solution was injected into each ligatured duodenal segment, 
and the reaction allowed to proceed for 15 min at 37 ~ segments being bathed in phos- 
phate-buffered saline. Ligatures were then removed and segments washed through with 
ice-cold phosphate-buffered saline. New ligatures were placed on the segments, in prepa- 
ration for iodination in situ. 

Details of  Iodination Procedure. Both the untreated and neuraminidase-treated ligatured 
segments were injected with 0.1-ml portions of the isotope-containing solution. The solution 
consisted of 0.05ml enzyme solution (12.5 gg lactoperoxidase), 0.1 ml Na125I solution 
(150 p.Ci) and 0.83 ml phosphate-buffered saline. Just prior to the injections, 0.02 ml of 
9 mM hydrogen peroxide was mixed into the solution to initiate the iodination. Reaction 
was allowed to proceed for 15 rain at 30 ~ with segments immersed in buffered saline. 
Ligatures were then removed and each segment was irrigated with saline to remove unbound 
isotope and unreacted oxidant. Several such washes were given, each time samples being 
monitored for counts. Washing was continued until the counts per minute of 12sI had 
decreased to about 10% above background. 
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Isolation of Membrane, Solubilization and Gel Eleetrophoresis. Brush border membranes 
were isolated from the segments, solubilized and electrophoresed on 7% acrylamide gels 
as outlined in an earlier paper (Billington & Nayudu, 1975). 

Iodination of Membranes After Isolation. Membranes were isolated from groups of 
20 mice (Billington & Nayudu, 1975) and suspended in 5 mM EDTA soi[ution at 4 ~ 
12.5 gg of lactoperoxidase and 150 gCi of Na125I, both in 20 gl of phosphate-buffered 
saline, were added to the membrane suspension so that the total volume was 1.0 ml. 
Following the addition of 20 gl of hydrogen peroxide solution, the reaction was allowed 
to continue, with agitation, for 15 min at 30 ~ 

Reaction was stopped by a rapid reduction in temperature to 4 ~ and the membranes 
were pelleted by centrifugation at 400 X gav for 5 min at 4 ~ The EDTA supernatant 
was monitored for counts and membranes were resuspended in 1 ml of 5 mM EDTA at 
4 ~ and repelleted until the number of counts per minute in the superna.tant had been 
reduced to about 10% above background. In this way, unreacted oxidant and unbound 
isotope were removed from the membrane preparation. Membranes were solubilized and 
subjected to elcctrophoresis. 

Analysis of Gels for Protein and Radioactivity. Gels were stained for protein with 
Coomassie Brilliant Blue, and destained, before being scanned densitometric, ally at 500 nm 
(Billington & Nayudu, 1975). Gels were sliced into discs exactly 1 mm thick, then each 
slice was placed in a separate vial and solubilized at 50 ~ overnight in a solution consisting 
of 0.1 ml each of 0.1 M HC1 and 30% hydrogen peroxide. Vials were then counted in 
the presence of Instagel liquid scintillant, using the rationale developed for liquid scintillation 
counting of 125I and 131I by Bransome and Sharpe (1972). 

Results 

Iodination in situ 

Fig. 1 d e m o n s t r a t e s  the coun t s  per  m i nu t e  profi le of  a typica l  acryla-  

mide  gel on  which  p ro t e i n  f r o m  b r u s h  b o r d e r  m e m b r a n e  i od ina t ed  in 

situ h a d  been  e l ec t rophore t i ca l ly  f r ac t iona ted .  T h e  des igna t ion  ' C o n t r o l '  

m e a n s  tha t  the  m e m b r a n e s  were  i od ina t ed  w i t h o u t  p r io r  t r ea tmen t .  W e  

n o t e  t ha t  the 125I label  s eemed  to b ind  on ly  to  the p ro te ins  in the  

sixth b a n d  f r o m  the origin,  e s t i m a t e d  to  have  a m o l e c u l a r  weight  o f  

close to 150,000 da l tons  (Bi l l ington & N a y u d u ,  1975). 

Fig. 2 shows the a p p a r e n t  effect  o f  r e m o v i n g  some  o f  the  m a s k i n g  

c a r b o h y d r a t e  f r o m  the g lycop ro t e in s  o f  the m e m b r a n e .  A n  add i t i ona l  

b a n d  o f  e s t i m a t e d  m o l e c u l a r  weigh t  220,000 da l tons  was able to b ind  125I 

label.  

Iodination o f  Isolated Membranes 

Fig. 3 d e m o n s t r a t e s  the resul t  o f  i ncuba t ing  a p r e p a r a t i o n  o f  m e m -  

b r anes  wi th  the  i o d i n a t i o n  p robe .  Here ,  near ly  every  size o f  m e m b r a n e  
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Fig. 1. Counts per minute profile of a gel on which mierovillus membrane protein labelled 
in situ with an iodination probe had been electrophoretically separated. An artist's impres- 

sion of the stained gel is shown below the profile 
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Fig. 2. Counts per minute profile of electrophoresed, charged with microvillus membrane 
proteins which had been treated with neuraminidase prior to being labelled in situ by 
the iodination probe. An artist's impression of the stained gel is shown below the profile 
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Fig. 3. Counts per minute profile of a gel with electrophoretically separated proteins from 
microvitlus membranes, iodinated post-isolation 
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polypeptide was labelled. There are, however, two size classes of MW 
25,000 and 16,000 daltons which were never iodinated from either 
luminally or bilaterally administered label. 

Discussion 

Microvillus membranes were exposed to luminally administered lacto- 
peroxidase, hydrogen peroxide and 125I in situ with and without neura- 
minidase treatment. Membranes were also iodinated post isolation. When 
membranes were not pretreated with neuraminidase the iodination probe 
attached only to the membrane protein of estimated molecular weight 
150,000 daltons. This class of protein may thus reside in or on the 
surface of the microvillus membrane being exposed to the duodenal 
lumen. 

If the iodination probe only attaches to tyrosyl residues;, then it is 
the position of these residues which really defines the iodinatability of 
proteins. It is thus clear that though a particular protein may in fact 
be in the surface of a membrane, it will not be iodinated if the tyrosyl 
residues are masked from the probe. 

This masking could be due to the tyrosyl residue being protected 
by other chains in the protein which do not contain tyrosines. Another 
likely occurrence is that although a protein may have a surface location 
it will not appear so if it does not contain tyrosyl peptides. 

Several glycoprotein classes were shown to exist in the microvillus 
membrane (Billington & Nayudu, 1975), and it could be reasoned that 
their carbohydrate moieties may be preventing labelled iodide ions from 
binding to tyrosines in chains near the glycosylated portions of the mem- 
brane. 

The difficulties associated with masking carbohydrate molecules may 
be overcome by the removal of substantial portions of the said complex 
sugar. Neuraminidase was chosen because it was thought that this was 
the mildest form of attack which could be used without adversely altering 
the remainder of the membrane. In the results obtained, sufficient carbohy- 
drate has been removed to permit the iodide to label an additional 
membrane polypeptide of 220,000 daltons approximate molecular weight. 
This class may also have a luminal disposition in the microvillus mem- 
brane. There is the possibility that even after neuraminidase treatment, 
there still remains a significant amount of carbohydrate which may yet 
mask some truly luminally disposed protein types. Additional evidence 
is needed to resolve this question. 



106 T. Billington and P.R.V. Nayudu 

It is difficult to account for the discrepancy between the very few 
radioactive peaks and the many protein types involved in terminal diges- 
tion (disaccharidases and peptidases) or in transport, which would all 
be expected to be available to a luminally introduced iodination probe. 
An explanation for this apparent difference between expected and ob- 
served may be that all these luminally resident protein species have 
much the same molecular size and would thus not be resolved in the 

system used. 
In the isolated membrane, more protein species were available to 

the probe, which may have been expected since label can come into 
contact with serosally as well as luminally disposed protein species. One 
or perhaps two classes of proteins are luminally disposed, whereas about 
13 classes are apparently not thus disposed, as judged from the resuits 
obtained with this impermeant and thus exclusively vectorial probe. This 
seems to be very persuasive evidence for the proposition that there 
is an asymmetrical disposition of proteins in the lateral plane of the 
microvillus membrane. 

The two polypeptide types which were never labelled from either 
luminally or bilaterally administered iodine probe, may be hypothesized 
to have a somewhat deep location in the membrane structure such that 
they are neither luminally or serosally exposed, and would not be expected 
to be readily accessible to the impermeant iodination probe. It was noted 
in an earlier paper (Billington & Nayudu, 1975) that the two polypeptides 
in question also took up Oil Red O stain. Since the publication of 
that paper, amino acid analysis has shown that the two polypeptides 
have tyrosine residues in their structure. Thus it is unlikely that the 
lack of iodination was due to a lack of tyrosines. 
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