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Note 

Mmd’M porous &ss would be a valuable matrix for exchxion chroma- 
to_graphy’. However, proteins are well adsorbed on the surfaces by two major forces, 
ionic amin+silanol bonding and a cooperative aggrepative force, and the amounts of 
proteins adsorbed on 1 g of porous glass in distilkd water are 100-200 II&-~. J?orous 
glass has therefore been used for the adsorption chromatography of proteins4.‘. It 
has been shown that this surface activity can be * _ _ ed by coating the glass with 
poIyet.hylene glycoi6. However, the stability of the coating with polyethylene glycol is 
not permanent and some proteins are stiil adsorbed on the coated glass. 

In the blood clotting reaction, the surfaces of the gksswze are usually coated 
with s&one in order to overcome the s*tiace activity of the glass. The coating with 
silicone is &most permanent but porous glass beads coated with silicone float on the 
surf.ace of water and are not ukeful for exclusion chromatography in an aqueous 
medium. This paper reports a method for using sihcone-coated porous glass in an 
aqueous medium and shows the Jack of adsorption of proteins on sihcon+coated 
porous glass. 

MATERTAJX AND hf!Ei-EODS 

The controlkd-pore glass used was CFG-10 (pore diameter 240 A; lCKf+u 
particles) obtained from Ekctro-Nuckonics (Fakfkld, NJ, U.S.A.) with a surface 
area of 97 m’/g. AfIer being washed with 0.1% sodium dodecylstiphate (SDS), 
water and chromic acid, and then washed thoroughly with distiikd water to neutrality 
in a coIumn, the @ass was dried at 18O’C in an evaporating dish. The silicone oil 
used wzs KF 96 (d;methylpolysiIoxane), obtained from Shiuetsu Chemicals (Tokyo, 
Japan). 

A l-g amount of CFG was added to 3 ml of carbon tetrac~oride containing 
0.01, 0.05 or 0.2 ml of silicone oil and mired. After evaporation of the carbon 
tetracbioride, the .gIass was tightly coated Rith silicone by heating at 300°C for 
5 min. El&on of samples on a sihfxme-coated glass column was carried out at a 
flow-rate of 1.5 ml/c&-min at room temperature- 

REsuLas PLND D-ION 

The best proportions of silicone and CPG of the three tried was 50 mg of 
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silicone per L g of CPG, and was used in subsequent experiments. These proportions 
correspond to about 30 molecules of silicone per NJOOO AZ of glass surface area. With 
proportions of 10 mg of silicone per 1 g of CPG, the coated glass stiil adsorbed 
proteins in aqueous medium on elution of a protein solution through the silicone- 
coated glass column. With the proportions of 200 mg of silicone per 1 g of CPG, the 
pores of the CPG were partially clogged by silicone and the molecules of low 
molecular weight were eluted at the void volume of the silicone-coated porous glass 

column during gel chromatography. 
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CONCENTFWTION OF SDS ('/.) COKENTRATION OF PHOSPHATE (KM) 

Fig. 1. Relationship between percentage of glass deposited and concentration of sodiumdodecyE 
sulphate in 0.05 M phosphate buffer @Ii 7.3). 

Fig. 2. Relationship between percentage of glass deposited and concentration of phosphate in 0.7 % 
sodium dodecylsulpbate. 

The conditions for the preparation of siliconecoated porous glass in aqueous 

medium were as follows. The glass (200 mg) was added to 1 ml of 0.05 M phosphate 
buffer (PH 7.3) containing SDS at various concentrations and the mixtures were 
warmed to dissolve the SDS. The glass was deposited at the bottom of a tube by 
mixing. Fig. 1 shows the relationship between the percentage of glass deposited 
and the concentration of SDS. The glass was almost completely deposited at 
concentrations of SDS higher than 0.7%. This deposition was caused by hydro- 
phobic bonding between dodecyl residues of SDS and silicone on the glass surfaces 
and the effect of the water repulsion was lost. At a concentration of 0.7% SDS in 
distilled water, the percentage of the glass deposited was low (approximately 40%). 
The addition of a salt such as phosphate was essential for deposition of the silicone- 
coated porous glass as well as SDS. Fig. 2 shows the relationship between the COQ- 
centration of phosphate (pH 7.3) and the percentage of glass deposited in 0.7% 
SDS solution. The glass was almost completely deposited at concentrations of 
phosphate higher than 0.05 M (ionic strength 0.13 p). From these results, the silicone- 
coated porous glass was deposited using 0.05 M phosphate buffer (pH 7.3) containing 
0.7% SDS. 

In order to remove SDS from the glass, the deposited glass was packed in a 
column and washed with about 100 column volumes of degassed hot water. If washing 
is carried out by decantation, part of the deposited glass floats, and the glass lacking 
SDS OF not-binding SDS also floats on contact with air. Therefore, the glass in the 
deposited state should be washed in a column used for exclusion chromatography. 
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AIk washing with distiikd water, it was confirmed that SDS did not remain on the 
&ass by elution of 0.2% barium chloride solution’. SDS is bound and precipitated 
by Pa** ions, but the B*+ ions passed through the coiumn, indicating that it was 
free of SDS. This lack of binding of SDS on the washed gIass was also confirmed by 
floating of the @ass on contact with air. 

Conservation of the pores in t&e ghss was cadkned. Fig. 3 shows the 
results of gel chromatography by e1ution of 0.1 ml of so1ution containing 1 rug of 
inosinic acid (a marker of the inner volume), 1 mg of bovine serum albumin and 
2 mg of Blue Dextran 2000 (a marker of the void volume) in 0.01 &f phosphate on a 
sihcone-coated porous glass cohunn (10 x 0.8 cm). Ail ofthe inosinic acid was eluted 
at the inner volume and not at the void volume, indicating that the glass fully retained 
the pores. Albumin was efutcd at the void volume with Blue Dextrau and this result 
was coincident with the results obtained using non-coated CPG using a btier 
preventing adsorptions. However, the pores should be reduced in size on coating 
with silicone, and the extent of this reduction must be about lO-20& corresponding 
to the thickness of silicone on the glass surface. 

Fi 3. Eiution pro!Zes of a mixture camposed of dextran maker, bovine serum zlbumin and i~~asirkc 
acidonasiko m-coated CPG column (10 x 0.8 cm) in 0.01 M phosphate buffer (pH 7.3). The 
fraction volume ~2s 0.2 ml. 1 = Bovine serum albumin; 2 = BlueDextran ZOOQ; 3 = inosinic acid. 
Ihe a~mrntration of albumin ms demmisxd by the Lowry metImd. and time of dextran marker 
md iasinic acid were mcamred at 620 and 250 m-n. respectiwzly. 

Fiim 4. Adsaiption phiks of serum albumin (1 mg/ml) on a porous ghss column (4 x G-6 an) in 
distiJied szter_ 1 = S*co -ted glass; 2 = g&a-xyI4zPG; 3 = noscoated CPG. In each in- 
stance0.5gofporous~was~:. 

The elution pattern of a protein solution obtained using the silicone-coated 
porous glass is sbowm in Fig_ 4. The amount of proteins adsorbed on I g of the glass 
in distilled water was less tban 1.0 mg, and this was less than the amount (136 rug) of 
albrlmin adsorbed on noncoated ghss and also less than that (9 mg) on glyccryl- 
CPG. This iow adsorption of proteins is reproducib1e with an ionic strength of the 
solutes lower than 0.02 ,x Proteins are bound on the glass at concentrations of salt 
higher than 0.05 cc by hydrophobic bonding. A low concentration of the solute is 
esscntiaI for preventing adsorption of proteins. If proteins are adsorbed, the gIass 
column can be regenerated by washing with hot 0.05 RI phosphate solution con- 
taining O-7% SDS, water and chromic acid, and then washing well with water. 
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Porous glass (1 g) was coated with 50 mg of silicone. Most of the silicone- 
coated glass was precipitated by mixing with 0.05 M phosphate (PM 7.3) containing 
0.7% SDS. The coated glass with bound SDS was packed in columns and the SDS 
was completely removed from the glass by washing with distilled water. The silicone- 
coated CPG in an aqueous medium retained the pores for exclusion chromatography 
of proteins and did not bind proteins in aqueous medium at concenW&ms of salt 
lower than an ionic strength of 0.02 p. 

NOTE ADDED IN PROOF 

The addition of glutamic or asptic acids (l-10 SIX&Q is eEec%ive for preven- 
tion of adsorption of proteins on the coated glass. 
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