
Vol. 2, No. 5 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNlCATlONS May 1960 

PREPAPATIONARD'PROPERTIES OFPURIFIEDINTRINSICFAC!lXR 

Leon Ellenbogen and William L. Williams* 

Biochemistry Department, Biochemical Research Section 
Lederle Laboratories Division, American Cyansmid Ccmpany 

Pearl River, New York 

Received May 4, 1960 

The recent isolation of cobamide coensymes (Barker& &. 1958; Weissbach 

et al. 1959) has stimulated interest in the role of these coenzymes in several 

metabolic reactions. The use of intrinsic factor (IF), the substance necessary 

for the oral utilization of vitamin BQ, has been found to be helpful in study- 

ing the mechanism of these reactions (Barker, 1960; Ochoa, 1960). There have 

been brief reports in the literature on the partial purification of IF, which 

is thought to be a mucoprotein,(Wijmenga, 1957; Jacob-, 1959), but the 

properties and the precise data on the potency of these preparations have not 

been previously reported. 'Ihe present report is concerned with the preparation 

and properties of highly purified IF, fully active at 0.3 mg, the most potent 

reported to date. The purified IF is not a mucoprotein. 

Preparation of IF - Minced hog pyloric mucosa was extracted twice with 4 

parts v/w of 2$ NaCl at 10-12°C. The combined extracts, obtained by filtering 

through cheesecloth, were adjusted to pH 9.0 with 1 N NaOH. After 30 minutes 

at pH 9.0, the solution was sdjusted to pH 1.5 - 2.0 with 1 N HCl. The preci- 

pitate that formed was removed by centrifugation. The resulting supernatsnt 

solution was adjusted to pH 4.5 with 1 N NaOH and 1% @k of (NH4)2SO4 per liter 

of supernatant solution was added. After 4 hours, the mixture was centrifuged, 

the precipitate discarded, and 286 gm of (NB4&04 per liter added to the result- 

ing supernatant solution. After standing overnightat10-12°C the mixture was 

centrifuged and the supernatant was dialyzed to remove the (EH4)2SO4. Some in- 
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soluble material formed on dialysis and was removed by centrifugation. Ihe re- 

suiting supernatant, termed AS fraction, was fully active at 5 mg by the modi- 

fied Schllling urinary excretion test. (Ellenbogen and Williams, 1958). 

Further fractionation was carried out using IEAe - cellulose. (Peterson 

and Sober, 1956). Ten m of AS fraction was dissolved in 0.025 M NaH2PO4 

buffer, pH 7.5 and placed on a 4.5 x 50 cm columu. Elution was carried out at 

4'C with the mm buffer. A large protein peak which came off the column first 

was always inactive at test levels up to 2 mg. IF activity appeared at the end 

of the descending slope of the first peak and continued partly through the middle 

section of the curve. This material was active at 1 mg. A final protein band 

which appeared at the end of the colucm was eluted with pH 5.5 'phosphate - 0.2 

M N&l buffer. This material was devoid of activity at a level of 2 mg. 

The active portions from the columns can be further purified by rechroma- 

tography which yields a well defined protein bsnd. This can be more readily 

done by ultrafiltration through a parlodion membrane at 4'C. The ultrafiltra- 

tion serves both to further purify IF and remove buffer salts from the protein 

solution. The activity was retained in the ultrafilter (ultrafiltrate residue) 

and this material was active at 0.3 mg by the modified Schilling test and the 

fecal excretion test (lieinle, et al 1952). The results of these tests are - -3 

shown in Table I. A summary of the purification is shown in !Pable II. 

Properties of Purified IF - Exsminatlon of the purified material In the 

ultracentrifuge revealed that the preparation was still heterogeneous. Im- 

munochemical studies by the Ouchterlony double diffusion technique revealed 

at least 3 relatively weak bands with antisera prepared by Qmuunizing rabbits 

with the AS fraction. 

The purified IF contained only 51 blood group A substance as compared to 

2C$ group A substance (as determined by hemagglutination inhibition tests) in 

the AS fraction. The hexosamine content (Belcher et al 1954) of the purified - -2 

material was less than 2$ whereas the cruder AS fraction contained 7.396 hexo- 

ssmine. The IF activity was therefore separated from the bulk of the mucoprotein. 

According to the classification proposed by Meyer (1953) the purified preparation 
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Table I 

ACTIVITY OFULTRAFILTRATE RESIDUEFRACTION - (LEVEL - 0.3mg) 

Urinary Excretion Test 

Prep. No. Without IF With Preparation With Standard IF 

Radioactive Vitamin Bl:, Excreted in 48 Hours (ug.) 

732 0 .Ol 0.29 0.32 

820 0 .Ol 0.23 0.22 

821 0.01 0.31 0.21 

826 0.01 0.18 0.22 

834 0 0.25 0.33 

Fecal Excretion Test 

Radioactive Vitamin Blo Absorbed (pg.) 

700 0.18 0.57 0.55 

732 0.23 0.55 0.60 

Table II 

SUMMARY OF PURIFICATION OF HCG INTRINSIC FACTOR 

Protein Activity +M Total Units Yield 
Step g- . of Activity $ 

Hog gastrointestinal tissue 400 60 6666 

Extract 140 30 4666 70 

(NIQ)2SO4 fraction (AS) 10 5 2000 30 

DEAR-cellulose 0.680* 1 680 10.2 

Ultrafiltrate residue o .I89 0.3 576 8.7 

+ Estimated on the basis of optical density measurement. 
* Level at which the urinary excretion test gave excretion dues comparable to 

standard IF (Ellenbogen and Williams, 1958) 

would not be classified as a mucoid or a mucoprotein. The purified IF contained 

1% nitrogen and was devoid of peptic or tryptic activity. Heating IF, active 

at 1 mg., in a boiling water bath for 15 minutes or direct boiling of the IF for 

2 minutes results in about 5&p destruction of activity. This partial inactiva- 
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tion is not prevented by heating 1 mg. of the IF together with 2 pg. of vitamin 

%2* The vitamin Bl2 binding capacity of this highly active preparation was 5 pg 

per mg. of IF and was considerably higher than preparations of lower potency. This 

lends support to the suggestion that the mechanism of vitamin B12 absorption is 

related to its binding to IF. (Wijmenga, 1957). 
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