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body on this tumor appears to be qualitatively 
similar to that reported for other transplant- 
able tumors, and may account for the rejec- 
tion of Sarcoma I homografts. 
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Separation of Bound and Free Vit. B12 on Sephadex G-25 Column.* (27764) 
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In the study of Vit. B12 metabolism and in- 
trinsic factor the determination of free and 
bound Vit. BI2 is of primary importance. Sev- 
eral methods have been developed for sepa- 
rating free from bound Vit. BIZ ,  among the 
most popular of which are those of dialysis 
(1 ,2 )  and ultrafiltration(3) with the use of 
radioactive Vit. BI2. There are some disad- 
vantages, however, to the use of these tech- 
nics, such as dissociation of bound Vit. B12 
(4) and partial denaturation of the binder 
during the procedure, as well as variability of 
results, depending on the variant of the tech- 
nic used. 

Gel filtration on Sephadex columns has re- 
cently been introduced(5-7) to achieve a 
‘molecular sieving’ of materials of different 
molecular size. This has been used in our 
laboratory for fractionation of large molecular 
weight materials in gastric juice for the last 
2 years(8). The molecular weight of Vit. B12 
is about 1,300, and the molecular weight 
ol Vit. binders has consistently been 
found to be above 5,000(9). It occurred 
to us therefore that Sephadex G-25, which 
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excludes materials of molecular weight 
over 3,500-4,500, would be well suited for 
separation of free from bound Vit. BIZ. While 
this work was in progress, Daisley reported 
the applicability of Sephadex to the study of 
Vit. B12 in ocean water( 10). A preliminary 
report of our work has been presented and 
published in abstract form( 11). 

Materials and methods.  Sephadex G-2 5 
columns were prepared according to instruc- 
tions of Porath and Flodin(5-7). 6-20 g of 
dry Sephadex was suspended in borate buf- 
fer, pH 9.0, r/2 ranging from 0.06 to 0.24, 
and poured into the columns, The column 
sizes ranged from 0.8-1.7 by 32.0-50.0 cm 
and their total bed volumes were from 32.0- 
114.0 ml. The “void volumes” (Vo) ( 7 )  were 
from 11.0-43.0 ml and the ‘inner volumes’ 
(Vi) from 13.0-46 ml. Various amounts of 
dialyzed and lyophilized normal human gas- 
tric juice, ranging from 10 mg dissolved in 1.0 
in1 of buffer, to 100 mg dissolved in 14.0 ml of 
buffer, were applied on top of the column and 
eluted with the same buffer in which it was 
dissolved. The rate of elution was from 3.0- 
10.0 ml per hour, and the size of fractions 
collected was from 1.0-3.0 ml, depending on 
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the size of the columns. The optical density 
of eluted fractions was read on the Beckman- 
DU spectrometer at 280 mp. 

The radioactive Vit. B12 used in these stud- 
ies was either CoG0B12 of specific activity 
0.86-0.97 pc/pg, or of specific activ- 
ity 4.1 pc/pg. The labeled Vit. B12 was 
added to dialyzed and lyophilized gastric 
juice at  levels of from 50-113 mpg/mg; 
amount of radioactivity on columns was from 
1 .O-20.7 pc. The fractions collected were 
counted in the heavily shielded counter pro- 
vided with NaI-Thallium well shaped crystal, 
attached to gamma-analyzer and scaler. The 
counts were determined a t  the optimal set- 
ting for the energy spectrum of the particu- 
lar isotope used. This reduced the back- 
ground to 20 cpm and yielded a high statis- 
tical significance of the counts, with the 
counting efficiency of 66% for Cob7. Each 
material before counting was brought to the 
same volume of 4 ml to provide a similar geo- 
metry of counting. 

Paper electrophoresis of the effluents from 
the column was performed by the method 
described previously from our laboratory 
with the use of Spinco vertical electrophoretic 
cells, borate buffer (r/2 0.06-0.24), What- 
man No. 1 paper, a t  120 v., 0.4 mA/cm, for 
5% hours( 12,13). 

Results. Elution of Free C057B12. Free 
Vit. BI2, as expected, penetrated the gel of the 
Sephadex G-25 column and was eluted in the 
effluent in Peak I1 only (Fig. 1). This was 
in contrast to the elution pattern of the large 
molecular weight materials, such as hemo- 
globin, which when eluted from this column 
was excluded from Sephadex gel and ap- 
peared immediately after the Vo in Peak I 
(Fig. 1). Elution of a mixture of CoG0BI2 
with a normal, dialyzed and lyophilized gas- 
tric juice. 4.8 pg CoG0B12, containing 4.0 pc 
of Co60, were added to 60 mg of dialyzed and 
lyophilized normal human gastric juice. This 
was far in excess of the Vit. B12 binding ca- 
pacity of this material. The mixture was 
placed on a Sephadex column and eluted with 
a borate buffer (pH 9.0, r/2 0.06) a t  a rate 
of 6 ml/hour. One and a half ml fractions 
were collected and counted for radioactivity, 
Radioactivity was distributed within 2 peaks, 

Peak I, appearing immediately after Vo, and 
Peak 11, appearing at the end of elution (Fig. 
1). In another similar fractionation (not 
shown in Fig. 1) optical density read at  280 
mp was associated with the radioactivity of 
the material eluted into Peak I. This indi- 
cated that Vit. B12 eluted in Peak I was as- 
sociated with protein or peptides derived from 
gastric juice. There was no exact correlation 
however between radioactivity and optical 
density curves. This is obviously due to the 
fact that only some proteins and peptides of 
gastric juice, which have been eluted into 
Peak I have Vit. B12 binding ability. This 
has been demonstrated previously( 14,15). 
Dialysis of materials eluted from the column. 
In another experiment, 1.13 pg CoFoB12 with 
10 mg normal human lyophilized gastric juice 
were dissolved in borate buffer of pH 9.0 and 
the mixture was eluted from a Sephadex G-25 
column with same buffer a t  a flow rate of 3.0 
ml/hour. Each of the 1.0-ml fractions was 
counted for radioactivity, then dialyzed for 
14 hours in small Visking tubes against run- 
ning cold tap water. The dialysates were 
counted again for radioactivity. The results 
are shown in Fig. 2. As before, the radioac- 
tivity of the effluent, before dialysis, spread 
into 2 distinct peaks. All the radioactivity of 
Peak I of the effluent remained unchanged 
after dialysis. By contrast, the radioactivity 
of all fractions forming the second peak of the 
effluent was practically reduced to zero after 
dialysis. This shows that the radioactive Vit. 
B12, which was eluted in Peak I1 of the col- 
umn, was in a dialyzable, free form, while that 
contained in Peak I was undialyzable and rep- 
resented bound Vit. BI2. Charcoal adsorp- 
tion of materials eluted from the column. 60 
mg of dialyzed and lyophilized pooled gastric 
juice from nofmal humans was dissolved in 
12 ml of borate buffer of pH 9.0, containing 
4.8 pug of CoG0B12 having a specific activity of 
0.86 pc/pg. The materials were eluted with 
the same buffer, and 35 fractions of 1.5-ml 
volume each were collected. Each of these 
fractions was counted for radioactivity, then 
mixed with 0.1 g Norit A, stirred for 15 min- 
utes, and after high speed centrifugation at  
25,000 x g for 15 minutes the supernatants 
were decanted and counted for radioactivity. 
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F I G .  1. Elution pa t te rn  on Scyliades G-2.5 coluniii of 1)  hciiioglobiii (40 iiig in  8 nil borate  
buf fer ;  2 )  C'O'~B,, ( 3 . 2  pg iii 8 nil bornte buffer)  ; : 3 )  CowR,, (4.8 ug) plus 1iorni:il l~opl i i l izcd 
liuinaii gastr ic  juice (60  iiig i n  12  1111 borate  huffcr). Voitl volunic~ (Vo -= 2 1  1111) prc~cc~liiig the 
first peak i s  iiot sho~ri i .  Column clinicnsioiis, l . ( i  X 32 ci i i .  

FIG. 2 .  Elution pa t te rn  on Sephadex G-25 coluiiiii of :I iiiistule of CoR"13,, (1.13 p g )  with Iyo- 
philized riornial human gastr ic  juice (10 iiig i n  1 1111 borate  buffer), followed by esteiisive dialy- 
sis of the eluted fractions. Vo = 11.5 in1 precediiig tlic first peak is  iiot sho\rii. Column dinieii- 
sions, 0.8 X 50 em. 

FIG. 3. Elut ion pa t te rn  on Scphadex G-25 columii of a niisturc of C O ~ ~ ) B , ~  (4.8 p g )  mitli nor- 
mal  lyopliilized huniil11 gastr ic  juice ( G O  nig in  It' 1111 tiorate buffer) followed by  adsorption of 
the eluted fract ions with S o r i t  A (100 mg) .  Void volunie is  not slio~vn i i i  elution diagram. Same 
column as in Fig. 1. 

F I G .  4. Electrophoretic pa t te rns  of raclioactivity of tlic 2 f ract ions eluted f rom thcl Sep1i:r- 
dex G-25 coluniii a f t e r  wpara t ion  of a iiiisture of ('o'71312 ( 5  p g )  aiid iioriiial lyophilizt-d human 
gastr ic  juice (100 nig in  14 1111 borate buffer) .  Vo Z= 38 nil. Colmnii tlimensions, 1.7 x 18 c111. 

The results obtained are shown in Fig. 3. Be- 
fore charcoal adsorption the radioactivity was 
spread again into 2 peaks. After adsorption 
with charcoal, which is known to adsorb free 
Vit. BIZ ( 16),  radioactivity of the second peak 
was reduced to zero. This confirms previ- 
ously reached conclusions that radioactive Vit. 
BIZ contained in the effluent was in a free 
form, which resulted in its adsorption by ac- 
tivated charcoal. However, shaking of frac- 
tions from Peak I with Norit A reduced their 
radioactivity considerably. From the Norit 

adsorbed material 567& of the original radio- 
activity and 595% of the original optical dens- 
ity could be recovered by extraction with 4.5 
ml 1 n. NaOH. More than one-half of bound 
Vit. BI2 was therefore absorbed by Norit A. 
Thus Norit A adsorbs all free Vit. B12 
and some of the Vit. B12 binding (pep- 
tide) materials from gastric juice as well. 
Paper electrophoresis of materials eluted from 
the column. 5 pug of Co"BI2 of high specific 
activity, together with 100 mg of lyophilized 
and dialyzed human gastric juice, were dis- 
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solved in borate buffer and eluted with the 
same buffer on Sephadex G-25 columns. Ma- 
terials collected in Peak I and Peak I1 of the 
effluent were pooled separately, then dialyzed 
and lyophilized. Each of the 2 lyophilized 
fractions was then submitted to paper elec- 
trophoresis, as described above. Paper elec- 
trophoretic strips were cut into segments 0.5- 
cm wide and counted for radioactivity under 
similar geometry. The results are seen in 
Fig. 4. All the radioactivity in Peak I had 
anodic mobility. Its localization on the elec- 
trophoretic partition corresponded to that 
which was shown in our previous work( 14,15) 
to be characteristic for intrinsic factor-related 
Vit. B12 binders in human gastric juice. On 
the contrary, radioactivity present in the sec- 
ond peak of the effluent had an exclusively 
cathodic mobility, and its localization on elec- 
trophoretic partition was typical of free Vit. 
Bi2( 15). 

Discussion. Fractionation on Sephadex 
G-25 columns achieves a good separation of 
free and bound Vit. B12 contained in normal 
human gastric juice. Vit. BI2 eluted into the 
second peak of the effluent from Sephadex 
G-25 column represents free Vit. B12 only. 
This is shown by 1 )  elution pattern of free 
Vit. BI2 into this fraction only, 2 )  complete 
dialyzability of Vit. B12 contained in this 
fraction, 3 )  complete adsorption of Vit. B12 
from this fraction by charcoal, and 4) char- 
acteristic cathodic electrophoretic mobility of 
Vit. B12 contained in this fraction. Con- 
versely, Vit. Bl2 eluted into Peak I of the 
Sephadex G-25 column represents bound Vit. 
B12 only. This is evidenced by the follow- 
ing: 1 )  Radioactivity in this fraction is as- 
sociated with the presence of protein (pep- 
tide) materials; 2 )  All Vit. B12 in this frac- 
tion is non-dialyzable; 3 )  All Vit. B12 in this 
fraction has anodic mobility only, which is 
characteristic for Vit. B12 bound to Vit. BIZ- 
binders in the gastric juice. This anodic mo- 
bility cannot be due to the presence of degra- 
dation products of free Vit. B12, which may 
also have anodic mobility( 17) since these are 
dialyzable and have not been detected in the 
same batch of free Vit. BI2 at  the anodic side 
of electrophoretic par ti tion. 

over 50% of the non-dialyzable Vit. BIZ, 

eluted into Peak I from Sephadex G-25 col- 
umn, was adsorbed by Norit A. This indi- 
cates that charcoal is well suited for adsorp- 
tion of free B12, but cannot be used for quan- 
titative separation of free and bound Vit. B12 
from mixtures containing both forms of Vit. 
BIZ. This agrees with findings of Gregory 
and Holdsworth ( 18). 

One of the advantages of Sephadex frac- 
tionation is the excellent yield of materials 
eluted from the column. We calculated the 
amounts of radioactivity put on and eluted 
from the column and noted almost 100% re- 
covery. This cannot be duplicated by any 
other separation method used for assay of 
free and bound Vit. BI2. Oither advantages 
are reproducibility, ease, and relative speed 
of the technic. Furthermore, Sephadex frac- 
tionation does not reduce the biological ac- 
tivity of materials applied. This is of sig- 
nificance in the work on intrinsic factor and 
intrinsic factor-related Vit. BIS binders, espe- 
cially since buffers or solutions of any pH 
and ionic strength may be used with this col- 
umn(5-7). Sephadex G-25 may be applied 
to the separation of free Vit. B12  from Vit. 
B12 bound to any biological materials such as 
serum, gastrointestinal secretions, and other 
body fluids. All these Vit. B12 binders have 
molecular weights above 3,500-4,500( 9 )  so 
that they are excluded from the G-25 gel and 
pass into the Peak I of the effluent. This 
fractionation method is therefore suitable for 
assay of Vit. BI2 binding capacity and bio- 
logical Vit. B12 binders and may also substi- 
tute for dialysis or ultrafiltration methods 
used for this purpose. 

Summary and conclusions. A good separa- 
tion of bound from free Vit. B12 is obtained 
on Sephadex G-25 columns in mixtures con- 
taining free Vit. BI2 and Vit. B12 bound to 
binders of the normal human gastric juice. 
Sephadex G-2 5 fractionation method may be 
very useful in the assay of Vit. B12 binding 
capacity of biological Vit. B12 binders and 
intrinsic factor materials from human and 
animal sources. 
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The potential importance of fibrinolytic 
mechanisms in health and disease has been 
suggested ( 1 ) . However, our knowledge of 
fibrinolysin inhibitor concentration of serum 
in pathologic states is meager(2). In  previ- 
ous studies streptokinase was usually used in 
the assay system. This practice imposes a 
limitation since sera contain variable levels 
of streptokinase antibody(3). 

The purpose of this study was to construct 
a lysing medium from human fibrinogen-plas- 
minogen, activated with human urokinase and 
clotted with thrombin, and to investigate the 
inhibition of such a system by sera from nor- 
mal human controls and from patients with 
various diseases. Several inhibitors to fibrin- 
olysis have been described(2). The assay 
medium organized for this study was believed 
to contain all essential human fibrinolytic 
components. I t  was, therefore, thought that 
any inhibitor response measured would reflect 
the total inhibiting capacity of serum on all 
the fibrinolytic reactions, under the conditions 
employed. Variations in the proportions of 

* Guest worker from Upjohn Co., Kalamazoo, 
Mich. 

individual inhibitors would not, of course, be 
observed. Measurement of the summation of 
serum inhibitor activity might mimic physio- 
logical conditions more realistically than 
would the use of purified entities. Herein is 
reported the fibrinolytic inhibitor activity of 
16 normal human control sera and sera from 
32 patients with a variety of clinical condi- 
tions. 

Materials and methods.  H u m a n  fibrino- 
gent :  The solids from several vials of lyo- 
philized, partially purified human fibrinogen 
were mixed intimately in a closed container. 
The composite analyzed 11% moisture and 
80% protein; 30% of the protein was clot- 
table. The fibrinogen was assayed for plas- 
minogen using streptokinase as an activator 
and contained 0.12 caseinolytic units/mg clot- 
table protein. The composite was stored at  
4°C. 

Urokinase: : A stock solution was prepared 
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