
Table 2. Comparison of the activities of antihuman properdin rabbit serum in ditierent 
systems that require properdin. 

-~ 

Units of 
properdin 

Method Investigators inactivated 
by 1 ml of 

anti-HP(A )  

Inactivation of C'3 in zymosan assay ( I )  'This laboratory 80-1 20 
Inactivation of C'3 in zymosan assay (9 )  H. Isliker 60- 80 
Hemolysis of PNH erythrocytes (6)  C. F. Hinz, Jr. 80-120 
Bactericidal activity against Sh.  dysenteriae (4)  R. J. Wedgwood 100-200 
Inactivation of coliphage, 'r2 (3) 13. Van Vunakis, 

J. L. Barlow, 
and L. Levine 100-200 

fied human properdin, under appropri- The availability of antiproperdin 
ate conditions, results in the appearance serums should help in the characteriza- 
in their serum of antibodies which inac- tion and measurement of properdin and 
tivate properdin. This suggests that the in the clarification of the nature of the 
use of heterologous properdin in experi- interactions of the properdin system with 
mental animals or patients may be un- various infectious agents, red cells, and 
desirable because of its antigenicity. polysaccharides. 

Antihuman proper din rabbit serum iq LOUISPII.IXI\~EII 
stable to heating at 56OC for S hour; it CARLF. HINZ,JR. 

inactivates properdin almost instantane- LEONAWUKZ 
ously at either 37OC or S°C; and its Institute of Patholog). and Department 
antiproperdin activity is removed by ad- of Medicine, School of Medicine, 
3orption with purified properdin or prop- Il'estern Reserve University, 
erdin-zymosan complexes (PZ)  but not Cleveland, Ohio  
by human serum free of properdin ( R P )  
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are agglutinated by antiproperdin rabbit 

serum but not by normal rabbit serum 

or by antihuman gamma globulin or anti- 

human serum rabbit serums. Hemaqglu- 

tination is inhibited by properdin and Graded Collodion Membranes for 

serum reagents containing properdin. Separation of Small Molecules 

This suggests that hemagglutination in- 

hibition reactions may pventually be pm- In thc course of doing work on a 

ployed for the detection or quantitative problem in p r o t ~ i n  chemistry, it became 

measurement of properdin. apparent to us that it would bp useful to 


I t  is encouraging that five diffprent have membran~s that could m a k ~  separa-
laboratories employing four differpnt tions betwren molecules that are smaller 
means of measuring properdin wpre in in molecular weight than 30,000. The 
agreement on the antiprop~rdin activity preparation of membran~s of graded po- 
of the serum [anti-HP(A)] furnishpd rosity in the range of pore sizes above 
them (Table 2 ) .  Thus, antiprop~rdin those we werp int~rested in had a l r~ady  
antibodies inhibited the bactericidal, been worked out in detail ( I ) .However, 
virus-inactivating, hpmolytic, and C'3 thew has been no detailed study of t h ~  
inactivating properties of normal serum pr~paration of mpmbranes with graded 
or human properdin in a similar manner. poroqity in thp lower range of pore sizps. 

As early as 1915, Brown ( 2 )  showed 
that dried collodion membranes swelled 
when they were placed in solutions of 
ethanol and water: the higher the con- 
centration of ethanol, the greater the de- 
gree of s~velling, and, hence, the greater 
the porosity of the membrane. However, 
this idea has never been followed up to 
any extent, and very little use has been 
made of it. The  purpose of the present 
work (3) has been to make a detailed 
study of the method of Brown in an 
effort to make the desired graded col-
lodion membranes under carefully con-
trolled conditions. The procedure that 
we have found suitable for the repro-
ducible preparation of such membranes 
is as follows. 

Collodion membranes are cast accord- 
inq to the procedure described by Gregor 
and Sollner ( 4 ) .  Collodion solution is 
poured in succession over six rotating 
test tubes that have been specially pre- 
pared for this purpose ( 5 ) .The tubes 
each have a 2-mm hole in the bottom 
rvhich has been sealed by allowing a drop 
of caramelized sugar to harden in the 
hole. 

Three minutes after the first layer is 
placed on the tubes, a second layer is put 
on in exactly the same way as the first. 
The resulting two-layer films are allowed 
to dry on the rotating tubes for at least 
30 minutes. The tubes can then be re-
moved from the casting apparatus and 
allowed to stand at room temperature 
for about 6 hours or until they are com- 
pletely free of solvent. They can stand 
longer at this point; however, it is best 
to rcmove the membranes from the tubes 
within 1 day after casting. 

T o  remove the membranes from the 
tubes, the tubes are placed in water at 
room temperature for 2 hours. This al- 
lows the caramelized sugar in the hole at 
thc bottom of the tubes to dissolve com- 
pletely and also allows the membrane 
to become saturated with water. If flat 
membranes are desired, they may be cut 
off the tubes with a sharp knife. If bag-
shaped membranes are desired, they can 
5ometimes be obtained by slipping the 
membranes off the tubes after the soak- 
inq in water. When the membranes do 
not loosen and come off after this treat- 
ment, the tubes with the membranes still 
on them are placed in 70 percent ethanol 
for 1 to 2 hours. They are then put back 
in water and, a f t ~ r  2 or 3 minutes, thc 
membranes may be s l i p p ~ d  off the tubes. 
After the membranps h a v ~  b e ~ nremoved 
from the tubes, they are allowpd to dry 
again at room temperature. Drying is 
cont inu~d until no watpr droplets are 
\i$ible. 

Thp next stpp, which results in the 
erading. of the porosity, is to p l a c ~  the 
dried films in varying conc~ntrations of 
cthanol. Our ethanol qolutions have b ~ e n  
preparcd as follo~\s: An 85-percent 



Per Cent Ethanol 
Fig. 1. Permeation of solutes through collodion membranes previously swelled in ethanol- 
water solutions. 

ethanol solution is made by mixing 85 
ml of absolute ethanol (water-free) with 
15 ml of water; a 95-percent ethanol 
solution consists of 95 ml of ethanol and 
5 ml of water, and so forth. The mem- 
branes are kept in the ethanol solutions 
for 3 hours, preliminary experiments 
showing that the degree of swelling 
changes very little after this time. They 
are then placed in water until they are 
used. 

The  determination of the degree of " 
porosity of the membranes was carried 
out, for the most part, by measuring the 
rate at which solutes of various sizes 
diffused through the membranes. In  this 
way, we would kno~v directly whether or 
not a certain degree of swelling was suit- 
able for a particular separation. 

A solution containing the solute to be 
tested was placed inside a bag-shaped 
membrane (12 by 100 m m ) ,  and water 
was placed outside. The membrane with 
solution was placed in a 25- by 100-mm 
test tube containing 20 ml of water. I t  
was then placed in a thermostat at 
25.1°C, and the concentration of the 
solute which appeared in the outside 
solution was determined after 6 hours. 
From the initial volumes and concentra- 
tions in the two compartments, the equi- 
librium concentration was known. From 
the concentration in the outside solution 
at 6 hours, the percentage of the equi- 
librium value was calculated. A sum-
mary of results we have obtained using 
this procedure is shown in Fig. 1. 

The curves in Fig. 1 are quite repro- 
ducible if such variables as membrane 
thickness and swelling conditions are con- 
trolled carefully. For example, in a given 
series, ten 90-membranes tested with urea 
gave an average value of 63.4 ? 2.5 per- 
cent equilibration. The  variation from 
series to series, however, is not quite as 

good. When a particular point on one 
of the curves is checked with new col-
lodion solutions, new reagents, and so 
forth, the variation may be as much as 
15 to 20 percent from the original value. 

For membranes s~velled in 94-percent 
ethanol and higher concentrations. we -
have used ultrafiltration as a method of 
characterization. Ultrafiltration of solu-
tions being tested was carried out with 
the 12- by 100-mm membranes accord- 
ing to the technique of Clegg (6) .  The 
membranes were placed in nylon bags 
which were then suspended in 15-ml cen- 
trifuge tubes. When centrifugation was 
carried out at 1000 to 1500 rev/min, 
liquid collected at the bottom of the 
tube, the rate depending on the porosity 
of the membrane. The resulting. liquid 
was then tested for solute. 

Using this procedure, we found t h a ~  
the 94-percent membranes just held back 
lysozyme, the 96-percent membranes just 
held back egg albumin, and the 97-per- 
cent membranes just held back serum 
albumin. This is about the upper limit 
in porosity that can be obtained with 
this method. Membranes s~velled in 98- 
percent ethanol for 30 minutes are verv 
weak, and 99-percent ethanol dissolves 
the film completely in a very short time. 

T o  test these membranes further, sepa- 
rations of two different substances by 
dialysis have been attempted bv placinq 
a solution of the two substances inside a 
qiven membrane and water outside. 
With a membrane swelled in 90-percent 
ethanol and urea and sucrose as the so- 
lutes, it was found that in 36 hours the 
urea concentration was reduced to 10 
percent of its original value, while the 
sucrose concentration was unchanged. 
LVith a membrane swelled in 87.5-per- 
cent ethanol and urea and glucose or 
urea and the tripeptide, glycylglycylgly- 

cine as the solutes, it was found that 
when the urea concentration was re-
duced to 5 percent of its original value, 
there was a 10 to 15 percent loss of the 
larger solute in the dialyzate. In  these 
instances when the ratio of the molecular 
weights of two solutes is as low as 3/1, 
a complete separation is not obtained. 
Nevertheless, such separations could still 
be practical, especially if fractional dialy- 
sis were employed. Craig and King ( 7 )  
have recently shown that fractional dialy- 
sis with cel lo~hane membranes can be 
quite useful in estimating the size and 
homogeneity of unknown solutes. The 
availability of a series of graded mem-
branes covering the smaller solute range 
should make this technique even more 
useful. 

We have made practical use of these 
membranes in the separation of salts 
from lour-molecular-weiqht proteins and 
polypeptides by means of electrodialysis. 
In  addition, we have been able to make 
studies on the equilibri~~rrl dialysis of 
solutes which diffuse throuyh the conven- 
tional dialyzing membranes (8) .  
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Liver Catalase and Tumor 

Inhibition by Urinary Extracts 

The influence of tumor growth on the 
liver catalase content has been noted by 
many workers; in particular, Adams ( I )  
has reported on the c h a n ~ e s  in this en- 
zyme that follow the injection into 
mice of homogenized sarcoma-37 tissue. 
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