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Abstract

A study has been made of the isclation of blood group
A-substance from various sources with the aim of ascertaining
the relative efficacy of procedures in concentrating A-substance,
Preparations of A-substance wefe isolated from hog gastric mucin,
hog gastric mucosa, pepsin, human erythrocytes and gtromata, and
psetdomucinous ovarian cyst fluids according to procedures pre-
viously described., This has afforded a direct comparison of the
procedures and products obtained,

In order to facilitate the examihation of the activities
of fractions obtained in isolation procedures, a color test was
developed which under certain conditions can be used to predict
serological potencies., The carbazole reaction for the estimation
of hexoses in polysaccharides was also reinvestigated and an im-
proved procedure developed.

The preparation of A-substance from hog mucin vas studied
in detail by means of electrodialysis and alcohol fractionation
and with the aid of a number of criteria of fractionation including
serological potency, elementary analyses, analyses for a few sugars
and amino acids, and ultraviolet absorption spectra. Spectrophoto-
metric analyses have also led to the separation of highly potent,
electrophoretically homogeneous, preparations into two distinct
fractions differing strikingly in their solubility at low ioniec
strength and low pH, The more active inscluble component was inhomo-
geneous, however, by electrophoresis, solubility, particle size studies,

and serological specificity.



-Dws
A preliminary investigation of the nature of the alkaline
decomposition of A-gubstance and of some of the products so formed
was made,
The diurnal variation in the carbon dioxide content of the
extractable gases of leaves of Bryophyllum fedtschenkoi was
measured; results were not decisive in testing a hypothesis con-

cerning the mechanism of diurnal acid production of succulents,
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INTRODUCTION

Investigations on the isolation and characterization of blood group
specific substances have relied exclusively on serological tests for the
determination of the activities of fractions obtained by various pro-
cedures. Isoagglutination inhibition and hemolysis inhibition tests
have been used and, more recently, a precipitin test has been developed
by Kabat and Bezer (1). In the course of work on the isolation of
blood group substances from various sources it was considered ad-
vantageous to study a color test which appeared suitable for the esti-
mation of the approximate activity of these preparations. This test
has proved useful in our work and is of interest since it emphasizes an
intrinsic feature of the structure of A-substance.?

The test involves the reaction of Ihrlich’s p-dimethylaminobenzal-
dehyde reagent with substances which have been previously treated
with a hot alkaline solution; the procedure is essentially that described
by Morgan and Elson (2) for the estimation of N-acetylglucosamine.
This procedure has been found to give a characteristic red-purple color
for A-substance isolated from hog gastric mucin (3) and from human

* Contribution No. 1005.

1 The work described in this paper was done under a contract, recommended by the
Committee on Medical Research, between the Office of Scientific Research and
Development and the California Institute of Technology. .

2 In this paper A-substance refers to material which is capable of inhibiting the
isoagglutination of human blood group A cells by serum from individuals of blood
group B; evidence is available (5) that some materials which are active indsehemolysis
tests may have differing properties.
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ovarian cysts (4). The reaction appears to possess some specificity
since colors are not given by other polysaccharides containing hexo-
samine such as chondroitin sulfuric acid and hyaluronic acid (3), or by
tryptophan (2), which is known to react with Ehrlich’s reagent under
other conditions (6).

It has been possible, by means of this reaction, to correlate the
serological activities of preparations of A-substance, determined by
isoagglutination inhibition tests, with the intensities of colors produced
with Ehrlich’s reagent. The correlation has been applied to fractions
obtained from hog gastric mucin by procedures using mild conditions. -
The empirical relationship derived between serological activity and
color intensity then provides a method for the assessment of the
activity of subsequent undegraded A-substance preparations simply
from the results of the color test.

While the color test possesses the advantages of considerable con-
venience and speed and somewhat greater precision than the isoag-
glutination inhibition test, it is emphasized that the method is not
general and must be applied with caution to fractions obtained by
procedures involving degradation of A-substance. Furthermore, no
attempt has been made to investigate exhaustively all factors influenc-
ing the color test, since the limited knowledge of the structure of A-
substance inevitably restricts investigations of this kind at present.

EXPERIMENTAL
Color Test

p-Dimethylaminobenzaldehyde (Ishrlich’s) Reagent. The reagent was prepared by
dissolving 2 g. of Eastman White Label p-dimethylaminobenzaldehyde in a solution
containing 100 ml. of glacial acetic acid and 2 ml. of 12 N HCL. The reagent was
stored in bottles protected from light.

“Test Solutions of Fractions. Solutions were prepared by dissolving weighed samples
in volumetric flasks and diluting with 0.9% NaCl; the test material concentration
was usually 1000 v/ml. It was convenient to use saline as the same solutions could
then be used for the serological tests.

N-Acetylglucosamine Solutions. Weighed amounts of dry N-acetylglucosamine
were dissolved in 0.99% NaCl, approximately 0.1 saturated with chloroform. Dilute
solutions with concentrations in the range 10-100 y/ml. were prepared by diluting
aliquots of more concentrated solutions. It was found that sodium chloride had no
significant effect on the color produced with Ehrlich’s reagent. N-Acetylglucosamine
was prepared. essentially according to the procedure of Breuer (7) from d-glucosamine
hydrochloride. The hydrochloride was neutralized with sodium hydroxide before
acetylation.
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Procedure for the Analysis of A-substance. One ml. of A-substance solution® and
0.1 ml. of 0.25 M Na,CO; were added to a 15 ml. calibrated centrifuge tube and the
solutions mixed. Two controls were prepared: (I) a blank on the reagents (1 ml. of
0.99% NaCl and 0.1 ml. of 0.25 M Na.CO;) and (II) a blank on A-substance (1 ml.
of A-substance solution and 0.1 ml of 0.25 M Na,COs). The second control was
required as A-substance solutions gave a light yellow color after digestion and some
solutions gave slight turbidities on final dilutions with acetic acid.

The solutions were heated in a boiling water bath for 15 minutes and cooled by
immersion in tap water. The solutions were diluted to 9 ml. with glacial acetic acid
and 1 ml of the p-dimethylaminobenzaldehyde reagent added to the A-substance
solution and to Control (I). One ml. of glacial acetic acid, 0.24 N in HCI (prepared
by mixing 1 ml. of 12 N HCI and 50 ml. of glacial acetic acid), was added to Control
(IT). The colors were allowed to develop in a water thermostat at 25.0 4 0.1°C. for
50-60 minutes. The color intensities were then measured with the Klett-Summerson
Colorimeter using a green filter (Klett No. 54); the instrument was preliminarily
set at zero against a tube of distilled water. The color intensities were all read in the
same Klett tube by rinsing the tube with several portions of solution before adding
the major portion. The colorimeter reading for a particular fraction was taken to be
equal to the colorimeter reading for the A-substance solution minus the sum of the
colorimeter readings for Controls (I) and (II).

Procedure for the Analysis of N-A cetylglucosamine. The procedure was the same as
for A-substance except that the digestion with alkali was only for 5 minutes, the time
recommended by Morgan and Elson (2). Further digestion with alkali produced
very rapid decreases in the intensity of the color with Ehrlich’s reagent. Control (I1T)
was not necessary as no turbidities are produced with N-acetylglucosamine in the
acetic acid solutions.

Confirmatory and Other Experiments

In the following sections the results of investigations of some of the conditions
influencing the color test are summarized.

Conditions of the Alkaline Digestion. One-tenth ml. of 0.25 M Na,COs/ml. of A-
substance solution gave a maximum color intensity with Ehrlich’s reagent with most
preparations after 15 minutes digestion at 100°C. About 60-709%, of the maximum
color intensity was produced after 5 minutes digestion, 90-959%, after 10 minutes
digestion and 90-100% after 20 minutes digestion. None of the A-substance samples
prepared from hog gastric mucin by fractionation with alcohol (8), sodium sulfate
(3) or phenol-alcohol (3), from pepsin by autolysis (8) or alcohol fractionation (9),
or by treatment of A-substance with papain-HCN or formamide (8) gave any
significant color with p-dimethylaminobenzaldehyde without prior alkaline digestion.

For a digestion time of 15 minutes, the concentration of sodium carbonate given
above (0.1 ml. of 0.25 M Na.COs/ml. of A-substance solution) produced the maximum
color intensity for an A-substance preparation obtained by sodium sulfate fraction-
ation. The color intensities were 95% and 909 of the maximum color intensity when,

- 3 In the present status of the procedure, it is desirable to standardize on a selected
concentration of material, e.g., 1000 v/ml. (&£ 10%), due to the non-linear dependence
of the color on the concentration of A-substance.
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respectively, 0.05 ml. and 0.15 ml. of 0.25 M Na,COs/ml. of A-substance solution
were used. The pH of the solution after digestion with 0.1 ml. of 0.25 M Na,CO; was
10-10.5; before digestion the pH was usually somewhat higher, 10.3-10.8. If a test
solution is highly buffered, or contains acid, the proper pH will not be maintained
during digestion and erroneous results will be obtained.

p-Dimethylaminobenzaldehyde Reagent. The reagent whose preparation is described
above had a pale yellow-orange color which increased in intensity on standing; for
this reason the reagent was prepared fresh about every 7-10 days. During the period
the reagent was being used, the blank color in the analyzed solutions gave very low
colorimeter readings in the Klett-Summerson Colorimeter using a green filter (Klett
filter No. 54, approximate spectral range, 500-570 mg). A reagent prepared from p-
dimethylaminobenzaldehyde recrystallized according to the procedure of Adams
and Coleman (10) gave slightly smaller blank colors which increased but little on
standing. Furthermore, this reagent, when freshly prepared, gave color intensities
for A-substance solutions which were 8-109, greater than those obtained with the
unpurified reagent. However, for some reason not thoroughly investigated, this
reagent appeared to be somewhat less stable than the reagent prepared from unre-
crystallized p-dimethylaminobenzaldehyde with respect to the color produced with
A-substance; successive analyses of A-substance solutions over a period of several
days gave decreasing colorimeter readings. For the purposes of this investigation it
was more convenient to use the more reproducible, but somewhat less sensitive
reagent prepared from unrecrystallized p-dimethylaminobenzaldehyde.

It is apparent from these results that it would be desirable to standardize the
procedure so that color intensities produced with A-substance would not reflect
changes in the reagent. A few experiments have indicated that N-acetylglucosamine
may be a suitable standard as it is stable, can be prepared quite pure, and appears
to respond in a similar manner as A-substance to changes in the reagent. Comparisons
of the colors obtained with A-substance and N-acetylglucosamine are described in the
following sections.

Conditions for the Color Development. The concentration of HCl in the p-dimethyl-
aminobenzaldehyde reagent is 0.24 N ; this differs from the concentration, 0.6 N HCI,
recommended by Morgan and Elson. The latter concentration was unsuitable; the
maximum color intensities for A-substance preparations with the reagent occurred
in 10 minutes and the color faded rapidly thereafter at the temperature of develop-
ment, 25°C. The lower concentration of HCI gave a maximum color intensity in 50—
60 minutes for both A-substance and N-acetylglucosamine and the colors were stable
for at least 30 minutes longer. The marked effect of temperature on development as
well as HCI concentration on the rate of color development was noted by Morgan
and Elson, who used temperatures of 13-16°C. For this reason the temperature during
development was controlled by immersing solutions in a water bath thermostat at
25.0 4= 0.1°C. Since HCI concentration influences the rate of color development,
reliable results will be obtained only if the test solutions of preparations do not contain
large amounts of buffering agents.

Comparison of Colors Obtained with A-Substance and N-Acetylglucosamine. Morgan
and King (3) have suggested that the color reaction with Ehrlich’s reagent is due to
an N-acetylglucosamine rest in A-substance. A-substance from hog gastric mucin
was found to give colors equivalent to 12-139%, N-acetylglucosamine; this estimate



BLOOD GROUP A CELLS 419

is approximately confirmed. The equivalent per cent N-acetylglucosamine of a number
of purified A-substance fractions has been found to vary from 10-13%; these values
were calculated for colors obtained with 1000 v of material and for a period of heating
with alkali of 15 minutes for A-substance and 5 minutes for N-acetylglucosamine.
The fractions were isolated from hog gastric mucin by fractionation with alcohol,
sodium sulfate or phenol and alecohol, from pepsin by autolysis or alcohol fractionation,
or by treatment of A-substance with papain-HCN or formamide. Morgan and King
used results for shorter digestion times of A-substance (6 minutes) for their calcula-
tions; their test conditions also differ as has been discussed above. It is of interest
that the equivalent per cent N-acetylglucosamine accounts for less than half of the
28-309%, hexosamine found in A-substance (3, 8, 11).

It should be noted that calculations of equivalent N-acetylglucosamine content
are subject to variation depending on the amount of A-substance used for analysis
and on the time of digestion of A-substance and N-acetylglucosamine with sodium
carbonate solution. A maximum color intensity occurs for most A-substance prepara-
tions after digestion at 100°C. with alkali for 15 minutes; a considerably sharper
maximum is produced for N-acetylglucosamine after 5 minutes digestion with alkali.

Serological Test (Inhibition of Isoagglutination)

Anti A-(a)-Agglutinin, Pooled serum collected from persons of blood Group B
was used. This serum was prepared by the Hyland Laboratories* and was selected
for reasonable potency before its pooling. All of the serum used by us bore the same
lot number. It was dyed with a preservative and stored at 5°C. in the original con-
tainers. The undiluted serum just produced incipient agglutination at a dilution of
1:128 when tested against pooled A cells by the method described below. The potency
of the serum remained constant during the course of the experiments. The serum was
diluted with 24 volumes of 0.99 NaCl solution just before use in the inhibition of
isoagglutination studies. Thus, there were present 20 microliters of serum in each
tube of a series, while 4 microliters of serum were sufficient to produce just micro-
scopically visible agglutination of the volume of cells used in the inhibition system.
This four-fold excess of serum over that required to give incipient agglutination was
insufficient, however, to produce complete agglutination of the volume of pooled
Group A cells (not selected with reference to subtype) used.

Anti B-(B)-Agglutinin. Pooled serum from persons of blood group A was used.
This serum, prepared by Hyland Laboratories, was similar to that containing anti
~ A-(a)-agglutinin. The undiluted serum just produced incipient agglutination at a
dilution of 1:256 when tested against pooled B cells by the method described below.
As in the case of the anti A-(a)-agglutinin 20 microliters of group A serum were
present in each tube of a series, with 2 microliters being sufficient to produce just
microscopically perceptible agglutination of the group B cells present. Thus, there
was employed a nine-fold excess of serum over that required for incipient agglutina-
tion. This amount was almost sufficient to produce complete agglutination of the
volume of group B cells used.

Group A Erythrocytes. The cells used in each experiment were pooled from ten
individuals, each of Group A. Since the source of the cells was a Red Cross blood bank

¢ Address: 4534 W. Sunset Ave., Los Angeles, California.
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center, each batch was obtained from different groups of donors. The unwashed cells
were preserved at 5°C. and used until a suspension of them showed microscopically
perceptible autoagglutination. They were then discarded. In no case were ¢ells used
for longer than 5 days following their collection from the donors. Just before use the
cells were washed 4-5 times by suspending them in 4 times their volume of 0.9%
NaCl solution, stirring and centrifuging. For use in the inhibition studies a 1%
suspension of the freshly washed cells was prepared by diluting an aliquot of the
packed cells with 0.99, NaCl solution.

Group B Erythrocytes. The pooled cells from ten individuals of blood group B were
treated as described for group A cells.

Experimental Procedure for Determinations of A and of B Activity. The following
description applies as well to the procedure for the determination of the inhibition of
isoagglutination of group B cells as it does to that for group A cells, with suitable
changes in the kind of sera and cells used. It is specifically discussed with reference
to A activity only. Solutions of the substances to be tested were prepared in 0.99%,
NaCl at a concentration of approximately 1 mg./ml. Serial dilutions by two of the
test substances with normal saline were made in small culture tubes. In making these
dilutions 1 ml. serological pipets were used to mix and then withdraw 0.5 ml. aliquots
from each tube for transfer to the next. A fresh pipet was used for each tube in a series.
The final volume of test substance solution in each tube was 0.5 ml. Into each tube
of the series and into suitable controls 0.5 ml. of 1:25 Group III (B) serum was pipet-
ted. The contents of the tubes were mixed by sharp stroking of the tubes and were
then allowed to stand in a water bath at 20-25°C. for one hour. One-half ml. of a 1%
suspension of Group II (A) cells in normal saline was then pipetted into each tube of
the series. The contents of each tube was again mixed and then allowed to stand
for 2 hours at 20-25°C. At the end of this time the tubes were centrifuged for 1 minute
in a clinical centrifuge. The examination of the mixture for agglutination was made
as follows. The centrifuged cells in each tube in a series were resuspended by stroking
the tube, at the same time observing whether there was massive agglutination. In
this way it was possible to eliminate certain tubes from further consideration. For
the final selection of the first tube in a series which had agglutination the contents
were examined under the low-power objective of a microscope. The stage of the
microscope was tilted so that when a drop of a cell suspension was streaked across
the slide, the cells moved slowly across the field. By observing whether cells which
seemed to be aggregated as they entered the field remained so as they moved across
it, it was possible to distinguish true agglutination from adventitious clumping. The
endpoint of inhibition was taken as the mean of the smallest amount of A substance
which entirely prevented clumping of cells (recorded as 0 agglutination) and of that
amount which permitted several 2-cell aggregates to be observed in two to three
streakings of the suspension across the field (recorded as =+ agglutination). In some
cases the first tube of a series to show agglutination exhibited it sufficiently strongly
that 1-3 2-cell clumps were continually visible in the moving field (recorded as + 1
agglutination). In these latter cases, where there was no tube having == agglutination,
the endpoint was taken as the mean of the amounts of test substance present in the-
last tube which showed 0 agglutination and in the first tube with + 1 agglutination.

The titer of a preparation, 7.e., the microliters of serum neutralized/y of substance,
was calculated by dividing 20 (the number of microliters of serum in the test system)
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by the amount of material taken as the endpoint; the amount of serum which reacts
with the red cells in the test system is neglected. The experiment described immedi-~
ately below indicates that the titer of a preparation is essentially independent of the
amount of serum used in the test system.

An experiment was performed to investigate the dependence of the inhibition titer
of a test substance on the agglutinin concentration. Six sets of tubes were prepared,
each set being of serial dilutions by two of an A-substance preparation in normal
saline (final volume in each tube; 0.5 ml.). The test substance used in this experiment
was material precipitated from hog gastric mucin by 309, Na,SO; and soluble upon
electrodialysis of the precipitate.

To each tube within a series, 0.5 ml. of serum, diluted in some cases with normal
saline, was added. A different dilution of serum was used for each series. After mixing
their contents the tubes were allowed to stand 1 hour in a water bath at 25°C. To
each tube 0.5 ml. of a 19, suspension of group A cells in normal saline was added.
The tubes were allowed to stand for 2 hours at 37°C. They were then examined for
agglutination by the method described above. The results are presented in Table I.

TABLE I
Dependence of Endpoint Upon Amount of Serum Used in Test
Amount of Test Substance In Tube Showing
Amount of Serum Indicated Degree of Agglutination (v)
Present in Each
Tube (ul)
0 =+
500 36.1 18.1
250 18.1 9.0
125 9.0 4.5
62 2.2 1.1
31 2.2 1.1
20 1.1 0.56

Any endpoint obtained by the inhibition test may be in error by a factor of two.
This limit of error is fixed partly by the use of serial dilutions by two and partly by
the unknown extent to which small differences in experimental conditions affect the
phenomenon of agglutination. With these considerations borne in mind the data in
Table I can be seen to illustrate the generally linear dependence of inhibition end-
point on agglutinin concentration.

Rusvurs

The correlation of the serological activity and the color intensity
obtained with Ehrlich’s reagent for A-substance fractions prepared
by mild procedures from hog gastric mucin® is shown in Fig. 1. The
preparations were obtained by fractionation with sodium sulfate or

8 Wilson Laboratories gastric mucin granules, Item No. 443.
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phenol-alcohol according to the methods of Morgan and King (3), by
alcohol fractionation, by aqueous extraction and by electrodialysis of
some of the fractions derived from these procedures. The procedures
do not subject A-substance to conditions which are known to degrade
it, such as highly acidic or basie solutions at elevated temperatures (3).
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Relation between Color Intensity with Ehrlich’s Reagent and the Isoagglutination
Inhibition Titer for A-Substance Preparations from Hog Gastric Mucin

This restriction permits a more accurate estimate of the degree of
correlation between the color test and the serological test since de-
graded materials, which may differ substantially in behavior from
undegraded materials in these tests, are omitted from consideration.
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Data for 47 separate fractions are plotted in Fig. 1. The serological
activity is reported as microliters of serum neutralized/y of test ma-
terial. The value of the titer for a preparation was calculated from the
mean of the amounts of material found by the serial dilution technique
to produce minimal agglutination and complete inhibition of agglutina-
tion. Usually only single determinations of titers were made; the
precision of the determination is estimated to be 4= 50-10C%, over the
whole range of titers.

The ability of the substance to give a color with Ehrlich’s reagent
is given on the abscissa of Fig. 1 as Klett Colorimeter units/y of test
material. This value is not entirely independent of the amount of
material utilized in the color test, usually about 1000 v with an over-all
range of about 500-1500 v. However, the values of the slopes (Klett
Colorimeter units/y) at the limits of this range were found to differ
by less than 89 from the slope for 1000 v of material for a number of
A-substance preparations. Since these deviations approach the preci-
sion of the color test and are small compared to errors in the serological
test, it would be expected that the existence of a correlation between
the two tests would not be obscured by neglecting these deviations.
No corrections for these deviations have been applied to the data in
this study. Such corrections would be a desirable refinement as the
precision of the methods improve and when the nature of the color
reaction is clearly established. The majority of the slopes reported are
the mean of two determinations with an average deviation from the
mean of 39, for highly active preparations and as much as 10-309,
for weakly active preparations (less than 0.5 microliters/y).

The curve shown in Fig. 1 is the least squares fit of a second-degree
parabola to the data; the index of correlation for the curve is 0.95.
The data show a normal distribution about the least squares curve;
a semi-logarithmic plot of the data is convenient because of the wide
range of titers of preparations. Since the precision of the color test is
about ten times greater than the serological test (except at very low
activities), the least squares solution has not considered the errors
which may be involved in the colorimetric estimation. Because of the
difficulty of estimating very faint colors at low activities, the estimated
" titers from the least squares curve below 0.17 microliters/y are not
significant. ' ‘

The curve in Fig. 1 shows that a significant relation exists between
the color with Ehrlich’s reagent and blood group A activity. This
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TABLE II

Comparison of Observed and Estimated Titers for Fractions
Isolated from Hog Gastric Mucin*

Titer (ul serum/v)

Probability of

Compound No. Procedure _ observed
Observed Estimated devigtion
R4-F4 Alcohol fractionation (Land- 0.085 0.17 0.27
R5-F1 steiner and Harte) .29 .20 .56
R4-F1 .30 27 .87
R5-F2 20 19 .94
R10-F2 8.2 19 .18
" R8-F2B 44 27 43
R4-F2 29 28 .96
R5-F3 111 44 .14
R8-F1 54 54 1.00
R4-F3 63 56 .85
R11-F2 154 59 13
R8-F2A 42 61 .56
C-51 Procedure of Meyer, Smyth, and 6.1 2.2 ik
C-49 Palmer 5.7 8.0 .59
C-54 22 27 75
C-8 27 35 .68
C-50 21 39 .33
C-4 53 44 Al
C-48 33 65 28
C-75 Treatment with ammoniacal 84 45 .32
C-76 copper solution 84 54 .49
C-77 44 55 a2
R14-F2A Treatment with alkaline pyri- 48 38 71
R14-F1A dine 53 53 1.00

* Notes to Table II.—R/4-F/: Soluble after addition of 2 vol. EtOH to filtrate of
aqueous suspension of mucin. R5-F1: Insoluble in aqueous suspension of mucin,
pH 4.3, after heating at 90°C. R4-F1: Same as R5-F1, duplicate experiment. R5-F2: .
Insoluble on addition of 34 vol. JitOH to filtrate of aqueous suspension of mucin.
R10-F2: Obtained by dialysis of R5-F2 for two weeks at 5°C. R8-F2B: Residue on
electrodialysis of R5-F3 for 5 days. R4-F2: Same as R5-F2, duplicate experiment.
R5-F3: Precipitated between 34 and 2 vol. EtOH from filtrate of aqueous suspension
of mucin. R8-F1: Clear supernatant on electrodialysis of R5-F3 for 5 days. R4-F3:
Same as R5-F3, duplicate experiment. R11-F2: Obtained by dialysis of R5-F3 for two
weeks at 5°C. R8-F2A: aqueous washing of R8-F2B. C-51: Precipitated at pH 7 by
zine acetate. Electrodialyzed at pH 5.3, insoluble after electrodialysis. C-49: After
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TABLE II (Continued)

‘ Titer (ul serum/y) Probability of
Compound No. Procedure observed
! Observed Estimated Sl
R7-S1B Treatment with HCONH. at 51 1.6 .075
R7-F3B 150°C. (Landsteiner and 4.3 6.4 .53
. R7-82 Harte) 11 26 .19
R7-F2A 18 38 .24
R7-F2C 9.7 47 .01
R7-S3 5.4 48 .0006
R7-F2B 11 54 .01
R7-F1 29 64 .21
R7-F4A 71 64 .0006
R7-F5A 12 65 .008
R6-F4A Treatment with papain-HCN 6.9 56 .001
R6-F1A (Landsteiner and Harte) 37 59 .46
R6-F2 48 60 72
R6-F1B 24 63 - .13
R6-F5A 25 65 .13
1A A-substance preparation by Ka- 87 64 .63
bat and Bezer
M-330 A-substance preparation by 83 60 61
Lilly
960-GM-2 A-substance preparations by 77 57 .64
960-GM-1B Sharp and Dohme 91 55 43
960-GM-1C 77 59 .67

precipitation by 18 vol. glacial acetic acid, insoluble in water, insoluble after electro-
dialysis. C-54: As for C-51, except soluble after electrodialysis. C-8: Obtained after
initial precipitation with 3 vol. EtOH, and after precipitation with 18 vol. glacial
acetic acid, not dialyzed. C-50: As for C-49, except soluble after electrodialysis.
C-4: Obtained after the initial precipitation with 3 vol. EtOH; but before acetic
acid precipitation, not dialyzed. C-48: Obtained after precipitation by 18 vol. glacial
acetic acid. Material soluble in water and precipitated at 30-35°C. by 309, NaySOs,
electrodialyzed. C-75: Extracted by phenol from mucin and treated for 1 hr. at room
temperature with an ammoniacal copper solution (reagent contained 4.95 g. Cu/l
and was 5.2 M in NH;OH). Adjusted to pH 5 with acetic acid. Dialyzed at room
temperature. C-76: As for C-75, except treated 6 hr. with the reagent. C-77: As for
C-75, except treated for 3 hr. with the reagent. R1/-F2A: A-substance, isolated by

NasS0;4 fractionation, treated with alkaline pyridine (0.002 1/ NaOH in 909, pyridine)
for 2 days and then the material soluble in alkaline pyridine precipitated with acetone,

dialyzed. R14-F1A: Asfor R14-F2A except material was insoluble in alkaline pyridine,
dialyzed. R?-S1B: Soluble on addition of 2 vol. EtOH to formamide solution of
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curve can be considered only as an approximation; more data, partic-
ularly at low and moderate activities, would be required for a more
accurate relationship. Fig. 1 has been used for the estimation 'of the
blood group A activity of, (a) fractions obtained from hog gastric
mucin by somewhat more drastic conditions (Table.II); (b) A-sub-
stances prepared by other investigators from hog stomach or hog
gastric mucin (Table II) and (c¢) fractions obtained from sources other
than hog stomach (Table III). Brief descriptions of the treatment and
method of isolation of fractions are given in notes to the tables.
Table II shows a comparison of the observed and estimated titers
for fractions isolated from hog gastric mucin® by alcohol fractionation
of a previously heated mucin suspension (8), by treatment with
ammoniacal copper solution, alkaline pyridine, formamide (8), papain-
HCN (8) or by the procedure of Meyer, Smyth and Palmer (11),
which involves a preliminary treatment of mucin with sodium car-
bonate at 70°C. Comparison of observed and estimated titers are also
shown for A-substance isolated by IKabat and Bezer (1) from hog

R5-F3. Dialyzed. Soluble in water on dialysis. R7-F3B: Soluble on addition of 4 vol.
EtOH to solution of R7-F2B. R7-S2: Supernatant from first reprecipitation of R7-F1
from 669 EtOH, dialyzed. R7-FF2A: Insoluble in 90% acetic acid solution of R7-F1.
R7-F2C': Supernatant from the precipitation of R7-F2B from 909, acetic acid with
acetone, dialyzed. R7-S3: Supernatant from second reprecipitation of R7-F1 from
669, EtOH, dialyzed. R7-F2B: Precipitated on addition of 14 vol. of acetone to
supernatant of 909 acetic acid solution of R7-F1, dialyzed. R7-F1: Insoluble on addi-
tion of 2 vol. EtOH to formamide solution of R5-F3. Reprecipitated twice from 66%,
$tOH. R7-F4A: Insoluble on addition of 4 vol. EtOH to solution of R7-F2B. Re-
precipitated from HCI solution with 4 vol. EtOH, dialyzed. R7-F5A: Precipitated
from 909, acctone solution of R7-F4A. R6-F/A : Insoluble on addition of 4 vol. EtOH
to solution of R6-I'1A. Insoluble in 909, acetic acid solution. R6-F1A : Insoluble on
addition of 1.5 vol. EtOH to filtered and dialyzed papain-HCN digest (7 days at
37°C.) of R4-F3. R6-F2: Supernatant from the precipitation of R6-F1A and R6-F1B
with EtOH. R6-F1B: Same as R6-F1A except this fraction did not centrifuge readily
from alcohol solution and was obtained by Seitz filtration. R6-F5A: Insoluble on
addition_of 4 vol. EtOH to solution of R6-F1A. Soluble in 90% acetic acid solution,
precipitated by acetone, and dialyzed. 14: Prepared by alcohol fractionation, see
reference (1). M-330: Prepared from hog stomach linings by peptic autolysis and
alcohol fractionation. 960-GM-2: Prepared from hog gastric mucin by phenol frac-
tionation. 960-GM-1B: Prepared by autolysis from hog gastric mucin. 960-GM-1C":
Prepared by tryptic digestion and alcohol fractionation from hog gastric mucin.

¢ ixcept where otherwise indicated, the hog gastric mucin was obtained from
Wilson Laboratories (Item No. 443).
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TABLE III

Comparison of Observed and Estimated T'iters for Fractions
Isolated from Sources other than Hog Gastric Mucin*

. Titer (ul serum/y) Iiﬁ?ilé;'
Conl{})(;).und Source Procedure soefrgsc—i
Ob- Esti- | de-
served | mated |viation
C-105 Horse stomach mucosa; g 0.21 0.33 |0.48
(B activity, <.04
ufy)
M-336C Horse stomach pre- 3.2 9.8 | .08 .
pared by Lilly; (B
activity, 4.8 ul/y) ¢
960-P-HS-4 | Horse stomach linings ) 44 |34 .0000
prepared by Sharp & ;
Dohme; (B activity,
5.6 ulfv)
DM Duodenal mucosa Untreated source .87 22| .03
(Wilson) | material
C-32 Pepsin (Parke, Davis) 40 19| .24
C-33 Pepsin (Wilson) 1.9 .28 | .003
C-5 Pepsin Autolysis procedure | 2.0 .66 | .08
C-22 of Landsteiner and | 61’ 48 .69
Harte
C-44 Pepsin Alcohol fractionation | .049 | 0 —_
C-26 (Landsteiner and 27 52 .30
Chase)

* Notes to Table III.—C-105: From fresh horse stomach mucosa treated according
to U.S. Patent 1,829,270 (S. J. Fogelson) and then according to the NasSO; frac-
tionation method of Morgan and King (3). M-336C": Prepared by peptic hydrolysis
and alcohol fractionation. 960-P-HS-4: Prepared by peptic-tryptic digestion and
alcohol fractionation. DM : Wilson Laboratories duodenal mucosa preparation.
C-32: Parke, Davis and Co. pepsin (1:3000). C-33: Wilson Laboratories pepsin
(1:10,000), Item No. 414. C-5: From Wilson pepsin (see C-33), autolyzed, precipi-
tated by 669 EtOH and then dissolved. Finally precipitated by 509, EtOH. C-22:
From Wilson pepsin (see C-33), autolyzed, precipitated by 629, EtOH and then by
9 vol. glacial acetic acid and 5 vol. acetone; dialyzed and precipitated by 4 vol. EtOH
plus sodium acetate. C-44: From Wilson pepsin (See C-33), precipitated by acetic
acid from aqueous solution, washed. C-26: From Wilson pepsin (see C-33), obtained
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TABLE III (Continued)

Titer (ul serum/v)| Proba-

: Conll\}ooc:und Source Procedure O - soeéz.e d

served | mated |yiation
C-27 Blood group A stro- Procedure of 2.4 6.8 | .10

mata Kossjakow
R1-F1 Blood group A stro- Procedure of <.008 | 0 —
RI1-F3 mata Hallauer <.008 | 0 s
C-45 .18 0 —
R1-F5 <.14 A8 | —
R1-F2 .35 191 .34
R1-F4 ‘ .067 20| .08
C-30 .067 .26 | .03
C-28 : .18 28| .49
C-78 ’ 77 .56 | .61
C-34 Blood group A Procedure of 011] 0 —
C-2 erythrocytes Hallauer <.09 0 —
C-46 13 0 —
C-57 <.003 | 0 —
C-3 . <.09 A8 —
C-56 .92 21 .02
C-1 i .083 241 .09
C-113 Pseudo-mucinous Alcohol fractionation 42 0 —
C-1i9 ovarian cysts (blood 1.8 2.5 | .60
group A)

by two 65% alcohol precipitations at pH 8.5, dialyzed. C-27: Treated according to
Kossjakow’s procedure as far as one alcohol precipitation. R1-F1: Extract with 957,
EtOH. RI-F3: First 259, EtOH extract. C-45: Boiling absolute alcohol extract.
R1-F5: Extract with 109, EtOH. RI-F2: Extract with 509, EtOH. R1-F/: Second
259, EtOH extract. C-30: First 259, EtOH extract. One acetone precipitation. C-28:
Second 259, EtOH extract. One acetone precipitation. C-73: Aqueous extract.
Precipitated once with acetone. C-34: Extract with 109 EtOH. One acetone precipi-
tation. C-2: First 259 EtOH extract. One acetone precipitation. C-46: Boiling
absolute alcohol extract. C-57: Material precipitated by 66% EtOH from aqueous
extract of material extracted by 509, EtOH according to Hallauer’s procedure. C-3:
Second 259, EtOH extract. One acetone precipitation. C-56: Material precipitated
by 50% EtOH from aqueous extract of material extracted by 50% EtOH according
to Hallauer’s procedure. C-1: Extract with 509 EtOH. One acetone precipitation.
C-113: Material precipitated by 509 EtOH from the native fluid of a pseudomucinous
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: gastri:: mucin and for A-substances isolated from hog stomach and hog
gastric mucin by the Sharpe and Dohme and Lilly laboratories.”

Column 5 in Table II gives the calculated probability that the
deviations between observed and estimated titers are due to a normal
distribution of error. Probabilities less than 0.05 indicate deviations
from the estimated titers which are significantly larger than deviations
from the least squares curve shown in Fig. 1. The agreement between
observed and estimated titers is satisfactory except for some of the
fractions isolated by formamide and papain procedures. However,
these two procedures are known to cause extensive degradation of A-
substance (3, 8) and to decrease the isoagglutination titer of prepara-
tions. In these cases it appears that the degradation has disturbed the
structure of A-substance to such a degree that the serological specificity
is lost while the functional groups responsible for the color test are
relatively unaffected. The other procedures of isolation apparently
effect no substantial degradation of A-substance detectable by means
of a comparison of the observed and estimated titers.

Table IIT summarizes the results of observed and estimated blood
group A titers for fractions isolated from pepsin (8, 9), blood-group A
erythrocytes and stromata (12, 13), horse stomach, and pseudo-
mucinous ovarian cyst fluids of individuals of blood group A.% Ma-
terials isolated from horse stomach mucosa are often known to possess
blood group B activity; titers against B cells are shown parenthetically
in Table III for these preparations. In several cases unpurified ma-
terials were analyzed by the serological and color tests; comparisons
of these results would not be expected to be as satisfactory as in those
cases where some means has been resorted to for the separation of
inactive materials which may interfere with the tests.

Prebabilities are not calculated for those cases in which the estimated
titer is below the limit of the colorimetric method, 0.17 microliters/y,
or in those cases where the observed titer is only known to be less than

ovarian cyst removed from an individual of blood group A. Material dialyzed.
C-119: Material soluble in 509, IEtOH but insoluble in 65% EtOH from same cyst
fluid as C-113. Material reprecipitated once and dialyzed.

7 We are indebted to Dr. 5. Brand. for a sample of Kabat’s preparation, and to
Dr. R. H. Barnes of Sharpe and Dohme, Inc., and Dr. J. A. Leighty of Lilly Research
Laboratories for other samples of A-substance and AB mixture.

8 We are indebted to Dr. R. W. Hammack of the Hospital of the Good Samaritan,
Los Angeles, California, for providing us with samples of fluids removed from ovarian
cysts.



16

430 HOLZMAN, BENNETT, BROWN AND NIEMANN

a given value. These results are of interest since they indicate that the
colorimetric method is usually in qualitative agreement with the
serological test for fractions of no, or very low, activity.

The results for material isolated from horse stomach are pertinent
to the question of the behavior of B-substance isolated from this source
in the color test. Recently Morgan and Waddell (14) have observed
that B and O substances isolated from pseudo-mucinous ovarian cyst
fluids give color tests after treatment with alkali. The agreement be-
tween the observed and estimated blood group A titers for the horse
stomach preparations shown in Table III is satisfactory either when the
B activity of the substance is low (Compound C-105) or when the
serological test shows appreciable A activity (Compound M-336C).
When a compound shows appreciable B activity but little A activity
{Compound 960-P-HS-4), the color test still predicts a very high A
activity, the agreement in this case being very poor. This evidence
‘would appear to suggest that B-substance or some material associated
with it in horse stomach also gives the color test or that the A-substance
factor has been almost completely degraded by the peptic-tryptic
digestion used in the preparation of this compound.

The deviations between observed and estimated titers for the re-
mainder of the results in Table I1I have calculated probabilities which
are usually greater than the value of 0.05 of the standard of significance.
Some of the probabilities fall somewhat below 0.05 for preparations of
low activities; this might be expected, as errors in the colorimetric
procedure, which were not considered in the least squares solution,
become appreciable at low color intensities.

DiscussioN

The results which have been presented indicate that the functional
groups responsible for the color reaction with Ehrlich’s reagent are an
inherent feature of the structure of A-substance. The groups appear
to be common to the materials possessing A activity derived from
human erythrocytes and pseudo-mucinous ovarian cyst fluids as well
as from hog gastric mucin, pepsin and horse stomachs. It would not be
expected that detailed differences in the A-substances isolated from
these various sources could be revealed in this study due to the lack of
precision in the correlation of the serological test and the color test.

Preliminary evidence from materials isolated from horse stomach
would appear to indicate that B substance isolated from this source
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also possesses similar functional groups; further investigation is re-

quired to establish these observations. It is evident that a knowledge

of the specificity of the color reaction is important as a part of the
J.general problem of interpreting serological specificity in terms of the
__chemical structure of the blood group substances.

While the colorimetric procedure has proved to be a useful supple-
ment to serological tests in our work, it may be helpful to point out
several difficulties in applying the procedure in its present form as a
general method for the estimation of isoagglutination titers of A-
substance preparations. First, the method requires a preliminary
calibration with the aid of the relatively inaccurate serological test in
case one is interested in interpreting the results in terms of serological
titers. The empirical relation which is derived in this way will probably
be difficult to obtain in a more direct manner until further investiga-
tion establishes the chemical structure of A-substance. Another feature
restricting the usefulness of the colorimetric method is the fact that the

-estimated isoagglutination titers may be considerably in error if A-
substance has been degraded significantly. This limitation imposes the
necessity .of determining by preliminary investigation whether the
colorimetric method is suitable for the prediction of isoagglutination
titers of fractions obtained by various procedures.

Finally, certain limitations in the color test restrict a routine ap-
plication of the method. For example, solutions of preparations must
be essentially neutral and contain no significant amount of buffer since
the adjustment of the pH during the sodium carbonate digestion of
A-substance as well as on addition of Ehrlich’s reagent is critical.
Occasionally preparations give turbidities in the final solutions and
thus prevent accurate measurements of color intensity. Difficulties of
this kind could probably be resolved by altering the experimental
conditions of the color test.

SUMMARY

The intensity of the color produced by the reaction of A-substance
with Ehrlich’s p-dimethylaminobenzaldehyde reagent after preliminary
treatment of A-substance preparations with alkali has been correlated
with the isoagglutination inhibition activity of the original prepara-
tions. The use of this correlation to estimate the potency of A-substance
preparations has been described. The color reaction with Ehrlich’s
reagent has been observed for blood group A specific preparations
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isolated from hog gastric mucin, pepsin, blood group A erythrocytes
and stromata, and human ovarian cyst fluids, and for blood group AB
specific preparations from horse stomachs.

© NS U W~
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A Study of the Isolation of Blood Group A-Specific
Substance from Commercial Hog Gastric ilucin
end Some Observations on the Separation of

A=Substance from Qther Natural Sourcesl

Devid H, Brown, Edward L, Bennett, George Holzlan and Carl Niemann

The serological properties of blood group A-specific substances®
isolated from a variety of sources (for bibliography, see (1)) are the
most characteristic features of these preparations, end, consequently,
immunological techniques have been relied upon to evaluate starting
materials and preperative procedures, However, the data of previous
investigators have permitted only limited comparisons to be made of
the efficacy of different procedures for isolating A-substance (2, 3),
This situation, which has been commented upon before (3), exists be=

cause of the variation in the methods used by different authors in

1 Contribution No, 1085, Gates and Crellin Leboratories of Chemistry,
California Institute of Techmnology, Published in Arch, Biochem, 13

421 (1947), This work was done in pert under a contract, recommended
by the Committee on Medical Research, between the Office of Scientific
Research and Development and the California Institute of Technology

2 By "group A-specific substance" here, is meent eny materisl offect-
ive in inhibiting isoagglutination of human A erythrocytes by type

B serum and also effective in inhibiting lysis of sheep erythrocytes
by human A-cell immune rebbit sera, Evidence has recently been pre-
sented (23) thet two different group~specific substances are obbain=
able from humen urine of type A individuals, and that one of these
materials is effective in inhibiting hemolysis of sheep erythrocytes
by immune rebbit sera while the other is active in inhibiting iso=-
agglutination of human A cells, We have no evidence for the existence
of two such different group-specific substences, We have not examined
urine, however, as a source of pgroup-specific materials,
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carrying out the serological tests and the unpredictable degree %o
which such tests are influenced by changes in experimental details,
Hence, we believe that questions involving the usefulness of various
natural products as starting materials for the preparation of A~
substance and, particularly, of the most advantageous procedure for
effecting its isolation can best be answered by the isolation of a
large number of Aesubstance preparations and by the parallel testing
of these preparations by several serological procedures, Accordingly,
we have underteken a compar@tive study of the preparative procedures
described in the literature ( for references, see Table I), llost of
our work has been done with commerciel hog gastric mucin, a materisl
in which A-substance has long been knovm to be sbundently present, By
these experiments we have been able to secure definite evidence bearing
on the question of the similarity of A-substeance preparations isolable
in different ways from hog mucin, and it has been possible to determine
which of the several preparative methods that have been proposed is the
most satisfactory from the standpoint of yield and potency of product,
It has also been possible to compare A-substance preparations obtained

from other sources with those obtained from hog gastric mucin,

Exporimental

Serological end other analyticel procedures, Two serological tests

have been used, The inhibition of hemolysis test, which will be discussed
in detail shortly (8), mekes use of a colorimetric determination of the
extent of lysis of sheep erythrocytes by human A-cell immune rabbit sera

in the presence of guinea pig serum as a source of complement, The
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precision of the hemolysis test is high, and the results obtained by
it can be used to distinguish preparations which differ by only 10-20%
in serological activibty, Each of the fractions obtained has also been
assessed by the inhibition of isoagglutination test, using the same lot
of human type B serum throughout, and using pooled human type A erythro-
cytes, In this latbter test preparations must differ in activity by
approximately 100% to be distinguishsble, A detailed description and
discussion of the inhibition of isoagglutination test has been given (9),
We have also measured the amount of color given by each fraction when
treated, after alkaline digestion, with a modified Ehrlich reagent (p-
dimethylaminobenzaldehyde) (9), The intensity of color obtained with
this reagent after heating blood group A-specific substance with alkali
has been found to be correlated with the isoagglutination inhibitdon
titers of the specific substance preparations (9), Since the existence
of thé correlation is dependent in part upon differences in‘Preparations
detectable by meens of the inhibitim isoagglutination test, only very
little correlation is demonstrable for the relatively similar and potent
preperations discussed below, However, it has been found that for these
preparations there exists a marked correlation between the pesults of
the color test and of the relatively precise inhibition of hemolysis
test, For this reason the color produced with Ehrlich's reagent is
interpreted as a characteristic property of blood group A-specific
substance,

The separation of A-substance from hog gaestric mucin, The genereal
isolation procedures employed were: 1, sodium sulfate fractionation
from aqueous solution (2); 2, alecohol frectionation from agueous solution

(8); 3, alcohol fractionation from a 90% phenol solution (2); 4, electro-
dialysis followed by alcohol fractionation; 5, a combination of two or
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more of the foregoing procedures, Teble I contains abbreviated descriptions
of the method of isolation of each fraction that is considered in this
communication,

The separation of A-substence from humen erythrocytes, The alcohol
extraction procedures of Hallauer (7) and of Kossjakow (10) have been
followed, with large smounts of dried cells end with dried stromata
obtained by centrifuging aqueous suspension of cells from which hemo=
globin had been removed by repeated washing, laterial extracted by
boiling sbsolute ethanol from dry stromata (7), fraction 45 (see Table
1), as well as fractions arising in e similar way fgom whole erythrocytes
or arising from either source by extraction with 95k ethanol in the cold,
has nearly as much potency in inhibiting isoagglutination and in inhib-
iting hemolysis as any of the other fractions arising from the alcohol
extraction procedure of Hellauer (7), This ethanol-soluble material is
obtained as a mejor part of all material extracted from dry stromata (7%
yield) and was discarded by Hallauwer, Because of the insolubility of the
material in wabter, suspensions of it were prepered for serological test-
ing by dilution of an absolute alcohol solution with physiological salt
solution, The activity of fraction 45 in inhibiting isoagglubtination
and in inhibiting hemolysis is about 500 times less then that of the
highly active preparation, fraction 66 (see Table I), from hog gastric
muein, Several other materials (see Table I) have been obtained by
alcohol extraction in O.2-O,$zyield Prom lyophilized erythrocytes and
these fractions have all had from 150 ‘o 300 times less activity in the
inhibition of isoagglutination test than a potent preparation from hog
mucin, Digestion of stromata with crude pancreatin has given a fraction,
161, obtained in 10% yield, which has the same order of activity as
fractions obtained by alcohol extraction from erythrocytes,

The extremely low yield and serological asctivity of group A-specific
substance isolated from human erythrocytes is illustrated by the date in
Table I (ef, also Bray, Henry and Stacey (11)), This situation may be due
to the relatively minute concentration of active material in erythrocytes
or to The possibility that the procedures we have used in extracting it
are relatively ineffective, This latter possibility is suggested by recent
experiments of Calvin and coworkers (12) which ure in agreement with
earlier observations of Schiff and Adelsberger (13) and Landsteiner and
van der Scheer (14), It is probable that our alcohol-soluble fraction 45
obtained as a major fraction from stromata is similar to these lipid-rich
fractions obtained by other workers, The similarity in yield of prepearations
with comparable activity from stromata end from whole erythrocytes is
evidence that a large partof the active material was retained in the course
of lysing the erythrocytes and washing the insoluble residue, This is in
contrast with whet might be expected from the resulits reported by Celvin
et al, (loe, cit,), Further evidence is given by the experiments of
Belkin and Wiener (15) who found that the titer of A-substance in their
stromata preparations was higher than that in the parent erythrocytes
and that the ratio of these titers was inversely proportional to the
yield of stromata obtained, Thus, the unsatisfactory yield of A-substeance
from humen erythrocytes is most probebly attributeble not to the inefficacy
of the isolation procedures but rather to the very small amount of
active material present,

The separation of A-substance from human ovarian cyst fluids, According
to the observations of Yoside (16) and the extensive invesbigations carried
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out by lMorgen end Ven Heyningen (17), King end lMorgan (18), and Morgen
and Waddell (19), the fluid from pseudomucinous overien cysts may contein
a blood group-specific substance in water-soluble form which has similar
serologicel specificity to that present in the stromata of the individuel's
erythrocytes, We have exemined such cyst fluids, and from one containing
A=-specific substances (Fluid No, 162, Table I), have separated two
preparations by alcohol fractionation, One of these, fraction 113,
precipitated by 50% (q/v) ethanol, has ebout one-third the potency of the
native cyst fluid in inhibiting hemolysis; the other, fraction 119,
precipitated by 66% (v/v) ethanol, has sbout twice the potency, It may be
significant that fraction 119 has as much antihemolytic activity as some
of the less pure fractions, 109 and 115 (see Table I), from hog gastric
mucin, and yet has 4-6 times less potency in inhibiting isoagglutination
than these fractions, lorgan and Van Heyningen reported (17) no such
discrepancy in the activities of two materials isolated from cyst fluids
by rejection of material soluble in 90% phenol,

The specific substence in commercial hog pepsin, We have isolated
from Wilson pepsin (1:10,000, soluble powder), in the small yield of 1-2%,
fractions 22 end 26 which are extremely potent in inhibiting hemolysis,
one of which, fraction 22 (see Table I), also has a high degree of activity
in inhibiting isoagglutination, These materials are more active as anti-
hemolytic factors than any other substance we have obtained directly from
any source, Only frections 47 end R,7 F,5A, obtained from hog gastric
mucin by other than the usual mild procedures (see Teble I and the dis-
cussion below), have activities nearly or equally as high, Fractions 22
and 26 do not exhibit the augmented eguivalent N-acetylglucosamine content
of the somewhat degraded preparations 47, 48, R,6 F,5A, and R,7 F,54
end give somewhat less color in the modified Ehrlich procedure (9) than
our highly active material from mucin, fraction 66, In the case of fraction
22, obtained according to Lendsteiner end Chase (6) by alecohol fraction-
ation of an aqueous solution of pepsin previously heated at pH 6 end pH 3,5,
there is no indication of extensive degradation, judged from its still
relatively high inhibition of isoagglutination titer, This titer of
fraction 26, however, is not commensuraete with its antihemolytic activity
end, thus, the autolysis procedure of Lendsteiner and Harte (3) must be
regarded as bringing about some degradation of the specific substence,
It appears, then, that the specific substance isolable from pepsin
(fractions 22 and 26) differs from thet obtained from hog gastric mucin
(frection 66), 1, in having a lower equivalent per cent N-acetylglucosemine,
2, in having a somewhat diminished inhibition of isoagglutination potency,
and 3, in having enhanced activity in inhibiting hemolysis, The extent to
which these properties are related is unknovwn, When the serologicel prop=
erties of the fractions from pepsin are considered together with their
behavior in the modified Bhrlich procedure, it is apperent that these
specific substances partially resemble the somewhat degraded prepareations,
47 end R,7 F,5A, whose preparations are discussed below, A preparation of
Parke, Davis and Co, pepsin (1:3,000, granulated) proved to be valueless as
a source of A-substence, confirming the findings of Freudenberg et al, (20)
that different preparations of pepsin vary widely in their content of group
A-specific substance, The Feirchild Bros, end Foster, 1:15,000, pepsin used
by Lendsteiner end co-workers in their isolation studies (3, 6) would appeer
to have the highest concentration of A-substance of any commercial preparation,
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Discussion

The data in Table I indicate that, irrespective of the method of
isolation used, no fraction was obtained from hog geastric mucin which
had more than 2-~4 times the eactivity in the inhibition of isoagglutinetion
test or 2=3 times the activity in the inhibition of hemolysis test of a
centrifuged (Sharples), undialyzed suspension of the originsl mucin
(fractions 62 and 135, Table I), The inhibition of hemolysis potency of
the most active frection derived by epplication of any one isolation
procedure alone was the same, within 20%, as the potency of one obtained
by eny other procedure (cf, frections R,1 F,24, R,2 F,2A, R,3 F,2, R,5 F,3, 87,
128, 143, 120, 31, 66, 69, Teble I), which might be teken as evidence
that the active material obtained is a fairly welﬁdefined preparation, al=
though not necessarily homogeneous, It is also apéarent from the data of
Table I that, within this group of similar fractions, significent differ-
ences occur with respect to the equivalent N-scetylglucoseamine content® (9),
and even with respect to the serological activity itself, indicating thet
preparations of A-substence (e,g,, fractions 66, 68, 87, R,3 F,2) which
are more active than those obtainable by the use of the hitherto described
procedures (2, 3) can be isolated by relatively complex, yet still mild,
techniques, These more active, undegraded preperations have perhaps e 20%

higher A-substance content than those (fractions R,5 F,3, 128, 143, 31)

5 Various values cen be found for the equivalent N-acetylglucosamine
content of an A-substance preparation depending upon the experimental
conditions selected for the analysis of N-acetylglucosamine itself and
for that of the specific substance preperations, However, the values
determined for the different A-substance preparations under standardized
conditions are highly significent in a relative rather than en absolute
way, since the existence of correlations with the serological tests can
be demonstreted,
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Nobes to Teble I: 8 We are indebted to the Hyland Laboratories, Los
Angeles, Cal,, for a sample of lyophilized, pooled erythrocytes re-
moved from humen donors of blood group A, The erythrocytes were washed
twice with physiological saline prior to lyophilization,

a,‘//of test substamce present in system in which erythrocytes are 50%
“hemolyzed, b, ul,of serum completely inhibite@/%of test substence, ¢, Exe
pressed as equivalent per cent of N-acetylglucosemine in test substamce,

d, Insoluble in 30% sodium sulfate, Precipitate electrodialyzed, Material
from supernatant, e, Insoluble when supernatant after electrodialysis made
30% in sodium sulfate, Dialyzed, f, Material from undialyzed centrifugeate,
g, Material from supernatant of electrodialyzed centrifugate, h, lMaterial
precipitated upon electrodialysis of centrifugate, i, Material soluble when
supernatant after slectrodislysis mede 47% (v/v) in ethenol but insoluble
when mede 65% (v/v) in ethanol, Agein electrodialyzed, Material from super-
natent, j, Material soluble in 40% (v/v) ethenol but insoluble in 65% (v/v)
ethanol, Not dialyzed, k, Material from dialyzed centrifugate, 1, Material
insoluble in 40% (v/v) ethenol, Dialyzed, m, Material soluble in 40% (T/v)
ethanol, but insoluble in 65% (v}%ﬁ ethanol, Dialyzed, n, Material from un-
dialyzed centrifugate, o, liaterial insoluble in 40% (v/v) ethanol, Not dia~
lyzed, p, Material soluble in 40% (v/v) ethanol, but insoluble in 65% (v/v)
ethanol, Not dislyzed, g, Material from dialyzed centrifugate, r, Centrifu=
gate, Meterial soluble in 30% (v/v) ethanol but insoluble in 65% (v/v) eth-
enol, Upon reprecipitation, insoluble in 45% (v/v) ethanol, Dialyzed, s,
Centrifugate, Material soluble in 30% (v/v) ethanol but insoluble in 5%
(v/v) ethanol, Upon reprecipitation, soluble in 45% (v/v) ethenol but in-
soluble in 65% (v/v) ethenol,’ Dislyzed, t, Centrifugate, All of material in-
soluble in 65% (v/v) ethanol, Dialyzed, u, Material insoluble in 10% (v/v)
ethanol, Not dielyzed, v, Material insoluble in 10% (j/v) ethanol, Dialyzed,
w, Materisl from supernatant after electrodialysis of fraction 39, x, Mater-
ial precipitated by electrodialysis of fraection 39, y, Maberiel soluble in
47% (v/v) ethanol but insoluble in 65% (v/v) ethanol, Electrodialyzed, Met-
erial from supernatant, z, As in y, execept material precipitated upon electro=-
sis, aa, Precipitated by 30% sodium sulfate, Electrodialyzed, Material from
supernatant, bb, As in aa, except material precipitated upon electrodialysis,
cc, Preperation made by Sherpe and Dohme, dd, Preparation made by Sharpe and
Dohme, ee, Preparation made by Lilly Research Laboratories, ff, Material not
precipiteted by Zn(0H). at pH 7,1 but precipitated by acetone~acetic acid,
Materiel from supernatant after electrodialysis of final precipitate, gg,
Precipitated by basic leed acetate, then by 75% (v/v) ethenol, then by 9470
(v/v) scetic acid, Not subjected to precipitetion by Zn(0H)=, Instead, ex-
tracted by water, Material insoluble when extract made 30% in sddium sulfate,
Electrodialyzed, hh, Insoluble in 65% (v/v) ethenol efter digestion and
dialysis, Then insoluble in 75k (v/v) ethanol containing HC1l, Soluble in
90% (j/v) acetic acid, but insoluble upon addition of acetone, Dialyzed,

ii, Insoluble in 64% (v/v) ethanol in formemide, Precipitated twice by 68%
(v/v) ethanol from water and precipitated from 50% scetone-40% acetic acid,
Precipitated by 80% (v/v) ethanol from HC1l solution, Dielyzed, Precipitated
by 90% acetone, Dielyzed, Jj. Materiel insoluble in 65% ﬁj/v) ethanol, Re=
‘precipitated, Dialyzed, kk, Precipitated by 63% (v/v) ethenol twice, then
by acetone-acetic acid, then by ethanol, 11, Total solids from the centri-
fuged fluid, mm, Material insoluble when fluid made 1% in sodium acetate
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and 50% (v/v) in ethanol, Precipitate dialyzed and the non-dielyzeble sus=-
pension filtered, Filtrate lyophilized, nn, Material soluble when fluid
nade 50% (v/v) in ethanol but insoluble at 66% (v/v) ethsnol, Precipiteate
teken up in water, filtered through Seitz pad and reprecipitated by 66%
(v/v) ethanol, Precipitate taken up in water, filtered, filtrate dislyzed,
Solution filtered through Seitz ped, Heavily opalescent filtrate lyophilzed,
oo, Material inscluble in boiling absolute ethanol extract but soluble in
an approximately 50% ethanol extract, Bxtract conBentrated at room tenper-
ature, filtered through a Seitz pad, Fraction 1 precipitated by 5 volumes
of acetone from a solution 0,9% in NeCl, Not dialyzed, pp, Material (from
fraction. 1) which is insoluble in absolute ether and in ebsolute ethanol
under reflux but which is soluble in water at room temperature, Fraction
56 precipitated when aqueous extract made 50% (j/v) in ethanol, Not dialyzed,
qq, Like fraction 56 except material soluble when extract made 50% (v/v)
in ethenol, but insoluble at 6&% (v/v) ethenol, Not dialyzed, rr, Like
fraction 57 exCept material soluble when extract made 66% (v/v) ethenol,
Not dialyzed, ss, Material extrsetedl by boiling absolute ethenol, Extract
concentrated under reduced pressure at 35°C, and the residue lyophilized,
tt, lMaterial soluble and non-dialyzable after digestion for 42 hours and
inactivation at 85°C, for approximetely 30 minutes, uu, Analytical data in
doubt because of slight solubility of the fraction in physiological salt
solution, vv, Yield calculated from fraction R,4 F,3, ww, Yield calculated
from fraction R,5 F,3, xx, Yield calculated from fraction 1, yy, Stromate
obtained by centrifugation at 25,000 r,p,m, in the Sharples of aqueous sus-
pensions of erythrocytes and retention of the precipitated material, Pre=-
cipitate washed until essentially free of hemoglobin, centrifuging it at
5000 r,p,m, after each washing, zz, Yield calculated from lyophilized
erythrocytes, aaa, Serological activity of a suspension prepared by dil-
ution of an ethanol solution with physiological salt solution, bbb, The
analytical data reported are the mean results of duplicate or triplicate
enalyses and are given btogether with the aversge deviation,
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isolated by the less involved procedures, as indicated by the three
criteria of activity discussed in the "Experimentel™ part above,

Kabat and co-workers have reported (21, 22) that the A-substances
isolated from commercial hog gastric mucin by the 90% phenol extraction
procedure of Morgan and King (2) and by subsequent purifications are
about 60% pure on the basis of specifically precipitable hexosamine,

Their report is based on the comparative results of a quantitative pre-
cipitin test (4) in which A-substance preparations derived only from sero-
logically active hog gastric mucosae were found to participete to the ex=-
tent of 100% of the hexossmine present, Our experiments indicate that
obteining substances more ective then fractions 128 (alcohel fractionation
out of weter), R,2 F,2A (sodiun sufate fractionation out of water), end 31
(phenol extraction with subsequent alcohol fractionetion) is not unique to
the use of hog gastric mucosse from "secretor" hogs, By the procédures oube
lined in Teble I significent amounts of such more asctive materisls cen be
obtained from Wilson hog gastric mucin also, We do not believe thet our
findings with respect to the possiblity of isolating highly active fractions
from commerciel hog mucin are in eny way et varience with the findings of
Kebat and co=workers (21, 22) that some hog gastric mucosae contein A-sub-
stence while others do not, end that in the latter mucosse there is mater-
iel which is superficielly similer to A-substance, but which has no sig-
nificent serological activity, Thus, although the commercial hog gastrie
mucin with which we end others have worked may contain such material, the
fect that no detailed information is available about the structure of either
materiel leaves entirely open the question of what techniques may suffice

to separate themn,
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In much of our preparative work we have used the technique of
electrodialysis and have observed certain phenomene which we believe are
significent, When an A-substence preparation is electrodialyzed under a
potential gradient of ce, 18 volts/bm,, 8. solid seperates in the cell,

This precipitation seems to be associeted with an increese in the hydro-

gen ion activity of the cell and, ultimately, a pH of 4 or less may be
atteined, Accumulation of the precipitated solid begins near the cellophane
membrane separating the central compartment from the anode compartment, The
material which is precipitated cen be dispersed or dissolved by the addition
of alkeli, In addition to the A-substance which is present in the precipitate
there is a considerable zmount dissolved in the clesr or only slightly opal-
escent portion of the solution which overlays the turbid phase, Where come
perison has been made between the serological activity of a precipitate
obtained by electrodialysis and that of the material dissolved in its super-
natant, it hes been found that: the more soluble fraction is 20-25% more
potent in inhibiting hemolysis than the less soluble freaction, in the range
where both activities are low (e¢f, fractioms 111 end 112) and also where
both are high (cf, fractions 66 end 68 and freactions 69 end 71), A-substance
preparations which give rise in part to precipiteted material when they

are electrodialyzed cannot be regarded as homogeneous,

The so-called "neutral polyssecchearide" (fraction 47), obtained by the
procedure of lMeyer, Smyth and Palmer (5), in which the originel muein is
heated with 2% sodium carbonete for 15 minutes at 76°C, and from which @
"acidic polysaccharide" is removed in acetic acid solution as & geletin
salt, has a very high potency in the inhibition of hemolysis test (see

Teble I), in accord with the findings of Landsteiner as reported by Meyer
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et al, (5), Its activity in this test is greater than that of any other
fraction obteined by us from hog gastric mucin with the single execption
of R,7 F,5A vihich was obtained by heating another A-substance preperation
in formemide solution at 150°C, (5),'The equivealent N-acetylglucosamine
content of fraction 47 is also higher than that of any other fraction
exee:pt R, 7 F,54, We have found, however, that the potency of frection 47
and the closely related fraction 48 in the inhibition of isoegglutination
test is very low, and, thus, is in no way commensurate with the hemolysis
inhibition activity, This indication.of alteration i A-substance in the
course of leyer!s procedure (5) has not previously been recognized, al=-
though the findings of lMorgen end King (2) with respect to the lability of
A-substance in alksline solubtion strongly suggest that the initial elkaline
treatment used by Meyer et al, might profoundly elter the sewdlogical
properties of the product,

The relative serologicel activities of fractions R,6 F,54 end R,7 F,54
compared with those of the fractions from which they were derived (see
Taeble I) confirm the findings of Lendsteiner end Harte (3) eand of lorgan
and King (2) with respect to the effects of treating A-substance with papain-
HCN or with formamide et 150°C, By both of these procedures the activity of
the A-substence in inhibiting hemolysis is increased and in inhibiting
isoegglutination is decreased,

We have found that the alcohol fractionation procedure of Lendsteiner
end Herte (3) with some modificetions possesses adventages over other pro=-
cedures for the preliminary concentration of A-substance from commercial
(Wilson) hog gastric muein for the purpose of further purificstion end

investigation, conveniently providing ean undegreded preparstion which in
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yield and potency is equivalent or superior to those obtained by other
procedures, The desirable modifications in the Landsteiner end Harte pro-
cedure are: a, omission of the initial heating at 100°C,; end b, substitu-
tion of & thorough centrifugation in the open bowl of the Sharples of the
aqueous suspension of muecin at & pH of 4,5, Centrifugetion as indicated
serves to remove ebout 15% of the weight of the mucin granules teken, The
frection which is removed at 40% (v/%) alcohol concentretion is obtained
in 35% yield end is 40-50% less active in inhibiting hemolysis then =
centrifuged suspension of mucin, The most active fraction is obtained in
20% yield from muecin and has essentially twice the inhibition:. of hemolysis

potency of crude mucin,

Summary

A study has been made of the relative merits of all previously re-
ported procedures end of some new varients of these in isoleting blood
group A-specific substence from Wilson hog gestric mucin, In this study it
has been possible, for the first time, to make direct comperisons of the
serological activities of the fractions arising from all of these procedures,
No fraction had more than 2-4 times the activity in inhibiting isosgglutina-
tion or 2-3 times the activity in inhibiting hemolysis of & centrifuged,
undielyzed suspension of the original mucin, By rather complex procedures
materials were obthined which had sbout 20% more activity in inhibiting
hemolysis than those derived by any one of the hitherto deseribed techniques,

Observations are reported on the isolation of A-substence from human

erythrocytes end ovarian cyst fluids, end from hog pepsin,
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One of the necesseary conditions for the proof of homogeneity
of & high molecular weight substance is that its composition should
not very when successive fractionetion procedures are epplied, Of
the methods savaileble for following chenges in composition on
fractionation of A=substance, total nitrogen end N-ocetyl glucosemine
anelyses, opticel rotation, viscosity, and serological testis
involving inhibition of isoagglutination of blood group A cells or
hemolysis of sheep cells have been used (4, 19, 24), It is apperent
that progress on the isolation of homogeneous preperetions is
achieved by epplying many chemical, physical, end biological tests
to the frections obtained in the course of isoletion, In this section
the results of e study of the ultraviolet absorption spectra of
fractions isolated from muecin, pepsin, end individual hog stomach
linings by a veriety of procedures are reported, The spectras provide
evidence for the existence and nature of possible conteminents es
well as quelitative information concerning the importence of aromatic
emino ecids in A-substance,

The ultraviolet ebsorption spectra of preperations of blood
groups O, A, and B substances from humen urine end A-substence from
hog stomachs isolated by Freudenberg (8) were first studied by Gréh,
Szélyes, end Weltner (9) end in greater detail by Weltmer (30), In
neutral aqueous solution all the blood group substances showed wesk
selective absorption in the region 270-290 mu, It would appeer thati
purification of A-substence from hog stomachs caused the extinction
to increase throughout the ultraviolet region since & "purified"

preparation and & "highly purified" preparation showed extinction
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coefficients, Eifm, at 280 mu of 1,8 end 2,8 respectively, These
results are at variance with those we have obtained from A-substence
from various hog stomach sources; preparations with greatly

enhanced potencies show little ebsorption in the ultraviolet,

Experimental

Apparatus, The Beckmen Model DU spectrophotometer with quertz
cells wes used (5), Optical densities for 1 em layers of solution et
sbout 25°C were usuelly messured et every 2 mu from 220 to 270 mu,
every 5 mu from 270 to 300 mu and every 10 mu from 300 to 350 mu,
Additionel points were teken when spectre showed mexime shifted from
the usual 260 mu meximum, The spectra for solutions were corrected
for the absorption due to the solvent (citrate-phosphete buffer)
which was importent below 240 mu, Extinction coefficients, E%fm,
were calculated from the usual relation, Eifm=(1og10 I,/1)/cd,
where d is the cell width (L cm) and ¢ is the concentration of

solute in grams per 100 ml of solution,

A=substance solutions, lMost of the A=-substence preparations

have been described previously (4, 15), Notes to Table II describe
briefly the method of preparation,

The solutions were prepered by dissolving preparetions in
distilled weater, taking 10 ml aliquots end adding 1 ml of McIlvaine's
’citrate-phOSPhate buffer pH 7; the pH of the resulting mixture was
7,20 + 0,05 and the A-substence concentration veried from 300 to
380 micrograms/hl. In a few instences, where indicated, solutions

were prepered similerly at pH 6,30+ :0,05 and pH 8,05 + 0,05 by
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means of MeIlvaine buffers, The finel citric acid and NeoHPO,
concentrations of the solution et pH 6,3, 7,2, end 8,0 were
respectively 0,0034 M HgCgHs07 - 0,0118 M NegHPO,, 0,0016 M
HsC g0 = 0,015 M NapHPQ, , and 0,0003 M HsCgls0p = 0,0176 M
WeoHPO4, '

Serological tests, The inhibition of isoagglutination test (15)

and the inhibition of hemolysis test (4) have been described
previously; the activities of many of the preparations were reported

in the above papers,

Results and Discussion

A-substence preperations dissolved in distilled water generally
give clear or slightly opalescent solutions, The solutions are
colorless for undegraded preperetions; degraded products may give
slightly yellowish sclutions, The solutions depart considerably from
ideality as may be judged from the failure of Beer'!s lew shown in the
date in Table I, The extinction coefficients at a given wavelength
and pH increese on dilution, Futhermore the extinction values show
a strong dependence on pH; the extinction values generally incresase

L

with decreesing pH in the region 220 to 350 mu,” The extinction

pH
curves in the range/6 to 8 are not altered on stending, The

1 The change in extinction values with pH may have a contributing
factor due to the difference in salt concentration in the verious
buffer solutions, Results (Pert V) indicate thet ionic strength
also influvences spectra,
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Table I

BExtinetion Values at Various Wavelengths
pH

concentration

Effect of pH and A-substence Concentration on
micrograms/ml

Fraction A=substence
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stability of the solutions at these pH is in agreement with other
observations by lMorgen and King (24) and Kebat, Bendich end Bezer
(18), Weltner (30) observed that extinction curves in 0,1 N NaOH
showed a continual increase with time, a fact which mey now be
interpreted as due to the recognized lability of A-substence in
alkaline solution (24), Due to the dependence of extinction values
on pH end A-substence concentration the spectra of preperations
which are discussed below were measured in solutions at pH 7,2

and at similer concentrations,

1, BExtinction Curves of Preparatiqns from Hog Gestric Mucin

Commercial hog gastric mucinl, centrifuged free of inactive
water-insoluble material shows strong selective absorption in the
ultraviolet at 260 mu (C-135, Fig, 1); apprecieble epparent
ebsorption occurs even at 350 mu, The letter absorption is due to
light scettering since mucin is visibly turbid and the epparent
absorption extends far into the visible where specific absorption is
unlikely, The absorption ebove 330 mu possesses a fairly constent
Rayleigh coefficient of 2,5 - 3,5 over a considerable wavelength
renge which presumably is typiceal for non-specific ebsorption (16, 17),
The meterial sbsorbing et 260 mu in mucin ("260 mu component") is
non~dialyzable as may be seen from C-125 which represents a dialyzed

suspension,

& Wilson Leboratory hog gastric mucin granules, Item No, 443,
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Fig, 1 Extinction curves of fractions isolated
from hog gastric muecin by alcohol fractionation,
left: ———~, C=123; s C=125; — —, (=128,
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The 260 mu component has not been well chareacterized so far
since it appeears to be assoclated with inactive or less active
fractions isolated from mucin, The presence of nucleic acid is
suggested by the position of the peak (10, 21); Bray, Henry end
Stacey (2) have recently reported that mucin mey contain nucleic
acid of mixed ribose and desoxy ribose type, However preparations
(0,04% solutions) showing the 260 mu component do not give the
Dische cysteine test (7) for desoxy pentose, Weekly positive orcinol
tests for pentose (22) are given but these results may not be
significent since hexoses, which are emply present in mucin, also are
known to give weak orcinol tests (26). The 260 mu component cen not
be centrifuged out by high speed centrifugation since after centrifuging
at 18,000 RPM for thirty minutes (40,000 x G) the specific absorption
remains; a slight decrease in extinetion occurs throughout the
ultraviolet due to the separation of a small emount of suspended
meteriel end the resulting clarification of the solution (Fig, 2)1,
Preliminary experiments indicate that the 260 mu component can be
readily modified by heating with ecid, alkali, or by the action of
oxidizing egents such as hypoiodite,

In the course of evaluating the usefulness of spectrophotometric
snalyses in detecting conteminents end following changes in

composition on fractionetion, the extinction curves for meny active

o R18=F2 and R18-F12 are fractions obtained by alcohol fractionation
and are discussed in Part IV,
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Fig, 2 ,
curves) and

aleohol fractionation from ho
Y/ml, Right: R18-F2, 915 Y /ml,

290 330 250 290
mu

Absorption spectra of uncentrifuged fractions (solia
centrifuged fractions (dotted curves) obteined by
g gastric mucin, Left: R18-F12, 927
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and inactive fractions from various procedures were measured,
Typical extinetion curves are shown in Figs, 3 - 8 and in Teble II
the serological properties and the extinction values a2t 260 mu and
350 mu ere summarized,

On fractionation of an aqueous centrifuged mucin suspension
with alcohol (19) the more active frections which ere soluble in 40%
elcohol end insoluble in 60 - 656 alcohol always show considersbly
less aebsorption throughout the ultraviolet region than the original
mucin suspension (C-128 and C-143, Fig, l; R4-F3 end R5-F3, Fig, 3),
The 260 mu component still occurs in these fractions since Eifm
veries from 5 to 8, The sensitivity of the spectrophotometric method
mey be apprecisted since the four fractions prepared by the same
method have essentially the same serological ectivity but differ
significently in their extinction curves, On the other hand the 260
mu component is concentrated in the frection insoluble in 40% alcohol
(C-123 and C=-142, Fig, 1; R4-F2 end R5-F2, Fig, 3), A new component
is detecteble in the fraction soluble in 60% alcohol since ebsorption
occurs maximelly in this case at ebout 270 mu (R4-F4, Fig, 3), This
frection which possesses essentially no serological activity contains
considerable free smino acids; in one instence about 2% eamino acid
nitrogen was detectable by the Van Slyke menometric method,

The products isolated from hog gestric mucin by lMorgan end King
(24) by 90% phenol extraction followed by precipitetion with alcohol
or by aqueous extrection followed by precipiteation with sodium
sulfate were not distinguishable by a number of different tests

including serological activity, elementary analysis, optical rotetion
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Teble II
Spectral and Serological Properties of Fractions Isolated from Hog

Gastric lucin, Pepsin, and Individual Hog Stomach Linings

Procedure Fraction gl% Inhibition Inhibition
lem of isoagglu- of hemoly-
tination sis titer
titer

260 mu 350 mu ul B serum 7 inhibiting
neutralized 50% hemolysis

per s
Aqueous suspension of (=125 19,4 1,7 45+ 15 0,18 + ,01
mucin frectionated C-123 28,5 1,5 40 + 15 .24 ¥ ,01
with ethanol after C-128 5,9 .5 75 % 20 .11 ¥ ,00
centrifuging twice at - -
pH 4,4 in Sharples, C=135 22,8 .9 45 + 15 .18 + ,02
C=142 30,1 1,3 45 F 15 .24 ¥ ,00
C-143 4,9 .3 857 20 11 ¥ ,01
Alcohol fractionation R4=F2 30,4 2,2 30+ 10
of mucin efter proce- R4-F3 6,0 1.0 80 F 20 J12 + ,01
dure of Lendsteiner R4-F4 31,2 1,3 ,1+,05 -
and Hearte (19), -
R5-F2 41,9 3,2 20+ 10
R5-F3 8,0 .8 85T 20 ol & 00
Alecohol fractionation C=52 11,6 1.0 50 + 156 013 + ,01
of a centrifuged 90% (=59 1.7 .5 90 F 30 -
phenol solution of c-61 82 .6 50 F 15
muein (24) followed by -
electrodialysis and
alcohol fractionation,
Sodium sulfate fract- R2-F2A 1,3 o1 45+ 15 .11 + ,01
ionation of aqueous R2-F2B 8.1 .3 50 F 15 -
centrifuged suspension R2-F2C 3,8 .9 50+ 15
of muein (24) followed
by electrodialysis,
Blectrodialysis of R8=F1 1.4 0 60 + 20
product of alcohol R8-F2B 7.6 2,1 50 F 15

fractionation of
mucin, R5-F3,
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Table II,-(concluded)

Procedure

7
Frection gle Inhibition Inhibition
lem P
of isoagglu- of hemoly-
tination sis titer
titer

260 mu 350 mu ul B serum ¥ inhibiting
neutralized 50% hemolysis

pery

Treatment of products C=110 13,2 0,5 0,20 + ,02
of aleohol fractiona- (=165 11,8 .6 .20 ¥ ,02
tion of mucin with C=167 3,6 .5 .21 ¥ ,02
ion-exchange resins, C=168 3,4 D L0 t_,OOS
Treatment of product R6=F5A N ods 25 + 10 .10 + ,01
of alcohol fractione- -
tion of nuein with

pepein-HCN (19),

Treatment of product R7=-FBA 1.7 oA 10 i.S .05 i_.OOS
of elcohol fresctiona-

tion of mucin with

formemide at 150°C (19),

Alkeline digestion of  C=47 .8 02 80 + 10 .065 + ,01
muein followed by

selective adsorption

and precipitetion (25),

Alcohol fractionation (=22 8,7 o4& 70 + 15 .05 + ,005
of Wilson pepsin (20),

Autolysis of Wilson C=26 5,0 ] 35 i_lO . 04 i_.005
pepsin followed by

alcohol fractionation

(19),

Peptic digestion of H1-F3 3,6 .3 ¢.06 175
individuval hog stomach H2-F1 4,7 oo 90 + 30 .08 + ,005
linings followed by HR2=F3 2,9 oo 20 i_,z . 60 i_.OS
two alcohol precipita-~ H3I-F1 7.3 o9 75 + 20 .13 + ,01
tions (3)%, H3-F2 4,4 ,2 2F1 .70 ¥ ,05

H4-F1l 9,6 03 ¢ .06 )175

1 Extinction curves were measured on solutions containing about 900
microgrems of compound per ml rather then the usual 300-350,
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Notes to Table II,- C=-125: liaterial from dialyzed centrifugate,

C-123: liateriel insoluble in 40% (v/v) ethanol, Dialyzed, C-128:
{feteriel soluble in 40% (v/v) ethanol but insoluble in 65% (v/v)
ethanol, C=135:% Material from undislyzed centrifugate, C=-142:
Materiel Insoluble in 40% (v/v) ethenol, Not dialyzed, C-148:
Meterial soluble in 40% (v/v) ethenol, but insoluble in 654 (v/v)
ethenol, Not dialyzed, R4-F2: Insoluble on addition of 3/4 vol,
ethanol to filtrate of aqueous suspension of mucin, R4=-F3:
Precipitated between 3/4 and 2 vol, ethanol from filtrete of aqueous
suspension of mucin, R4-F4: Soluble material efter edditiom of 2 vol,
ethanol to filtrate of aqueous suspension of mucin, R5-F2: Same as
R4-F2, duplicate experiment, R5-F3: Same as R4=F3, duplicate
experiment, C-52: liaterial insoluble in 10% (v/v) ethamol, C-59:
soluble in 47 (v/v) ethanol and insoluble in 62% (v/v) ethenol on
fractionation of clear supernatant obtained on electrodialysis of
C-52, Dielyzed, C-6l: Insoluble in 47% (v/v) ethenol on fractionation
of cleer supernatant obtained on electrodialysis of C-52, R2-F2Ai:
Insoluble in 30% sodium sulfete, Precipitate electrodialyzed,
liaterial from supernatant, R2-FZB: Aqueous washings of R2=F2C, R2-F2C:
Precipitete obtained on electrodialysis of 30% sodium sulfete
precipitate, R8-Fl: Clear supernatent on electrodialysis of R5-F3 for
five days, R8=F2B: Residue on electrodialysis of R5-F3 for five days,
C-110: Meterial soluble in 30% (v/v) ethanol but insoluble in 65%
(v/v) ethanol from centrifuged mucin suspension, Upon reprecipitétion
insoluble in 45% (v/v) etheanol, Electrodislyzed, C-165: C-110 treated
twice with alkeli-washed IR-4 resin, C-=167: C=110 treated twice with
elkeli-washed Descidite resin, C-168: Materisl soluble in 45% (v/v)
ethanol end insoluble in 65% (v/v) ethanol from centrifuged suspension,
dielyzed, and then treated twice with alkali-washed Deacidite resin,
R6-F5A: Corresponds to preperation III of Landsteiner end Herte (19),
R7-FbA: Corresponds to preparation II of Landsteiner and Harte (19),
C=-47: lieterial not precipiteted by Zn(OH), at pH 7,1 but precipitated
by ecetone-acetic scid, Material from supernstent after electrodielysis
of finel precipitate, C-22: Autolyzed pepsin, precipitated by 62%
(v/v) ethanol end then by 9 vol, glaciel acetic acid end 5 vol,
scetone; dialyzed end precipitated by 4 vol, ethanol plus sodium
acetate, C-26: Obtained by two 65% (v/v) ethanol precipitetions at
pH 8,5, dTelyzed, H1-F3: Soluble in water and insoluble in 71%
(v/v) ethanol, H2-F1l: Soluble in water and insoluble in 63% (v/v)
ethenol, H2-F3: Soluble in 63% (v/v) ethanol end insoluble in 74%
(v/v) ethanol, H3-Fl: Soluble in water and insoluble in 63% (v/v)
ethenol, H3-F2: Soluble in 63% (v/v) ethanol and insoluble in 7L%
(v/v) ethanol, H4-Fl: Soluble in water and insoluble in 7% (v/v)
ethanol,
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or viscosity, However, we have found that extinction curveé of A=
substance fractions prepared according to the two procedures are
readily distinguished, The product from the phenol-alcohol procedure
contains greater amounts of the 260 mu component (C-52, Fig, 4)
then the A-substance isolated by alcohol frectionation, The product
isolated by the sodium sulfate procedure would appear to have less
of the 260 mu component (Fig, 4); the fraction corresponding to the
sodium sulfate product of Morgen end King would be represented by
an exbinetion curve roughly intermediate between R2=-F24 and R2-F2C
since the Morgan sand King product was fractionated further as
discussed below,

It was reported earlier (4) that A-substance fractions obtained
by alcohol, sodium sulfate, or phenol-alcohol fractionation could be
shown to be heterogeneous by electrodialysis, Solid material
separated in the cell during elecirodialysis leaving a feirly clear
supernatant, The residue and the material in the superneatant
possessed approximately the same equivalent N-acetyl glucosamine
content and the same inhibition of isoagglutination activity, In the
more precise inhibition of hemolysis test the material in the
supernatant appeared to be 20-25% more active than the residue,
While these two fractions are quite similar by these criteria they
differ substantially in their spectral properties, The solid
disperses in water to give quite turbid solutions while the material
in the supernatent yields only slightly turbid solutions, The latter
solution, of course, scatters considerably less light in the

ultraviolet as may be seen from the extinction in the region 300-
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350 mu, In Fig, 4, R2-F2A4, R2-F2B, and R2-F2C represent respectively
the material in the supernatant, a washing of the residue, and the
residue, R8-F1 snd R8-F2B (Fig, 5) are respectively the supernatant
material and the residue on electrodialysis of the main product,
R5=F3, obtained by alcohol fractionation of mucin, C-59 and C-61
(Fig, 4) are the soluble materisls obteined on electrodialysis of
the product of phenol-alcohol fractionation, C-52, C=59 and C=61
differ in that the former is soluble in 47% alcohol and insoluble in
60% alcohol while the latter is insoluble in 47% alcohol, In every
case the soluble materials, which are more active serologically than
the residue or the parent compound, show decreased ebsorption in the
ultraviolet, This would appear to be due in part to the fect that
light-scattering components ere concentrated in the residue but also
because the 260 mu component occurs to a greater extent in the residue,

A study has been made in this Laboratory1 of the use of ion-
exchange resins in concentrating A-substance from hog gastric mucin,
Preparations compareble in activity to those obtained by other
procedures are obtained in this way, C=168 (Fig, 5) which exhibits
weak absorption in the ultraviolet was obtained by treating a 60%
alcohol precipitate from mucin twice with base-treated Deacidite,
The 40% elcohol precipitate which contains considerable quantities
of the 260 mu component (C=-110) can be changed to a fraction

showing weak 260 mu absorption by treatment with base=treated

* Unpublished work of B, L, Bennett,
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Deacidite (C-167), Trestment of C=110 withbase-sreated IR-4 resin,
a resin of similar type, is ineffective however in removing the 260
mu component (C-165),

A=substance is known to degrade under a variety of conditions,
€,Z., by heating with formemide at 150°C (19, 24), by digestion with
pepain-HCN (19), end by treatment with alkeli (18, 24), Degradation
is usually observed by a decrease in the potency in the isoagglutin-
ation test while no change or an increase in potency in the hemolysis
test is observed, It was of interest to determine the extent to which
the spectral properties were altered by degradation, Typical curves
are shown in Fig, 6, All the degraded preperations show very little
absorption in the ultraviolet and as a comsequence of the clarity
of the aqueous solutions low extinction values are observed in the
300~350 mu range, R6-FOA was obtained from R4-F3 by papain-HCN
digestion (19), R7-F5A by heating R5-F3 with formamide et 150°C (19),
and C=47 by preliminary digestion with 2% sodium carbonate at 70°C
followed by adsorption and precipitation according to the procedure

of Meyer, Smyth, and Palmer (25),

2, Bxtinetion Curves of Preparations from Hog Pepsin

In Fig, 7 are shown extinction curves for fractions isolated by
the procedure of Landsteiner and Chase (20), C-22, end by the
procedure of Leandsteiner and Harte (19), C-26, from Wilson pepsin,

Unlike the active preparations from hog gastric muecin specific



51
absorption is shown in the region 270 mu possibly due to contemination
from the considerable quantities of protein present in the starting
material, These fractions are emong the most active in the hemolysis
test that have been isolated so far from hog stomach sources,
Evidence has been presented previously (4) which suggests that these
preparations may in fact be partially degraded, The extinction curves
would indicate thet despite their high potency they contain
contaminants or artifacts produced in the course of isolation which
absorb at 270 mu, Purified preparations from hog gastric mucin show

considerably less ebsorption in the ultraviolet,

3, Extinetion Curves of Preparations from
Individual Hog Stomach Linings

In 1945 Witebsky (29) reported that only 40% of hogs have the
specifiec blood group A factor in their stomach linings, In was later
reported by Bendich, Kebat, and Bezer (3) that hog stomach linings
may be differentiated into those possessing the A-factor and those
having & similar but inactive mucoid, The latter material was shown
by Aminoff, Morgen, end Watkins (1) to possess properties of blood
group "O" substance, Hog gastric mucin, being & pool of sbomachs of
meny hogs was shown to contain both A end O substences, It was, of
course, of interest to compare the spectral properties of the A-
substence derived from individual hog stomach linings with those
isolated from hog mucin, Accordingly pertially purified fractions
were isolated from individual hog stomach linings by peptic digestion

followed by alcohol fractionation, The extinction curves for these
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preparations are shown in Fig, 8 and their serological properties
in Table II, Hozs 1 and 4 gave inactive products, presumebly
O-substance, while hogs 2 and 3 possessed A=specific material, The
activities of the more potent preparations were about the same order
of megnitude as those obtained from mucin and pepsin, However all
the preparations showed cdhsiderably more specific absorption in the
region 260-270 mu than preparations from hog gastric mucin, The
spectra of materials not possessing 4 activity, Hl~F3 and H4=F1,
resemble those possessing A activity, H2-F1 end H3=Fl; the similarity
parallels the observations of Bendich, Kabat and Bezer (3) as to the
similar viscosity and elementary eanalyses of active end inactive
materials, Attention may be also called to the similar extinetion
curves found by Weltner (30) for blood group 0, A, and B substances
from humen urine, H2-F3 and H3-F2 represent fractions not previously
observed in hog mucin frectionation; these fractions are soluble in
60% alcohol and insoluble at ebout 72% elcohol and have little
activity compared to the fractions insoluble at 60% elcohol, H2-F1

and H3=F1,

4, Spectrophotometric Estimation of the Maximum Aromatic
Amino Acid Content of A-substance Preparations
Spectrophotometric procedures for determining tyrosine and
tryptophen in proteins have been reported by Holiday (13, 14) and
recently by Goodwin and llorton (11), The results of these procedures
generally agree with those obtained by other methods if precautions

in interpretation are appreciated (23) end if suitsble corrections
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for non-specific sbsorption are mede, The methods depend on the fact
that of all common natural emino acids only tyrosine, tryptophen end
phenylalanine show ebsorption in the region 260-300 mu, Since
phenylalenine shows considerably less absorption than either tyrosine
or tryptophen in this region it is usually neglected when anelyzing
for the other amino acids;

At pH 7,2 in phosphate=citrate buffer it was found that
tryptophan has 2 maximum at 280 mu, Ei% = 278, end a minimum at 244

cm

mu, El% = 833 tyrosine has a maximum at 274 nu, El% = 78, and a
lem lem

minimum at 245 mu, Eifm= 11; phenylalanine shows weak absorption at
255 mu, Eii;{&h end histidine shows specific absorption only below
240 mu, A=-substance is known to contain N-acetyl glucosamine and
galactose (20, 25) and recently fucose and mannose have been detected
(2), These sugars would be expected to show ultreviolet absorption
only below about 230 mu (12, 21), If the extinction of A-substance

at 280 mu after correction is ascribed solely to amino acids then it
is possible to estimate the meximum content of tryptophan or tyrosine
in these preparations, Since the preparations absorb weakly in the
ultraviolet and because tyrosine and tryptophen possess similar
absorption spectra under the test conditions, it is difficult to
determine tyrosine and tryptophen simulbteneously as has been done
previously (11, 13), The procedure of measuring ebsorption in
alkaline solution which allows considerable differentiation in the
tyrosine and tryptophan spectra is inappliceble due to the known
lebility of A-substance,

The equivalent tyrosine or tryptophan content of a number of
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prebarations have been calculated and are suwmearized in Teble III,
The method adopted here has been to calculate the tyrosine or
tryptophen content by ascribing the net absorption at 280 mu entirely

to edther ‘byrosine1

or tryptophan, leximum values for these amino
acids then are obtained,.The extinction coefficient at 280 mu
observed for the preparatién»is corrected for non-specific absorpuion
in the ultraviolet by extrapolating from the extinction curve above
320 mu, a region in which even tyrosine and tryptophan are transparent,
This correction is necessary and has been applied previously (11, 13)
to protein analyses and agrees within experimental error with the
correction which is found by determining the Rayleigh coefficient for
the non-specific absorption and using the coefficient for extrapolation,
‘If the correction for non-specific ebsorption is epplied throughout
the ultraviolet region then the more potent preparations which show
low plateaus in the region 260-280 mu possess extinction curves
which have small maxima between 270-~280 nu,

While the preparations shown in Table III are probably not pure
it seems certain that tyrosine snd tryptophén if present in A=~
substance are eamong the least abundant amino acids, The maximun
tyrosine is between ,3=1% end the maximum tryptophan between 0,1-,3%
for purified preparationé from hog mucin; these estimates would of
course be smaller if both of the amino acids were present, Less pure

preperations from mucin and preparstions from pepsin and hog linings

1 g% for tyrosine at 280 mu is 69,
lem
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Table IITI
Calculated Meximum Tyrosine and Tryptophan Content

of A-substance Preparations

1% * i 1% ; ;
Fraction E1° Correction E Meximum Meximum
em lem
for non- percent percent
280 mu specific, corrected +tyrosine  +tryptophan
ebsorption
280 mu
R2=F2A 1,21 0,35 0,86 1,2 0,3
C=59 1,67 .85 & 72 1,0 025
RB8=F1 1,30 » 50 .80 1,1 03
C-168 2, 74 .92 1,82 2,6 . 65
R7-F54 1,24 .68 .96 »8 o2
C=47 .97 » 30 o T L4 S |
R6=F5A » 90 »20 » 30 o4 o1
C=22 3,45 .70 2,75 4,0 095
Cc-26 2,99 .66 2,33 3,4 s 8

* Solutions in citrate-phosphate buffer, pH 7,2,
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have larger apparent contents of tyrosine and tryptophen, Since
molecular size studies (20, 29) indicate molecular weights of the
order of 250,000 or larger the maximum tyrosine and tryptophan
content represents respectively aebout 4-14 and 1-4 molecules pef
molecule of A-substence, The spectra of the A-substance preparations
resemble proteins like gelatin (28) which also exhibits little
absorption in the ultraviolef and possesses little tyrosine or
tryptophan,

The results ebove are in agreement with qualitative tests for
aromatic amino acids in A=-substance which are generally week or
negative (19), The only quentitative results so far are those of
Brend and Saidel (6) on a preparation of A-substance from hog gastric
mucin by the phenol prodedure iﬁ which it is reported that 0,3%

tyrosine and 0,2% tryptophan are present,



57
Summary

The results which have been presented indicate that spectro-
photometric analysis is useful for following chenges in composition
on fractionation of A-substance from hog stomech sources as well as
comparing preparations isolated by different methods and from
different sources, Of particulgr adventage is that the method is
feirly precise, requires small samples, and the analyses can be
carried out rapidly and conveniently, The results on hog gastric
muein indicate that A-substance has little specific absorption in the
ultraviolet; extraneous components account for most if not all the
absorption, Purificetion has always led to decreases in absorption,
in the ultraviolet, A small amount of nqn-sPecific absorption is
present in undegreded preparations due presumably to light scatbering
by the slightly opalescent solutions; degraded preparations show con=-
siderebly less opalescence,

The maximum tyrosine and tryptophan content of preparations can
be estimated by spectrophotometric analysis, The analyses indicate
that the eamino acids are minor constituents in the preparations from
hog gastric mucin, Preparations from pepsin and individual hog
stomech linings would appear to contein significantly more tyrosine
end / or tryptophen, but the possibility of contemirants in these

preparations is not excluded,
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Fig,4 , Extinetion curves of fractions isolated from hog
gastric muein by sodium sulfate fractionation followed by
elsctrodialysis (left) and by phenol-alcohol fractionation
followed by electrodialysis and aleohol frectionation (right),
Left:— —s R2=F2C; s Re=F2B; | R2-F24,
Right: ___ _ , 0a52; — 9 C=61;_ —y C=59,




1%

lem

16

60

mu

Fig, 5 , Bxtinction curves of fractions isolated from
hog gastrie mucin by alcohol fractionation followed by
electrodialysis (left) and by treatment with ion-exchenge
resins (right), Left: s R5=F3;— , R8-F2B;
- -, R8=-F1, Ripht: s C=110; , C=165;

-y 0=1673——-- - s C=168

650



61

16

12
g%
len
8
4
mu
Fig, 6 , Extinection curves of fractions isolated

by degradative procedures from hog gestric mucin and from
partially purified fractions from mucin (R4-F3 and
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IV A Study of the Isolation of Blood Group A Substance
from Hog Gastric llucin by Means of Alcohol

Fractionétiqn and Electrodialysis
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In Part II the results of a survey of procedures for the iso=-
lation of blood group A substance from hog gestric mucin were dise-
cussed, On the basis of serological tests it was concluded that all
the procedures yielding unmodified preparations (19, 24) gave products
of ebout the same activity, It was further found that these preparations
could be shown to be heterégeneous by electrodialysis experiments;
two materials, one soluble end one insoluble on electrodialysis were
obtained, the former eppearing more potent, It seemed probable thatb
with the detailed knowledge of procedures derived from the above
survey and with the application of more criteria of fractionation,
a more homogeneous preparation could be isolated, In this section
the results of such an investigation are reported,

The alcohol fractionation procedure of Landsteiner and Harte
(19) with the modifications discussed in Part II was used for pre-
liminary purification, This convenient procedure provides preperations
of similar yields and potencies as the sodium sulfate or phenol-
alcohol procedures of lorgan and King (24), Electrodialysis in com=
bination with more precise alcohol fractionation was used for sub-
sequent purification, In order to judge the degree of purification
achieved the isolation of all frections was made as quentitetive as
possible and inactive fractions were partially characterized, Criteria
of fractionation involved not only the usual serological tests of
inhibition of isoagglutination and hemolysis but also the distribution
of total ni%rogen, amino nitrogen, and emino acid nitrogen in fractions,
snalyses for arginine, histidine, and N-acetyl glucosamine, and

spectrophotometric analyses, By this program a preparation which
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possesses about twice the serological potency of those isolated by
other procedures has been obtained, The preparation is not homogen-
eous, however, and a further study of its fractionation ié reserved

for discussion in Part V,
Experimental

R
~ P D b D S I P

Serological tesbts, The inhibitionof isoagglutination (15) and

the inhibition of hemolysis (4) tests were carried out as previously
described,

Absorption spectra, The spectre were measured as discussed in

Pert IIIL using solutions at pH 7,20 + 0,05 and compound concentrations
of gbout 900 micrograms/ml,

Anelytical methods, Totel nitrogen, emino nitrogen, and amino

acid nitrogen were determined in duplicate by means of the Van Slyke
manometric apparatusl. Additional total nitrogen analyses by the
Dumes method and carbon, hydrogen, and sulfur determinations were
performed by Dr, G, Oppenheimer and staeff, Phosphorus was determined
gravimetrically after sulfuric ascid-nitric acid digestion as
ammonivm phosphomolybdate (40),

Arginine and histidine were determined directly on unhydrolyzed
solutions of preparations; the Weber modification (43) of the

Sakaguchi test was used for arginine and the Pauly diazo test as

modified by MecPherson (39) was used for histidine, The latter test

- I am indebted to Mr, J,P, Cumnninghem for meny of these analyses,
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is interfered with by tyrosine (phenylalanine and tryptophan were
not found to interfere); the histidine content was caleculated by
assuming that all the color obtained was due to histidine, No alcohol
was added to the reagents in this procedure since it was found thet
a deep yellow color always eppeared; fairly reproducible results were
obtained by teking the ma#imhm colorimeter reading observed within
two minutes after addition of sodium carbonate, Under these conditions
histidine yielded a color which increased rapidly for sbout two
minutes and then slowly thereafter while the color given by tyrosine
decreased in intensity immediately after the addition of sodium
carbonate, Purified A-substance preparations resembled histidine in
color development while impure preparations or inactive fractions,
e.g.,, gastric mucin suspension or R17-F4 (see Fig, 4) resembled
tyrosine, Determinations of histidine and arginine were made in
duplicate or triplicate on 1 - 5 milligrem samples using the Klett-
Summerson colorimeter (green filter No, 54), The average percentage
deviation of results from the means was about 5 percent for both
erginine and histidine,

The equivalent Ne=acetyl glucosemine content was determined by
the method previously deseribed (15),

Acid-base titrations of preparations, About 50 mg of a prep-

aration was dissolved in 5 ml of distilled water, Then 0,1 M HC1l wes
edded until the pH was approximately 3; O,1 ml was usually required,
The solutione were titrated with 0,0326 i NaQi with the aid of a
Beckman pH meter, Different preparations were compared by recalculating

titration curves so that each passed through the same point at pH 8;
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this was necessary since aqueous solutions of the preparations
differed appreciably in pH, A control consisting of 5 ml of distilled
water was titrated similarly,

Electrodialysis epparatus, In the course of the preparative work

it became clear that the electrodialysis apparatus in use was much
too small for the scale ofzoﬁerations contemplated, The electrodialysis
epparatus is shown in Fig, 1l; the arrangement without the upper
Pyrex pipe represented the usual apparatus and could conveniently
handle about 500 ml of solution, Certain aspects of the phenomenon
occurring on electrodialysis of A-substance suggested a simple
modification which possessed comsiderably greater capacity without
increasing the time of electrodialysis correspondingly, In this
modification a four-foot length of standard Pyrex pipe was attached
to the center compartment and the pipe jacketed with Pyrex tubing

as shown in Fig, 1l; the capacity of the middle compartment wes thus
increased to sbout 2500 ml, Since the electrodialysis arrengement is
somewhat unconventional, the potential gradient being applied to
only a small part of the solution, some aspects of its operation are
discussed below,

When & solution was electrodialyzed with the earlier arrangement,
it was observed that separation of material was apparent not only by
an eccumulation of solid at the membrene of the anode compartment
but also by the separation of a clear supermatant at the surface
level of th; solution in the middle compartment, The separation at
the surface occurred even When the solution in the center compartment

was 5 = 10 cm above the horizontal arm of the T-tube where, presumebly,
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Fig, 1 , Modified electrodialysis apparatus
A Cellophane membrene, two sheets
B Platinum enode
C Carbon cathode

D Central compartment containing
solution

Potential of 700 volts between electrodes
controlled by Varitran, Electrode
compartments cooled by water passing
through gless coils (not shown in diagrem),
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the potential gradient would be small or negligible, When the
electrodialysis was carried out with the modified apparatu§, the
central pipe being filled to a height of 100 = 120 cn, separation
egein could be observed at the surface after a lapse of ebout 45 -
60 minutes, The separation proceeded much more rapidly thereafter,
A typical separation at éhe surface of the solution is illustrated
by the photographs shown in Fig, 2, The boundary between the turbid
zone and the supernatant was always concave dowvnward when the current
was on; when the current was shut off, the boundary slowly settled
until it became horizontal and motionless, After epplying the current
again, the concave surface and the migration of the turbid zomne
reappeared in & short time,
| While the separation at the surface was connected with the
passage of current, it seemed unlikely that the potential gradient
several feet below the surface influenced directly the migration of
charged particles at the surface, The rapidity and character of the
separation also argued against a simple electrophoretic process, The
apparent explanation of the phenomenon was suggested when careful
illumination of the central column during electrodielysis revealed
the presence of circulation currents, The currents occurred below the
boundary between the turbid zone and the supernatant; the supernatent
was generally quiescent, Currents on the cathode side of the column
were upward end on the anode side of the column, downweard, In one
instance the rate of mass movement of the liquid upward end dovmward
was found to be, respectively, 22 cm per minute and 10 ecm per minute,

The liquid moving upward was fairly clear and appeared simply to
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layer on top of the boundary; at the seme time considerable solid
accumulated in the lower part of the cell and egainst the anode
membrene, The circulation of liquid snd the layering of clear solution
coming from the cathode side of the middle compartment above the
turbid zone boundary would explain some of the puzzling features of
the electrodielysis - therlag in separation, during which the
circulation currents are presumebly established, followed by acceler-
ated migration of the turbid zome; the shape of the boundary; end the
dependence of continued migration on the passage of current, No
explaneation is available for the origin of the circulation current
although migration and precipitation of non-dislyzable, negatively=
charged material at the anode membrane, and the resulting pH changes
in solution are probably importent, The separations occurred more
readily in neutral solution than in acid solution; in fact, a com=
pletely electrodialyzed solution, whose soluble end insoluble
components are mixed giving a solution of pH 3 - 4, would not separate
insoluble materisasl again on further electrodialysis, The meaintenance
of the boundary is perheaps also associated with pH changes and the
precipitation of material since the electrodialysis of R18-F7 (see
Fig, 2, 8) at pH 7 gave rise to a residue, turbid zone, and clear
supernatant, having pH of 3,2, 4,4 and 8,5 respectively, The pH
changes occurring on electrodialysis have been noted previously (4),

It wes found that occasional turbulence of the boundary during
electrodiaiysis could be minimized by protecting the column from

uneven external heating by meens of o water Jacket,
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Results and Discussion

1, The Procedure of Fractionation and the
Blood Group . Properties of Preparations
A schematic diagram% of the essential operations involved in the
separation of A-substence by alcohol fractionation and electrodialysis
is shown in Fig, 3, The procedure consisted, successively, of two
alcohol fractionations, en electrodialysis, a third alcohol fractione-
ation, and a final electrodialysis and precipitation, About 88 = 90%

2 weas accounted for and a similar

of the original hog gastric mucin
recovery of blood group A activity in mucin is represented by the
fractions isolated, The activities of the fractions, determined by
isoagglutination inhibition and hemolysis inhibition tests, were
calculated relative to hog gastric mucin assumed to heve unit activity,
The results of the two serological tests were alweys concordent

within the limits of experimental error, the hemolysis test having

a precision of 10 = 15% and the isosgglutination test of 50 - 100%,

A charscteristic feature of the fractionation is that the A

activity is not confined predominently to a single frection, a

1 4lcohol concentrations are calculated as volume percent,

Solutions were allowed to stend in the cold room (5°) between
operations; dialysis of preparations were also carried out in the
cold room, usually for at least 5 days, against frequent changes of
distilled water, The yield and activity of R17-Fl, the inactive
water=-insoluble fraction from mucin, which was not reserved, was
estimated from results obteined in a number of similar preparations,

< This estimate includes the 5 - 6% moisture present in Wilson
mucin, Item No, 443,



HOG GASTRIC
MUCIN

1000 GRANMS

TO 2% SUSPENSION IN WATER
ADDED 10 ML ACETIC ACID

PER 12,5 LITERS , pH 4.2.
CENTRIPUGED TWICE IN SHARPLES,

PRECIngATE SUPERNATANT
RI7-FI ADDED ETHYL ALCOROL TO 40%.
SOLUTION ALLOWED TO STAND
ACTIVITY: (0.05) SEVERAL DAYS AND SUPERNATANT
YIELD:(15%) DECANTED.,
SUPERNATANT PRECIPITATE
ADDED ETHYL ALCOHOL TO 65%. RI7-F2
SOLUTION ALLOWED TO STAND .
SEVERAL DAYS AND SUPERNATANT ;ﬁg{ng§4 é9%
DECANTED. PRECIPITATE WASHED :
WITH ALCOHOL.
SUPERNATANT PRECIPITATE
ALIQUOT EVAPORATED AND RI7-F3
LYOPHILIZED.

RI7-F4

ACTIVITY: 0.1

TO 1% SOLUTION, 0.5% IN SODIUM
ACETATE, ADDED 10 ML ACETIC
ACID PER 12 LITERS, pH 5,3,
ADDED ETHYL ALCOHOL TO 49%.
ALLOWED TO STAND SEVERAL DAYS.

YIELD: 16.0% CENTRIFUGED IN SHARPLES.
CENTRIFUGATE PRECIPITATE
RI&-FI
ADDED ETHYL ALCOHOL TO 60%.
ACTIVITY: 1
YIELD : 14.62%
i
SUPERNATANT PREGIPITATE
ALIGUOT EVAPORATED, DIALYZED -
AND LYOPHILIZED, ' RI&-F2
ABOUT 1% SOLUTION, pH 7, ZLECTRO-
RI&B-F3 DIALYZED. SUPERNATANT DECANTED.
ACTIVITY: 0.5
YIELDY 1500% SUPERNATANT RESYDUE
RI&-F4 RIB-F5

SOLUTION MADE 0.5% IN SODIUM
ACETATE. ADDED 1 ML ACEBTIC ACID
PER LITER, pH 5.3. ADDED ETHYL
ALCOHOL TO 49%. ALLOWED TO STAND
SEVERAL DAYS.

CENTRIFUGED IN SBARPLES.

TO ABOUT 1% SOLUTION, 0.5%
IN SODIUM ACETATE, pH 5.4,
ADDED ETHYL ALCOHOL TO 49%.
CENTRIFUGED IN SHARPLES.

i I
PRECIFITATE SUPERNATANT IN CENTRIFUGATE PRECIPITATE CENTRIFUGATE
RI8-F6A SRS o ADDED ETHYL HOL TO 60% |DIALYZED' e Eoy i RLCCHOL
ADDED SEVERAL VOLUMES HYL ALCO: %o TO 60%. PRECIPITATE
ACTIVITY: 2.5 OF ETHYL ALCOHOL. SUPER- DISCARDED SUPERNATANT. FQIEB —-F:Iza DIALYZED. SUPERNATANT
YISLD: 1.62% NATANT DISCARDED. - DISCARDED,
ACTIVITY: 4
RI&-FGB PRECIPITATE YIELD: 0.62%
ACTIVITY: 2 RI8-F7 .
ACTIVITY: 4
YIELD: 0.41% YIELD: 1,88%
ABOUT 1% SOLUTION, pH 7, ELECTRO=
DIALYZED. SUPERNATANTS DECANTED.
ReSLDUE "CLEAR" SUPERNATANT "TURBID" SUPERNATANT
ADDED ETHYL ALCOHOL TO 66% (6.5 i L bR 1
TO 66% ETHYL ALCOHOL = g 66% (7 LITERS SOLUTION).
SOLUT?ON( 1.5 LITERS) LITERS SOLUTION). ADDED SODIUM ADDED SODIUM CHLORIDE TO
ADDED SODIUM CHLORIDE CHLORIDE TO 0.023%; PRECIPITATE 0.021%; PRECIPITATE
T0 0.00066%., DIALYZED,SUPERNATANT DISCARDED, DIALYZED AND SUPERNATANT
DISCARDED,
i
Rl’l;ECIPITATE SUPERNATANT RI8 Flo RI&-FII
ACTIVITY; 4 CENTRIFUGED ACTIVITY: 5 ACTIVITY: 5
YIELD: 0.21% : YIELD: 2.37% YIELD: 3.49%
F;TECIPITATE SUPERNATANT
AMyrpy, 5 ADDED SODIUM CHLORIDE
TELD: 0. psg TO 0.021%. PREUIPITATE
: DIALYZED., DISCARDED
SUPERNATANT,
ACTIVITY: 4

YIELD: 1.16%

Outline of frzetionation

procedure
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result which no doubt reflects in part the complexity of materials
in hog mucin and their possible interaction; the presence of a
variety of mucoids (25) including the similar O-substance (1, 3),
nucleic acid (2),proteineceous material (24), end amino ecids (see
Pert III) has been reported, In addition the possibility is not
excluded that Assubstancefin muein mey be such a heterogeneous
nature that the distribution of activity is unavoidsble,

The most active fractions, R18-F10 and R18=Fll, were obtained
in a totel yield of ebout 5,9% from ﬁucin, The results in Table I
demonstrate that the fractions have about twice the activity of
those obtained by procedures yielding unmodified preparations (4, 19,
24), Since R18-F10 and R18-Fll possess potencies in the isosgglutin-
ation test commensurate with those in the hemolysis test it is
concluded that the preparations are undegraded, It is known that
degraded preparations on the other hend always show low isoagglutine
ation potencies (see Table I), Furthermore, R18-F10 and R18-F11 would
appear to be 25 - 50% more active than preparations previously
obteined by a combination of procedures (see Part II), The two
fractions were soluble materiels obtained on electrodialysis; in
agreement with other observations (4), the residues on electrodialysis
appeared less active, e,g,, R18~-F5 and R18-F8A after fractionation
with alcohol could not be made to yield material as asctive as R18-~F10
or R18-F11,

Despité the extensive fractionation leaeding to fractions R18-F10
end R18-F1ll, evidence discussed in detail later demonstrates the

heterogeneity of these preparations, In this connection attention
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may be called to the fact that Lendsteiner and Harte (19) found that
the less active products obtained by alcohol fractionation (corresponds
to C-143, Table I) end by treatment with formesmide (corresponds to
R7-FBA) were homogeneous in the ultrecemtrifuge, Morgen end King (24)
observed that their products were at least 90/ homogeneous electro=
phoretically, These tests are apparently unreliable as criterie of
homogeneity since Bendich, Kebat, and Bezer (3) observed that a
preparation obtained from mucin by the phenol=alcohol procedure of
Morgan and King was only about 607 homogeneous based on a quantitative
precipitation reaction with humen anti-hog A=-substance immune sers
(34), This result is in agreement with the observetions in this pert
and previously (Part II) that unmodified preperations with enhanced
potencies are obtainable by a variety of methods, However, it seems
likely that the authors were incorrect in assuming theat inactive
conteminant was simply a similar mucoid, presumebly O=substance,
since it was shown in Pert III that other conteminants were possible
and also because it is demonstrated below that A and O substances

in mucin are separeble,

2, Chemical and Physical Properties of A-substance
The properties of the most active preparations, R18-F10 and
R18=F1l, are summarized in Table II, Some of these properties are
discussed in eppropriete sections below, The preparations give
tests for erginine, histidine and N-acetyl glucosamine; the presence
of hexose is indicated by the carbazole test of Gurin and Hood (33),

While the elementary analyses are similar to those obtained on A-
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Table I

Serologicel Properties of A-substence Preperations

Reference Source Procedure Relative A activityl
material Hemolysis Isosagglu=
test tination
test
Landsteiner and  Pepsin Alcohol fractionetion * 5,5 2,5
Chese 1936 (20) (c=22)
Meyer, Smyth, end Hog gastric Selective adsorption * 4,5 1
Palmer 1937 (25) mucin and precipitetion(C=47)
Landsteiner and Hog gastric Alcohol fractionation 2:9 2.5
Harte 1940 (19) muein (C=143)
Hog gastric Formemide treatment * 5,5 b
mucin (R7-F54)
Hog gastric Papain-HCN treatment * 3 1
mucin (R6~F54)
Morgen end King  Hog gastric Sodium sulfate 2,5 R
1943 (24) mucin fractionation (R2-F24)
Hog gestric Phenol-alcohol 2 1,5
nucin fractionation (C-52)
This work Hog gastric Alcohol fractionetion 5 5

mucin

and electrodialysis
(R18~F10 and R18-F1l)

1 Hog gastric muecin, Wilson No, 443, was assumed to have unit activity,

* Procedures presumably involving degradation of active materiel,
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Teble II

Chemicel end Physical Properties of A-substance

Preperations from Hog Gastric Mucin

Preparation  Preparetion
R18=~F10 R18-F11
Totel cerbon, % 41,6 43,4
Totael hydrogen, % 7.3 7.3
Totel nitrogen (Dumes), % 5,0 5,2
Total sulfur, % {,2 <,2
Total phosphorus, % .04 .04
Ash (residue on Dumas combustion), % .6 o
Amino nitrogen, % ol - |
Equivelent arginine content,’ 029 049
(before hydrolysis)
BEquivelent histidine content, % » D6 D0
(before hydrolysis) N
BEquivalent Neacetyl glucosamine, % 13,1 12,9
Meximum tyrosine content, % e 1.0
(from spectral absorption)
Meximum tryptophen content, % o8 »9
(from spectral ebsorption)
Base-combining capacity from pH 3
to 8, moles x 10° per gream preperation 8 9
Acid-co<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>