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In a recent publication (1) electrophoretic data
were reported on two mucoproteins obtained by
fractionation of human gastric juice according to
the method of Glass and Boyd (2). One of the
separated components, “glandular mucoprotein,”
contains an acid mucopolysaccharide as a pros-
thetic group, while the other separated mucopro-
tein, termed “mucoproteose,” contains a neutral
polysaccharide as a prosthetic group. Both muco-
proteins were found to be fairly homogeneous
electrophoretically and both were negatively
charged in the pH range studied (5.0 to 8.5);
however, the “glandular mucoprotein” migrated
with an exceptionally high mobility and the “mu-
coproteose” with an exceptionally low mobility.
The present study was undertaken to ascertain
whether or not the electrophoretic data reported
on these two chemically fractionated mucoproteins
could be correlated with the electrophoretic pat-
tern of whole human gastric juice.

METHOD

Fasting gastric juice was obtained by intubation of
healthy volunteers and patients with peptic ulcer. The sub-
jects were urged not to swallow saliva. Specimens discol-
ored by bile were discarded. The gastric juice collected was
then treated by one of the following methods: Method A:
Freshly collected juice was filtered, neutralized to a pH
of approximately 7 by adding dropwise, with twirling,
1 N sodium hydroxide, dialyzed for 24 hours against
cold (5° to 10° C.) running tap water, dialyzed for 24
hours against cold (2° to 5° C.) distilled water, and then
dried by lyophilization. Method B: Immediately after
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collection, the gastric juice was placed in a refrigerator
maintained at 2° to 5° C. At a later time, varying from
a few hours to several days, the gastric juice was filtered,
dialyzed against cold running tap water and distilled
water, and lyophilized.

The prepared material was then dissolved in buffer.
Both phosphate and veronal buffers were used; an ionic
strength of 0.1 M was maintained in all experiments. In
the initial experiments the concentrations of the protein
solutions varied from 1 per cent to 2 per cent; in later
experiments concentrations of 2.5 per cent to 5 per cent
were used. At these higher concentrations the protein
solutions were turbid but could be cleared by centrifuging
for 15 minutes at 15,000 to 20,000 RPM. It is recognized
that this maneuver may remove some of the less soluble
components but loss of some material would not vitiate
the inferences drawn from this study. All protein solu-
tions were dialyzed against the buffer used through
Visking tubing tied off at both ends; if this precaution
was not taken the solutions within the tubing swelled and
consequently became more dilute. Specimens of saliva
were immediately filtered, dialyzed against cold running
tap water and cold distilled water, and lyophilized. This
material was then dialyzed against the buffer prior to
electrophoresis. The majority of the electrophoresis ex-
periments were carried out with an Aminco portable
electrophoresis apparatus and a clinical cell. A few ad-
ditional experiments. were performed with the aid of an
Aminco-Stern electrophoresis apparatus and an analytical
cell, and with a Klett electrophoresis apparatus and an
analytical cell. In keeping with custom, mobilities were
calculated from the descending limb and expressed in
units X 10 cm.? sec.™ volts™ Relative concentration
was grossly estimated on the basis of planimeter measure-
ments of the peaks in the ascending limb.

RESULTS
I. Electrophoretic Patterns

1. Electrophoretic patterns at varying wvalues
of pH. The results of a series of experiments on
a single preparation, obtained by Method B, at
four different pH levels and at a potential gradi-
ent of from 5.1 to 5.5 volts per cm., are listed in
Table I. These experiments were carried out
with a Klett electrophoresis apparatus and an
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analytical cell. Although the patterns were es-
sentially the same at all pH levels, the best resolu-
tion was achieved at the highest pH value (8.5).
The electrophoretic pattern of the experiment per-
formed with 0.1 ionic strength phosphate buffer
and at a pH of 6.1 and a protein concentration of
1.4 per cent is shown in Figure 1. To facilitate
discussion the various peaks are arbitrarily identi-
fied by symbols, corresponding to those used in
Table I.

An inspection of Table I reveals that the com-
ponents migrate at a higher mobility in phosphate
buffer of pH 6.9 than in veronal buffer of pH 8.5.
This anomalous result was also observed by Pugh,
Glass and Wolf (1) in their electrophoretic studies
of the fractionated gastric mucoproteins. On the
basis of the results listed in Table I, all ensuing
electrophoresis experiments were carried out in
0.1 ionic strength veronal buffer of pH 8.5 = 0.1.
These conditions were deemed the best for analy-
sis to achieve optimal resolution and greatest pro-
tein concentration (the solubility was greater at a
higher pH).

2. Patterns in the gastric juice of healthy sub-
jects. Six electrophoresis experiments on ma-
terial obtained from the gastric juice of healthy
subjects were carried out in veronal buffer at a
hydrion concentration of 8.5+ 0.1 and an ionic
strength of 0.1. The protein concentrations varied
from 1.1 per cent to 5.0 per cent. The results are
listed in Table II which indicates the range of
mobilities and the concentrations roughly esti-
mated from planimetric measurements of the
peaks.

3. Patterns in the gastric juice of patients with
duodenal ulcer. Fourteen experiments were per-
formed on material obtained from the gastric juice
of patients with duodenal ulcer. These were run
at the same pH and in the same range of protein
concentration as the observations on healthy sub-
jects. The results are listed in Table IT where in
comparison with the healthy subjects it is evident
that the electrophoretic pattern is the same as
regards mobility but among the ulcer patients the
concentration of the G-1 component appears to be
significantly greater and the concentration of the
G-3 component significantly smaller than among
the healthy subjects. _

4, Electrophoretic pattern of saliva. Because
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Frc. 1. THE ELECTROPHORETIC PATTERN OF GASTRIC
Juice FroM A HeaLtrHY SusjecT IN 0.1 IoNIC STRENGTH
PuosPHATE BUFFER AT PH 6.0 AND A ProTEIN CONCEN-
TRATION OF 1.4 PER CENT

it was virtually impossible to prevent some degree
of salivary contamination during the collection of
the gastric juice, it seemed important to determine
the electrophoretic pattern of saliva. Figure 2
presents the electrophoretic pattern of pooled hu-
man saliva after migration for 12,720 seconds in
0.1 M veronal buffer at pH 8.5 and in protein
concentration of 3.0 per cent. The mobilities
(calculated from the descending limb) of the S-1
and S-2 components are — 4.2 X 10° and — 2.4 X
10® cm.? sec.”* volts™, respectively. These mo-
bilities are of the same order of magnitude as the
G-2 group of proteins. In addition, the resolu-
tion of the S-2 component of this saliva prepara-
tion into two components on the ascending limb is
very similar to that of the G-2a component of the
gastric juice preparation.

TABLE I
Mobilities of components at varying hydrion comcentrations

Protein Mobility (Desc. limb)*
Buffer pH % G1 G2a G2b G3
Phosphate 5.1 1.6 62 43 ¢t t
Phosphate 6.1 1.4 89 6.8 t 1
Phosphate 6.9 1.6 98 7.7 12 .7
Veronal 8.5 1.4 78 47 16 .8

* Mobilities expressed in units of —u X 10~% cm.® sec™!
volts™.
1 Component not resolved.
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TABLE II

Range of mobility calculated from experiments on material
from the gastric juice of normal individuals
and patients with duodenal ulcer

Controls Ulcer patients
Relative Relative
Component Mobility conc. Mobility conc.
G-1 7.4-84 5-15 7.2-8.4  10-25
G-2a 3.5-5.5 20-50 3.3-5.7  10-25
G-2b 1.0-2.0 5-10 1.0-2.0 5-10
G-3 0.4-1.0 20-40 0.4-1.0 5-15

The possibility that the G-2 group proteins in
gastric juice represented solely contaminating
saliva was ruled out by finding a small diffuse
G-2 peak, of a size comparable to that seen in the
gastric juice of intact subjects, in the gastric juice
of Tom, an individual with a gastric fistula and an
occluded esophagus (3). The ascending limb of
the electrophoretic pattern, after 5,070 and 9,810
seconds, is shown in Figure 3; the mobilities of
the G-1, G-2, and G-3 components were —84,
—4.7,and — 1.0 X 10-° cm.? sec.”* volts™!, respec-
tively.

II. Attempts to Identify “Glandular Mucopro-
tein” and “Mucoproteose” in the Electrophoretic
Pattern of Human Gastric Juice

One gram of material prepared by Method B
was dissolved in veronal buffer of pH 8.6, and
electrophoresis determinations were carried out
on the first aliquot of this solution alone, on a
second aliquot to which “glandular mucoprotein”
had been added, and on a third aliquot to which
“mucoproteose” had been added. The amounts

Fi16. 2. TrE ELecTrOoPHORETIC PATTERN OF HuMmaN
SaLva 1IN A 0.1 IoNic STRENGTH VERONAL BUFFER AT
PH 8.5 AND A ProtEIN CONCENTRATION OF 3.0 PEr CENT

MARIAN H. MACK, STEWART WOLF, AND KURT G. STERN

F1c. 3. THE ELECTROPHORETIC PATTERN OF THE GAs-
TRIC JUICE OF ToM UNCOMTAMINATED BY SALIVA SHOWN
IN THE ASCENDING LiMs AFTER 5,070 aND 9,810 SECONDS

and relative concentrations of the lyophilized gas-
tric proteins (L.G.P.), the “glandular mucopro-
tein” (MPN), and the “mucoproteose” (MPTS)
in each solution are tabulated in Table III.

The electrophoretic pattern of the plain gastric
specimen is shown in Figure 4, upper tracing. It
is a typical pattern, consisting of a fairly homo-
geneous leading component, G-1; a very inhomo-
geneous, diffuse center component, G-2a; a slight
amount of protein forming a fairly slow peak, G-2b;
and a fairly homogeneous, slowest moving com-
ponent, G-3. The added MPN formed a peak
about midway between components G-1 and G-2a
(Figure 4, middle tracing). The added MPTS
increased the area of the slowest moving compo-
nent, G-3 (Figure 4, lower tracing). The mo-
bilities of the components (calculated from the
descending limb) are given in Table IV.

The MPN analyzed in a separate experiment
at a concentration of 1.8 per cent migrated as a
single component and appeared more homogene-

TABLE III

Amounts and relative concentrations of protein in the plain
gastric specimen (A) and in those to which ‘‘glandular
mucoprotein” (B) and mucoproteose (C)
had been added

Total Conc. of components

Mg. of Mg. of prot -

Expt. Mg.of MPN MPTS conc* L.G.P. MPN MPTS
no. .P. added added % % % %
A 402 — — 2.9 2.9 —
B 268 134 — 3.0 20 1.0 —
C 268 — 134 3.0 2.0 1.0

* Total protein concentration was calculated by dividing
total dry weight of all protein material by the total volume
of protein solution after dialysis.
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ous than the MPN peak of Experiment B. The
mobility of the MPN in this experiment was
— 6.9 X 10® cm.? sec.”? volts?, as compared to
the mobility of — 5.5 X 10® in Experiment B.
The MPTS analyzed in a separate experiment at
a concentration of 1.5 per cent migrated as a single
component, with a mobility of — 0.8 X 10 cm.2
sec.”? volts™.

II1. Electrophoretic Analysis of Protein Prepa-
rations Obtained by Fractionation of Gastric
Juice According to the Method of Glass and
Boyd (2)

Bile-free gastric juice from a fasting patient
with duodenal ulcer was collected and filtered at
twenty minute intervals over a three hour period.
This gastric juice was then divided into three
equal portions and fractionated as follows: Frac-
tion 1 was obtained by treating one portion by
method as described above. Fraction 2 was ob-
tained by treating a second portion by the first
step in the Glass and Boyd method (2); t.e., re-
moval of contaminants by precipitation with tri-
chloracetic acid, and then was dialyzed- and

F16c. 4. A: TuEe ELEcrRoPHORETIC PATTERN OF GASTRIC
Juice rrom A HeartHY SuBjJECT IN 0.1 IoNIC STRENGTH
VERONAL BUFFER AT PH 8.6 AND A PrOTEIN CONCENTRA-
TION OF 3.9

B: THE SAME AFTER ADDITION OF GLANDULAR
MUCOPROTEIN

C: THE SAME As A AFTER ADDITION OF
MUCOPROTEOSE
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TABLE 1V

Mobilities of components in the plain gastric spemmen 4)
in those to which glandular mucoprotem (B) and
: mucoproteose (C) had been added

Mobility (—u X 1075 cm.2 sec.™? volts™)

Component Exp. A Exp. B Exp. C
G-1 74 1.5 74
G-2a 4.3 * *
G-2b 1.0 1.2 t
G-3 ) Jq .6
MPN — 5.5 —

* Component too diffuse for accurate calculation.
t kComponent missing, probably obscured by large MPTS
peak.

lyophilized. Fraction 3 was obtained by treating
a third portion by the first two steps in the Glass
and Boyd method, i.e., removal of contaminants
with trichloracetic acid and precipitation of
“mucin” with acetone. The “mucin” was then
dissolved in 0.1 N sodium hydroxide, was dia-
lyzed, and then lyophilized.

An electrophoresis experiment was performed
on each of the fractions obtained in the manner
described above. The Aminco portable electro-
phoresis apparatus and clinical cell were employed,
and the analyses were carried out using 0.1 ionic

ey ASC

F1c. 5. A: THE AscenpiNG LiMB oF THE ELECTRO-
PHORETIC PATTERN oF HUMAN GasTrIC JUICE
B: THRE SAME AFTER TREATMENT WITH
TRICHLORACETIC ACID
C: THE SAME As A AFTER TREATMENT WITH
BorH TRICHLORACETIC ACID AND ACETONE
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TABLE V

Mobilities of protein com ts in fractions separated by
method of Glass and Boyd be

—u X 10~¢cm.?sec.”!

volts™ Protein
_— conc.*
. Fraction Gt G2 G3 %
1. Plain gastric specimen 7.7 47 15 2.5
2. Treated with trichloracetic :
acid 5.5 0 4 24
3. Treated with trichloracetic
acid and acetone 7.1 0 18 1.8

* Protein concentration calculated on basis of dry weight
of lyophilized material, with assumption that all material
is protein in nature.

strength veronal buffer of pH 8.5. The ascending
limb electrophoretic patterns of the three fractions
are shown in Figure 5, and the mobilities of the
designated components (calculated from the
descending limb) are tabulated in Table V.

The electrophoretic pattern of whole gastric
juice proteins (Fraction 1) exhibited five maxima
in the refractive index gradient curve, one of them
representing the stationary boundary (Figure 5),
upper tracing. The component of highest mo-
bility, G-1, was fairly homogeneous and repre-
sented 14 per cent of the total concentration of
material. The mobility of this G-1 protein was of
the same order of magnitude in Fractions 1, 2,
and 3. However, in Fraction 2 it represented 35
per cent and in Fraction 3, 40 per cent of the total
concentration. In addition, the peak was sharper
and more symmetrical in the electrophoretic dia-
gram of Fraction 2 than in either Fraction 1 or 3.

COMMENT

It is as yet impossible to state whether the
change in mobility and symmetry of the G-1 com-
ponent is due to denaturation of the proteins dur-
ing the fractionation procedure, to the action of
proteolytic enzymes present in gastric juice, or
to some other cause. At the present time, studies
are in progress to obtain pure components by
utilizing a modification of the low temperature-
ethanol fractionation technique used by Cohn and
his associates in the fractionation of blood (4).

The G-2 group proteins were evident in the
electrophoretic pattern of Fraction 1; their mo-
bilities were of the same order as previously
calculated. However, in the electrophoretic pat-
terns of Fraction 2 and 3 no peaks corresponding
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to the G-2 group proteins were evident. Glass
and Boyd have demonstrated (2) that the trichlor-
acetic acid removes contaminating salivary pro-
teins, and since it has been shown above that salivary
proteins are related to the G-2 group proteins, the
absence of any G-2 group in the electrophoretic
patterns of Fractions 2 and 3 is not altogether sur-
prising. However, it should be stressed that the
trichloracetic acid removes the G-2 proteins of
gastric origin as well as those of salivary origin.

The relative concentration of the G-3 protein,
as determined from the electrophoretic diagrams,
was virtually identical for Fractions 1, 2, and 3.
In addition, in all three fractions the mobilities of
this component were of the same order of mag-
nitude and the symmetry was essentially the same.

DISCUSSION AND SUMMARY

The electrophoretic analyses of the concentrated
gastric juice of normal individuals and of patients
with duodenal ulcer demonstrated the presence of
at least five different proteins whose relative con-
centrations varied considerably.

It is recognized that the procedures required in
the preparation of the material for electrophoretic
analysis may have denatured or in some way
altered the electrical properties of the proteins.
The component with the highest mobility was
designated as G-1. Fairly homogeneous, it oc-
curred in higher concentration in the gastric juice
of patients with duodenal ulcer than in that of
normal individuals. Glass, Boyd, and Svigals (5)
had earlier found a higher concentration of
“glandular mucoprotein” (MPN) in juice from
individuals with duodenal ulcer than from healthy
subjects. This correlation, plus the results of the
fractionation of gastric juice by the Glass and
Boyd method reported above, suggests that the
G-1 component is related to glandular mucopro-
tein. The fact that prepared “glandular mucopro-
tein” when added to lyophilized gastric juice pro-
tein migrated as a separate component, suggests
that the glandular mucoprotein is a form of the
G-1 component denatured by the drastic con-
ditions of its preparation from a 60 per cent
acetone solution at room temperature.

The resolution, mobilities, and relative concen-
trations of the group of proteins designated as the
G-2 components varied considerably, with the
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number of separate peaks varying from one to
three. The peaks of these proteins were diffuse,
indicating inhomogeneous, low molecular weight
material.  Although it was demonstrated that
contaminating salivary proteins contribute to the
G-2 group components, the experiment on the
juice of the gastric fistulous subject with occluded
esophagus suggests that gastric juice proteins also
contribute to this group.

The peak designated as the G-3 component indi-
cated the presence of a fairly homogeneous pro-
tein, migrating at a very low mobility. This
component was electrophoretically identical with
“mucoproteose” (MPTS) of Glass and Boyd.
The studies of material partly fractionated by the
Glass and Boyd method suggest that the muco-
proteose concentration, as determined by chemical
analysis, includes in part dialyzable, low molecular
weight material. This fraction of mucoproteose
could, of course, not be examined electrophoretic-
ally.

CONCLUSIONS

With the limitations in mind that the prepara-
tory procedures may have altered the proteins,
it may be stated that the electrophoretic pattern of
whole human gastric juice reveals the presence of
at least five electrophoretically distinct proteins,
present in varying concentrations. The compo-
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nent of highest mobility seems to be related to,
but is not identical with, the “glandular muco-
protein” of Glass and Boyd. The component of
lowest mobility is electrophoretically identical with
the “mucoproteose” of Glass and Boyd.
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