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In approximately 92 per cent of all primary uri-
nary calculi, more than 95 per cent of the total
cation content is composed of calcium (1-3).
Concepts concerning the mechanism of biologic
calcification have undergone a marked revision in
recent years (4). Rubin and Howard (5) have
presented histochemical evidence that an acid mu-
copolysaccharide of cartilage and bone matrix may
act as a ‘“target substance” for the deposition of
calcium and the eventual formation of hone salts.
The structure of urinary concretions suggests that
the initial matrix may be composed of ion-binding
mucopolysaccharides or other “substrates,” which
not only provide the architectonic framework but
may actually “extract” specific inorganic compo-
nents of urine from solution. The separation and
identification of the organic components of urine
are essential prerequisites to an exploration of this
possibility.

A series of experiments, in which some subjects
have been repeatedly examined over a period of
two years, has demonstrated that the biocolloids
of urine may be separated into three groups of
substances, on the basis of their solubilities in dif-
ferent buffer systems. It is the purpose of this
report to present the results of studies on one of
these groups—those components which are solu-
ble in molar sodium chloride and in two buffers
which have been used in the electrophoretic study
of serum proteins (6-8).

METHODS

Three female and 10 adult male subjects from the staff
of the North Carolina Baptist Hospital and the Bowman

1 This investigation was supported by research grant
A-259 from the National Institute of Arthritis and Meta-
bolic Diseases, of the National Institutes of Health, Pub-
lic Health Service.

Gray School ‘of Medicine were selected as a control
group; all were known to have normal renal function.
The test group was made up of 17 patients (7 females
and 10 males) selected over a period of 20 months be-
cause they were demonstrated roentgenographically to
have progressively developing calculi. Later analysis of
these stones showed them to contain pure calcium phos-
phate or a mixture of calcium phosphate and calcium
oxalate. These patients were studied prior to operation,
and no individual with signs or symptoms of acute in-
fection was included. In addition, two patients, ages 7
and 11 years, with the nephrotic syndrome and two pa-
tients, ages 16 and 18 years, with lupus erythematosus
were studied as examples of altered capillary permeability.
Four additional patients with bilateral obstructive uri-
nary tract disease and bacterial pyelonephritis were stud-
ied before operation, but after the signs of pyelonephritis
had subsided.

Clean voided specimens of urine were collected into
chemically clean containers without preservatives, and im-
mediately refrigerated at 0° C. Hospitalized subjects
were provided with bedside ice chests to insure prompt
refrigeration. Each 24-hour specimen was centrifuged
at 800 times gravity to remove formed elements, and
then dialyzed against distilled water at 3° C. until the
electrical conductivity approached 100 X 10 and the pH
was the same as the distilled water.

The dialyzed specimens were subjected to ultrafiltra-
tion in stainless steel filters through a modification of the
collodion membranes described by Gorbman (9). Vari-
ations in porosity of the membranes were minimized by
preparing 30 individual membranes from the same collo-
dion mixture. These membranes, prepared on glass plates
floated on mercury with exact control of reagents, tem-
perature and time, were of a reproducible porosity, as
judged by the filtration rates for distilled water and re-
tention of Bence-Jones protein. The membranes were
stored in distilled water to which a few thymol crystals
were added, and urine specimens from at least one normal
subject were examined with membranes from each batch.

Ultrafiltration was conducted in the cold room at 3 to
5° C. Forty-eight hours was required for filtration of a
normal 24-hour specimen through a single membrane un-
der increasing pressures of 5 to 125 pounds per square
inch. The large quantity of colloidal material contained
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in the urine of patients with calculi frequently required
three to six membranes for filtration of a 24-hour specimen.

The colloidal residues were removed from the mem-
branes as a gel, immediately frozen, and stored until a
total of 72 to 240 hours of continuous urinary output per
subject had been processed. To insure removal of all
soluble colloids from the membranes, each was shredded
and immersed in 30 ml. of Veronal buffer, ionic strength
0.1, pH 8.6, and stored at 1.0° C. In a preliminary series
of experiments the membranes were dissolved in 15 ml.
of ethanol-ether at 0.5° C.; the precepitate was then ex-
tracted three times with ethanol-ether, dried with ether,
and added to the solid gel obtained above. This procedure
did not appear to have any advantage over.buffer extrac-
tion of the membranes.

After completion of the collection period, each 24-hour
colloidal residue was extracted three times with 10 ml.
of the buffer used to extract the collodion membrane, and
finally with 10 ml. of fresh buffer. Extraction with molar
sodium chloride gave results which were quantitatively
and qualitatively similar to the buffer extracts from the
same individuals. All of the soluble proteins contained
in the gel seemed to carry a high concentration of ad-
sorbed or bound urinary pigments. These pigments served
as a convenient guide to the completeness of extraction.
The pooled extracts of normal urine usually totaled 120
to 200 ml. per 72 to 120 hours of urinary excretion.
These were concentrated to a volume of 8 ml. by per-
evaporation—that is, suspension of the solution in cello-
phane bags 15/16 inch wide in a cold air stream at 5° C.
Similar results have been obtained by pressure dialysis
against 2 liters of Veronal buffer, and this technique has
been routinely used for subsequent experiments.

The total protein content of a small sample of the
dialyzed extract was determined by the biuret method,
and the solution was diluted with Veronal buffer to give
a resulting protein content of 1 per cent. A final equili-
bration dialysis against Veronal buffer of pH 8.6 was made
prior to electrophoretic studies with the Aminco electro-
phoresis unit and calibrated cell of 8 ml. capacity. The
proteins were allowed to migrate for 7200 seconds under
a potential gradient of 7.4 volts per cm. at 0.5° C. in
Verqual buffer of ionic strength 0.1 and pH 8.6 (10).
Photographs were made with the slit diaphragm, cylin-
drical lens system, using a red filter and high contrast
panchromatic film.

Samples of urinary proteins from the same patients
were also studied electrophoretically at pH 4.5, by the
method others (8, 11-14) have used for serum proteins.
After the proteins had been collected and concentrated in
Veronal buffer, they were dialyzed against an acetic acid,
sodium acetate buffer of pH 4.5, ionic strength 0.1 (15)
for 72 hours. Intermediate dialysis against phosphate
buffers to prevent precipitation was found to be unneces-
sary. Electrophoretic migration was studied in the same
cell for three to five hours under a potential gradient of
6.0 volts per cm. at 0.5° C.

A very small precipitate which formed during the acid
dialysis was removed by centrifugation. This precipitate
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was much larger in the group of patients with calculous
disease than in the control group. It could not be com-
pletely redissolved in Veronal buffer of pH 8.6, but the
soluble portions from five patients and from three normal
subjects were studied electrophoretically in Veronal buf-
fer, pH 8.6, ionic strength 0.1, at a potential gradient of
7.4 volts per cm. for two hours. The insoluble portion
gave a positive Molisch test and was soluble in glycine
buffer of pH 10.

RESULTS

The colloidal gel obtained from normal 24-hour
specimens measured 0.90 to 1.25 ml. in volume.
The dry weights of these lyophilized residues from
five normal subjects averaged 0.0902 Gm. per 24
hours, with a range of 0.0865 to 0.0975. In the
patients with calculous disease the lyophilized resi-
due averaged 0.496 Gm. per 24 hours, with a range
of 0.296 to 1.253.

Following extraction with Veronal buffer there
was a considerable residue of gel-like material,
which occupied a volume almost as great as the
original material. After lyophilization, the dry
weights of these residues from five normal sub-
jects were in the range of 0.0439 to 0.0448 Gm. per
24 hours. On the basis of dry weights it appears
that approximately 42.6 to 52.7 mg. of the original
gel was extracted by Veronal buffer. The ratio
of the insoluble residue to the total colloids was
much higher in the group of patients with calculi.
Since no component of this gel was soluble in
Veronal buffer of pH 8.6 or in acetate buffer of pH
4.5, without procedures which modify its molecu-
lar structure, further studies of this material will
not be considered in the present report. The larg-
est single component of this residue is a conjugate
of carbohydrate and protein, which has been sub-
jected to electrophoretic, spectroscopic, and bio-
chemical analysis. The resulting data are being
prepared for publication.

Electrophoretic studies at pH 8.6

Figure 1 illustrates the most typical Schlieren
pattern obtained from normal urine, as compared
with the maximal variations encountered in 18 de-
terminations from 13 normal subjects. These
variations are in accord with the observations of
Rigas and Heller (16), who noted minor varia-
tions in the patterns obtained from different indi-
viduals, whereas the pattern of a given individual
tended to remain constant over several months.
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In Figure 2 are shown tracings of patterns ob-
tained from normal plasma, as compared with
tracings of the patterns made by urinary proteins
subjected to electrophoretic studies at pH 8.6. A
comparison of Figures 2-A and 2-B reveals that
all the electrophoretically separable protein frac-
tions found in normal serum are also present in
normal urine. This observation was originally
made by Rigas and Heller (16), who identified as
a mucoprotein the component with a mobility
greater than that of albumin. These investigators
also identified an immobile polysaccharide as the
cause of the unusually large delta and epsilon
boundaries. We have observed a tendency for
these ‘“salt plus polysaccharide” boundaries to
show a very slight migration toward.the cathode.
Since the mobilities of the albumin fractions have
been consistently reproducible in all of these stud-
ies, the projected patterns were aligned on the al-
bumin peaks rather than on the delta and epsilon
boundaries. The illustration is thus more nearly
representative of the calculated mobilities as meas-
ured from the initial boundary. There is evi-
dence that fibrinogen does not occur even in ne-
phrotic urine (7, 17-19), and the small boundary
near the position of theta may be properly desig-
nated gamma-1 globulin.

The pattern illustrated in Figure 2-C was ob-
tained from the same subject and during the same
10-day period of collection as the pattern seen in
Figure 2-B. Alternate 24-hour specimens were
subjected to the technique of recovery already de-
scribed, with the result shown in Figure 2-B. The
remaining five days’ collection was concentrated
by the alcohol-ether precipitation method de-
scribed by Rigas and Heller (16), with the result
shown in Figure 2-C. Two components with mo-
bilities greater than albumin (fc-1 and fc-2) are
present in both. Figures 2-D, E and F illustrate
the proteins present in the urine of patients with
various diseases of the urinary tract.

Comparable patterns obtained by the electropho-
retic study of proteins in the serum and urine of
a patient with lupus erythematosus are shown in
Figure 3. All of the Veronal-soluble proteins in a
single 24-hour specimen of urine, 420 ml. in vol-
ume, were concentrated into 10 ml. of buffer, and
the resulting protein solution of 3.5 per cent was
subjected to electrophoresis.
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ScHLIEREN DiaGraMs oF URINARY PROTEINS
FROM NORMAL SUBJECTS

A and B are the most typical patterns encountered in
13 subjects. C, D and E represent the greatest variations
from the typical normal pattern encountered in 18 de-
terminations.

Figure 4 shows the electrophoretic patterns ob-
tained from normal urine and from the urine of
five patients with calculous disease. These five
patterns are typical of the variations from the
normal which were observed in all of the 17 pa-
tients with renal stones. As measured by the
biuret test, the average protein excretion in this
group was 0.204 Gm. per 24 hours. with a range of
0.086 to 0.312. The patterns of all of these pa-
tients were markedly similar, and were character-
ized by a separation of the albumin from the
adjacent large houndaries.

As determined by calculations after the method
of Dole (6), the mobilities of the albumin and of
the beta and gamma globulin fractions in the urine
of these patients were comparable to those in nor-
mal urine and normal serum. The mobilities of
the two boundaries between the albumin and beta
globulin peaks were essentially the same for each
of the patients with calculous disease, but varied
significantly from those of the alpha-1 and alpha-2
fractions of normal urine. These two boundaries
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Veronal buffer, pH 8.6, ionic strength 0.1, potential gradient 7.4 volts per

cm. for 7,200 seconds.

Tracings of the projected patterns are utilized to eliminate inequalities of
exposure which the presence of urinary pigments introduces into the original

photographs.

These inequalities do not impair the usefulness of any single

pattern, but preclude the simultaneous copying of the large number of pat-

terns used in this illustration.

together comprised 46.7 per cent of the total
amount of protein in the urine of patients with
calculous disease (Table I). The larger peak had
an average mobility of —4.81 (%= 0.11) X 10*
cm.?/volt sec., and the smaller an average of — 3.92
(%=0.02) X 10® cm.?/volt sec. Dole (6) gives a
mobility of — 5.07 X 10~ cm.?/volt sec. for alpha-1

globulin and — 4.08 X 10 cm.?/volt sec. for
alpha-2 globulin.

In Figures 4-B, 4-C and 6-B a small peak can
be seen between those representing albumin and
the large components of calculous disease urine-
just discussed. These small peaks have a cal-
culated mobility of the same value as alpha-1 glob-
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ulin of the serum. This fact suggests that the
alpha globulins are present in calculous disease
urine, but may be “overshadowed™ by the large
volume of those components which are thought
to be mucoproteins,

In Table T the components of the urinary pro-
teins in normal subjects and in 25 patients with
variots diseases, as measured in planimeter units
by the method of Longsworth, are averaged and

In Table T1

the approximate average quantities of these com-

expressed as percentages of the total.

ponents are expressed as milligrams per 24 hours
of urinary excretion.

Ilectrophoretic studies at pH 4.5

Iigure 3 shows the patterns obtained when uri-
nary proteins and serum proteins from the same
normal subject were studied by electrophoresis at
pH 4.5 Under
forms a stationary boundary, while the globulins

these conditions the albumin

<«— ascending ——

oclszQW 8
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are positively charged and migrate toward the
cathode. The serum globulins separate into three
components—A., B and C—which have heen dem-
onstrated to represent, respectively, the alpha,
beta and gamma globulin fractions observed at pH
8.6 (12, 13). The acid mucoprotein MP-1 (oro-
somucoid) seen in normal serum has not been
conclusively  demonstrated in normal urine, but
has seemed to be present in minute concentrations
in some specimens.  An acid component with the
same mobility as MP-2 was always present ( Fig-
ure 5).

A precipitate formed during the acid dialysis
of the proteins, and only a very small portion
could be redissolved in Veronal buffer of pH 8.6.
The Veronal-soluble portion gave a positive biuret
tests.  When it was subjected to electrophoretic
studies, only albumin could be detected, although
the electrophoretic patterns in Figure 4 indicate
a possible loss of globulin also.
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Veronal buffer, pH 8.6, ionic strength 0.1, potential gradient 7.4 volts per

cm. for 7,200 seconds.

The albumin peak of the ascending pattern of the urinary proteins extended
bevond the photographic plate, and has been drawn into the print.
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Fic. 4. Tracixes oF ELECTROPIHORETIC MIGRATION PATTERNS oF URINARY
Proteixs ix Heartu axp 1x Carncrrovs Disease
Veronal buffer, pH 8.6, ionic strength 0.1, potential gradient 7.4 volts per
cm. for 7,200 seconds.
In a preoperative study of the patient with a functioning adenoma of the
parathyroid gland (4-C), a 24-hour specimen of urine contained 180 mg. of

proteins.,

In Figure 6 the electrophoretic patterns from
normal urine and from the urine of patients with
calculous disease and chronic pyelonephritis are
compared at pH 8.6 and 4.5. For the purpose of
this illustration the proteins were recovered from
the cell following studies at pH 8.0, concentrated
to the original volume, and dialvzed to a pH of 4.5.
The precipitate which occurred in every case was
composed primarily of a polysaccharide (Molisch

test) which was immobile at pH 8.6. In the nor-

mal and pyelonephritic urines the only other de-
tectable component of the precipitate was a very
small amount of albumin. In the urine of patients
with calculous disease the precipitate contained a
relatively greater concentration of the muco-
protein than of albumin (Figure 6-G). Note that,
although the precipitated albumin retains the nor-
mal mobility for albumin at pH 8.6, the mobility
of the precipitated mucoprotein is even less than
it was in the original determination at pH 8.0
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TABLE 1

Relative concentrations of proteins in normal serum, normal urine, and the urine of patients with
renal calculi and other pathologic conditions

Area of each boundary determined by planimetry and
expressed as % of total

Determi- Quantity A/G
Subjects nations mg./24 hrs. Ratio fe-1 fc-2 Albumin Alpha-1 Alpha-2 Beta Gamma

Normal serum* 7.23 Gm./100 cc. 1.33 56.8 7.2 8.7 12.8 14.4
Normal urine (13) 18 42.6 to 52.7 0.64 2.2 ? 37.9 27.3 19.5 8.8 3.3
Calculous disease )

urine (17) 36 86 to 312 0.45 28.8 28.4 18.3 7.3 17.2
Obstructive pyelo-

nephritis urine (4) 6 263 0.37 26.9 36.2 18.1 8.8 10.1
Nephrosis urine (2) 4 800 to 1,610 1.94 66.0 7.5 8.5 10.4 7.5
Lupus erythema-

tosus urine (2) 3 350 1.15 53.6 1.5 6.0 5.7 33.2

* Reiner, M., Fenichel, R. L., and Stern, K. G., Electrophoretic studies on the protein distribution in normal human

serum. Acta Haematologica, 1950, 3, 202.

(Figure 6-B). This material was recovered from
the cell and gave both a positive Molisch test and
a positive biuret test.

The unprecipitated mucoprotein of calculous
disease urine contributes to the stationary albumin
boundary, but in both the normal and the pyelo-
nephritic urines the mucoprotein migrates toward
the anode. This finding has been generally true
in patients with calculous disease, although the
presence of a small quantity of negatively charged
mucoprotein in the urine of some of these patients
has been demonstrated at pH 4.5.

DISCUSSION

The Schlieren diagrams are of necessity illus-
trated on the same scale. For this reason, anyone
not thoroughly familiar with the techniques in-
volved may be deceived regarding the concentra-
tion of protein in the individual urine specimens.
For example, the pattern for normal urine in Fig-
ure 4 represents the total proteins from 8.1 liters
of urine (120 hours’ output), whereas the pattern

shown as Figure 4-A represents the total proteins
from only 1.6 liters of urine (20 hours’ output).
The purpose of Tables I and II is to show the rela-
tive quantities of the urinary proteins per 24 hours
of collection time. The figures in these tables are
not presented as absolute values, but they are of
considerable importance in the interpretation of
the Schlieren diagrams.

These figures were obtained by determining the
lyophilized dry weight of the total colloidal residue
of one 24-hour urine specimen from each subject.
The soluble proteins were extracted from this
residue with 0.1 molar Veronal buffer of pH 8.6,
by the method used in preparing samples for the
electrophoretic studies. The lyophilized dry
weight of the remaining insoluble residue was then
determined, and the difference in weights was
taken as the value for the soluble proteins. The
individual components were determined.by plani-
metry, and the area of each component was trans-
lated into milligrams on the basis of the difference
in dry weights.

TABLE II

Average quantity of urinary proteins obtained from normal subjects and from patients with
renal calculi and other pathologic conditions

Milligrams per 24 hours of urinary excretion

Determi-

fc-2
Albumin  Alpha-1  Alpha-2

Subjects nations Beta Gamma Total
Normal (13) 5 17 12 9 4 2 45
Calculous disease (17) 17 59 58 37 15 35 204
Obstructive pyelonephritis (4) 2 70 95 48 23 27 263
Nephrosis (2) 2 620 71 80 98 71 940
Lupus erythematosus (2) 2 187 5 24 19 115 350
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Fic. 5.

Slit diaphragm, cylindrical lens patterns of boundaries ascending toward the anode.

ELECTROPHORETIC MIGRATION PATTERNS OoF NorRMAL SERUM AND OF NorRMAL URINARY
ProtEINS AT PH 4.5

Acetate

buffer, pH 4.5, ionic strength 0.1, potential gradient 6.2 volts per cm.

A. Urinary proteins at 3,600 seconds.
B. Serum proteins at 3,600 seconds.
C. Urinary proteins at 10,800 seconds.
D. Serum proteins at 10,800 seconds.

Certain errors are obviously inherent in this
technique. The polysaccharide, which contributed
to the total weight of the soluble material, is im-
mobile at pH 8.6 and is not included in the plani-
metric studies, since a variable portion of this re-
fractive gradient (E + Ps in Figure 4) is also due
to the epsilon “salt” boundary. Inspection of the
patterns will demonstrate that planimetric separa-
tion of the individual gradients is much more ar-
bitrary in studies of these urinary proteins than in
comparable studies of serum proteins. Further-
more, the overlap of fc-2 and albumin gradients
made it desirable to express these values as a single
sum (Tables I and II).

There are two components of normal urine
whose electrophoretic mobilities at pH 8.6 are
greater than that of albumin. The urinary muco-
protein recovered by Tamm and Horsfall (20) is
electrophoretically homogeneous at pH 6.8 and

MP-1 has migrated beyond the photographic range.

8.6 (21), and has a mobility slightly greater than
that of human serum albumin (22). This muco-
protein is insoluble in molar sodium chloride, but
it is possible that it may have a limited solubility
in the 0.1 molar Veronal buffer used for extraction
in our experiments. The refractive gradient fc-2
may therefore represent the mucoprotein of Tamm
and Horsfall. Since these authors obtained a yield
of 0.025 Gm. of mucoprotein per liter of urine, it
is obvious that fc-2 (Figures 1, 2, 6) is only a por-
tion of the total quantity of this mucoprotein pres-
ent in the 72- to 120-hour urine specimens repre-
sented by these Schlieren patterns. This finding
would be in accord with the limited solubility of
this material in 0.1 and 0.025 molar buffers (20).

The large alpha globulin boundaries in normal
urine at pH 8.6 are composed not only of the
alpha globulins of serum but also of an acid pro-
tein. This protein has a mobility at pH 4.5 and



ELECTROPHORETIC STUDIES OF URINARY PROTEINS

8.6 similar to that of the mucoprotein MP-2 pre-
viously observed in normal and pathologic human
sera (8, 12-14). The greater portion of the alpha
globulin boundaries of the urinary proteins is made
up of this acid mucoprotein; and if it is taken into
consideration in calculations of the albumin-globu-
lin ratio of the urinary proteins, the result isea
urinary A/G ratio even greater than that of nor-
mal serum.

Nephrosis and lupus erythematosus are diseases
characterized by increased capillary permeability
and increased proteinuria. The additional protein
in the urine is composed almost entirely of proteins
found in the serum of these patients. The lipo-
proteins found in the serum of nephrotic patients
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do not appear in the same relative proportions in
the urine (19), but beta globulin is present in the
urine (7). The gamma globulin fractions found
in the blood of patients with lupus erythematosus
do appear in the urine of these patients in increased
concentrations. In these patients the urinary pro-
teins have an A/G ratio more nearly similar to
that of normal serum than to that of their own
serum ; this finding indicates a relatively greater
urinary loss of albumin than of globulin.

Renal calculous disease is accompanied by in-
creased proteinuria, presumably the result of in-
flammatory or exudative processes within the col-
lecting portions of the urinary system. The uri-
nary A/G ratio is reversed from that of normal

Fic. 6. ELECTROPHORETIC MIGRATION PATTERNS oF URINARY ProteEIiNs AT PH 8.6 anp pH 4.5

Patterns at pH 8.6 were taken after 7,200 seconds migration in Veronal buffer, pH 8.6, ionic
strength 0.1, potential gradient 7.4 volts per cm. Patterns at pH 4.5 were taken after 10,800
seconds migration in acetate buffer, pH 4.5, ionic strength 0.1, potential gradient 6.0 volts per
cm. All patterns are ascending toward the ancde.

A. Normal urinary proteins at pH 8.6.

. Normal urinary proteins at pH 4.5.

QmmoOw

in Veronal buffer of pH 8.6.

. Calculous disease urinary proteins at pH 4.5.
. Pyelonephritis urinary proteins at pH 4.5.
. Precipitate from acid (pH 4.5) dialysis of calculous disease urinary proteins redissolved

. Calculous disease urinary proteins at pH 8.6.
. Pyelonephritis urinary proteins at pH 8.6.
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serum, because the urine contains two components
which have mobilities slightly less than the alpha
globulins. These two components are isoelectric at
pH 4.5, where they tend to precipitate spontane-
ously and to contribute to the stationary albumin
boundary. Whether these are structural modifica-
tions of the alpha fractions of normal urine or are
entirely different substances peculiar to the urine
in calculous disease remains at present unknown.
The observed alteration in the mobility of these
alpha boundaries (Figures 2 and 4) may be due
to the fact that, in patients with calculous disease,
the relative concentrations of these and other
components of urine differ from those found in
normal subjects (Table II). Studies are now in
progress to isolate and identify further these com-
ponents from both normal urine and the urine of
patients with calculous disease.

Obstruction of the urinary tract, with resultant
bacterial infection, may persist in some individuals
for prolonged periods of time without the formation
of calculi. The electrophoretic patterns of the
urinary proteins from such patients contain the
negatively charged component (MP-2) at pH 4.5,
and are more similar to the patterns of normal urine
than to those of patients with calculous disease.

The presence of calculi in the urinary tract is
not considered to be the cause of the abnormalities
observed in the urinary proteins. Four of the pa-
tients in this series have been examined one to
three times at intervals of 3 to 14 months after
surgical removal of all the calculi. In every case
the abnormalities observed in the preoperative ex-
aminations were present in the follow-up exami-
nations. It is recognized, however, that such pa-
tients have a predisposition to recurrent calculus
formation, and the presence of developing or un-
recognized stones cannot be excluded at the pres-
ent time.

SUMMARY

The total quantity of proteins and other particles
of colloidal size in the urine of patients with calcu-
lous disease is 3 to 13 times greater than that in
normal urine. Electrophoretic studies of those
components soluble in buffers of pH 4.5 and 8.6
have demonstrated consistent variations in the
proteins from the urine of patients with calculous
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disease as compared with normal urine. These
variations have been most apparent in the “alpha”
fractions.

REFERENCES

1. Boyce, W. H., Chemical analysis of four hundred
urinary calculi. Unpublished data.

Z Colby, F. L., Essential Urology, 2nd ed., Baltimore,
Williams & Wilkins, 1953, pp. 195.

3. Wardlaw, H. S. H,, Observations on the incidence
and composition of urinary calculi. M. J. Australia,
1952, 1, 180.

4, Howard, J. E., Some current concepts on the mecha-
nism of calcification. J. Bone & Joint Surg., 1951,
33-A, 801.

5. Rubin, P. S, and Howard, J. E., Histochemical stud-
ies on the role of acid mucopolysaccharides in cal-
cifiability and calcification. Trans. Second Con-
ference on Metabolic Interrelations, Reifenstein,
E. C, ed, New York, Josiah Macy, Jr. Founda-
tion, 1950, p. 155.

6. Dole, V. P., The electrophoretic patterns of normal
plasma. J. Clin. Invest., 1944, 23, 708.

7. Longsworth, L. G., and MaclInnes, D. A., An electro-
phoretic study of nephrotic sera and urine. J. Ex-
per. Med,, 1940, 71, 77.

8. Miller, G. L., Miller, E. E,, and Eitelman, E. S., The
pH-mobility relationships of components of hu-
man plasma. Arch. Biochem., 1950, 29, 413.

9. Gorbman, A., Ultrafiltration of urine for collection
and biological assay of excreted hypophyseal hor-
mones. Endocrinolgy, 1945, 37, 177.

10. Moore, D. H., Physical Methods of Organic Chem-
istry, 2nd ed., Weissberger, A., ed, New York,
Interscience Publishers, 1949, vol. I, p. 1703.

11. Mehl, J. W., Humphrey, J., and Winzler, R. J., Mu-
coproteins of human plasma. III. Electrophoretic
studies of mucoproteins from perchloric acid fil-
trates of plasma. Proc. Soc. Exper. Biol. & Med.,,
1949, 72, 106.

12. Mehl, J. W,, Golden, F., and Winzler, R. J., Muco-
proteins of human plasma. IV. Electrophoretic
demonstration of mucoproteins in serum at pH 4.5.
Proc. Soc. Exper. Biol. & Med., 1949, 72, 110.

13. Mehl, J. W,, and Golden, F., Electrophoretic stud-
ies of human serum at pH 4.5 J. Clin. Invest.,
1950, 29, 1214.

14. Petermann, M. L., and Hogness, K. R., Electro-
phoretic studies on the plasma proteins of pa-
tients with neoplastic disease. II. An acid protein
present in the plasma. Cancer, 1948, 1, 104.

15. Miller, G. L., and Golder, R. H., Buffers of pH 2 to
12 for use in electrophoresis. Arch. Biochem.,
1950, 29, 420.

16. Rigas, D. A, and Heller, C. G., The amount and
nature of urinary proteins in normal human sub-
jects. J. Clin. Invest., 1951, 30, 853.



ELECTROPHORETIC STUDIES OF URINARY PROTEINS

17. Blackman, S. S., and Davis, B. D., Electrophoretic
and chemical analysis of protein in nephrotic urine.
J. Clin. Invest., 1943, 22, 545.

18. Farnsworth, E. B., and Ruppenthal, N. C,, Electro-
phoretic studies on serum and urine proteins in
nephrosis treated with ACTH. J. Lab. & Clin.
Med., 1951, 38, 407.

19. Slater, R. J., and Kunkel, H. G., Filter paper electro-
phoresis with special reference to urinary proteins.
J. Lab. & Clin. Med., 1953, 41, 619.

1297

20. Tamm, I., and Horsfall, F. L., Jr., A mucoprotein de-
rived from human urine which reacts with influ-
enza, mumps, and Newcastle disease viruses. J.
Exper. Med., 1952, 95, 71.

21. Perlmann, G. E., Tamm, 1., and Horsfall, F. L., Jr,,
An electrophoretic examination of a urinary mu-
coprotein which reacts with various viruses. J.
Exper. Med., 1952, 95, 99.

22. Perlmann, G. E., Personal communication.

ERRATUM

A Possible Fourth Plasma Thromboplastin Component, by Theodore
H. Spaet, Paul M. Aggeler, and Beverly G. Kinsell, J. Clin. Invest.,

1954, 33, 1095. Table V.

The item, “5% normal plasma + PTA-deficient blood” should
read “5% normal-plasma + PTC-deficient blood.”
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