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Glomerular filtrate and normal urine have gen-
erally been regarded as being protein-free. The
presence of protein in the urine has long been con-
sidered as indicative of renal disease. The clas-
sical experiments of Wearn and Richards (1),
demonstrating the absence of protein in the glo-
merular filtrate and urine of the frog, added im-
petus to this belief.

A number of investigators have taken issue with
the generally held concept that the urine is protein-
free including Moéerner (2) who found 22-78
mg. per liter, Gunton and Burton (3) who de-
clared the mean concentration to be 3.7 mg. per
cent and Addis (4) who states 10 mg. of protein
per 24 hours is normally excreted. The nature
and exact amount of protein in urine, however,
continues to be obscure.

The application of two technics, a¢) concentration
of the urinary proteins by ultrafiltration (5) and
b) analysis of the electrophoretic migration pat-
terns using the Tiselius apparatus, has permitted
us to approach the problem of the nature and
amount of the proteins contained in normal urine.
Ultrafiltration of urine through a collodion mem-
brane, as routinely applied in our laboratory to
recover urinary gonadotrophins (6), permits the
concentration of protein from a large volume of
urine. Sufficient protein can be concentrated in
this way from a 72 hour aliquot of urine to have
enough to submit to electrophoretic analysis.

MATERIALS AND METHODS

Subjects consisted of 12 normal male and three nor-
mal female students 24 to 30 years old. The women col-
lected urine during the first half of the menstrual cycle.
Each subject collected the total urinary output for a 72

1 Supported generously by grants from Ayerst, McKenna
and Harrison, Limited, New York, N. Y., and the Scher-
ing Corporation, Bloomfield, N. J.

2 Presented in part before the Northwest Group of the
American Federation for Clinical Research, Vancouver,
British Columbia, April 21, 1951.

hour period. Preservatives were avoided. The urine was
refrigerated immediately and kept in the refrigerator
throughout the period of collection. Specimens were
delivered at the end of each 24 hour collection period, im-
mediately filtered through paper to eliminate formed ele-
ments, found to be free of gross protein by the sulfo-
salicylic acid test, and run through the ultrafilter. These
procedures and all subsequent concentration procedures
were conducted in the cold room at 0° C. to keep denatura-
tion at a minimum.

In order to establish that the proteins retained on the
collodion membrane after ultrafiltration could be quanti-
tatively recovered without alteration, several methods of
extraction were compared, using the same pooled urine.
The proteins were directly eluted from the membrane at
pH 7 with a) distilled water, b) 0.14 M saline, and ¢)
1.0 M saline, or d) eluted from the dry powder residue
remaining after the collodion membrane had been dis-
solved and extracted with alcohol-ether. In the latter
method the proteins were reprecipitated with 5 volumes
of 95 per cent ethanol, before dissolving in veronal buf-
fer at pH 8.6, ionic strength 0.1. In each method the pro-
tein solution was dialyzed against veronal buffer before
being subjected to electrophoresis. Eluting the proteins
directly from the membrane with distilled water gave a
lowered recovery of 7, 7. and B globulins, otherwise each
method was identical qualitatively and quantitatively.
Since desoxyribonucleoproteins are insoluble in 0.14 M
saline, the fact that identical results were obtained sug-
gests that desoxyribonucleoproteins are not present.

The following procedure for recovering the protein
collected on the membrane was therefore adopted: The
membrane was placed in a 15 ml. centrifuge tube and dis-
solved with 15 ml. alcohol-ether (1 part absolute alco-
hol and 1 part anhydrous ether), centrifuged and the
residue washed three times with alcohol-ether, once with
anhydrous ether, dried and stored at 0° C. After the
entire 72 hour collection had been subjected to this treat-
ment, each of the three tubes, containing residue from 24
aliquots each, was extracted three times using 2 ml. of
1.0 M saline each time. The pooled supernatant fluid
was placed in a cellophane bag and dialyzed against run-
ning water (4° C.) for 24 hours. For each 10 ml. of di-
alyzed supernatant, 2 ml. of saturated saline solution
were added, and the proteins precipitated with 5 volumes
of 95 per cent ethanol. The precipitate was recovered by
centrifugation, washed with absolute alcohol and once
with anhydrous ether and dried.

In order to compare the urinary proteins with those of
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F16. 1. ELECTROPHORETIC MIGRATION PATTERNS OF URINARY PROTEINS FROM NORMAL SUBJECTS

Taken after 120 minutes migration in veronal buffer, pH 8.6, ionic strength 0.1, potential gradient 7.4 volts/cm. The
descending limb is depicted. The pattern on patient J. N. was taken at 90 minutes.
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Fi16. 2. ELECTROPHORETIC MIGRATION PATTERNS OF URINARY PrOTEINS oF Two PaTiENTs Having OrTHO-
STATIC ALBUMINURIA
One hundred twenty minutes of migration in veronal buffer, pH 8.6, ionic strength 0.1, potential gradient 7.4
volts /cm.

the blood serum, veronal buffer at pH 8.6, ionic strength
0.1, was used. This had been found to give the most
satisfactory resolution of the blood serum proteins (7).
The dry material was dissolved in 10 ml. of this buffer
and dialyzed in a cellophane tube for 24 hours against 2
liters of the same buffer, changing buffer once during
dialysis. Volume changed very little during dialysis so
that the solution could be used directly in our analytical

cell which requires 9.8 ml. (the cell with the long mid-
dle section). The electrophoretic analyses were per-
formed with the Klett equipment using the Longsworth’s
scanning method for recording the patterns. The pro-
teins were allowed to migrate for 120 minutes under the
influence of a potential gradient of 7.4 volts/cm., at a
temperature 0.5° C. Due to urinary pigments absorbed or
held by stronger combination on the protein, infra-red

. TABLE 1
Four chemical tests for identification of urinary proteins in the different fractions

Lo Identification of albumins plus
TEST | Biuret Sulfosalicylic acid globulins by the acetic acid heat Separation and identification of albumins from globulins by the
test. test. coagulation test. Aacetic acid plus i lfate heat coagulation test.
M(Edo‘ ol & slight excess o
Cold Boiling acetic acid. Addition of acetic acid in slight excess.
on
satur. sol. NaCl per Add. of ia to alkal ti
ml.
Cold Boiling Add. of ammonium sulfate to half saturation.
Precipitate Supernatant
xtract Add. acetic aci
with ac. slight excess.
acid and pern.
{FRACTI boil. Boiling
Bottom 6+ 54 4+ 134 1+ S5+ 1+ - 4 4+ 1+ “
‘A 2+ 2+ 2+ 2+ . 1+ 2+ - - - - 1
1 4 4+ 3+ 1+ 1+ 4 1+ - 2+ 2+ 1+ 3¢+
A
“'A se s+ 4 1+ 1+ s+ 1+ - 3+ . 3¢ 1+ 3+
v R
D
v b 24+ 2+ 1+ - 1+ 3+ - - 2+ 2+ - -
vi o 4t 3¢ 2+ - 1+ 4t - - 3+ 3¢ . 2

The number in front of + indicates the color density or the amount of precipitate formed after completion of all
steps indicated in top of each column. Negative results are indicated as—.
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light and spectroscopic plates sensitized for the infra-red
were used. Because of the low protein concentration the
boundaries were recorded with a magnification factor
K'=1/6 (i.e., the ratio of the speed of the photographic
plate to that of the schlieren diaphragm was twice the
usual).

RESULTS

Sufficient protein was concentrated from the 72
hour urine collection of each of the 15 normal con-
trol subjects to detect several protein components
in the electrophoretic analysis. The most striking
result was the uniformity of the pattern elicited.
Note that not only were the patterns of males simi-
lar to each other but that females were in no way
different.

It is also noteworthy that, whereas minor varia-
tions exist between patterns of one individual as
compared to another, the pattern of a given in-
dividual tends to remain constant over several
months time. This is illustrated by normal con-
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trols DR (1) and (2) and AP (1) and (2) in
Figure 1 and by a subject with orthostatic pro-
teinuria, GM (1) and (2) in Figure 2.

It was possible to calculate the total urinary pro-
tein output from the electrophoretic analyses. A
mean value of 39.0 mg./24 hours was found. The
extremes were 30.5 mg. and 49.6 mg.

It was further noted that whereas the relative
amounts of protein excreted by the same indi-
vidual remained constant, as judged by the electro-
phoretic patterns, the total output varied consid-
erably from time to time. From Table II it can
be seen that DR, whose pattern remained .con-
stant, excreted 35.5 mg. on one occasion and 43.9
mg. on another occasion some months later.

Analysis of the electrophoretic patterns

False boundaries represent buffer ion concentra-
tion differences existing between the protein and

TABLE II
Amount of protein, albumin and globulin contained in urine
of normal male and female subjects and in orthostatic albuminuria
Total

Subject Sex Protein Albumin Globulins A/G

mg. /24hrs | ‘mg. /24hrs | mg. /24hrs | Ratio
PF Male 46.3 14.1 32.2 0.44
LS " 41.8 14.1 27.7 0.51
PB " 43.7 16.1 27.6 0.58
JL " 38.2 10.6 '27.6 0.38
MC " 49.6 17.1 32.5 0.52
JB " 31.2 11.8 19.4 0.60
Js " 38.1 13.5 24.6 0.55
WR " 31.0 11.2 19.8 0.56
JD " 32.8 10.6 22.2 0.48
RB " 39.4 12.6 26.8 0.47
DR (1) " 35.5 12.1 23.4 0.51
DR (2) " 43.9 13.1 30.8 0.43
AP (1) " 44.0 15.3 28.7 0.53
AP (2) " 42.1 15.7 26.4 0.59
vs Female 38.3 14.6 23.7 0.61
MsS " 41.2 14.6 26.6 0.55
JN " 30.5 9.0 21.5 0.42
Average 39.0 14.8 25.8 0.51
Standard
Deviation 5.7 2.2 3.9

Cases having ""orthostatic albuminuria"

JC ‘Male 52.7 28.8 23.9 1.20
GM(1) " 49.4 21.8 27.6 0.79
GM (2) " 51.0 29.4 21.6 1.36
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Descending

F16. 3. CoMPARISON OoF ELECTROPHORETIC PATTERNS oF NoRMAL HUuMAN SERUM AND URINARY
) ProTEINS
Taken after 150 minutes- migration in veronal buffer, pH 8.6, ionic strength 0.1, potential
gradient 7.4 volts/cm. Patterns for serum are above, urine below.

buffer solutions. These are conventionally desig-
nated as ¢ for the descending limb and 8 for the as-
cending limb. A larger false boundary than occurs
in serum was noted in the patterns from the urinary
concentrates. This was found to be due to a high
molecular weight polysaccharide and therefore the
false boundaries are designated as Ps + eand Ps +
3, respectively.

The initial position of the boundaries is desig-
nated in the patterns by a break in the horizontal
black line below each pattern.

Comparisons of urinary with serum patterns re-
veals the same components in each. This can be
seen in both the ascending and descending limbs
in Figure 3 after both serum protein and urinary
proteins have migrated for 150 minutes under simi-
lar experimental conditions. The serum pattern

was recorded at conventional speed of the photo-
graphic plates and the urinary pattern at double
speed. The heights of the urinary peaks are con-
sequently doubled.

It is striking that for each serum protein com-
ponent represented in the pattern as a peak,
a corresponding urinary component can be iden-
tified as having migrated the same distance in
the same length of time under identical cir-
cumstances. Corresponding components have been
designated by the identical label, i.e., a,, a,, B,
Y1, 72 globulins and A, albumin (Figure 3), and
to facilitate comparisons dotted lines have been
drawn between corresponding components.

It is concluded that proteins having the same
ranges of mobilities exist in normal human blood
serum and in normal human urine.
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Although qualitatively each serum protein ap-
pears to be represented in the urine, by a protein
of similar mobility, the relative amounts of each
protein in the urine varies considerably from that
in serum. It is at once apparent that urine con-
tains relatively more globulin than serum and rela-
tively less albumin than serum. Thus the A/G
ratio for urine is the reverse of that existing in
serum.

The globulin components vary as well. In
normal serum the 8 and y, globulins predominate,
while in normal urine the components labelled a,
and a, globulins predominate. The urinary globu-
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lins are less homogeneous than the serum globu-
lins. The heterogeneity may have been acquired
during the ultrafiltration process or could be due
to the coexistence of proteins with intermediate
electrophoretic mobilities, which are either absent
from serum, or present in very small amounts.
A component not found in serum but uniformly
found in urine migrating more rapidly than albu-
min (A) is designated as X in the patterns.
The chemical behavior of urinary proteins sepa-
rated by migration in the Tiselius apparatus. It
would be a remarkable coincidence if totally dif-
ferent urinary proteins or even non-proteins mi-
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F16. 4 —Continued. StaTisticAL DIsTRIBUTION CURVES AND PROBABILITY LINES SHOWING GAUsSIAN DisTriBU-
TION OF THE AMOUNT OF ToTAL PROTEIN, ALBUMIN AND GLOBULIN IN URINE OF NoRMAL SUBJECTS

grated at the same speed as each of the serum pro-
teins. Nonetheless, to exclude this possibility
various fractions of the proteins were withdrawn
from the electrophoresis cell at the end of 150
minutes of migration. This was possible after de-
vising an instrument capable of accurately with-
drawing a fraction of protein from the electropho-
retic cell (8). This consisted of a motor-driven
syringe attached to a needle long enough to reach
any migrating component in the cell. Liquid was
withdrawn slowly enough to prevent turbulence.

The fractions thus obtained are indicated in
Figure 3 by the solid black vertical lines and desig-
nated as fractions I, I1,, and III,, for the ascend-
ing limb and fractions IVp, Vp, and VIp, for the
descending limb. Thus each fraction encompassed
the following components :

I,—Albumin A plus component X.

II,—Albumin A plus a,, a,, B, v,, and some y,
globulin.

IIT,—Mixture of all protein components plus
X but excluding false boundary P, 4+ 8.

IVp—false boundary P + e.

Vp—false boundary plus v,, y,, 8 and some a,
globulin.

VIp—mixture of all components including false
boundary but excluding albumin A and component
X.

“Bottom fraction”—mixture containing all origi-
nal components taken from bottom cell.

Each fraction was dialyzed in running water un-
til free from buffer salts and then subjected to
the various tests for proteins indicated in Table I,
with the exception of fraction IVp which proved
to be devoid of protein by the Biuret test.

All other fractions proved to ctontain protein.
Fraction I, was positive for all tests in which al-
bumin elicits a precipitate and negative to tests in
which globulin alone elicits a precipitate. In ad-
dition the test for mucoprotein was positive. Since
fraction I, contained not only component A (al-
bumin) but also component X, the reaction for
mucoprotein may have been due to the presence
of component X.

The remaining fractions were presumed to con-
tain globulin and tested positively in each test in
which globulins elicit a precipitate.

Fractions Vp and VIp, presumed to contain
globulin but not albumin, failed to react to a test
in which albumin alone elicits a precipitate. These
two fractions were devoid of reaction to tests which
elicit a positive reaction for acid precipitable muco-
proteins, but the sulfosalicylic acid test revealed
that glycoproteins and acid soluble mucoproteins
were also present. Since they contained neither
component A nor X, it may be presumed that acid
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precipitable mucoproteins were contained in one
or the other of the latter fractions only.

None of the fractions contained desoxyribonu-
cleoproteins since they were soluble in 0.14 M
NaCl, vide supra. From phosphorus analysis it
seemed unlikely that any nucleoproteins were pres-
ent since it was calculated that approximately one
phosphorus atom per protein molecule was present
and if nucleoproteins were present to any extent
more phosphorus would of necessity be detected.

Fraction IVp (containing the false boundary
only) while not a protein, proved to contain a non-
dialyzable substance which could be precipitated
with 5 volumes of 95 per cent ethanol. It gave a
dark brown color when mixed with concentrated
sulfuric acid, and a positive Molisch reaction,
which characterized it as a polysaccharide.

Quantitative analysis. Since the urinary con-
centrates contain polysaccharides in addition to the
protein, dry weight will not yield information as to
the total amount of protein in the urine. Such
information was yielded by measuring the area
of the electrophoretic pattern produced by protein
components as a whole, and albumin and globulin
separately, then applying the formula:

’
Concentration = B a b’ A,

where K’ = 1/6, a and b are constants of the ap-
paratus and A is the measured area. K is the re-
fractive index increment taken as K = 0.001858
(9) which is the value for human serum albumin
corrected for the wave length A = 7200A of the
light used, according to the formula:

K, = Ks7804(0.940 4 2.00 X 108/A%).

The values for total protein, albumin, globulin
and A/G ratio are recorded in Table II. When
subjected to statistical analysis it was found that
each follows a normal distribution curve as seen
from Figure 4. The total protein excreted per
24 hours thus has a mean value of 39.0 mg. and
a standard deviation (estimated from the formula

EI\?’ : 11“) of 57 mg. For globulins the
mean is 25.8 mg./24 hours, and standard deviation
39 mg. For albumin the mean is 14.8 mg./24
hours, and standard deviation 2.2 mg. The aver-
age A/G ratio is 0.51 as contrasted to the A/G
ratio for normal serum of 1.15.

g =
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Two individuals (J. C. and G. M.) who were
initially included with the normal control series
exhibited patterns inconsistent with the remainder
of the series. Albumin excretion was distinctly
higher (falling out of the normal range, accord-
ing to the Chavenet probability criterion), total
proteins were elevated, but the proportion of the
different globulin components were not at variance
with the normal subjects (Figure 2). On closer
questioning it was revealed that the clinical diag-
nosis of orthostatic albuminuria had been made
on G. M. and although no such clinical diagnosis
had been made on J. C., two siblings had the clini-
cal diagnosis of orthostatic albuminuria. These
cases are excluded from the distribution charts and
listed separately in Table II.

DISCUSSION

The source of the urinary protein remains un-
clear. Experimental evidence exists to suggest
that the renal tubules do not excrete protein but
in fact tend to absorb protein when present. Af-
ter producing renal damage Bieter (10) found that
glomerular fish developed proteinuria whereas
aglomerular fish did not. The reabsorption of
proteins by tubules was demonstrated by Gerard
(11) upon introducing several colloidal substances
of different molecular weight into the proximal end
of the proximal convoluted tubule of the sala-
mander. He noted that the greater the molecular
weight of the substance injected, the more distally
it was absorbed. Dock (12), Gilson (13), Sme-
tana (14, 15), and Oliver (16) concluded that
protein is excreted by the glomerulus and ab-
sorbed by the tubules after injecting Evans blue
dye (which combines with albumin) and other
protein-bound dyes into rats.

Since proteins dyed with foreign substances
might alter the permeability of the glomerular
membrane, Addis (17) gave injections of rat
serum to rats of the same strain and was able to
produce proteinuria without producing renal dam-
age. He ascribed the proteinuria to the raised pro-
tein concentration of the plasma. Similar obser-
vations have been made on dogs receiving injec-
tions of dog plasma (18) and in patients with liver
cirrhosis after repeated intravenous injections of
human serum albumin (19). This indirect evi-
dence suggests that the proteins we detected in
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urine are the result of glomerular filtration. The
greater proportion of globulin in the urine may be
due to greater tubular reabsorption of albumin.

SUMMARY

The quantity and nature of proteins in the urine
“of normal adults have been determined by applying
the ultrafiltration concentration technic and elec-
trophoretic migration analysis.

Components having the same electrophoretic
mobility as those in normal serum were discovered
to exist in normal urine, namely albumin, a,, a,, g8,
v1> and y, globulin. The relative amounts of each
differ for urine and sera in that the A/G ratio is
reversed for urine. Whereas 8 and vy, globulins
predominate in sera, the predominant globulins
migrate with the same mobility as «, and a, globu-
lins.

The mean normal excretion of protein is 39.0
mg./24 hours, for albumin 14.8 mg./24 hours and
for globulin 25.8 mg./24 hours. The average A/G
ratio is 0.51.

Mucoproteins and glycoproteins, as well as a
polysaccharide and an unidentified component X,
were found to be present in normal urine.

A technic is described for withdrawing various
fractions of proteins from the electrophoretic cell
after migration has occurred. Chemical analysis
of the fractions confirmed that both albumins and
globulins are excreted.
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