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Proteins of Human Urine. III. Identification and Two-Dimensional 
Electrophoretic Map Positions of Some Major Urinary Proteins 
Jesse J. Edwards,1 Sandra L. Tollaksen, and Norman G. Anderson 

We mapped the proteins of human urine by high-resolution 
two-dimensional electrophoresis, utilizing the ISO-DAL T 

system. Wide-range pH gradients and narrow-range acid 
gradients were both used in the first-dimension separa
tions. The patterns revealed proteins ranging in relative 
molecular mass from 10000 to 90000. Proteins identified 
in the map included transferrin, albumin, hemopexin, 
Ct2-HS glycoprotein, 0'1-antitrypsin, Gc globl!lin , Ct1-acid 
glycoprotein , Zn Ct2-glycoprotein, retinol binding protein, 
,82-microglobulin, the immunoglobulin light chains , and 
MAUP (most acid urinary protein). The use and utility of 
internal-charge and molecular-mass standards are de
scribed. We used electrophoretic transfer of proteins to 
nitrocellulose sheets and subsequent detection by im
munological methods to identify some proteins. 

Additional Keyphrases: ISO-OALT system . multiple myeloma 
. identification by transfer to nitrocellulose sheet, followed by 
use of monospecific antisera • standards for internal charge 
(p~ and molecular mass 

The protein composition of human urine and the relative 
quantities of different proteins are generally considered to be 
clinically significant. In many instances, the composition of 
urine may reflect changes in the biochemical and physiological 
status of an individual. Recently, human urinary proteins were 
classified into eight groups (1) and assessment of members 
of each group was postulated to have possible diagnostic value. 
For this reason, it is necessary to investigate, as sensitively as 
possible, both the qualitative and quantitative changes that 
occur in the proteins of urine under different clinical condi
tions. Recent findings (2- 4) support earlier observations that 
both quantitative and qualitative alterations in urillary pro
teins are associated with trauma or disease. 

Normal human urine is a complex mixture of proteins and 
many components of low molecular mass. Protein is present 
in low concentrations, approximately 100 mg/L, the normal 
excretion rate being about 20-100 mg per 24 hours (5). The 
concentration of proteins in urine is therefore about 0.14% that 
of blood plasma (6). These facts are central to several funda
mental problems that have plagued studies of urinary pro
tein. 

The first problem is concerned with the need to concentrate 
the proteins. Generally, about a 1000-fold concentration is 
desired, with concomitant removal of salts and other low
molecular-mass material, so that the protein moiety can be 
analyzed. Various concentration methods have been used in 
the past, including precipitation (7) , pervaporation, dialysis, 
and ult rafiltration (8). Adsorption techniques have also been 
used (9). 

A second problem involves the physical recovery and 
quantitation of proteins that exist in an almost continuous 
range of relative molecular masses, from values in the millions 
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for the Tamm-Horsfall proteins, through those found in 
plasma down to very small proteins such as peptide hormones 
and, presumably, catabolic fragments . 

Thirdly, there is the problem of resolving the hundreds of 
protein species, which are present in various amounts. New 
technology in protein separation methods has to be applied 
that will allow the different proteins to be detected and will 
permit simultaneous analysis of multiple samples. 

Finally to be solved are the problems of protein identifi
cation and the determination of the tissue, cell type, and 
subcellular components from which the proteins originate. 

We have begun to approach these problems systematically 
in an effort to produce new methodology and to utilize existing 
techniques for reproducibly evaluating urinary proteins. 
Concentration methods have been developed (10, 11) that 
yield sufficiently pure preparations to allow physical recovery 
to be determined gravimetrically and that give samples that 
yield almost identical results. The recovered urinary proteins 
are resolved by two-dimensional electrophoresis. After de
naturation to monomeric subunits, the proteins are separated 
on the semi-automated ISO -DALT electrophoretic system, 
which permits multiple sample resolution of complex mixtures 
of proteins (12- 14). The individual proteins thus resolved are 
identified by position, by co-electrophoresis with purified 
proteins, and by immunological reactivity with monospecific 
antisera. Identification by map position requires the use of 
internal position markers, which have previously been de
veloped (15, 16). 

The utility of two-dimensional electrophoretic methods for 
identifying alterations in urinary proteins that are related to 
specific pathological conditions has been demonstrated in two 
recent publications (17,20) . The quantitative and qualitative 
changes shown could not have been demonstrated by any 
other present-day analytical methods. 

The purpose of this paper is to describe the most recent 
procedures that we have developed for mapping and identi
fying normal urinary proteins. Modifications of our earlier 
methods of concentration, desalting, and recovery of urinary 
protein are given, and the methods and the materials pre
sented in the following section are those we now currently use. 
We also describe the determination of coordinate map posi
tions for many proteins, and the identification of a number 
of proteins. A set of examples from the urine of multiple 
myeloma patients is included to demonstrate the potential 
of the procedure for distinguishing pathological conditions. 

Materials and Methods 

Materials 

Bio-Gel P-6, polyacrylamide gel beads for high-resolution 
gel filtration, was purchased from Bio-Rad Laboratories, 
Richmond, CA 94802. An ultraviolet absorption monitor, 
Model UA-5, was purchased from [seo, Inc., Lincoln, NE 
68505. Ampholytes for isoelectric separations were from LKB, 
Bromma Sweden and from Serva Fine Biochemicals, Inc., 
Garden City Park: NY 11040. Antibod ies to human proteins 
were purchased from DAKO (via Accurate Chemical and Sci
entific Corp., Westbury, NY 11590). Nitrocellulose paper, type 
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Fig. 1. Diagrammatic representation of the steps performed in the concentration and desalting of human urine samples 
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Fig. 2. Two-dimensional electrophoretic pattern of urinary proteins of a normal male 
The gel is oriented with the acidic side to the left. Identified proteins are: 1, transferrin ; 2, albumin; 3, hemopexin; 4, ll'2-HS glycoprotein; 5, ll',-antitrypsin; 6, g, 
Gc globulin; 7, (X ,-acid glycoprotein (orosomucoid); 8, Zn (X2-glycoprotein; 9, IgG light chains; 10, retinol binding protein; 11, prea lbumin; 12, iS2-microglobul in 
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Fig. 3. Two-dimensional electrophoretic pattern of acid proteins of human urine 
Gel is oriented as in Figure 2. Identified proteins are MAUP (most acid urinary protein) and a,-acid glycoprotein 

BA85, was from Schleicher and Schuell, Keene, NH 03431. 
Conical-bottom 250-mL polypropylene disposable centrifuge 
tubes were from Corning Glass Works, Chicago, IL 60631. An 
assortment of purified proteins was obtained from Behring
werke,~arburg,F.R.G. 

Methods 
Centrifugation and desalting of urinary proteins. Urine 

samples (generally 20-200 mL) were collected in the 250-mL 
centrifuge tubes. Sodium azide was added to give a final 
concentration of 2 mg/L to prevent bacterial growth. Cells and 
other nonsoluble material were cleared from the sample by 
centrifugation at low speed (2000 X g, 15 min). Pelleted ma
terial was quickly frozen by immersing the conical bottom of 
the tube into a solid-C02/ethanol bath at -78°C. 

The liquid portion of the sample was then applied to a 6 X 
40 cm column of Bio-Gel P-6 that previously had been equil
ibrated with glass-distilled water. When distilled water was 
applied to the column, high-molecular-mass material (above 
approximately 6000 daltons) emerged ahead of salts and other 
low-molecular-mass material. The effluent was monitored for 
protein by following the ultraviolet absorbance at 280 nm with 
an ISeQ ~odel UA-5 absorbance monitor equipped with a 
0.5-cm pathlength flow cell. Effluent corresponding to the 
protein peak, which emerged with the void volume, was col
lected and lyophilized. 

This lyophilized non hygroscopic powder was resuspended 
in 5 mL of distilled water and applied to a second, smaller (2.5 

X 25 cm) column ofBio-Gel P-6, also equilibrated with water. 
Just before the sample, 5 mL of 1 mol/L NaCl was applied to 
the column. As the protein sample passes through this zone 
of high salt concentration it is freed of adsorbed materials. The 
effluent from this column was monitored as before, except that 
we used a 0.2-cm pathlength flow cell . The protein peak 
eluting with the void volume was collected and lyophilized in 
a tared flask. 

The weight of the protein powder was determined and the 
sample was solubilized in distilled water to give a final con
centration of 25 giL. Aliquots of 200 ~L containing 5 mg of 
protein were frozen and lyophilized in microcentrifuge tubes 
and the residue was stored at -80°C until analysis. For 
electrophoresis, samples were solubilized to give a final con
centration of 100 giL in a buffer containing, per liter, 9 mol 
of urea, 20 g of dithioerythritol, and 40 mL of LKB Ampho
line, pH 3.5-10. Generally, we used 750 to 1000 ~g of protein 
for each electrophoretic sample. 

Handling of purified proteins. The purified proteins we 
used were each solubilized to give a final concentration of 5 
gIL in the buffer described above. For electrophoretic analysis, 
or for co-electrophoresis with urine samples, 2 ~L (10 ~g) of 
such a solution was applied to each gel. 

Two-dimensional electrophoresis. Both urinary proteins 
and purified proteins were separated electrophoretically with 
use of the ISQ-DALT system (12, 13) to resolve acidic and 
neutral proteins. Very acid proteins were resolved in the first 
dimension on a modified pH gradient. 
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Fig. 4. One-dimensional electrophoretic separation in the DAL T dimension of rabbit psoas muscle whole homogenate 
Molecular mass values were obtained by co-electrophoresis of purified rabbit muscle proteins, human serum albumin, and equine heart cytochrome c 

Focusing in the first-dimension ISO gels was done in 40 gIL 
polyacrylamide containing, per liter, 2.4 g of N,N-methy
lenebisacrylamide as cross-linker, 9 mol of urea, 50 mL of 
ampholytes (80% Servalyt 3-10 and 20% LBK Ampholyte 5- 7) 
and 20 mL of Nonidet P40 detergent (Particle Data Labs, 
Elmhurst, IL 60126) for 10000 V·h. Highly acidic proteins 
were electrophoresed for 4000 V·h on gels of similar compo
sition, except that the pH gradient was expanded in the acid 
range by using 85 mL of Servalyt (76% 2.5-4 and 24% 3-10) 
per liter. 

Molecular mass separations in the second dimension were 
in slab gels consisting of a linear polyacrylamide gradient 
(80-200 gIL, and containing 8 g of cross-linker per liter). The 
electrophoretic buffer was the Tris-glycine-sodium dodecyl 
sulfate solution previously described (13), 

Isoelectric and molecular mass standards. As internal 
charge standards for the first-dimension isoelectric focusing 
step, we used carbamylated creatine kinase (EC 2.7.3.2) from 
rabbit muscle (Sigma Chemical Co., St. Louis, MO 63178) as 
previously described (16). 

Molecular mass standards were prepared as follows. A ho
mogenate of fresh rabbit psoas muscle was prepared by 
mincing the tissue in 10 volumes of pyrophosphate relaxing 
buffer (18). After 30 min the tissue was transferred to 10 
volumes of low salt buffer (18), homogenized for 60 s in a 
Waring Blendor, and then filtered through four layers of 
cheese cloth to remove connective tissue. The filtrate was 
diluted with four volumes of melted agarose solution con
taining, per liter, 10 g of agarose, 19.75 g of Tris HCI, 10 g of 
sodium dodecyl sulfate, and 5 g of dithioerythritol. Human 
serum albumin and equine heart cytochrome c were added to 
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give a final concentration of 1.0 giL. The solution was stored 
in 5-mL aliquots at -80°C. 

When used in the second-dimension DALT separation, an 
aliquot of the muscle preparation was melted and drawn into 
a 0.2-mL glass pipette, allowed to solidify, then expressed as 
a slender rod. For inclusion on each DALT gel, a small portion 
(~1.5 cm) of this muscle standard was placed at the acid end 
of the first-dimension ISO gel, and held in place with the ISO 
gel by melted agarose (15). Molecular-mass values were de
termined by co-electrophoresis with purified proteins, in
cluding those isolated from rabbit muscle. 

Spot identification. Protein subunits in the urine map were 
identified by co-electrophoresis with purified proteins, or by 
immunological procedures, or by both methods. 

Protein subunits were identified immunologically after 
electrophoretic transfer of the pattern from the second-di
mension DALT gel to type BA85 nitrocellulose paper, essen
tially as described by Towbin et a1. (19). The transferred 
protein patterns were treated with monospecific antiserum, 
and the precipitated antigen-antibody complex was reacted 
with horseradish-peroxidase-conjugated IgG vs the first 
antibody. The complex was then made visible by treatment 
with 3',3-diaminobenzidine tetrahydrochloride. A detailed 
description of the transfer and detection process used here will 
be published elsewhere (28). 

Results 
Figure 1 diagrams the procedure we follow to concentrate 

and desalt human urinary proteins. As described, the resulting 
protein material is stored as small aliquots of dried powder, 
which are subsequently used for two-dimensional electro-
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Fig. 5. Two-dimensional electrophoretic pattern of two purified proteins commonly found in human urine 
Patterns include both charge and molecular mass standards. The relationships of (A) Gc globulin and (8) 0'1-antitrypsin to each other and to the standards are 
shown 

phoresis. The diagram also shows other steps that can follow 
two-dimensional electrophoretic mapping. Purified protein 
can be obtained from the gel and then used for antiserum 
production, amino acid analysis, or determination of chemical 
composition. The gel may be used to transfer specific proteins 
to paper for study of immunological reactions. 

An electrophoretic pattern obtained for urinary proteins 
from a normal man is shown in Figure 2. Most of the proteins 
are typically present in maps from different individuals, al
though quantitative differences are considerable. (The blur 
at the bottom is due to stained ampholytes.) This map is very 
similar to that recently published by Frearson et al. (20), ex
cept that our maps generally lack significant amounts of 
Tamm- Horsfall antigen. This difference is probably due to 
the removal of this material during our initial centrifugation 
step, which is omitted by others, or it is lost during the initial 
desalting procedure possibly by adsorption onto P-6 Bio
Gel. 

The molecular-mass range of proteins separated by our 
methods is between 10 000 and 90 000 daltons, with many of 
the forms showing charge heterogeneity indicative of a gly
coprotein nature. The urinary protein map resembles that of 
human plasma (21); of the proteins identified in Figure 2, most 
are known components of blood plasma, including transferrin, 
albumin , hemopexin, Gc globulin, ai-antitrypsin, ai -anti
chymotrypsin, aracid glycoprotein, the immunoglobulin light 
chains, and prealbumin. 

Some proteins were not well resolved on wide-pH-range 
focusing gels. For this reason narrow-range, very acid am
pholytes were used to resolve these proteins (Figure 3). The 
larger and more basic proteins, on the right, are resolved into 
seven horizontally separated spots, which slope upward and 
to the left. This slope is thought to reflect the post-transla
tional addition of carbohydrate residues, which not only in
creases the molecular mass but also provides sites for the ad
dition of more sialic acid (neuraminic acid) residues. When 
urine and serum from the same individual were electrophor
esed in various ratios, the urine spots were superimposed over 
the previously identified (22) serum ai-acid glycoprotein. This 
superimposition suggests that they are the same protein. 

The complex of spots identified as MAUP (the most acid 
urinary protein, 22) in Figure 3 resolves into many bands, each 
composed of individual spots. Little is known of the nature 
of this protein complex, especially concerning the properties 
that give it such a unique two-dimensional banding pattern. 
The origin of MAUP is also unknown, but different patterns 
are seen in samples from different individuals (22). 

Figure 4 shows a one-dimensional separation of rabbit psoas 
muscle performed as described in Methods. This preparation 
is used as an aid in estimating the molecular mass of proteins 
separated by two-dimensional electrophoresis. The muscle 
preparation was applied to a DAL T gel and electrophoresed 
only in the second dimension of the ISO-DALT procedure. The 
number of lines provided by this preparation provides a mo-
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Fig. 6. Two-dimensional electrophoretic patterns of three 
proteins after transfer to nitrocellulose, reaction with antiserum, 
and staining as described in Methods 
(A) transferrin, (8) Gc globulin. and (C) 1'12-microglobulin 

lecular mass correlation for spots in almost any position on 
the map. This type of standard greatly aids in (e.g.) locating 
the position of a protein for which the molecular mass is 
known (15). 

Figure 5 shows two-dimensional electrophoretic patterns, 
with both charge and molecular weight standards, of two 
purified proteins that are commonly found in human urine. 
Co-electrophoresis of these proteins with human urinary 
proteins provided one method for the identification of urinary 
proteins in the two-dimensional maps. The internal standards 
run with the purified proteins provide map coordinates for the 
location of proteins in complex mixtures. For example, it is 
known that the vitamin D-binding protein, Gc globulin, has 
a relative molecular mass of 59000, and it can be seen in Fig
ure 5A that it focuses at -17 to -21 creatine kinase charge 
units. Other proteins in map patterns can be tentatively 
identified in this manner. 

The patterns of protein shown in Figure 6 were photo
graphed from nitrocellulose transfers of two-dimensional 
maps of human urinary proteins. The transfers were reacted 
with antiserum to the specific protein, then stained. The un
ambiguous identification of proteins, protein subunits, and 
degradation components in urine by this method of course 
depends upon the specificity of the antisera used in the 
first -stage antigen- antibody complex (28). 

One of the most important uses of two-dimensional protein 
mapping of human urinary proteins is for the early detection 
of disease states. A prerequisite for recognizing a pathological 
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condition as reflected in the protein content of the urine is 
prior knowledge of the pattern that a specific disease will 
produce. Figure 7 depicts an example of dramatic changes in 
urinary protein patterns as a result of disease. The lambda and 
kappa immunoglobulin chain Bence Jones proteins of mul
tiple myeloma urine samples are easily detected. These pat
terns illustrate that no confusion should exist as to the type 
of monoclonal immunoglobulin present, because differences 
in both charge position and molecular mass of the two proteins 
are readily seen. 

Discussion 
High-resolution two-dimensional electrophoresis of human 

urinary proteins can now be performed reproducibly, with 
more than 200 protein subunits made visible by staining. The 
use of modified first-dimension gels can resolve very acidic 
banding proteins, which are not typically seen in the electro
phoretic maps. The reproducibility of the patterns is derived 
primarily from the methods developed for rapidly concen
trating and desalting samples with minimal loss of protein or 
degradation. Differences can be seen in protein patterns 
among urine samples of normal individuals. Most of the pro
teins are present most of the time, but their relative amounts 
vary considerably. 

The importance of urinary proteins to clinical analysis arises 
from the variety of sources that produce the proteins, their 
relationship to kidney functions, their relationship to the 
immune system, their association with metabolic disorders, 
and the relative concentration of some as compared with 
serum. The chief interest in plasma proteins in urine relates 
to the detection and differentiation of glomerular and tubular 
disease (2). In glomerular disease, the selectivity of the glo
merulus is altered and higher-molecular-mass proteins, such 
as those found in plasma, are passed and appear in the urine. 
In tubular disease, low-molecular-mass plasma proteins are 
not properly reabsorbed and appear in the urine. These gen
eral characteristics of the two disorders have been known for 
a long time. Many plasma proteins have been identified in the 
urine and their presence in large amounts may be of diagnostic 
importance. 

Orosomucoid, or aI-acid glycoprotein as it exists in the 
urine, originates in part from a fragment of an externally lo
cated integral membrane protein of leukocytes, which is ap
parently released in vivo (23). Increases in its concentration 
in serum and (presumably) urine suggest disorders involving 
leukocyte proliferation. In urine this protein appears in 
multiple forms, depending upon the degree of sialylation. 

t32-Microglobulin is normally a component of cell mem
branes, is associated with histocompatibility antigens, and has 
a partial sequence homology with the heavy chain of IgG. The 
increase in excretion of proteins of low molecular mass in 
disease involving the proximal tubule was first shown by 
Friberg (24) in workers with cadmium poisoning. Among these 
proteins, t32-microglobulin is accepted as an indicator of tu
bular damage due to heavy metal poisoning. 

Retinol-binding protein, which functions in the transport 
of vitamin A, increases in the urine after renal transplantation 
or cadmium poisoning (25). 

The vitamin-D-binding protein, Gc globulin, has been 
demonstrated to increase in the nephrotic syndrome (26) and 
is probably an indicator of glomerular damage. 

Immunoglobulin derivatives have long been considered 
diagnostic in diseases such as multiple myeloma in which there 
is a production of excess monoclonal light chains, which ap
pear in the urine. Both the amount and nature of the mono
clonal components have prognostic value. The higher associ
ation constants of lambda chains as compared with kappa 
chains may be clinically important in view of the associated 
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Fig. 7. Two-dimensional electrophoretic patterns of human urine from two multiple myeloma patients 
An immunoglobulin chain of lambda-type Bence Jones protein is shown in (A); a kappa-type monoclonal Bence Jones protein is shown in (8) 

increase in renal impairment and poorer prognosis for those 
multiple myeloma patients with lambda type Bence Jones 
proteinuria (27). 

It is essential to identify as many urinary proteins as pos
sible to aid in the assessment of the usefulness of each as in
dicators of disease or trauma; as the number of spots identified 
increases, two-dimensional maps increase proportionally in 
usefulness. A continued systematic approach to spot identi
fication is therefore necessary. This includes the identification 
not only of proteins of plasma origin but also of proteins from 
the seven other possible sources of urinary proteins we de
scribed earlier (1). To make the analysis of urinary proteins 
maximally useful, it will be necessary to discover the origin 
of each spot seen, especially those not seen before or ·those 
altered in response to disease. Many of the proteins being 
studied are not plasma proteins and are present only in trace 
amounts and thus have not been identified. Techniques of 
isolation, antisera production, amino acid analysis, and in 
some cases determination of residual enzymic activities must 
be improved and applied systematically in order to identify 
the non plasma proteins. 
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