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SUMMARY 

We describe the purification of Urine Protein 1 (UPl), a 14-16 kDa protein 
which occurs in the urine of patients with renal failure, and therefore may originate 
from the plasma or kidney. Amino acid sequencing shows that UP1 has significant 
homology with rabbit uteroglobin, a secretory protein of the uterus (during 
pregnancy) and lungs (both sexes), and previously identified only in lagomorphs 
(rabbits, hares, pikas). The finding of a human uteroglobin-like protein, which can be 
purified from a readily available source, may provide further opportunities to 
elucidate the, as yet, uncertain physiological functions of uteroglobin. 

INTRODUCTION 

Urine Protein 1 (UPl) is a small protein, with a reported molecular weight of 
about 20 kDa, which has been found in the urine of patients with renal failure’. 
Consequently, because of its potential clinical application, a commercially produced 
antiserum to UP1 has been available for several years (Dako, High Wycombe, U.K.). 

As is the case for any urinary protein, there are several possibilities for the 
original source of UP1 . A major source of urinary proteins, especially in renal disease, 
is the plasma. Proteinuria may occur as a result of damage to the glomerular 
charge-size barrier, indicated by the excretion of plasma proteins >40 kDa, e.g. 
transferrin (80 kDa) and albumin (67 kDa), which would normally be retained in the 
plasma without entering the glomerulus2. Small plasma proteins (< 40 kDa) do enter 
the glomerulus and are normally reabsorbed by the proximal tubule?. In renal tubular 
disease, therefore, the urinary concentration of retinol-binding protein (21 kDa)4 and 
cll-microglobulin (27 kDa)5, for example, is increased. Similarly the excretion of UPl, 
if it does occur in the plasma, would be by this mechanism. 
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Alternatively, UP1 may be released into the urine by the kidney itself, reaching 
detectable concentrations where pathological damage is present. This is exemplified by 
the increased excretion of the distal tubular component, Tamm-Horsfall glycoprotein 
during kidney transplant rejection6. 

A recent study suggesting that UP1 is a plasma protein7,’ has been corroborated 
in our laboratory’ by the finding that its excretion can be induced in healthy volunteers 
by experimentally inhibiting proximal renal tubular function”. However, the 
possibility that UP1 also occurs in the kidney cannot be ruled out since it has been 
detected in (a) tissues such as liver and prostate7** in addition to the plasma and (b) 
renal failure urine where tubular disease is not evident9. 

Clearly, UP1 merits further study, and for this purpose we describe a protocol 
for the isolation of UP1 from the urine of patients with renal failure. Subsequent amino 
acid sequencing shows that UP1 is homologous with rabbit uteroglobin11-‘3, 
a secretory protein found in high concentrations in the uterus (during pregnancy)“-’ 3 
and lungsi4. A uteroglobin-like protein has not been previously found in any species 
other than lagomorphs (rabbits, hares and pikas)i5,i6. 

EXPERIMENTAL 

Materials and apparatus 
Urine from patients with chronic renal failure, attending for dialysis at Leeds 

General Infirmary, was stored at - 70°C in the presence of 0.1% (w/v) sodium azide 
and 5 mM disodium EDTA. Chemicals (analytical grade or equivalent) were obtained 
from BDH (Poole, U.K.) or Sigma (Poole, U.K.). Rabbit antiserum to UP1 was 
supplied by Dako. 

Protein solutions were concentrated in pressure ultrafiltration cells (50 and 180 
ml capacity) fitted with YM5 membranes (Amicon, Gloucester, U.K.) and dialysed in 
SpectraPor 3 membrane tubing (Pierce, Cambridge, U.K.). 

Chromatography wax carried out using a Pharmacia FPLC system with an 
LCC-500 controller, two P-500 pumps and a UV-M absorbance monitor with a j-mm 
flow-cell. All columns (Superose 12 prep grade HR 16/50, PD-10, Mono Q HR 515 and 
Mono S HR 5/5) and DEAE Sepharose Fast Flow gel were obtained from Pharmacia 
(Uppsala, Sweden). 

Analytical methods 
Protein in concentrated urine was estimated by the trichloroacetic acid-Ponceau 

S method’ 7 using the Sigma standard protein solution containing human albumin and 
y-globulin. 

During the purification, UPl-containing fractions were identified by counter 
immunoelectrophoresis’ * vs. anti-UP1 antiserum in a l-mm layer of 1% (w/v) agarose 
gel containing 3% (w/v) poly(ethylene glycol) 6000 (PEG), 73.2 mM Tris, 24.4 mM 
diethylbarbituric acid, 0.4 mM calcium lactate and 3.0 mM sodium azide, pH 8.6. The 
samples and antiserum were placed in 5-~1 wells 1 cm apart, towards the cathode and 
anode, respectively, and electrophoresed for 2 h at 5 V/cm. The recovery of UP1 at 
each stage was monitored by radial immunodiffusion” in agarose gel with the above 
composition. The purity and composition of fractions were analysed by sodium 
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) on Pharmacia 
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PhastSystemTM using pre-cast 8-25% acrylamide gradient gels. The electrophoresis 
and silver-staining methods were as described by Jackson et ~1.‘~. 

The pl of UP1 was determined by isoelectric focusing on Pharmacia Phast- 
System, using a pre-cast pH 46.5 gel”. 

For amino acid sequencing, UP1 (1 nmol) was dialysed vs. 5 mM sodium 
hydrogencarbonate, lyophilised and dissolved in 0.03 ml of 0.2 A4 sodium hydrogencar 
bonate, 0.25% (w/v) SDS. The remaining procedure was as described by Cavaggione 
et ~1.~‘. The program QUICKP was used to search the NBRF (PIR) protein sequence 
database (release 13.0) for UP1 homologues. 

Pur+ztion of UP1 
Urine containing UP1 (detected by counter immunoelectrophoresis, see above) 

was concentrated by pressure ultrafiltration to give 100 ml of concentrate containing 
5-6 g of protein. Then 25 mM bis-tris propane was added to the urine protein 
concentrate and the pH adjusted to 7.0 with 50% (v/v) acetic acid. An equal volume 
(100 ml) of 50% (w/v) PEG was added slowly with stirring and the mixture incubated 
on ice for 15 min. Precipitated protein was removed by centrifugation (3500 g, 30 min) 
and the supernatant (containing UPl) diluted with 4 volumes of 50 mMTrisHC1, pH 
7.0. This fraction was applied in two separate batches to a DEAE Sepharose Fast Flow 
column (300 mm x 16 mm) at 1 ml/min, and non-bound material (including PEG) was 
removed by washing with 50 mM Tris-HCl, pH 7.0. Bound proteins (including UPl) 
were desorbed with 1.5 M sodium chloride in Tris buffer, concentrated to Azso 2: 6 
and chromatographed in separate 2-ml aliquots on a Superose 12 prep grade HR 16/50 
gel filtration column in 0.15 A4 sodium chloride, 50 mM sodium potassium phosphate, 
pH 7.0, at a flow-rate of 1 ml/min. UPl-containing fractions were pooled, con- 
centrated and buffer-exchanged into 6.25 mM bis-tris propane, pH 7.5, on PD-10 
desalting columns, according to the manufacturer’s instructions. Aliquots (14 ml) 

(A 280 = 0.045) were then applied separately to a Mono Q HR 5/5 anion-exchange 
column equilibrated with 6.25 mM bis-tris propane, pH 7.5. Protein elution was by 
a 20-ml O-100% gradient of 0.35 A4 sodium chloride, 6.25 mM bis-tris propane, pH 
9.5, flow-rate 1 ml/min. Fractions containing UP1 were pooled, buffer-exchanged into 
50 mM sodium succinate, pH 4.0, and applied to a Mono S HR 5/5 cation-exchange 
column equilibrated with the same buffer. A 20-ml O&100% gradient of 50 mMsodium 
succinate, pH 5.5 (flow-rate 1 ml/min), was used for the elution of purified UPl, which 
was then immediately adjusted to pH 7.5 with sodium hydroxide and dialysed vs. 6.25 
mA4 bis-tris propane pH 7.5. 

RESULTS 

Purification of UP1 
The protein composition of the UPl-containing fractions at each stage in the 

purification was determined by SDS-PAGE. Fig. la shows a typical pattern for renal 
failure urinary proteins where both glomerular and proximal tubular lesions are 
evident. Some of the proteins occurring in this complex mixture are identified in ref. 20. 
This pattern was considerably simplified in the supernatant after precipitation with 
25% (w/v) PEG (Fig. lb). However, Table I shows that only 52% of the UP1 in the 
urine protein concentrate was recovered in the supernatant, with the remainder 
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Fig. 1. Stages in the purification of UPl. Samples (1 ~1) of UPI-containing fractions were analysed by 
SDS-PAGE” in the absence of 2-mercdptoethanol. (a) Urine protein concentrate (diluted lOO-fold); (b) 
PEG supernatant; (c) DEAE Sepharose-bound proteins; (d) Superose 12 fraction (concentrated IOO-fold); 
(e) Mono Q fraction; (f) Mono S fraction. Protein bands are silver-staineda”. 

presumably trapped in the pellet of precipitated protein. A further 48% could be 
recovered by redissolving and re-precipitating (not accounted for in the remaining 
results in Table I). 

The next step, anion-exchange chromatography on DEAE Sepharose, served to 

TABLE I 

RECOVERY OF UP1 DURING PURIFICATION 

UPI was estimated by radial immunodiffusion” of 5~1 samples into agarose gel containing 0.02 ml/ml 

anti-UP1 antiserum. Arbitrary units were calculated from the square of the precipitin ring diameter in 
decimeters multiplied by the appropriate volume factor. No ring was visible in the Superose 12 fraction. 

Purification step/fraction UP1 recovered 
(arbitrary units) 

Percentage qf total 
recovered 

Urine protein concentrate Ill 100 

Poly(ethylene glycol) supernatant 58 52 

DEAE Sepharose 53 48 

Superose 12 - 

Mono Q 11 10 

Mono S 9 8 
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Fig. 2. Gel filtration of DEAE Sepharose-bound proteins on a Superose 12 prep grade HR 16/50 column. 

(a) remove PEG, which is non-ionic, from the protein mixture and (b) concentrate the 
sample. The bound proteins (including UPl) were desorbed in one peak (chroma- 
togram not shown) by using a 1.5 M sodium chloride wash. Employing a salt gradient 
did not fractionate the proteins to any greater extent. The concentrating effect of the 
DEAE Sepharose is seen in Fig. lc, in which proteins > 80 kDa become visible (cj Fig. 
lb) as diffuse bands. These high-molecular-weight proteins (e.g. immunoglobulins) 
were removed by gel filtration on Superose 12 (Fig. Id and Fig. 2) and the Mono 
Q fraction (Fig. le and Fig. 3) shows a considerable enhancement in the concentration 
of UP1 (at cu. 14 kDa). The recovery of UP1 over these two steps, however, was only 
about 20% (Table I) and may be explained by the accumulated loss of material over the 
seven gel filtration runs (and buffer exchanges) which were necessary to process the 
whole of the DEAE Sepharose-bound fraction. 

A final purification was effected by cation-exchange chromatography on Mono 
S with an increasing pH gradient (4.0-5.5). UP1 eluted at pH 4.64.7 (Fig. lf; 
chromatogram not shown) which, as expected, corresponds with its pl (see below). 
Table I shows that the overall recovery of UP1 from a single PEG fractionation of 5.6 
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Fig. 3. Anion-exchange chromatography of the UPl-containing Superose 12 fraction on Mono Q HR 5/5. 
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Fig. 4. Molecular weight and pldeterminations of UPI by SDS-PAGE (8-25% acrylamide gradient) in the 
absence (a) and presence (b) of 2-mercaptoethanol, and isoelectric focusing (pH range 4.0-6.5) (c). Protein 
bands are visualised by immunoblotting VS. anti-UP1 antiserumzO. 

g of urinary protein was 8%. The mass of UP1 recovered was estimated as 0.3 mg by 
assuming A::#’ = 1.2, the extinction coefficient of rabbit uteroglobinz2 (see below). 

Molecular weight and pI of UPI 
Analysis of UP1 by SDS-PAGE under non-reducing conditions and comparison 

with molecular weight standards (Pharmacia) indicated an M, of 14-16 kDa (Fig. 4a). 
In the presence of 2-mercaptoethanol, the M, of UP1 decreased to 778 kDa (Fig. 4b), 
indicating that the protein is composed of two subunits of similar or equal A4, bound 
by disulphide bridges. 

Isoelectric focusing and comparison with plstandards (Pharmacia) determined 
the pl of UP1 as 4.7 (Fig. 4~). 

Amino acid sequence of UP1 
Fig. 5 shows the partial amino acid sequence (to residue 47) of UPl. 

A computerised search of a protein sequence database revealed that UP1 has 
significant homology with rabbit uteroglobin. 

DISCUSSION 

The UP1 for commercial antibody production was prepared from the urine of 
renal failure patients by gel filtration followed by ion-exchange chromatography on 
DEAE Sephadex and SP Sephadex . 23 UP1 has also been isolated from renal failure 
urine by affinity chromatography on immobilised anti-UP1 immunoglobulin7,8. In 
our hands, neither method produced UP1 of sufficient purity to give a single residue 
per cycle during amino acid sequencing. The complexity of the urinary protein mixture 
used as the source of UP1 therefore merited a different protocol, which is described 
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10 
UPl: Gly Ile GYs Pro Ser Phe Gln Arg Val Ile 

** ** ** ** * 

utg: Gly _ Ile GYs Pro Arg G Ala His Vz: 11: 

20 
UPl: Glu Thr Leu Leu Met Asp Thr Pro Ser Ser 

** ** ** * ** ** ** ** 

utg: Glu Asn Leu Leu Leu Gly Thr Pro Ser Ser -- 

30 
UPl: Tyr Glu Ala Ala Met Glu Leu Phe Ser Pro 

** ** 

Ler: Lys 

** ** 

utg: x Glu Thr Ser Glu Phe Glu Pro 

40 
UPl: Asp Gln Asp Met Arg Glu Ala Gly Ala Gln 

** * ** * * ** ** 

utg: Asp Asp Thr Met LYS Asp Ala g Me: Gln 

50 
UPl: Leu Lys LYS Leu Val Asp Thr 

* ** ** * * ** * 

utg: _ LYS Met LYS Val _ Asp Leu Ser Leu Pro Gln 

UPl: 
60 

utg: Thr Thr Arg Glu Asn Ile Met LYS Leu Thr -- 

UPl: 
70 

utg: Glu LYS _ Ile Val LYS Ser Pro Leu GYS Met 

Fig. 5. Comparison of the partial amino acid sequence of UP1 with the complete subunit sequence of rabbit 
uteroglobin (Utg)13. Regions of exact homology are indicated by double asterisks and conservative 
replacements by single asterisks. Residues delineating the progesterone binding site in uteroglobinz8 are 
underlined. 

here. About 0.3 mg of UP1 was recovered from 5.6 g of urinary protein. The overall 
yield was 8%, but this could be improved by re-extracting the PEG precipitate. 

The partial amino acid sequence of UP1 indicates significant homology with 
rabbit uteroglobin: in the first 47 residues, 55% are identical and a further 23% 
conservatively replaced (Fig. 5) ’ l-l3 This finding is supported by the similarities of . 
UP1 and uteroglobin in molecular weight (both 14-16 kDa; Fig. 4a)” and subunit 
composition (both 2 x 7-8 kDa; Fig. 4b)12. Their pl values, however, are 4.7 (UPl, 
Fig. 4c) and 5.424 (uteroglobin). This difference of 0.7 units may be explained by the 
substitution of basic residues in uteroglobin with acidic or neutral residues in UP1 (e.g. 
Arg 5 -+ Ser, Lys 26 -+ Glu; see Fig. 5). Nevertheless, we present the first evidence for 
a uteroglobin-like protein in a non-lagomorph species and suggest that this protein 
may be present in all mammals. 

In rabbits, uteroglobin (also called blastokinin) is secreted by the endometrial 
cells of the uterus on induction with progesterone, either during pregnancy or 
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experimentally. Secretion is maximal between the fifth and tenth day of pregnancy, 
when uteroglobin constitutes 50% of the protein in the endometrial fluid”. In 
addition, uteroglobin binds progesterone with high affinity (K,, = 5 . lo-’ &Qz5, 
implying that it acts as a carrier for its inducing steroid. 

Uteroglobin has also been isolated in significant quantities from rabbit’4~‘5,24 
and hare16sz6 lungs, where its secretion is induced, not by progesterone but by 
glucocorticoids’4,24. With the further finding that uteroglobin inhibits phospholipase 
A2 activity”, this protein also appears to be involved in the regulation of 
prostaglandin synthesis. Since prostaglandins mediate certain inflammatory re- 
sponses, it has been suggested that the anti-inflammatory action of glucocorticoids 
may occur via uteroglobin, in addition to other glucocorticoid-induced proteins (e.g. 
lipomodulin, macrocortin and renocortin)“. 

The physiological function(s) of rabbit uteroglobin are, at present, uncertain. 
However, it is likely that human UP1 has the same function(s) because of the high 
degree of sequence homology between the two proteins. This homology even extends 
to those residues which, according to X-ray crystallographic data on uteroglobinz8, 
delineate the progesterone binding site (see Fig. 5). 

The evidence that UP1 occurs in the plasma7-9 and certain other tissues, 
including the liver, prostate’,’ and possibly the kidney, suggests its widespread 
location in the body. This also appears to be the case for uteroglobin, which is 
detectable, albeit in small concentrations, in tissues other than the uterus and 
lungs’5*29. 

Since studies to further elucidate the physiological functions of uteroglobin will 
depend on obtaining quantities of purified protein, urine from renal failure patients 
may provide a readily available alternative to laboratory animals. 
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