
178 

Journal of Chromatography, 417 (1987) 178-182 
Biomedical Applications 
Elsevier Science Publishers B.V., Amsterdam - Printed in The Netherlands 

CHROMBIO. 3617 

Note 

Purification of human urinary erythropoietin 

’ HIDEKI YANAGI*, AYUKO SOGA and SHIGEO OGINO 

Biotechnology Laboratory, Takarazuka Research Center, Sumitomo Chemical Co., Ltd., 4-2-l 
Takatsukasa, Takarazuka, Hyogo 665 (Japan) 

(First received November llth, 1986; revised manuscript received January 19th, 1987) 

Erythropoietin (EPO) is an acidic glycoprotein that regulates erythrocyte for- 
mation by promoting erythroid differentiation and initiating haemoglobin syn- 
thesis [ 1,2]. Purification of EPO to homogeneity, from urine of severely anaemic 
patients, has been reported by Miyake et al. [ 31. This purification procedure 
involved ethanol precipitation and a complex series of chromatographic steps, 
ion-exchange chromatography, gel permeation and adsorption chromatography. 
Immobilized lectins and immunoadsorbent columns have been reported to be 
more effective for purification of EPO [ 4,5]. This paper describes a simplified 
purification procedure by combination of conventional techniques and reversed- 
phase high-performance liquid chromatography (HPLC ) as a final step. 

EXPERIMENTAL 

Starting materials for purification 
Urine from patients with aplastic anaemia was concentrated ca. ten- to twenty- 

fold by ultrafiltration using a Model ACL-1010 hollow-fiber apparatus ( Asahi 
Chemical Industry, Tokyo, Japan) with a nominal molecular mass cut-off of 
13 000. The concentrate was then heated for 1 min in boiling water, and the pre- 
cipitate formed was removed by centrifugation at 10 000 g. 

Purification of EPO 
All steps except reversed-phase HPLC were carried out at 4°C. The heated 

concentrate was fractionated with ethanol in the presence of lithium chloride 
[ 31. The precipitate with 70-90% ethanol was dissolved in Dulbecco’s phos- 
phate-buffered saline (PBS). The solution was applied to a Con A-Sepharose 
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(Pharmacia, Uppsala, Sweden) column equilibrated with PBS, and the flow- 
through fraction was then loaded onto a wheatgerm 1ectinSepharose (Pharma- 
cia) column equilibrated with PBS. EPO activities were eluted with 0.5 M N- 
acetylglucosamine in PBS. Bed volumes used per 1 mg of protein of the ethanol 
precipitate were 2 ml for Con A-Sepharose and 0.5 ml for wheatgerm lectin- 
Sepharose. The eluate from wheatgerm lectin-Sepharose was dialysed exten- 
sively against 0.5 mM phosphate buffer, pH 7.1. The dialysate containing ca. 2 
mg of protein was applied to a hydroxyapatite column (3.5 x 1.5 cm I.D., Bio-Gel 
HTP, Bio-Rad, Richmond, CA, U.S.A.) equilibrated with 0.5 r&f phosphate 
buffer (pH 7.1). The column was washed with ten column volumes of the buffer, 
and EPO activities were eluted stepwise with 2 and 100 mA4 phosphate buffer 
(pH 7.1) . The eluate with 2 dphosphate, which contained the majority of EPO 
activity, was concentrated by lyophilization in order to perform further purifi- 
cation by HPLC. Reversed-phase HPLC was carried out using a PBondapak C,, 
column (300 x 3.9 mm I.D., 10 pm, Waters Assoc., Milford, MA, U.S.A.) equili- 
brated with 10 mA4 ammonium formate as starting solvent. The chromatography 
was developed by running a 60-min linear gradient to 60% n-propanol in 10 mA4 
ammonium formate. The flow-rate was 1 ml/min. Eluted protein was monitored 
by UV absorption at 280 nm. Protein peaks were collected manually and evapo- 
rated to dryness. 

Protein determination and electrophoresis 
Protein concentration was determined by the method of Bradford [ 61. Sodium 

dodecyl sulphate (SDS) polyacrylamide gel electrophoresis (PAGE ) was carried 
out by the method of Laemmli [ 71. Protein was visualized by silver staining, 
according to the manual of.the supplier ( Bio-Rad) . 

Amino acid sequence analysis 
Sequence analysis was carried out with a gas-phase sequencer, Applied Bio- 

systems Model 470A. A sample was dissolved in 1% SDS solution. Phenylthio- 
hydantoin (PTH) amino acid derivatives were identified as previously described 
[ 81, with slight modifications. 

Assay of EPO 
EPO activity was determined according to Dunn et al. [ 91 by measuring 5gFe 

incorporation into newly synthesized haem in cultured fetal mouse liver cells. 
One unit of EPO is defined as the activity contained in one tenth of the contents 
of an ampoule of the second International Reference Preparation obtained from 
the World Health Organization (WHO). 

RESULTS AND DISCUSSION 

A summary of a typical purification of EPO from concentrate of ca. 70 1 of 
urine is shown in Table I. 

After treatment with hydroxyapatite column chromatography, EPO was 
detected as a major diffuse band with a molecular mass of 36 000 on SDS-PAGE 
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TABLE I 

PURIFICATION OF HUMAN ERYTHROPOIISTIN FROM CONCENTRATE OF URINE 

Starting material was 70 1 of urine; the details of the procedure are described in the text. 

Step Protein Activity 

(mg) (U) 

Specific activity 

(Wmg) 

Yield 

(%) 

Heated concentrate 1560 92100 59 100 
Ethanol precipitate 37.0 65300 1770 70.9 
Wheatgerm ledin-Sepharose 1.98 42 100 21360 45.7 
Hydroxyapatite 0.198 14 300 72200 15.5 
Reversed-phase HPLC 0.064 7540 118000 8.2 

and had a sufficiently high specific activity compared with the value of pure EPO 
reported previously { 35 J . However, from the results of sequence analysis, it was 
found that this preparation of EPO yielded a number of N-terminal amino acids 
derived from impurities. 

In order to perform further purification, a reversed-phase HPLC technique was 
adopted. By testing the stability in various organic solvents, EPO was found to 
be stable in aqueous n-propanol at neutral pH, but unstable in trifluoroacetic 
acid-acetonitrile, which is frequently used for purification of proteins. 

EPO was injected onto a PBondapak C,, column equilibrated with 10 mA4 
ammonium formate, and elution of EPO was carried out by increasing the con- 
centration of n-propanol. A typical chromatographic pattern is shown in Fig. 1. 
EPO activity eluted as a broad peak at an n-propanol concentration of ca. 40%. 
This step generally resulted in 50-60% recovery of activity. The finding that EPO 
was precipitated with 70-90% ethanol suggests that EPO has rather hydrophobic 
properties in spite of its large content of sugar moieties. Therefore, a hydrophobic 
solvent should be required as an organic solvent to elute EPO. n-Propanol can 
.meet this criterion. 
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Fig. 1. Purification of EPO by reversed-phase HPLC. Approximately 400 U of EPO purified through 
the hydroxyapatite step were injected onto aflondapak C,, column equilibrated with 10 Mamma- 
nium formate. The flow-rate was 1 ml/min, protein was eluted with a linear gradient of n-propanol 
(O-60% ) in 10 mM ammonium formate and continuously monitored at 280 nm. Protein peaks were 
collected manually and the EPO activities were determined (column). 
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Cycle number 

Fig. 2. Analysis of human erythropoietin on SDS-PAGE. EPO purified by reversed-phase HPLC was 
analysed under (1) non-reducing and (2) reducing conditions. 

Fig. 3. Yield of PTH amino acid derivatives identified during sequence of purified EPO; x =uniden- 
tified residues. 

EPO obtained by this step gave a single diffuse band with a molecular mass of 
36 000 on SDS-PAGE (Fig. 2) and also gave a unique N-terminal amino acid, 
alanine, showing that EPO was purified to homogeneity on the level of polypep- 
tide chain by reversed-phase HPLC. However, some heterogeneity in carbohy- 
drate chains is suggested from the elution pattern on reversed-phase HPLC and 
the diffuse band on SDS gels. Asialo-EPO, which was generated by treatment of 
purified EPO with N-acetylneuraminidase, also gave a diffuse band at a position 
of 31000 (data not shown), indicating that the carbohydrate heter0geneit.y is 
not only due to the difference of sialic acid contents in EPO molecules. 

The result of sequence analysis for 160 pmol of purified EPO is shown in Fig. 
3. This partial amino acid sequence coincides with the published sequence deduced 
from cloned cDNA for human EPO [lo]. 

The proposed method is essentially simpler and shorter than the method pre- 
viously described [ 3 ] . The results presented here demonstrate the advantages of 
using reversed-phase HPLC as a final step for purification of EPO. Although only 
ca. 1.5-fold of purification was achieved in comparison with the specific activity 
of the sample obtained in hydroxyapatite column chromatography ( Table I ) , this 
final step yielded homogeneous EPO. The proposed reversed-phase HPLC method 
can also be applied to purification of EPO produced by the recombinant DNA 
technique. 
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