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An EGF has been demonstrated (1-13). 
Erythrogenin, the renal erythropoietic factor 
(REF),  seemed to be an enzyme that acted 
on a serum substrate to produce an erythro- 
poiesis stimulating factor (ESF) ( 6 ) .  Al- 
though EGF and REF appeared to perform 
the same function, the exact identity of the 
two factors has not been establsished. 

Recently the optimum pH for EGF activi- 
ty was determined on a fraction isolated from 
the urine of a female patient with an anemia 
secondary to multiple myeloma (MM) 
(12). An unsuccessful attempt was made to 
demonstrate a pH activity dependence on a 
fraction isolated in the same way from the 
urine of a male patient with paroxysmal noc- 
turnal hemoglobinuria (PNH) . This report 
describes an additional step in the fractiona- 
tion of the urine from the PNH patient, 
which was necessary to obtain a similar EGF. 

JMateriaEs and Methods. The urine was 
from a male PNH and a female MM patient. 
The urinary ESF concentrate, fraction I1 + 
111, was prepared by column chromatography 
on DEAE-cellulose (14). An ESF was re- 
moved from fraction I1 + I11 by selective 
membrane permeability (9-13). The reten- 
tates, after exhaustive dialysis and lyophiliza- 
tion, were dissolved in 0.02 M phosphate 
buffer at  pH 7.4 and 0.5 M NaCl and frac- 
tionated by selective membrane filtration 
with Amicon XM-50 centriflo membranes 
supported in 50-ml conical centrifuge tubes. 
These membranes were designed to retain 
molecules a t  a molecular weight of about 
50,OOO or greater. (The membranes were pur- 
chased from the Amicon Corporation, Lexing- 
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ton, Mass.). Centrifugation was continued at  
1lOOg and 4' until all the solution passed 
through the membrane. The filtrate was col- 
lected, and the residue on the membrane was 
dissolved in the same phosphate buffer. The 
volumes of the solutions were adjusted so as 
to contain the extract from 0.05 or 0.20 mg 
of the fractions/ml, respectively, from the 
urines of the MM and PNH patients. ESF 
and generated ESF activity were determined 
on all fractions (9-12, 15). The posthypox- 
ic-polycythemic mouse was used as an assay 
animal for ESF activity (15). The results of 
ESF and generated ESF activity are ex- 
pressed as percentage RBCJ9FE incorpora- 
tion and also as international standard2 B 
units. The generation of ESF activity by in- 
cubation of ESF with rabbit and mouse 
serum, in vitro as well as in vivo, has been 
demonstrated (9-12). The EGF activity was 
pH dependent, whereas the ESF activity was 
not. The pH-ESF activity data were obtained 
on the fractions as reported (10-12). The 
EGF was inactivated with 10 llJM of dithi- 
othreitol (DTT), whereas the ESF was not 
(13). Nitrogen was determined by a micro- 
Kjeldahl method. 

ResuEts. After centrifugation of the reten- 
tate as described from the urine of the MM 
patient, the EGF activity (equivalent to 0.26 
-+ 0.01 IU of ESF/ml) was in the filtrate, 
and no ESF or EGF activity was found in 
the residue (Table I). After similar treat- 
ment of the comparable retentate from the 
urine of the PNH patient, the EGF activity 
(equiv to 0.19 t 0.00 IU of ESF/ml) was in 

2 ESF standard B was obtained through the cour- 
tesy of Drs. D. R. Bangham and Mary Cotes, 
Medical Research Council, National Institute for 
Medical Research, London, England. 
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the filtrate; but ESF activity (0.20 t 0.01 
I U  of ESF/ml after dissolving the residue as 
described in Methods) was only in the res- 
idue. 

The optimum pH for the activity of the 
EGF in both filtrates was about 7.4. The 
EGF fractions from the urines of the MM 
and PNH patients were about 39.4 and 62.0% 
protein, respectively, whereas the residue 
(PNH) ESF fraction was 61.3% protein. 
The EGF solution, when stored frozen, re- 
tained its activity indefinitely. 

Discussion. It was of interest to find that 
the optimum pH for activity of the EGF 
fraction obtained from the urine of the pa- 
tient with PNH was about 7.4, the same as 
that previously found for the EGF from the 
urine of the patient with MM (10-12). I t  
was not possible to demonstrate the pH effect 
on the EGF from either urine without first 
separating ESF from EGF; the response to 
ESF flattened out the pH activity curve of 
EGF as previously demonstrated. 

It was also of interest that there was an 
ESF in the urine of the PNH (but not the 
MM) patient that appeared to be larger than 
the EGF, or attached to a carrier protein 
larger than the EGF. An ESF smaller than 
EGF, or also attached to a carrier protein 
smaller than EGF, was demonstrated previ- 
ously in the urines of the PNH and MM 
patients, and the fraction was about 11% pro- 
tein (9-12). The difference in the percentage 
protein of the two EGF fractions was pos- 
sibly due to a relative degree of purity. These 
observations help to explain the variable re- 
sults reported for the molecular weight of 

In  a previous report EGF was indicated to 
be stable for more than 3 years, after lyophil- 
ization and during storage at  -12' in a desic- 
cator over calcium chloride and under nitro- 
gen ( 12). Upon dissolving the dried fraction 
in 0.02 M phosphate buffer a t  pH 7.4 and 
freezing, however, the activity disappeared 
entirely during 3 weeks. In the current work, 
the buffer solutions were also 0.5 M NaC1, 
which improved the stability of EGF indefin- 
itely, possibly by maintaining EGF in its 
natural conformation. 

Summary. A mixture of an erythropoiesis 

ESF (16-21). 
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stimulating factor (ESF) and an ESF- 
generating factor (EGF)) isolated from the 
urine of a patient with paroxysmal nocturnal 
hemoglobinuria (PNH) , was separated by se- 
lective membrane filtration. The optimum 
pH for activity of the EGF fraction from the 
urine of the PNH patient was about 7.4) the 
same as that previously found for the EGF 
from the urine of a patient with an anemia 
secondary to multiple myeloma (MM) . The 
urine from the PNH patient contained an 
ESF that appeared larger than EGF, whereas 
the urine from the MM patient did not; the 
urine from both patients, however, contained 
an ESF that appeared smaller than EGF as 
previously noted. 
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