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centration 1nd disfiltration steps and followed by a gel
filication processing siep.

1. Concentration znd Dialiltration

First and second (7-day} growth cycle supcmatanis 3
were separately concenteated thiny-fold wsing 2 Pelli-
con ulteafiliration devige {Millipore, Bedford, Mass.)
with a 10,000 MW cutoll. Concenirated first and second
cycle media were pooled and diafiliered on the Pellicon
device against 10 mm Tris at apout pH 1.0, Pellicon
device against 10 mm Tris at abous pH 7.0. (The diafil.
1ared medis may cptonally be made 20 pm in CuSos
before ion exchange chromatograghy.) It may be noted
thet any ulieafiltration device with a 10,000 or 30,000

MW cutoff may be used and that the diafiltration siep 13

may be performed against any suitzble low ionic
strength buffer at 2 pH of (rom about 6.0 to 8.5,

2. lon Etchange Chromatography

The concentrated, diafiltered media from step | was 10

pumped on a relatively low density DEAE agarose
column {Bio-Rad. Rizhmond, Calil). The column w3s
then washed with three volumes of § mm acetic acid/|1
mm glycine/6 M vres at about pH 4.5, Qnptioaally. the

wash may include 20 pm CuSOato assist in oxidztion of 25

sulfhydryl groups on the desired protein. Glygine was
incorporated to react with any cyanate prescnt. Urea
serves to stabilize agzinst acid activation of proteases at
jow pH and to assist in solubilization of proteins. Foi-

Jowing the washing: which serve to ¢lute off bound 30

moterals with greatsr pKa's than erythropoietin, the
colurnn was washed with 25 mm NaCl/10 mm Tris at
about pH 1.0 to return to newtral pH and remove urea.
Biclogically active erythropoictin was eluted with 73

mm NaCi/10 mm Fris at sbout pH 7.0. CuSos {20 pmj 33

can optionally be iacluded in both the neutrslizing wash
and/or the elution step.

1, Reverse Phase Chromatography

“The procedure applied was essentiatly a3 in Example 40

| except that an apea column, low pressure mode was
emgloyed. Following identification of the erythropaic.
lin “peak™ in gradunt fractions at about 60% ethanet, it
is preferred to dilute the collected fraction(s) five-foid

with, e.g.. 10 mm TRIS at pH 7.0 to reduce cthanol 43

coneentration and facilitate ethanol with 2 small amount
of bufTer (20 mm sodium citrate/ 100 mm sodium chio-
nde.

4, Gel Filirarion

Products of step § from which ethanol has been re-
moved was lpaded on a column of Sephacryl 5-200
(Pharmacis, Piscataway. N.J.}. The columa was devel
oped using a projected pharmaceutical formulation

bufTer of 20 mm sodium citrate/100 mm sodium chlg- 53

ride at pH 6.8 10 7.0

EXAMPLE }
Radipimmunoassay aad in vivo bioassay procedures

s described in the zbove-mentioned U.S. patent appli- 80

cation Ser No. £75.298 were perforemed using the re-
combinant erythropoietin recovered by the prncedures
of Example | and 2. The experimental data indicated
yields of 37 and 16 percen, respectively, for the Exam-

pic ¥ and 1 products. with ranos of in vive 1o RIA 43

activity of 1.02 aad 1.3, Subscquent repeats of the Ex-
ample 2 procedure 9n differcnt superastants have pro-
vided vislds on the order of 48-50 percent.
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While the foregoing illustrative examples have de-
scribed procedures of the invention as practiced for
recavery of erythropoietin from mammalinn cell cul-
turc sources, the procedures are believed to be suitable
for recoveries practiced on other culture fluids such as
memmalian lysate/supernatant combination and similar
Muids derived from yeast cell cultures. Similarly. the
individual and composite procedures {and especialiy the
ion exchange chromatographic procedurss) are ex-
pected 1o be useful in recovery of erythropoietin from
natural sources such s urine.

It will be apparent 1o those skilled in the art that the
procedures above applied to recovery of erythropoietin
can be expected to find applicability in recovery of
other complex proteins, especisily glycoproteins pro-
duced by recombinant methodologies. Glycoproteins
whose recovery is within the contemplation of the in-
vention include such distinct products a3 necombinant
lissue plasminogen activator, Factor VI and Herpes
Simplex Virus Glycoprotein D.

What is claimed is:

1. A process for the efficient recovery of erythropoie:
tin Trom 1 fluid, said process comprising the following
steps in sequence:

subjecting the Nuid to ion cxchange chromatographic
separation at about pH 7.0, thereby to selectively
bind erythropoietin in said sample to 3 cationic
resin;

stabilizing materials bound 10 said resin against degra-
dation by acid activated proteases;

selectively eluting bound contaminant materiats hav-
ing a pKa grezaler than that of erythropoiciin by
tresiment with sgueous acid at a pH of from about
4010 6.0, and

sslectively eluting erythropoietin by treatment with
an aqueous salt at a pH of about 7.0; and

isolating erythropoictin<ontaining eluent fractions.

2. The process of claim 1 applied to recovery of re-
combinant erythropoietin from a cell culture derived
fluid.

3. The process of claim 2 applicd to recovery of
erythropoietin from a mammalian cell culture derived
fluid,

4. The process of cisim 3 applied to recovery of
erythropoietin from a mammalian cell culiure superna-
rant,

. The process of claim 1 applicd to recovery of
erythropoietin {rom usinary fluids.

6. The process of claim 1 wherein the cationic resin is
a DEAE agarose resin.

7, The process of claim 1 wherein said stabilizing step
comprises treatment with urea. v

8. A process for the cfficient recovery of erythropoie:
tin from a fuid, said process comprising the following
steps in sequence:

(1) subjecting the flvid to ion eschange chromato-
graphic scparation at about pH 10, thereby (o
selectively bind erythropoietin in said sample to &
cationic resin;

{2) stabilizing materials bound to said tesin against
degradation by acid activsted proleases;

{3) selectively eluting bound contaminant materials
having a pKa greater than that of erythropoietin by
treatment with aqueous acid 213 pH of from about
4010 6.0:

(4} selectively eluting erythropaoietin by treaiment
with an aqueous salt a1 3 pH of about 1.0
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{5) subjecting eiuted, erythropoictin-containing fluids
to reverse phuse fiquid chromatographic separation
involving an immobilized Coor Ceresin, thereby to
selectively bind erythropoictin in said fluid to wid
resin;

(6) selectively ¢luting bound erythropoictin from said
resin with an aqueous ethanol splution of from 30
10 80 percent a1 2 pH of [rom sbout 4.5 10 about 8.0;
snd,

{7} isolating erythropoictincontaining [ractions of
the eluent.

§. The process of claim 8 applied to recovery of re-
combinant erythropoietin from a cell culture derived
fuid.

10. A process for the efficient recovery of recombi-
nant erythropoietin from a mammalian celf culture su-
pernstant fluid, s3id process comprising the following
steps in sequence:

(1) subjecting the fluid to ion exchange chromaio-
graphic sepiration at about pH 7.0, thereby to
selectively bind erythropoietin in said sample w0 2
DEAE agarose cationic resin;
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{2) subilizing materials bound 1o said resin against -
degradation by acid activated proteases through
trearment with ures;

(3) selectively eluting bound materitls having a pKa
greater than that of erythtopoietin by tresiment
with aqueous acid at 2 pH of about 4.3.

{4) selectvely eluting erythropoietin by trestment
with an aqueous salt at x pH of about 7.0,

(%) subjecting erythropoietincontining elucat frag-
tions to feverse phase liquid chromatographic sepa-
mtion involving an immobitized Cg resin, thereby
10 selectively bind erythropoietin in said fluid to
said Fesin:

{6) selectively cluting bound erythropoictin from said
resin with an squeous ethano! solution of sbout 60
percent at & pH of about 7.0; and,

{7) isolating erythropoictin-contsining fractions of
the cluent.

11. The process of claim 10 further including the step

of removal of sthanol from isolated srythropoietin-con-
taining {ractions.
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Purification of Human Erythropoietin*

tReceired for publicauen, Jenuary 24, 1977, and in revised form . April 11,1977t

Taxatl Mtvaxr,t Crarrs K.-H. Kune, anp Eucese GoLbwasser
From the Depariment of Biochemistry, University of Chicege, and The Franklin McLeen Memorial

Research Institite § Chicagoe. Jllinois 60637

Human erythropnietin, derived fram urine of patients
with gplastic anemia, haa been purified to apparent homoge
neily. The seven-siep precedure. which included fon ex.
change chromalography, ethanol precipitation. gel filtra-
tion. #nd agearption chromatography, yielded 2 preparalion
with a poteney of 70.400 units/me of protein in 21% rield.
This repreccnts a purification factor of 430, The purified
hurmone has a single ¢lectrophoretic enmponent in poly.
acrylamide veis 3t pH 9. in the presence of sodium dodecyl
sulfase 3t pH 7, and in the presence of Triton X-100 a1 pH 6,
Twa {ractiuns of the same potency and molecwlar size, by
sodium dodecyl sulfate pel elecirophoresis. dul differing
slightly in mability at pH ¥, were obtained at the Ixst siep of
fractienulion. The nature of the difference belween these
twn cumpnnents is not yel vnderstood,

Ervthrepoietin is an acidic glvcoprowein thac iz present ata
very,lpw conceniration in piasma under normal conditions.
Under anemsc or anoxic stress, it i found in relatively large
#mount in the plasma and is alsc exaewsd in the wine,
Ervihroposeun is the substance that is resporsible. i large
pars. far the regulation of normal red bleod cell differentiation.

Because of this functien. and because it mayv have a role in

reclarement theraoy of some kinds of anemiz. it U8 impertant
L have pure emihropoietin ia an amount sefficient for chemi-
cal charscierization Reports on the purification of human t])
and sheep (2} ervikroporetin have been published. In whe for-
mer. the evidence for homogeneity was nol convineing, and in
the 1atier, the wial ammount was wo low for adequate charac-
terizagion. We report in thus paper on the preparation of mitli-
gram quantities of human urinary ervthropoietin in a state of
s21rent homogensity,

IXPEXIMENTAL PROCIDUXLS

Biocxrey —The fasted ret muthod of bisassay (1), in whieh the
ineeracration of laveled 1ron inwe airculatiag red cells is Mmeatured,
was ubed revtinedy o guania e the amsuni ef enthropaseun sctis-
1ty. Samples for astay werr dissclved in 8.1% bovine serum sllwmin
in 013 w NaCl 2.0 m CaCly. Over the 15.manth prriod eovered by
this work. the In dosesin respon se cures ohained when 1, 1.5, 2. and

® Traz work wagrupparted «n part by Unied States Public Heslth
Servaee Crant HL 1600S.01. ‘

T Preseat aderess, Second Department of lavernat Medicine, Ku-
mamsts Lowvernty Medical Sehool, Kutsamota, Japan

1 Crzeraved by the Uneversuy of Chizage for 1he United States

Enersy Researen and Desvlopment Aeminairstion vnser cenlracy
EY-TAL-L0 065

3 units of ervthropowetin'/)ret were used had the fallowing eharscter-
Bues slepe. 111 = 034, interzept. 0.7% = 0% correlatisn coeihi-
aent. 0.96 = 0.10. The saray values found 15 tie two final hydroavl.
apetite fractions were confirmed by the palvovthemic movse methos
11 which agreed clotely with the other two assay methads, We sre
indebted 1o Dr. Walter Pried of the Michael Reese Horpaul for doing
the touse asasvs, For the iodinated preparausn and for the sasay of
seuviny recovered frem polyacrviamide gels. bislogice! aetivity way
mexsured by the rartew cell tuliure meihod 14 Thiy procedure, in
which both the bl upake of radic-iren and its incorporation inw
hemoglobin are ueaed ay guanllative sndicstors of erythropoeun
sctivity, i3 about J0OO timws more sensitive than the {asted rat
method. bul does not distnguith betwetn native erythropoietin and
the asizla fosme, which 1§ inactive i1 o,

Marraly - Sodium dodeeyl suifswe and DEAE-agarose werr
bought from Bio-Fad Laborawries, Richmand. Calif., &s wis hydrez-
ylapatite tBio-el HT. Control 127451 we found oo signiliaant ditTer-
ehice betweens peveral different low which wa used. Sullepropy] Seph-
adex (Lat 79631 and Sephadex G100 (Lot 5011t were baught from
Phermada Inc, Pisawway, N. J, Materials for gel elecirophoresic
tacrylamide, NN N N-tewamethylethylenediamine and NN-
tnathviehebitacryiamide) and Triws X-100, saintillatisn grade, were
bought frem Easuman Kodak Co., Rochesur, N. Y. Labeled iodide
was obuined from Amersham-Searle Corp., Atlingran Heiphs, 110,
Othar resgents used were of the brsl quality commartially availabie.
Ultrafiliers were bougnt frors Amicon Corp., Lextngon, Mazs. PES
is uted w0 Sesignawr 1 salulion evautng of 815 w NGl §.01 w
sodiuen phorphate buller, pH 1.0,

Jodinausn = Labebting with '=] ¢4, €1 was done sx (cllows. To 20 o)
of an ervthrmpoieuin slution conining 20 pg ol prowein, d wl ol 0.5 -
phosphate, pif 1.0, and 10 ul of dimethyisuilonide were sdded. Dne
mueroliter of Na'=t (100 L Ci. equivalent 8 7.1 np ol icdide ar §7 pg
Lot was hen added. followed by | u of freshiy prepsred chiors.
grneT 110 gzt i warer), The mixture was sllowed 1o stand st 20
for 10 mur. afler whieh 10 ul of N3 8.0, {25 mpanl in watar) were
added. The saivsion way mixed and allowed to siand for 1 min: then
200 Wi of KT 130 mgimi i .03 m phosphate. pH 7 4) were added and
ixed for 1 run st 345, fellowed by addivon of 30 ul of T (wiv)
bovine serum sibumin, The mixture was put en & Sephades G-10
ceolumn 125 x 0.9 on dismelerl, which had been equilivrawed with
P8BS, being washed over to thr calumn with two 200-u] washey of K
sotution 110 mg/mby. The ervthropoietin waz separsad from un-
resctrd iodide by alution with PBS and colivetion of 0.3-ml fracuens.
The major peak material of Inrge molecular weight label (Tubes 1310
281w a3 pooled and dialyted, The finsd valume of €. 7 ml rontined 3 §
w 107 eptn of *=] {38 »n 10° epmipg of prowin, equivalent o 0.1 g
atam of iodinermel of praceine.

Because gur previous sxperience ahnwed that sheep ervthropois
ttin was completely insctivaied upon iodination using chiormmineT,
we used the meihod of Sugg e &l (51, 10 which the presencx of

s tm e v — P T

' One umis of ervihroporecn iz defined a5 the biological attivity
present inone-aenth of the contents of un ampule of the Internztional
Referente Pressrstion distriboted B the Werld Hesith Orpanizae
tion. 1a the reutine B350y, we used, as 8 =orkang standard, z prege-
ration of sheen ervikrepaietin that Rad been standardusd sg3inn
the Internsironsi Reference Preparstion
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Purificatin: wf Humwan Erythropoletin

dymethaipulforide sc1a 10 proect methioning residuen frun vpidn.
tion. AL the level of 0.1 atom of indine/moletule. wa fiund sus b of
biclogresl activity when the asasy wis done »athin  day of nabina.
ten. One wetX bater, however, therr was appreciable low W21
indicating that the procedure had Iabilized the hormene, Ala hickir
degree of sodinaton (4 semptmaleculel, 155 of the biskanieal sctiv.
ity was fost within | day.

Electrophnrrsiy = Pnl;lcryhmidt pel eleciruphoresis wax dune by
the mictomettod which we had used earlier (25, with gebs thal wore §
x 0.2 et in dismewer. The cordibons are Civen beinw fur «azh
experiment Gela were lized in 23% iscpropyl alechol, 10% sertic acid
avernizht, stazhed in §.23% Coomaxaie blue in 10% aceticacid for 1 b,
and cestained in 10T sortic acid

Sauree of Eryttiropasetin - Urine, 2550 litess, waa coliecied from
two groups of psirents with aslastic anemis of unknown ongin, in
aeveral hospitats in Kumamsta City, Japan. These groups inzluded
some patienia with moderaicly severs, chronic antm:s for whoin the
urihe Liter was about [ univml, and ethers with severe. chronic
anerria for whom the yrine Uter was 2 16 § unitsrmb. The yrine was
colizeied in 11 pools and filtered under suction: 3.5%livter hawches were
deionized on 8 Sephadez G-50 &slumn {57 % 1S om diaceten bed
volume, 1C liters). The efTluent 3.5 liters) was ehade 0.025 0 with
respecs o both NaH, PO, and HaCl and 2.5 ¢ vdry weight) of DEAE-
crilulose, previously equilibrated with 0.02% w NaH, PO, weer
stirred 1o the selution, Afler 33 min of stirring at (7, the DEAE.
ctiluleae was allowed wosetiie (or 2hin the cold and then oollected on
a sintered glass filter wath the sid of peatie suction. The adsarbed
setivity was immediately eluted four times with 28 =i of 0.05 x
Na,HFO. 0.35 m NaCl, The eluate wan dislyzed against deionized
water 11wo changes of 2 Jiers eacht overnight and Ivechilised, The
toia) wield of this fracticn was 6,376 millisn units of activity with a
mexn potency of sbaul 90 u/ALT Previout cxpenence had thown that
the desaiting suep on Sephader G50 had a yield of 30%, and that the
adssrpuon and eivuen from DEAE-celiuloase yielded 50% of the input
activaty (),

AESULTS

All of the urine concentrates were trexted with phenol p-
aminosalicylate, as deseribed by Chiba e of. {8), so tha the
loss of activity due o enzymic degracation was reduced This
procecurs was carvied out on 15 bawhes which consistad of a
total of 7.059.670 units® and a mean potency of 91 WA {range,
15 to 1601, There were 5,115,110 units recoversd, with & mesan
poLency of 109 uid | In spite of the (¢t that 2% of the activity
was lost and the mexn purification factar was ondy 1,20, 1t was
necessary W use this technique to avoid major lesses later tn
the purification process.

The purification method ¢eszribed below wxa developed 2sa
rerclt of many trials of various standard tecknigues. For
example, we found that use of el permeation chromategraphy
early 1n the procedure did not lead w any significant purifica-
tion. probably due o the Large samount of glycoprotein with
similar sizes in the crude urine oncentrate; stepwise elution
of ion exchange eolumns wes used throughout the procedure
since we found that gradient elution decreased the resolution

Ethangd Precipitztion « Sixteen separate batches were pre-
cipitated with ethanol by the fullowing procedure. The sample.
€8 11600 units mt 52 WA, was dissolved in 30 mi ol PES aL 4"
5 ui were remaved for assay, and 12.5 mi of 10 & LiCT’ were
added. Absolute ethanal (62.5 ml} at 6" was added slowly with
stirring, which way continued for 30 min sfler the sddition

' Potenry, or specific scuvity. i3 expressed as uninx of biological
Seiviiy tue per abiorbance unit (A, fexaured ot 278 sm oan Jwem
fuvelies

P Thasficere oy shignoiv differens 11, 2% higher) from that indscated
Ay Lre amoung ebtained from the DEAE<celiviore step Thu und of
CiTerence 1t raused by the untartiinty 18 the bingasae and =il 3l
T oRern ol aubsecoent tleps

LGl was wnez in the alcenal precifitaton procedure tn croer Lo
PRI Ate e sslonitas of proweans in crhansd t9: Preciprasionan the
Aosenir of satl renuized 1n 2 fow potency fraclien
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was complete. After the floctulent precipitate had besn al-
lowed 10 3esile for 15 min, it was removed by cenirifogation at
21,000 % g for 10 min st ~—15% The pellet was weshed three
tirnes with 10 ml of 50% ethanel, 1 » LiCl and the superra-
tants were pooled. The washed precipitzte was dissolved in 20
ml of PBS, yielding a turbid selution 150% precipitate),

Sixty-seven milliliters of absclute ethansl were agded
slowly to the smbined supernatants; stirring was comtinued
for 3¢ min end settling for 13 min. The precipitate way cel-
lerted as bafore and washed twics with 10 ml of £% ethanel,
£.7 m LiCl and the supernatants were pocled. The washed
precipitate wes dissolved in 20 m} of PBS (55% precipitacel.

To the pooled supernatants, % ml of ethanol were zdded
slowly. and stirring was continued for 30 min, after which the
precipitate was allowed to settle for 14 b at £°. We have found
that this long perod in 75% aleshol it required for opticna)
further Tractionation. The precipitate wat washed twice with
10 mt of 5% ethancl, 0.5 w LiCl, the supermatanmty were
pooied, and the precipitate was dissoived in 20 m) of PBS (75%
precipitaiel.

The eombined supernatant was bBrought 1o %% ethano! by
addition of 540 m! of absolute alchol, stirred for 30 min, and
siored at ~20° for 48 h before the precipitate was coliecied,
dizsolved in 30 ml of eold water. and immediztely frozen (90%
precipitate). The resuits of one representative ethanel frac-
Uonation procedure are given in Table L.

For the 16 experiments. the range of yields in the 90%
ethanol precipitate wes 28 to 100%. The range of potency was
133 10 830 WA, ’ ‘

Since a substantial Eaction of the activity was found in the
rardier aleohol precipitates, we enablished conditions for re-
covery ef much of that activity ata potency similar to that of
the 9% ethanol precipitate. For exatnple, three groups of
pooled fractions (50%. 85%, and 75% alcohel precipitaies], with
s wtal volune of 210 ml, were stirred at " while 120,37 g of
peanidine hydrochloride were added. To the dear solusion,
52.5 md of 10 M LiCl were added with continued stirring. The
slightly dloudy solution was stirred for 30 min more, snd 39¢
mt oof ahsolute ethanol was added slowly. Afler 30 min of
swring. the suspension was kept at € for 25 h, and the
precipitate was enllectad by centrifugation st 21,000 » 2 for 15
min st «15°, 15 yield Supernatant A and & pellel The peller
way suspended in 50 mi of PHS end stirred for 30 min while
2%.85 g of peanidine hvdrochleride were added. Duwring the
next 20 min, 12.5 mt of 10 m LiC} were added. lollowed by 187.5
m) of absoluiz ethanol. Stirring was continued for 30 min,
after which the suspension was allowed to settie at 4* {or sbout
14 h. The precipitate was removed at 25,000 x g for 15 min.
yielding anether 15% ethano! supernatant. The re-extracion
was reprated: the two supernatans fractions (Supematant Bi
were pooled. but this pool was kepi separate from the ariginal
Supernatant A, The T5% aleohol precipitate was suspended in
20 m! of PHS and mixed thoroughly.

Te Supernstant A, 1052 ml of sbseiule ethansl were added

Taser |
Ethcnod frmctienation
Fracuien A Aztienty UiA %+ ywid  Punficzlon
L]
Qriginat .15 111600 52 00
L% preciziiate e L.500 16 )
£ preipiiaie hv A 16,302 52 1% 1.0t
4% greaipuae B 16,500 125 2 s
ok precipitate 1) 6500 el 13 LI
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slowly: the suapension was stivred for an additienal 30 min and
siored at - 207 for 40 h. The precipitate was then coliected xt
21.000 = g for 15 min at =15, washed Lwice with 40 ml of 90%
gthanol, 0.2 M LiC), and susperded in 30 ml of PBS. After
stirring for 30 min, the auspersion was centrifuged at 16,000 x
g for 10 min at 4% the small 3mount of precipitale was washed
with 20 mi of PES, and the supermatant solutions were poaled
(90% sthanol precipitatet, The peliet fraction was suspended in
20 ml of PBS. Supernatant B was treatsd in an ansiogous
manner, i.e. the 30% alcohol precipilate was coliected and both
Supernatanis A and B were astiyed. The fraction preeipitaced
at 90% alcohol from Supernstant A contained 246,840 units
(54% of the input astivityl with a potsney of 550 uid. The
fraction precipitate from Supemmatant B eontained 3,300 units
{15% yield1 with a potency of 55 wA. When all of the availa-
bie ethanol precipitates werr re—extracted, we recovered
1.515.200 units with a mean potency of 570 u/A irange, 20 to
£50). This material was pooled with the original 90% alcohol
peecipitaws for furiher fraclionation. making & towl ef
£.750.740 unitst at 2 mean pateacy of &R wid.

DEAE.Agnruse Frariionoiion = The sclution, in watler, ols
90 ¢thanol precipitate was concentrated 1o about § ml oh an
Armicon UM-10 citmfilter. thea brought Lo 25 mi with 0.01 »
Tris. pH 7.0, and 2 50-u! aliquot was removed. The DEAE-
agarose. 100 to 200 mesh, was degassed under reduced pres-
sure. suspended in 0.00 & Tris, pH 7.0, and packed into 2
column 9.2 x 2.5 em in diameter (bed volume. 45 ml). The gel
was washed with 1.5 liters of 0.0} » Tris, pH 6.5 the ratio of
absorbance units added 1o bed volume {mi) was 6.65. The
sample was added Lo Lhe coluran over a peried of 40 min, and
150-drop fractions were collected. The miumn was weshed
with 211 mi of 0.01 M Tris pH 7. and then eluted with the
[olinw ine bufTers: 366 m) of 0.01 x Tris. pH 7.0: § mm CaCly;
270 i of 0.01 & Tris. pH 7.0, 17 mar CaCly; 154 mi of 0.01 M
Tric. pH T8 30 mM CaCly: and 65 m} of 0.1 » CaCl,. The
eluninn putiers ean be seen in Fig. 1. and the results gre given
in Table {1

Of the 4.566.740 urits of Lotaf input, we recovered 4.052.710
1§951 30 the §7 mm CaCl, eluste 31 a mean polency of 1410w
A. fepce~enling & mean puniication faciac of 1.97. Frem thas
poiot on in the fractionabien calowm was added to ail bullers
except tho=e used with hydror ylapatite cofumns because there
were inconsiitent resulls and appreciable lorses of activity
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when buflers without calcium were used. For the next sup in
purification. we sefected three eluates fromry DEAE.agarme
columna. amonnting to 2,480,100 units {§1% of the 1ota} yield)
with a mesn potency of 1,750 wA.

Sulfepropyl-Sephadex Chrometograph —=The three elustes
{17 mm CaCly) from DEAE.agaross columns were desaitad and
concentated on & UM-10 uitrafilter and then dialyzed against
2 titers of 5 ms CaCl,, pH T.5, overnight. {n the sample run
descrited below, 30 mi of dislyzed solution were brought to pH
4.50 by dropwise addition of 0.1 M HCY: the small amount of
precipitate formed was removed by centrifugation and washed
with § ml of 5 ma CaCly, pH 4.5. The wash, pooled with the
supernatant, was applied 10 3 sulfopropyl-Sephadex solumn
(15.0 x 2.5 em in diameter; bed volume, 78.3 ml} which had
been equilibrated with 5 my CaCly, pH 4.50. The sbsorbance
wnits 15 bed volume ‘mil ratio was 2.47. We found that a low
valus for this ratio is crisical for optimal fractionation on
sulfopropyl-Sephadex; for example, if the abserbance unit to
ted volume tatio was grester than 19, aimest all of the activity
was found in the eMuent [raction, The (cllowing buflers were
used in developing the wlumn. Input was § tnu caldum
sestate, pH 4.50, specific conductivity = 1,075 umho em™'.
Eluting bufTers were: 7.5 mwt clcium scrtate, pH €70, specific
conductivity 1,500 pmho em™; 12.5 mM aleium acetate, pH
525, specific condustivity = 2,100 zmho om™; 15 e calcium
acetate, pH 5.5, specific conductivity = 2,400 pmhoam R OI M
aleium scetate, 0.01 1 Tris, pH 724, specific eonductivity =
11.500 pmho em™. The column was run at 0.4 mismin &t &7,
and 200-drop Fractions were collected. Alter a resding was
ken st 278 nm and the appropriate pools were mide, the
solutions were neucralized (within 1 h after etutiont, and
aliquots were removed for assay and stored at =207, The
elution patlern is presented in Fig. 2 and results of the frac.
tinnation are shewn in Table HI.

The overall resuits el this siep in the purifieation were: §5%
recovery (1,352.310 units) in the 12.5 mu calcium scetate, pH
545 fraction. at a tnean potency of 11,170 WA, and with a
mean purification factor of 6.38. :

Gel Filiration =The 12.5 and 15 mu olcium seetate eluztes
from the sulfopropvi-Sephadex column separations were run
in two separate bawches on the same gel column. The peols
were concentrated on Amicon UM.2 ultrsfilters o about 3 ml
»nd equilibrated with 10 mu CaCl.. 10 mun Tyis, pH 627,
before application 1 the column. The Sephadex G-100 gel was
degassed under reduced pressure and equilibrated with the
same bulfer before the colummn was poured. The columa (100 =
2 5 eon dijameter) was calibratsd with merkers of known molec-
ular size before being used for the erythroposetin fractions.
The void volume was 135 mi; bovine serum albumin monomer
eluted at 224 ml, ovalbumin at 258 mi. and cytachrome c &t 168
ml. The sample was added to the botism of the column, as wis
the bufTer which was passed through the column at 2 2mi

Purification of Human Erythropoietin
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Fig. 1. Sulfaprepy-Sephader chrumatography of erythrepsietin.
Bufler changes are indicated by orrous a3 epecified in the text.

Tanex (11
Sulfoprop-l-Sephader froctionation

% recne- Punfice.

Fryctaan A w wA  ery of scs Lmn lace

tivity wr

[nput 193 L6 139 100

% mut calciym acetate 112 5610 b2 3

7.4 mm calcrum acetata 2 6820 3.1N0 4 43

12.5 mu caicium scrtate 12 TR0 47T 5 12.%

15 inM caleium acetats y IB600 $.360 k] T

C.1 W calaum acetate 1y 10510 1040 H 4.]

b by means of 2 Mariots bottle with & 42cm hydrestatichead.
Each fraction collected -was 4.1 ml {120 drops), and the follow-
ing pools were made: [, 0to 1352 ml: 11 130.2 w0 184.5 md; TH,
184.5 10 265 ml: TV, 205 10 258.3 mi; and V', 258.3 10 328 mi (Fig.
1. The first four pools were concantratad by ultrafiliraveo end
aliguots were assaved. In one of the runs, pools I and U
conuained 17% and 5% of the sbsorbance units, respectively,
but no deteztable activity: poal IT econtained 32% of the abserb.
ance uruts and 104% of the inpul activity, yielding a fractien
with 3 potency of 38.850 wiA : and pool IV eontained 10% of the
absorbance units and 2% of the biatogical sctivity. Pool V was
not ssseyed.

For the combined twa gel filtration runs. the yield in pool TO
{184.5 o 205 ml} was 100%, the orean potency was 33,060 w/A,
and the purification [3etar was 1.04.

Hydroryicpatite Chromatggrophy « Hydraxylapatite was
packed under unit gravity into s wlumn (6.1 x 1.5 an diame-
ter) and washed with 530 ml of water and then with 400 ml of
0.5 mu phosphawe bulfer, pH 7.1, eonductivity = 63 umho e ™t
{Bufler ), by use of a peristaltic pump which maintained the
Now a1 0.3 mbrmin. Afer the bufTer wash, the length of the
eolurnn was 3.4 am and the bed volume was 6.0 mi. The input
sample was concent-ated and desalted on an Amicon DM.S
uitrafilier by adding water to the concentrate and recuncen.
traung throe times. The final concentrate and the wash of the
Filter were contrifuged a1 5.000 » g for 20 rnaty 21 4°. The small
rnsaluble pellet was washed once with 6.5 mx phosphawe, pH
7 1 and the wash was added w the supernatant Analiguot for
3ssay was removed and ihe remander (22 mir was added to
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FRACTION NUNMBER
Fic. ¢ Hyvdrorylapetite chromatopraphy of erythroosietin. The
srrows and Roman aumersls indicate buffer chunge and pocls.

Taset [V
Hydrorylopatis chromatography of eryfhropeuiin

* "~ Punfica.

A L] wh cr‘yd'll(‘;t Prisirin

Input 110 5L 480 3,683 0

EMuent 0.1% 4% 1,480

Fraetion 01 096 E3480 128620 n wm
Fraction 1[IA 4.45 19450 43,940 1 i
Fractlen 1B o1 2.800 .35 L3 1w
Fraction [V 0.2 $.280 11.1%0 2

Fraction V 1.22 17,880 1,450 )

the column. The ratie of absarbance units added to bed valume
(it was 1.82° The input buffer was pumped through the
cotumn until the eMuent A ;. was lass than 0.005 (149 mD. and
the following etusiun schedule was earvied out: BulTer I 1 mum
phusphaie 1pH 7.1, specific conductivity 131 = pmhoem™', 130
mi tFractien . BufTer 111, 2 mx phosphate 1pR 6.9, saeeific
onductivity = 270 umho emf, 220 ml ‘Fractions {114 and
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) Tasz V
Purification of ervihrapourtin® tummary
Afer the DEAL-agarose stap, only §1% of the produrt was used in further fracuonattan.

err tnpat Praduc Yl (%) Mysa purfimuse
§ Priency » Powrnry Lach slap Orvarnit
i th
DEAE-<eiiulose £.978.170 [+ 100 500
Phensl 7.059.470 n 5115130 1 1 T2 1.1
Eihanel S.408.490 “ 4,730,540 850 L [1] 1.50
DEAE-agarom 4.56%.240 563 4.052.510 1,10% F ] 11 1.%7
Suifopropyl-Sephadex 2480200 1.7 1.352. 810 11,130 35 3 £33
Sepnader G100 1.239 D40 12,830 L1430 19,060 100 3 LR
Hydroxylapatita 108,650 2,770 2L R.720 I H] 413
L r - L
| ]
e30r roo
| . e
eaps & ™)
o -p
» 3 '\ 1113
Hi 100
ot “
{ ty =3
o L + a0
) - 1 - l 20
_ N T
- [} T
- ‘ H % 1 - WL e
- H i i i . ] Fic. §. Gel clecsruphormis (pH 91 of erybropoietin thydroxyl
- - apatine Frachion II). @ represenws absorbance of the Cooranasin Biues
- rained raatenin). und O represenis bislopical activaty, The el con.
- L ; ; ceptyation wes 3%, 7. D., Uraeking dyt.
p hd -

Fic. 5. 5DS-peiyacrvlatude elecursphoretic analviis of the most
scuve fracsioh® from each step in the perification of human eryahro-
poreun. The pels markec M had seram as roarker prownns. [, DEAE-
cellulese eluate. 7, phencl-trenad: 3, 90% ethang] precipiate; 4.
DIAE-agarose (17 mu Cat™) dhana: 5, sulfooropyl-Sephades (113
mae Cat*) eluase: §, Septadex G100 (pool MY 7, hydroxylapatine
Fracuon 1. The pei conzentration was T.5%.

OIS Bulfer IV, 2 = phosphawe (31 5.9, specific concuctive
1y = 40% amho om, 84 m] (Fracdon IV)) Buffer V, 0.1 »
shosphate 155 6., specific conduttivicy » 2.6 mroho o™, 1M
ml tFraenion Vi The elutian zattern is shown in Fig. 4: the
results for ¢ne sueh eolumn are Jistad 1n Table TV,

The weai input for the bwe runs was 1 0E2 650 units, with 2
tnean poweacy of 35,770 uwiA . The wota) recoveryd in Fractions I
and HLA was 721,163 units (B7%1 with a mean potency ol 82.520
WA zrd 2 mean purifisation fscter of 2.13. Each of the frac-
tions, 71 ané [TL4, from the two experiments was coneenarated
by means of Amicon DM-3 ultrafilter and stored frozen.

Wher w¢ examined Fraciions I and LA from the two
recroxyviazsiite columng by gel eiecurophorenis in SDSY (1.5%
gels). we faund single bands. each with a refative owobility
twith reference ts the Pyronin Y bandi of 0.50. No deweciable
difference in mobility, in the presence of SDS. berween Frac.
tions 11 and I[1A could be found. Fig. § shows the SDS-gel
tiectrephoretic 2nalvais of each of the most active [ractions
througheut the purification procedure, and Table V summa.
rizes the seven-ttap method, The overall purificavon facwar
w3t I8 eai e frem imitial and final powrncies).
vdroaziapatie Fracuons {and 1A appeared to
havea ningle gemiical comporent on SN pels. we examrned

Sirce t=

PVae arterviauen used 1 S5 sodium docery ] suThyie.

these fractions further for evidence of heterogeneity. When
these fractions were compared by gel elecoophoresis at pH 9,
it was glexr that there was a sma]l, but significant difference
in mebiniry. Fraczion [ had a raobility relative W the brom-
phenol blue tracking dve of 0.49, and the value for Fraction
DA was 0.52. In spite of owr (inding of similar potency and
moleculzr size. these two preparaticns must be onsidered
dierent. The chemiecal basis far this difference is now being
studied,

Fraction [ was run on two gels at pH 9 one was fNzed,
suained. and szanned, and the other was sliced into Ll
slices which were put inte 0.5 ml of 0.10% bovine serum
afburmin, 10 ma CaCh in 0.15 » NaCl, &nd the harmone was
aliowed W difuce ous ¢f the gel 2L &° for 15 h. On assay by the
in tiiro method, we found the bioclogical activity coincident
with the single band of stained prowin (Fig. 6.

In v1ew of sur previous finding that native sheep erythropoi-
etin was verv poorly fixed to polyacrylamide gels xnd was
largely lost during the staining procedure. we sdopted the
expedient used earlier for the sheep hormone. Fraction Il was
jodingied with *], run on 1 gel at pH & which was then cut
inta 1.1-mm slices, and counted before and after fixation. The

“resuttz in Fig. 7 show a single peak of labeled hormone, only s
Eraction {445} of which was {ixed. The indinated hormone was
then run on & gel at pH 6 ia order to confirm the appareat
homogeneity, Il became clear that there was 2 large degvee of
agpregation at the lower pH, since only 2 small amount of the
radioiodine could be found in the gel, with the major fraction
remasming 2t the eripin. We then used the chservation of
Rawasak: ang Asnwell #1101 who found that apgregationofa
[iver glveoprotesn cavid be refuced by the use of Triign X 100
When bewh the native ang znale forms of ervihrepoistin were
run on pels i the gresence of 0 C3% Triwn X100 (Fig. B we
Toung for the fermer 2 single symmesrical peak and for the

Page 7 of 22
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Fic. 7. Gel ciecorophereis (pH $) of ™hinbeird erythropaietin
thydrorvispatiie fraction Lt &—=8 reprasents total radiomesivity;
O« =0 rrpresents radicactivity remainiog in the gel slices afler
fization. The gel concantrauen waa 8%, T, D, tracking dye.
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L wraEr
Fic. & SDS-pel electophoresis of *™!-labaled eryihropoietin (hy-
drosyhapauie Fraction [I). #—— represents sative erythropeieting
G- - -C represents asiscerythropodtin, The gl esocentrabian wes
10%.

LK)

s w D M X1 e 41
O KL i
Fre. 3 Geb slectrophoresis (pH 6, 0.03% Tritsn X.-3000 of *71-
lebeied erythropoietin thydrosylapatite Fraction {11, #—u® repre
sents native erythropo eLn: O= - -O represents asislorrythropoir
tin. The el concenteation was 10%. T, D, tracking dye.

latter, ane major syrmmetrical peak with sniv a wrace of the
mative hormone conlaminating the asialo ferm. AL 2 lower
concentration of Troen X100 (0.01%1, there was still apprecia.

ble aggreestion. as de.ecied by label that remamned at the
orign.

AM670211264
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Examination of iodinzted Fraction I1, both native antl azi-
alo, on SDS gels (11) showed single, sywunetrical peaks (Fig.
9) with no evidence of haterogeneity with respecs 1o size.

We messured the shsorbance st 278 om snd st 191 am,
uging eystailine bavine serum albumin as a sandard and
eorrecting for stray light at 191 nm. and found that A5, for
erythropaietin is 8.51. Using this value, the mean potency of
hotogeneous human erythropoittin an be axpressed as
70,400 unitsimg of protein.

bIsCUSION

Espada and Cutnisky (1) isolawed o {raction. from urine of
patients with anemia due 1o hookworm, that had & poeney of
sbout £.000 unitssmg of protein. They ciaimed. on the basis of
u gel permestion experiment, thal this [raction was homoge-
reaus; the poor resolution charscieristic of this methad of
analysis. however. makes it necessary o use sdditional kinds
of informaden o osizblish purity. [o 2 subsequent paper.
Expada ef af. (12} claimed that the same preparation was
homegeneous by gel electropharesis at pH 9. although they
pointed out that the stained band was diffuse. in addidon,
these authors showed an immunodiffusien pattern that wis
inonclusive with respect to immunological homogeneity. Our
Fnding that buman erythuopoietis has a minimal patency of
70.400 unitsimg of protein suggests that Espada’s preparation
is either about }1% pure or, if it is homogeneows, is largely in
the asialo form that has o activity in vive.

Uur previously reported data {2 indicated that the prepars-
tion of sheep plasma ervthropoietin, with 3 potency of 8.200 w
A. was free of any contaminant except foea small amount of
asialeerythropoietin, If this is truly the case, then human
urinary ervthropaietin is 7 w 8 times more active than the
sheep hormone, when asssyed by the same TMethod. This may
be due Lo a greater sensitivity of rau o the human thah ta the
sheep hormone, or it may indicate that humsn urinary enyth.
repoietin is intrinsically more active than sheep platma eryth.
ropoietit.

The appearance of two fractions with the same polency.ast
result of hydroxylapatite [ractionation. suggests 1 degree of
heterogeneity which is not detected upon electrophoresis in
SIS, and which might be accounted for by a small difference
in the number of terminal sidtic acids or of amide groups. o of
bath, Our findings of single peaks upen electrophoresis at pH
§. pH 6, and pH 7 in SDS constitute rensonable evidence of
homopeneity with respect o charge and molecular size for
exch of the two fractions. At pH § in the presence of Triton X-
100, the native ond ssisle forms are clesrly separated (Fig. 51,
and we could expect Lo be able o detect &n appreciable amount
of the latter mixed with the former, With the exception of the
srnall armount of nalive erythropoietn found in the asislo
preparation. both forms appear 10 be homogeneous.

Without added surfactant. there iz 2 considerable lendency
for native and asislo erythropaielin 1o aggregaie ot pH 6 and
for the asialo form & agrregate at pH 9. but st pH 1 in the
presance of S0S and dithiothreitol, both forms appesr o be
monemeric. The human asinlo hormone hax an spparent mn-
lecular weight of 34.000 in SDS. whereas the native form has
an apparent molecular weight of 38.000." These values cone
trast with the moleculsr weight of 41,000 found for shrep
plasma asisloerythrapoietin py the SDS.pel elecizuphn—uc
method and the caieuiated value of 46,000 far the native form

+ The molecular weight determaned by SDSpel riecurgnnorens
was the 43me whether we used 7.5% ot 107 grls.

AM 27 033226
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of the shéep hormone (131, When we studied the sheep hor-
mane. it was clear that the Weber and Osborn methed of
molezular weight determiination {113 by gei electrophoresis in
5D5 was nat accurate Tor the {ully sizlylated hormaone, possi.
Bly beeause of 3 substantial contribution by the sialic acids to
the neL charge, AL present. we cannot sslimate the molecular
size nf the native human hormone from that of the asisle arm
since we do not yet have an atvurats estimate of the sialic acid
contenl,

The mothod of icdinating of erylhrupuietin deserves com.
ment. We found with the sheep harmone that the unmedilied
iodinatinn methed 151, in which chloramineT is used. caused
total lies nl binkogical activity. Following the prevedent set by
Stantey angd Meteall (14). we used a modification of the methud
of Swage 1 ai. (61 in which the indination was carried oul in
457 dimuthylsulfoxide to prolect methionine residues from
axidatian, In vontrast W the findings of Stggeral., who found
na himg of gastrin aclivity. ard those of Sianley and Metcall
whn Tagnd nn Inss of colony-stimulating activity. we found that
the indination methnd does cause appreciable inactivation of
erythenpoietin, For the case of the preparation with 4 iodine
atoms/melecule. it can be caliulated that less than 2% of the
hormone would be noniodinatad. This would suggest that the
25 of the biological activity that remained was due to the
jodinuterd derivative. Until & tethod can be found for prepara-
tion of a fully active, labeled Lormone, this less potive, labeled
erythropoietin may still be useful for the siudy of 2 number of
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biclogical characteristia of the hermone which, unil pow,
have not been amenable W experiment.
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STAATLIZATION OF URINARY ERYTHROPOIETIN
- S. Chiba,! C. K.-H. Kung and E. Goldwasser
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University of Chicage
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Received May 11, 1972
SUMMARY

The instability of erythropoietin derived from human urine may be due
to protease and/or sialidase action. Extraction of the hormone into phencl
and subsequent precipitation with alechol results in a marked increase in
stability without appreciable loss of activity.

INTRODUCTION

Uvine from aresmic patients has been an important source of large emounts
of crude erythropoletin {1). Plasma from anemic animals has yielded & prep-
aration of erythropoietin that is wirtually hamogenous b‘;r gel electrophore-
sis (2). Although a high potency fraction of the urinary hormone has been
described (3}, no evidence regarding its hamogeneity has been published. Cre
of the impediments in purifying urinary erythropoietin, despite the inivial
advantage of having starting material with a low protein concentration, is
its marked instability. Greham et al. (4) have shown that there are larpe
lesses during fractiomation, and in our early experience with urinary erythro-

scietin concentrates, losses were considerably greater than those we found

IThis werd: wes supported in part by a United States Public Health Service
Internasicnal Postdoctoral Research Fellowship (No, F0S TW 1703-02).
Permanent adiress: The Third Department of Internal Medicine, Faculty of
Modicine, Unliversi-y of Tokovg.
20marated by the Unuversity of Chicago for the United States fuomic Dnergy
Comrdssion.
Exuigit C
1372
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for oarparable steps when warking with plasma. Loss of activity was even
‘found during storege at -20°C.

\ie have determined that urine concentrates contain both protease and
cialidase activities that probably are the cause of the instability. The me-
thod described in this comunication makes it possible to prepare from urine
crude Fractions that are low in proteases and sialidase and are stable.
There has been a previous report of protection of erythrepoietin activity by
use of a smatl roant of phencl as a bactericcidal agent (5).

MATERIALS AND METIDDS

Starting materials were twa different rude precipitates fram
erythropeictin-rich human urine. They were generously supplied by the
Naticnal Blood Resources Branch of the NHational Heart and lung Institute,
Bethesda, Maryland, and were derived from the oollection center in Corrientes,
frgentina with some processing et the Children's Hospital, Los Angeles,
Califcrnia. One prepa:;\a:im was labeled -1 and the other TalSL.

Assay for erythrupoietin was dene by the fasted rat method (B), using
as a standar< ¢ plasma fraction that had been standardized against the
Internetional teference preparation. All assays were done with groups of
five rats and ly interpolation of the log dose-log response standard curve
using standard doses of 1, 2, and 3 units per rat. Frotein concentrations
were determined by measurement of abscrbance at 27¢ mm, and wsing the value
of A;?; : 10 derived from measurcnents of mixtures of glyceproteins.

Assay “or protease activity was done using as substrate an insoluble
coltagen-dye amplex {(Azocoll, Calbiochem}. A suspensicn of 1 mg of the sub-
strate In 708 ul of 0.1 M phesphate buffer at pH 7.0, mixed with 1 mg of

. ervde urinary erythropoietin prepanations in 200 wl of the same buffer, was
incubated for 15 min at 37°, the insoluble material reroved and the solu-
tion atsorbance at 530 rm was read. A blank consisting of the same concen=
mrerion of substrate but with no source of protease was incubated simultan-
eously and the activity determined from the difference betwesn the blank and
exporimental madings,

1373 AM 27 033229
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Sialidase activity was determined using sialyllactose (5 mg/ml in 0.1 M .

phenel, wiich was re
Na acetate, 0.01°M CaCl., pH 4.5) ac substrate. After incubation with the

at a final concentra
erythropeietin preparations for 3 hr, the free sialic acid was determined by

before assay.
the alkaline Ihriich's rethed (7).

Assays for pre
Trezmment of Ervthropcietin Sammles

wreated erythropoiet
The €-1 material, at 10 mg/ml, was dissclved in 8 H urea and the wea

was then removed by pressure ultrafiltration through a UH-10 merbrane (Andecn
- +ion did not cause &

Corporation, Lexingten, Massachusetts) in the cold. This preparetien is so

in the treated prep:s

insoluble that a high concentration of wea is needed to solubulize it; the

activity then stays in solution when the wrea is reroved. After camplete

removal of urea, the crude erythropoletin in phosphate-buffered saline (PBS) Protease and ¢

was heated for 5 min at 100°C. The solution was chilled and centrifuged, and
the precipitate was washed once with cold PBS. The pooled supernatants were

frozen until the nexT step. sirple
Because it is more easily dissolved, the TalSL preparation was put Original C-1
directly into eold PES (10 mg/ml), then heated at I00°C for one min and Phenol-treated -1
cenrifuped as described the C-1 preparation. Aloshol precipitat
A mixtios of e velue of PBS, one volume of 0.2 M phosphate buffer at phenol-treated €
7.0, three volumes of 0.475 scdiun peanincsalicylate (PAS) and 5 volures

A5y Tepresents 1
of freshly distilled phencl was shaken vigorcusly in the cold, and after absorbance.

phase separaticn the upper (aguecus) phase was discarded. The lower phase,

phenol equilibrated witr buffer and PAS, was used to treat the erythropoietin

. Results of bix
preparaticons.

o x are presented in Tat
To each preparaticn in FBS, encugh phosphate buffer at pH 7.0 and PAS

. . ity was recovered fr
were acdded to rneke the [inal concentrarions 0.08 M and D.ZES M, respectively

'y a¥.

: . wWhen the phenol exty
They were then shaken vigerously with an equal volume of phenol and the

: . . variably rucovered i
phases were separated by centrifugation in tw cold. The separated fractions

e e : . . . . mreated C-1 fraction
{including any interphase material) were dialyzed against PES in the cold to

: : Tig. 1. For at lear
renove phencl, and concentrated by pressure witrafiltratien. The fraction

i henol-treated eryth
cerived frum the phenol phase 5711l contained an appreciable amount of P

the loss of activity

1374
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phenol, vhich was remeved by precipitation of the proteins with cold alcchol
the

at a final cencentraticn of 90 %. The precipitate was dissclved in PBS
24 by

before assay.

Assays for protease and sialidase activities in the treated and un-

freated erytiwopoietin preparations are showmn in Table 1.

After the phenol
rea
. extrection about 75 4 of the protease activity was lost; alcohol precipita-
micen .
tHon did not cawse amy further loss., The inactivation of cialidase activity
50
in the treated preperetions was carplete.
—i8
: Table I
) Protease and Sialidase Activities in Erythropoietin Preparations
and
ere teage activity Sialidase activity
Sialic acid freed
Cample L‘.AS!Q (Ug) in 180 min)
Original C-1 G.057 0.18
Fnenol-treated C-1 : £.013 0.0
Alechol precicitated,
.« at phencl-treated C-] 0.01% 0.0
5 +
8Agyg represents the difference between the blark and experimental
absortarice.
¥
-in PISULTS
Results of Licassay of fractions from both erythropoletin preparations
s are presented in Table II. The ddarfa show that more than 90 3 of the activ-
N ‘it_y was recoveres from the phenc! phase with & small increase in potency.
When the phencl extraction was done in the absence of FAS, activity could be
ns variatly recovered in all thres fractiens. The stability of the phenol-

treated £-1 fracticn is compared with that of the heat-treated extract in
Fig. 1. Tor at izast the first 16 wecks of storage in the frozen state, the
phenol-treatec arythropoietin concentrate lost very little activity, while

the loss of activity from the starting material was substantial,

231
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.E! Teble II
ol
8 Erythropoietin Activity of Phenol-treated Tractions® 1. 2-_G“§2§5k§éq!
. ci. 148,
: 2. L. Goldwasser.
{1971},
o Protein Recovery 3, J. Ispada, anx
‘ : - 4, L. A, Graham,
‘ Sample Total units (univs/mg) {1} {1963).
; . 5. P. H. Lowy, &
i Heated C-1 3,820 1.5 (100} §. W. Iried, L.1
y Biol. Med. 92.
thper and inter 7. D. Amnoff, B
i phases 0 0
Lever phase 3,660 5.8
Alechol precipitate 3,540 10.5 92.7
Haated TalsL 7,220 32 {100
L‘,};}er‘ and inter
phases 0 0
Lowor phass 7,070 97.9
.lochel precipitate 6,500 u? 8¢6.0
a Tnege are the average results of six experiments using
-1 and three using TalSL.
e
. 90r
; s
1
i 3 9
! =
< 0
e 30
&
. s
i # 40
L
L] ] 1w !; o ¥
Waiks cf Sloroge af .2C7
Fig. 1. Stabilizazion of urinary erythropoietin by phenol treatment.
¢ Untreated
®  Phrensl treated
The use of “Jue method of stabilirzation should permit the develcpment
of & more efficient procedure for the isclation of pure human erythropeietin.
1376 -~ AM 27 033232
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© INSTRUCTION -

Ultromould - for casting polyacrylamide gels
inthicknessbetween0.1and 0.5 mm
for electrofocusing with Ampholine carrier

ampholytes

ExvigiT D

AM 27 033234

AM670211272 AM-TITC 00895939




Case 1:05-cv-12237-WGY Document 343-5  Filed 03/30/2007 Page 17 of 22

E Praé_ti(:al Information

Note: These instructions refer to the items listed below. The use of these conditions with ather
* chemicals, carrier ampholytes and accesrories may not give optimal results.

. LKB2217-200. Ultromould gel casting unit with 0.1, 0.2, 0.3, 0.4 and 0.5 mm spacers.
. LKB 2217-201 Ultromould spacers (.1 mm (pkt/5) o
T LKB2217-202 Ultromould spacers 0.2 mm (pkt/4)
LB 2217-203 Ultromould spacers 0.3 mm (pkt/3)
5. LKB 2217-204 - Ultromould spacers 0.4 mm (pkt/2)
- LXB 2217-206 ©  Ultromould spacer 0.5 mm (pkt/1)
~LKB 1850-211 © GelBond PAG-Film -
. LKB 1850-250 - Repel-Silane
LKB 1820-181 Acrylamide
- LKB 1820-102 NN'Methylenebis-acrylamide o .
© LKB 1820-103 = Ammonium Persulfate .
. LKB1820-104° TEMED
LKB 1840-101 Coomassie Blue R250 i
LKB 2117-710  Raller . ;

LKB 1818 Ampholine® preblended
Table I
Stock Solutions
Acrylamide 29.1% and Dissolve 29.1 g acrylamide and 0.9 g bis in 75 ml of distilled
NN’-Methylenbis-acryl- water. Stir until the solutien is clear, then make up te 100 ml
amide 0.9% solution with distitled water. Filter the solution. It can be stored for up

to two weeks at +4°C.

Amrmonium Persulfate Dissolve 0.1 g ammonium persulfate in 1 ml of distilled water.
10% (wiv) This solutien should be used fresh,

Note: High quality distilled water should be used.
Note: Acrylamide and bis are very toxic. There is a serious risk of poisoning by inhalation or skin
contact. Wear gloves and avoid inhaling dust. Do not pipette solutions by mouth.

AM 27 033235
TableIl .
Composition of gel solution for one polyacrylamide gel (T=7.5%, C =3%, pH range 3.5-8.5,
110 %245 mm} s )
Gel thickness 0lmm 02mm 03mm 04mm 0.5mm
Acrylamide and Big stock solution 125m! 25ml 3.75ml 50ml 625ml
LEB 1818-101 pH 3.5-8.5
Ampholine carrier ampholytes 0.28ml 0.75ml 1.2mi 15ml  19ml
Distilled water 33ml 67ml 99mi 134ml 167 ml
Deaerate for 5 minutes in 8 Buchner flask, then add:
Ammonium persulphate stock solution 35 ul 70l 100 x] 1404 1754l
TEMED 5 pl 10 pl 15 pl 20 ul 25 ul
Mix gently by swirling
Total gel volume 5ml 1Wwml 15ml  20ml  25ml

AM670211273 AM-ITC 00985940
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Table III

Electrode solutions for pH range 3.5-9.5
Anode  0.025 M Aspartic acid MW:132

0.33g | .
+ ~ Make to 100 ml with dist. water
0.025 M Glutamic acid .

Cathode 2.0 M Ethylenediamine
" ?
0.025 M Arginine

MW:146 0.37g J
MW:60 13.2 m! ]

MW:174
MW:164

0.44 g } Make to 100 ml with dist. water

+
0.025 M Lysine 0.40g

Table IV
General running conditions for pH range 3.5-9.5

Set a cooling temperature of +10°C

General power supply settirngs. The power settings depend on the gel thickness, the lower gettings
being used for the thinner gels. ) :

Y

0.1-0.5 mm - L STk

. Gel thickness: , L : P
E(WV) 2000 ;
I(mA) 10-60

. P(W) 10-25
T (min) 45-60

Note: If only half a gel is used, the power and current settings should be reduced to cne half.

Table V
Procedure for fixing, staining and preserving the gel
Solutions Concentration Time
Fixing solution 35% Methanol & min
10% Trichloroacetic acid
3.8% Sulphosalicylic acid
Destaining soiution i 35% Ethanol 5 min
{must be fresh) 10% Acetic acid
Staininy solution 0.5% Coomassie Blue R250 5 min
A{used st room 35% Ethanol
temperature) © 10% Acetic acid
Dlestaining solution " Sue abuve 2x10 min
Preserving solution 1% Giycerol 5 min
35% Ethanol
10% Acetic acid
Drying the gel 5 min
0.1 mm -~ 0.3 mm Dry the gel by using a hair-dryer
0.4mm~0.5 mm Lay the gel on a glass plate and leave it to dry at
room temperature (usually over night). AM 27 033236
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“How to cast 0.1 mm-(

2217-200 Ultromould - gel casting kit

Contents:

Cel casting table (with levelling feet).
Glasas plate {long). Glass plate (short). Holding guide.
Gel spacers for 0.1 mm, 0.2 mm, 0.3 mm, 0.4 mm,
0.5 mm (one for each). Weight. Screw.

Consumables, Acceseories and Chemicals
" LKB 1850-211 GelBond TMPAG-Film (pkt/50)

LKB 1850-250 Repel Silane

LKB 1820-101 Acrylamide

LXB 1820-102 NN'-Methylenebis-acrylamide

LKB 1820-103 Ammonium Persulfate

LKB 1820-104 TEMED ’

LKB 1818-101 Ampholine cerrier ampholytes,

pH 3.5-9.5
LKB 1840-101 Coomanaie Blue R250

Recommended Electrofocusing Equipment:
LKB 2217 Ultrophor Electrofocusing Unit

LKB 2197 Power Supply

LKB 2219 MultiTemp H Thermostatic Circulator
LKB 2117-111 Surface pH Electrode

One face of the short glas plate is first coated with
Repel Silane before polymerization, so that the
polyacrylamide gel wili not adhera to the surfaceof
the glass plate when the mould is opened. Pour about
“2 rui of Repel Silane (LKB 1850-250) onto the clean short
glass plate and spreed it out with a tissue paper. Let it
dry and rinse the glass plate with distilled water.

' MO Y

Mount the levelling fest by turning the gel casting

table upside down and screwing one foot into each

corner, Place the gel custing table in a fume cup-
board. (It iz very important to work in a fume tupbeard
ns the acrylamide and bis are neurotoxins.} Place the
long glass plate on the lower shelf of Ultromould so that
it touches the white end screw. Pour a few ml ol wateron
the left-hand half of the plate and roll the GelBond
PAG-Film thydrophilic side upwards) ente it using a
clean rubber roller tLKB 2117-710); ensure that you
squeeze out all the air bubbies. Remove excess water
with tissue paper.

AME70211275
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.5 mm ultrathin polyac

1 Place a spacer of the desired thickness onto the

glass plate with the window in the spocer over the
GelBond PAG-Film. Hold the gel spocer securely in
place by acrewing the black end ascrew firmly into the
corresponding hole in the gel casting table, The long
.- 1 glass plate should now be held firmly between the black
"+ screw and the white screw at the two ends of the gel
casting table. | .

edges of the casting table. They act to guide the

movement of the short glass plate when filling the
cassette and also to keep the gel spacer flixed in position.
To collect any acrylamide solution which may be epilled,
the Ultromould gel casting unit can be placed in & plastic
try (90 01 5543 Exposure Box).
Level the unit now, when it is ready for use. 1t is very
important to prevent acrylamice sojution collecting on
only ane side, since this may cause leakage.

5 Apply the four holding puides to the rails along the

with Repel Silane downwiirds away from the

window in the spacer. Prepare the appropriate vol-
ume of gel solution, as described in Table 2. Then trans-
fer it to a beaker.
Note: Gloves must be used.
Poaur a few ml of gel solution onte the long glasa plate just
in front of the short plate, and start to push the short
giass plate over the window in the spacer. Continue to
pour more gel soluticn in front of the short glass plate at
the same time 23 you push it further over the window. If
air bubbles sppear between the glass plates drow the
short glass plate just fer enough back to release them
and then continue the forward movement. '

( ; Place the short glass plate, with the side costed

AM 27 033238
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?Ylamide gels with Ulta

When the mould is filled and the short glass plate
touches the black end screw, place the weight on
the glass plats and make sura that there ara no air
bubblea batween the glass plaies or at the edges.
Polymoerization will be completa in one hour at room
temperiurs, Before separating the glass piabea. remove
unpolymenud gel solution.
STINE

Remove the weight, the holding guides and the

screw, insert & gpatula between the GelBond

PAG-Film and the long glass plate and twist
slightly to separate them. It is alss posaible to insert &
spatula between the GelBond PAG-Film and the short
glass plate, twisting slightly to separate the gel from the
short glass plate, Carefully lift the short glass plate up
without tearing the gel.

spacer up at one corner and carefully peel it off. The

gel can now be used at once. Jtherwise, it can be
tored for several days at 4'C in 8 humid air-tight box.
Yash the gel casting table and all the accessories, and
he Ultromould is ready for a new gel.

9 When the short glass plate is removed, pick the

AM 27033239
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ymould. Step by step. !

switch on the thermostaticbath, If another circulator is used, make sure it delivers 6-10/min. Level

10 Connect the Ultrophor 10 the MultiTemp Thermostatic Circulator, set a temperaturs of +10°C and

the Ultrophor using the three levelling feet. . :

Spread & amall amount of insulating fluid (kerossna or light paraffin oil) over the cooling piate, Place the
polyacrylamide gel on the GelBond PAG-Film onto the cooling plate. Avoid trapping air bubbles. Soak (but do
‘pot saturate) the slectrode atripa with the appropriate electrode solutions or use 1818-P Instruction for ans-
“Iytical electrofocusing in 0.5 mm polyacrylamide gels). - . -
sLay the alectrode strips on the appropriate sides of the gel, and cut off the parts which protrude beyond the enq of

the gel. Use the template as & guide when applying the strips. It is possible to run just a part of the gel, but in
“this casa the gel must be placed in the centre of the cooling plate, which gives the best and most even contact
with the electrodes. .~ - . ¢ . .

-

Apply the sample by using LKB 1850-904 ) S
. Electrofocusing Sample Application Foil, i y o
which has cut-outs of different sizes for 2.6,10 =~ ./
.and 15 1 of semple solution. Up w0 24 or 48 samplescan -]
“berun at the same time. If the optional third electrodeis = » .,
employed, the sample capacity is increased to 48 or 56. R
Sample Application Pieces (LKB 1850.901) can also be R
used. The spplication pieces may be dipped in sampie Lo
solution, or &8 micropipette may be used to deliver an ST
exact volume of sample to a dry semple application piece
previously laid on the ge! surface. The foil may be kept in
position during the whole run, but the pieces should be
removed half way through. Apply the electrodes of the
Ultrophor as described in the insiruction manusl, Place
the safety jid in position, connect the cables to LKB 2197
Power Supply and run according so Teble 1V in Practical

Information.
After electrofocusing, measure the pH gra-
dient in the gel by meens of a surface pH : F Ui
electrode (LXB 2117-111) at 1 cm intervals, 0 . - S AT
Then refocus for 5 minutes. Afler refocusing, lift off or . : —

cut awsy the electrode strips, then immediately lay the
gel plate in fixing solution for B rainutes. Discard the
fixing solution and wash the gel for 6 minutes in de-
staining solution. Discard the destaining selution and .
ain the gel in staining solution for another S minutes at
oom tempersature. Destain the g2l with two or more .
cnanges of desteining solution until the background is o
clenr. Finally lay the destsined gel in preserving solutien
{or about 5 minutes. Use & minimum of 300 mi of each
solution,
Gels which are 0.1 mm - 0.3 mm thick can be placedon s
glass plate and dried down completely in a stream of hot
air. (Gels which are 0.4 mm - 0.5 mm thick should be
placed on 8 glass plate and left 8t room temperature
{usually overnight) in a fume cupboard until the gel is
compietely dry. |
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