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An Integrated Process for the Separation and Purification
of Biologically Active Proteins from Human Urine

Ki-Yong Kim, Kwang-Hoe Chung and Hong-Mo Moon
MOGAM Biotechnology Research Institute

ABSTRACT

For the purpose of combining the purification processes for several biologically active proteins from
human urine, an efficient integrated fractionation procedure has been investigated. The procedure was
started by concentration with ultrafiltration and pH precipitation followed by a selectable combination
of chromatography on gel filtration, adsorption, ion exchanger, affinity, and reverse phase column. By
this process, the purified urokinase, epidermal growth factor and albumin migrated as a single band on
SDS-polyacrylamide gel electrophoresis and were fully active. The recoveries of these purified proteins

were 48%, 17%, and 46 %, respectively.
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urokinase, albumin, EGF& ¥4 2zlsl= AA
Aol vl B3} $AS dstual Awsigict

Urokinasex 41170¢] o}u]xAlo 8 o] F o)zl se-
rine proteaseZ 4] Fz}gko] 54,000 Dag! plasmi-
nogen activatore] =, 54,000 Da2] high molecu-
lar weight(M. W.) urokinase®4l o}uje} N-Zt}
9] 1357 o}wxAte] glojzl 34,000 Da2) low
M W. urokinase®. #8443 &A4& 713 iz
BEcH5). ©)2]& urokinase: kgt ofr ]z}
AZAE(6) 2 BT SAE wjokd(6) S
e E 2 ok Albuming o] AFFeHE A4
713 AL, obu|xAl 58 AE URE o]Fsleu)
Fofste s A E A BExjgko] oF 67,000 Da AE
oy, o RE Fe]¥ albumind FUr)-L44
2 2 P53t AM-EY] $toh(8). EGF&= AoAz ¢
HWAAZE Esle o X 4o Fojsis=
FrAHE-od 2l 2} ( mitogenic factor) 24 53702 ¢}o
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a3, HPLC columne Toyosodartell A, 714+
£ MerckAbdl| 4] Fala}ed A}-8-5)9dct. Fibrinogen
7} thrombine (F) %47 &%, EGFe RIA
kit Amersham #F& AH3H4ch. E5 bovine
serum albumin®} urokinase:= Sigmailol 4], mou-
se EGF+= Toyoborbell M -78lstsict. o A
3} A7)dFol AFEF AFEL Bio-RadrlelA +
glgte] ARg-sloda, 8be] AJekE2 SigmaAlel A
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Urokinase ] &4 plasminogene] =34 fi-
brin plate 4toll4 A9 lysis zones ZA3H= Hb
H(11)3 pyro-Glu-Gly-Arg—paranitroanilide( S—
2444)8 o] 48 AMM(12) 08 A5 ). Al
bumin®) 22 HPLC G3000SW columng AH&-3}od
¥% albumin®] elution time?} UX]3= peakd
RS w2 &Aoo 24 aslgct. EGFe &
A& radioimmunoassay #HH(2)22 ZAst¢c)
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%39 ciwxe BradfordH(13)c 2 Ak}
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Amicom ultrafiltration system( Model DC 104 )&
ol&3le] g F FHEAS BT AAY ¢,
2k 3,000 Da °]3te] EAube 5347 o}
2 hollow fiber cartridge( HIOP3-20)& A}4-3}4
ultrafiltration % diafiltration2 AAls}eich. 1 2
7} ode 500ml9) ¥Zxeo| 5N HClE 7}sto) pH
g 4002 248 F 142 742 ZHe o2,
12,000 X goll 4 1027 QAld2jste] A& 43
A& 77k Bof g AAAF A3t

72 ciuiE | M|

2E AAFAL 4~-8CA T3l o4k
AAe] FHoE AL AFAL EGFY ARl A
3ela, IAEL urokinase?}t albumin®) Ao
AHgsigel. EGFY AAE ¢35l Awd A=
Arzall 485mle 40mM sodium acetate buffer, pH
40c2 wg] #HyPA7] silica gel column(50 X
200mm)el A1 F, geloll Agtsl A4S 20%
ethanole] £33 40mM Tris-HCl buffer, pH 7.6
o8 £EX7 o] % £3 F EGFY #4¢&
7+= 39 mol YM3 membrane( M W. cut-
off : 3000 Da)g o]&3le Hu7} 20ml7} H&E=E
558 o2, olo4 50mM NaCle Zigsie
20mM Tris—HCl buffer, pH 7.6 2.2 ©v]2] H3A])7]
Sephadex G50 column(26 X 1500mm)ell €317
o} 53 o] A 453 §8 F EGFY &4
288 ohx] Ro} 0.1%(v/v) trifluoroacetic acid
2 ulg] #3x)71 PepRPC column( 10X 100mm,
FPLC system)ol] v}x|gto 2 Hg31qdc}, o] whA
o 9] whilA 852 50%(v/v) acetonitrile® F
a1y, rlaiA s 4533 5 EGFY 8482
e 2E o Sdd 23 8= evaporator
9} freeze dryer® AH&-3lod A3 A As Q).

gH 245 pH4.002 A3 & dAEes
of gl HAAMEL urokinase?} albumin®] HAE
o)) chg3} zre) AMgslgich. WA 20mM Tris-
HCI buffer, pH 7622 AAES A3 L5 F
7o buffer® vlz] #3171l DEAE-Sepharose
column( 26 X 200mm)ell 2427}, 452 40mM
sodium acetate buffer, pH 4628 AA|5l9)x, 9]
o 4% F-3& ¥A454 urokinase?} albumin ¥
o2 7zt Belsle] mgtr}. Urokinase ¥3& o}
AR o] AAE7] Yste] 20mM Tris-HCI buffer,
pH762% T4 F 78 buffer® H3 A7l ben-
zamidine—Sepharose 6B column(26 X 150mm) il
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ALA7] o}2, 50mM glycine HCl buffer, pH 3.6
o2 £EA7Y. oy &&= Agd9t 1M
Tris-HCl buffer, pH 9.0 A7}l pH7} 7.69)
HE & B A3}

=3 DEAE-Sepharose columng %3] &
albumin £38& o]ojal 20mM Tris—HCl buffer,
pH 7.6 22 3 A7 Blue-Sepharose CL-6B col-
umn(20 X 100min)el| A4-]71 o}&, 2M NaCl 4
Ho g LEAFch o] A4 d-2 albumin &3
S t}A] Ro} YMIO membrane(M. W. cut—off:
10,000 Da)$ o|43to 3mle] EHEE 55317, of
g iAo 50mM NaCle Z§sie=
20mM Tris-HCI buffer, pH 7.6 2.2 v]2] 533}4]
71 Sephacryl S-300 column(16 X900mm)l| &3}
XA €538 albuming A =384},

2 7

Ultrafiltration system$ ©]-438}¢] 92 2L 5
pHE &84 urokinase, albumin, EGF2] &4
¥ e AAE 2AM A, pH 4.0404 uro-
kinase?} albumin® 95% oA FAHG o} EGF
+ A9 A=A gotck(Fig 1). webx] pH 4.00]
A8 AAYE AEgE AR o8¢ EGFE
HA FeE 5 dde oA g Haut AA-
urokinase®} albumin ¥&& & 4 o= #AA
o] <lr}. EGFE AAsl7] $1% silica gel column
o] 4L 587 A 2En S5 SHAA &
v jon-exchange resin®] &3S FEI 4= gl4ic),
Z pH 6.0 ©}3t9] A4 EGF+ silica geld] &
s st 45802 AMEE 20% ethanol £
& & #8% vehle, o]oJA Sephadex G-
50 columndll E3A)7|2 o7]4 Q& EGFY &4
#3838 FPLC system? ©]-43}9] Cl18 reverse ph-
ase columnel 43k Az}, 24% acetonitriled) A
EGF7} &3Al £8=9len o|de] AATEL
17% o1k (Fig. 2, Table 1).

%8 urokinase®} albumin®] 2]+ pH 4.0404]
o] AAEEHE A& § ). o] IAAEL pH
7.0 o]Akal bufferdlx] A 43=%lew, DEAE-
Sepharose columnol] A-4A)7]1, pH76°8 &%
P& 7% 31t urokinase] FA3EEuto| vielyt
om, olej pH 50 °}3te] bufferz $Es o
2719 urokinase®] %3} 1719 albumin¥¥
& A& F UK Fig. 3). oA pHHslo) o2
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Fig.1. Precipitation of targeted urinary proteins
at various pH. (a) pH dependent profile of
urinary proteins in the precipitates. (b)
SDS-Polyacrylamide gel electrophoretic
patterns of proteins in the precipitates at
various pH(lane 1, precipitate at pH 3.8
lane 2, precipitate at pH 4.0; lane 3,
precipitate at pH 4.2; lane 4, precipitate at
pH 44; lane 5, precipitate at pH 4.6; lane 6,
precipitate at pH 4.8; lane 7, precipitate at
pH 5.0; lane 8 M. W. protein markers : BSA
(66,000 Da), egg albumin(45,000 Da), try-
psinogen(24000 Da), AHactoglobulin(l8§,
400 Da), lysozyme(14,300 Da).

2 £39o] saltyrol W SR a3y
olgt= A& BodFy 9lth 3709 urokinase@AE
2& zymographywrl e & ¥4 54Kdz}t 34Kd
2] urokinase ¢l 46KdA & o] ¥2}=k2 2+ pro-
teinase’} A3-E #JF 5 e, 54Kde
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Fig.2. Fractionation of epidermal growth factor from human urine. The chromatographic condition was
described under “Materials and Method”. Absorbance at 280nm and h-EGF activity are shown by
open circle and closed circle, respectively. (a) Separation on silica gel column (Silica gel 60, 50X
200mm). (b) Gel filtration on Sephadex G-50 column(26x1500mm) (c) Separation on reverse phase
column(Pep RPC, C18, 10X 100mm). (d) SDS-PAGE(20%) analysis of purified h-EGF.

urokinasew ¥|23 % pHelM 4&3& & &
A}, 9, ojBE] urokinased S Awise}
Fls] B34 Jelhton o] 23] 2w A
urokinase®] #a}gk2- 34Kdo 2 &el=gich. o}u}
T AAHRA Fol = G S de o E @A
Ealasel & 2822 urokinaser} H#HE A
o A" uleb o] gt o] T IS 2

o} benzamidine Sepharose 6B columng °]-43}¢]
28 urokinaseZ A AlstgcH( Fig. 4, Table 2).
o]Ake] 3} A& Eslo] 20 £2] W BEE 87,647units/
mge] HlEBAEE 7kE urokinaseE 2€ 4 e
o, AApES 48%lgc).

Albumin®} 7% blue-Sepharose 34 = Zn}
Ez2}52} Sephacryl S-300 gel filtrationg £3}
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Fig. 3. DEAE-Sepharose chromatography of uro

kinase and albumin from human urine.
(a) Fractionation of urokinase and albu-
min from urine on DEAE-Sepharose Fast
Flow column(26 X 200mm). (b) Zymogra-
phic patterns of urokinase fractionated by
DEAE —Sepharose Fast Flow chromato-
graphy (lane 1, fraction No. 5; lane 2,
fraction No. 17; lane 3, fraction No. 23;
lane 4, fraction No. 27; lane 5, fraction No.
33;lane 6; fraction No. 36).

Table 1. Purification of EGF from the concen-

trated human urine.

Purification Total | Total |Specific| Purifi- | Yield
steps protein | EGF | activity | cation | (%)
mg) | (Lg) |(vg/mg)| (old)

Concentrated | o6 | 575 | 029 1| 100
urine
pH 148 | 244 | 165 6| o
Supernatant
Silica gel 6 | 126 | 485 17| 46
chromatography
Sephadex G50 |55 | og | 297 | 102 | 36
gel filtration
Reverse phase
FPLC 0.05 46 920 3172 17

Absorbance at 280nm
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Fig. 4. Benzamidine-Sepharose chromatography

of urokinase from human urine. (a)
Fractionation of urokinase on benzami-
dine-Sepharose 6B column (26X150mm).
(b) SDS-PAGE(12.5%) analysis of purified
urokinase(lane 1, M. W. markers : BSA(66,
000 Da), egg albumin(45,000 Da), pepsin
(34,700 Da), trypsinogen(24,000 Da), 5-
lactoglobulin (18400 Da), lysozyme(14,300
Da); lane 2, concentrated urine lane 3,
precipitates of concentrated urine at
pH 40; lane 4, purified urokinase; lane 5,
Reference urokinase obtained from Si-
gma).

o] 204 2] oA oF 188mg? ¢4 albuming
A& 4 AglcH(Fig. 5, Table 3).

olde] Ao g FAlo T2 Al 7}A| dAe

&2& A2 HPLC TSK G3000SW column
(7.5x600mm)< ©)43 gel filtrations F3i% 2
7}, Fig. 6|4 BojFZo] Z47he] gl A5 999
oAy & vhehysi).

> =

k%ol albuming ¥] 23] g G Ao
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Table 2. Purification of urokinase from the con-
centrated human urine.

Toral . o
Purification Total ot Spe.a.flc Pl.ll‘.lfl Yield
UK |activity | cation

%,
Seeps me) (units) | (mivig) | (Fold) ®
Co ed
.ncemrat 950 62000 65.2 1 100
urine
pH
. 807 59100 | 73.2 1.1 95
precipitate
DEAE-Seph:
PRAIO% 4gs | 33100 | 682 | 105 | 53

chromatography
Benzamidine

Sepharose 6B 0.34 | 29800 | 87647 | 1344 48
chromatography

EAEL . gFtHeE Fe{ AHEEo] T
o] et 2 F57} YF o} AlglH o 0|4
2] x3ha sl Aol 2 °:H—L°ﬂ*t o &
At ¥ 7 #4593, & urokinase, EGF,
albuming EAEAZ o] FAje] adoes 3

7% T de dHY AATHE 1A, 5&
3 AR FHE Fo ATE Falstdch

kS 3)sle 7)E9 W o2& bento
niteg o]43 F3(15)3 metal iong )&% A
AH(16) Sol slovt o] WS e v% gasd
098] & F2-EAS 133l ¢ghr) wEe] A
T ¥ 5 ke dAe] sl ojF 7129 vt
Hol 7M1 FAAS A7) $lste] njgkeg &
M AA & AL yltrafiltration W o 2
53 o] AAE] FAA F4AA Aoz A
Ztglc}. =3k pH FAWe oAty oy 2
o AHEET Hhyelglont B A A48 Az}
SAEAS T B8 & Qe £ AR
A= glc). oY) o R Qe Arzolz AHE
< SAel| wet Addg | 39 chromatography
WS o] 43} %7‘44“"%12 S FA AAA R
A = Q). o] FAHo 2 v‘i‘al‘& EGF9] 7%
SR HAYS “11(2)4 A& 8% Hr} 2
i o4 ¥ £ ds -r Ao, uroki-
nase?] -°r°l|E 71&4] o“’{l 2 AAF 29(16)
o A9 FAdF $F9 FE& Jehid. 2}
"deﬁi albumin®| )= o}A7A] AIAH &
Mo B AzE wp §l7] wfol elZAe wne
=334}

%% % A4 column chromatographyel] =4
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Fig.5. Fractionation of albumin from human
urine. (a) Separation of Blue—Sepha-
rose column(26 X 150mm). (b) Separa-
tion on Sephacyl S-300 gel filtration

column(16xX900mm). (c) SDS-PAGE
(12.5%) analysis of purified albumin
(lane 1, precipitates of concentrated
urine at pH 4.0; lane 2, albumin
fractionated from DEAE-Sepharose
column; lane 3, albumin fractionated
from Blue-Sepharose column; lane 4,
albumin fractionted from Sephacryl S
—-300 column; lane 5, reference bovine
serum albumin; lane 6, M. W.
markers : BSA(68,000 Da), ovalbumin
(43,000 Da), carbonic anhydrase(29,
000 Da), Alactoglobulin(18,400 Da),
lysozyme(14,300 Da).
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Table 3. Purification of albumin from the con-
centrated human urine.

Total
Total | O | Specific| Purifi-| _.
e . | Albu- .. . Yield
Burification | protein min activity | cation ®)
steps (ng) (mg/mg)| (old)
(mg)
Concentrated
) 950 410 0.43 1 100
urine
pH
.. 807 372 0.46 1.1 91
precipitate
DEAE-Sepharose
404 275 0.68 1.6 67
chromatography
Blue—Sepharose 210 198 094 - 4
CL-6B ’ ’
Sephacryl 5300
phactyl 5300 |00 | g | 099 | 23 | 46
chromatography

JF 22.969

18.965

(b)

-
<
“

(c)

Fig.6. HPLC gel filtration profiles of purified
proteins on TSK G3000SW column.
(a) Epidermal growth factor. (b) Uroki-
nase. (c) Albumin.

AL Fgolt} HAT wo4 B F3HQ)
2au o] oju, ultrafiltrations} pH A4l
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ojste] A Az AMER FFslod chromatogra-
phyell A&3a= 7o} azhxql AAuyelgict. pH
A S £ o 559 S35 500 A=
o of gl Fru} Rodely R A3Eled
2, B FAHAAE: pHE 4002 2AHsged o
+ EGF9] & = "d% 23 Ho|ng E ofE ot
Wale) ¥EAAE EXF Atde pHY Ao
glojel & Ao Azter}, w3+ assay systemzt
galsichy o219 chromatography Wi$ |43}
o & &o Al o fFEbEAe] AAA
LY3lx 75 Ao Az
8 <oF
Ao w2 RE f-43 A FAO EEs
7] 913 EHo R Fdxq HF EeAA FAol
9rs|det. Ultrafiltration ¥P& 083 52344
3 pHIAWE A AR AHEI, o]oA
gel filtration®} &%, o|-&xsh, A3}, zely 4
columng A€oz F33 chromatography®
F3slgct, o] A o2 AAF urokinase, epider-
mal growth factor, albumin& 72z} SDS—poly-
acrylamide gel A7]o) Aol A Bl halal w2
ol g3z, 2419 A BAE FAF Uit
olE A 7HA A A AA $&L 7z 48
%, 17%, 46% 2 Jebydc}.
Ty
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