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ABSTRACT

This study was carried out to establish the purification protocol of angiogenin(ANG) from bovine milk. The
purification of ANG from bovine milk was performed by using cation chromatography, high-performance liquid
chromatography and gel-filtration. We obtained the ANG protein have the molecular weight of about 14 kD by
SDS-PAGE analysis. This protein was confirmed as ANG by NH:-terminal sequence analysis of the first 15
amino acids. Identified amino acids revealed the protein to be identical to that previously reported for bovine

ANG.
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Angiogenin(ANG)< 14.1 kDa2] d=kaz <)
| F°FF-X angiogenesis factor® EoFA| Lo
A A& Fel=gdn(Fert 5, 1985) 1 o &
FAEE HAlAH FAHez FaFd EA=
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1987)0ll A ¥ AAFE el 79 250 ~ 360
ngmle] FE2 FBAKBlaser T, 1993;
Shimoyama %, 1996). =&t adenocarcinoma A
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(1988)2 $-f ANGY oprlxAl ML ysl
t}, £ A= Bond2} Vallee(1988)7} A4 &
oo zREl Relgh ANGS uhH2 w3l
FHEFE ANGE AASH= g #isin
gL S5 $i 712 AEE

A AAshsic,
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Fadigte FEASDNAM AF Hejds
E2ell A4 RE AR 755 -70C 3
Fae] 2aslas ANG AAel) ARE-sglch
A42HE AR FfelAd AL AA3)
A 500022 AAFste EARFE A
3t} gAFol IN HCE #7182 pH
4622 =4 F AL 39 caseind F3
< ¥esigich ¥e® 43 EA=E 10,000
dalton FA4uhg o]&3te] FA% o} AL
hilAs Y- 3o AASZ F5AE
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2. cheE gt

o)Al A2ke povine serum albumingd EF
A2 AMgste] oA A kit(Bio-rad,
USA)E A3l ZAslgict

3. ANGe| 22| HH|

(1) lon-exchange chromatography

oFol 23 %3]l CM-Sepharose(Amersham
Pharmacia Biotech, Uppsala, Sweden) #H%(5.0
x20 em)y& A|FEl] Aol AMFct 50
mM sodium phosphate buffer(pH 7.0)Z 33}
A7) el FAPNAL TEA7 L F83)
AH F 7+2 pbuffere] 03 M, 0.6 M NaClo]
239 £%F buffer step gradient WHO R
A7 60 mie] F&o2 £2AAA 15 m¥
ok $8% ARE 280 nmellA F3

=5 533t 242 E aFch

(2) FPLC

lon-exchange chromatography & +8§38}o]
< ANGE EFshs 28E& Rol4 AKTA
FPLC system(Amersham Pharmacia Biotech,
Uppsala, Sweden)S AH8-3lo] ANGS A A|815
o}, ARRg HAH-2 Mono-S TM-75(Amersham
Pharmacia Biotech, Uppsala, Sweden)o]iL )
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(3) Gelfiltration chromatography

Sephadex G-75(Amersham Pharmacia Biotech,
Uppsala, Sweden) ZA3(1.5 x 100 cm)& A2}t
o FPLCE 33l & ANGS 2 isin
Qe 8L FolM gelfiltration APl F
4lstgic}, 50mM sodium phosphate buffer(pH
7008 AHEE 10 mlhed] fEe2 2
ml/tube2] A&2E FHIUG EHE AEE
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AAE ANGS] N-ZT 15702] ofm] Al se-
quence2] ¥-4-& Applied Biosystem Model 491
protein sequencer(¥r=-7| 22}ttt dA7Y] =2
HE F4E)E o] &3 +A3)gick

mZa % %
1. lon-Exchange Chromatography
42 HE ANGE AR A A
AN gels By} % CM-Sepharose

ion-exchange H#Hol FHAAZ F 50 mM
sodium phosphate buffer(pH 7.0)2 A&3}e] ¥
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A= 2] L FAGYAE AAHY FAD
WAle] Fabel Aol 0.3 M, 0.6 M NaCl £
Ho 2 step gradient® 2E% 2= 9 A7)
4E A= Fig 19 Yehd w2 Fig
1o yehd wie} o] 03 Mol OD gtel =
3L Fo] F peak I(EHI 2-18), 0.6 Mol A
OD #te] 0.5 FE2] ZFo] F2 peak I(FEH
& 34-48)7} 77} vebytch. 7b peake] 4, 10,
16, 36, 40, 44¥l #8E FHNA AIGEE =
g A B8 4, 10, 16 immunoglobulin,
lactoperoxidase, serum albumin, a-lactalbumin, f-
lactoglobulin 5-2] THAe] FfElo] 99 &
% 36, 40, 442 serum albumin, lactoferrin,
v)gFe] q-lactalbumin, B-lactoglobulin & ANG
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Fig. 1. SDS-PAGE analysis of selected col-
umn fraction from CM-Sepharose ion
exchange chromatography. The col-
umn was eluted with a step gradient
of 0.3 M, 06 M NaCl in 50 mM
sodium phosphate buffer(pH 7.0) at a
flow rate of 40 ml/hr.
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Fig. 2. SDS-PAGE analysis of selected peak
from HPLC. HPLC column was eluted
with a step gradient of 0.3 M, 0.7 M,
1.0 M NaCl in 50 mM sodium
phosphate buffer(pH 7.0) at a flow
rate of 80 ml/r.



MNam et al. ; Purification of Angiogenin

sheh 2ol 03 M 07 MelAE £&9 By
Aol glgla 1.0 Mol shke] peak7} YERG
t}. o] peak® AH7|YES FAY A oF
14kD2] ANGe] ¥f5lo] g8 #A & 5
Ak o] E8E ®o}  gelfiltrationd 3

s}t
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Fig. 3. SDS-PAGE analysis of selected col-
umn fraction from Sephadex G-75 gel
filtration chromatography. The column
was eluted with 50 mM sodium phos-
phate buffer at a flow rate of 16 ml/hr.

Mono S 18]35 CI8 HPLC] 324 B4 A
HAl AAE ST Fert 51985 A T
MEQ] HT-29 MEZRE ANGE Feslgs
gl CM-cellulose, Gel filtration, Cation-exchange
o] 32 #E AXA AAE sk A

T FREYE ANGE 2] 98 52
Azxg F3IAL CM-Sepharose ion ex-
change, FPLC-Mono-S, Gel filtration®] 3%HA4]
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4. N-terminal sequence &2l

BADAME DA Peke Table 1¢] et
ukg} 2l 5 10 2 o 8 ng/mle] ANGE

= o] Rustamian $(1999)°] ®.7%+
209 ~ 485 ng/ml Brls FF @ golA|ut
T 10 literel] 7% ANG ZFo = u|z 3}y
A YF A2 AR Al o ANGY] A
o] Haslele) Alggcl gz g 2
2 A= ANG2| N-Zeb 157 ojw| x4k se-
quence ¥4 AI= Table 20 Yelh} glch
Table 2= Maes S{(1988)°] B3} U85} u|w
g Aoz 1 olu|xAlel alanine S 2HE 15
B oln|x Akl tyrosine7}A] EUg oz ut
o) )9k 3o o]l sequence”} ELs}
A YehE 2 ANGLZ HH e ¥ £
2 AA=EALS el & 5 Yok §H, bo-
vine ANGZ 1257]2] opn|x=4t ZH7|Z, human
ANG 1237]9] oju|i4l 712 72t FAls

Table 1. Purification of angiogenin from bo-

vine milk
Purification step Protein(mg)  ANG(ug)
Bovine milk whey 5,500 .
CM-Sepharose 750 -
FPLC Mono-S 14 -
Gel filtration 0.08 80
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Nam et al. ; Purification of Angiogenin

Table 2. Comparison of amino acid sequence of angiogenin

N-terminal Amino acid sequence of angiogenin

1 2 3 4 5 7 8 9 10 11 12 13 14 15
*Maes, etal(1988 A Q D D Y R Y I H F L T Q H Y
Nam A Q D D Y R Y I H F L T Q H Y

o] gz F S AL 64%2 H& AEAS U
el gltKStrydom et al, 1985; Maes et al,
1988).
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