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Simultaneous Purification of Superoxide Dismutase,
Catalase and Hemoglobin from Bovine Erythrocyte Lysate
with PEG 600 as Chaperon
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LB S0 EM S s ES A RABAETARENE FAIHERSOD At B i, S22 HRAAKKE SOD &
TR EHAS FRIRAASBEABENERBREEEFINEHR R SOD o FAEBFR AL, HILEH SODFER
b B K 6 3k E 4 AR B 159320/mg A 65018u/mg, RO B SR FLE 99 0 b L@ &4 .S0D,47 4% it AL AN,
20.6% it B & 88.7%.
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Abstract  Superoxide dismutase, catalase and hemoglobin were purified simultaneously from the same batch of hovine
erythrocvte lvsate. The process invelves an initia] anion exchange chromatography, followed by a hydrophobic interaction
chromatography and gel filtration chromatography. 0.75% polyvethylene glycol 600 was added as & purification chaperon before
the anjon exchange chromatography. The hemoglobin fraction passed through the ion exchange column without being retained.
The superoxide dismutase and catalase were adsorbed by the column and were eluted separately during elution. The two eluted
fractions containing crude superoxide dismutase and catalase were further purified with hydrophobic interaction chromatography
and gel filiration chromatagraphy in sequence. The specific activities of superoxide dismutase and catalase were 15932u/mg and
65918u/mg, respectively. SDS-polyacrvlamide gel electrophoresis and gel filtration chromatography were used to analyze the
purity of the proteins. The purnty of superoxide dismutase, catalase and hemoglobin were 77.6%, 81.9% and 99.9% .
respectively. The lotal recoveries for superoxide dismutase, catalase and hemoglobin were 47.4% , 29.6% and 88.7%,

respectively.
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PP —ASR S EEERIK EEE
RatREGAEFROAETEZ BT, B
EREHMTAZ —, gl R P AR
BB LR HEENER, THHHZ
BT E AERUBRENES. BEdaEi
89 AL FIUAR[E S #r 2 6] B 40 -5 3 B B, o) 1L B i
MN—F R P b b LR RS = 5. HiES
BiE KEHEWAEY P EIHEAME T —F=
TR AT A S EFRAESE R, A
RERFHGRE MAGEETREEEFT .

# # 1k ¥ B 4L 8§ ( Superoxide Dismutase, SOD,
EC 1.15.1.1) # i ¥ {t 5 8 ( Catalase, CAT, EC
LI OEREAE RE . TESSEBHER
BAXNERNIERACERA TEARLE . #E
AT R MEE > S # A2 & H 3 sop #
CAT., e E % EEANSNE HRER
W H AT E R R MR R A R
AR, FMEFTE AR SOD F CAT By gifk 15 3
TRIF. 1 Ahmed % A # X471 SOD ¥t & M AC
RO H A T — 8 % 4 40k B8 SOD, Wu %
ACMHAEELEBRENENE(IMAONE R
MEPERT CAT. RREMEREE -t &
B - RAEAESE Y HESBMNIRER
FEHE LTI MER % . BAEERRARNE
ERGERN. EOMHERES . ETHEBEY
s Stepanikzzi%Ag@’f—tT/\ml SOD.CAT Fiid £ ik
IR, {1 FF DEAE-#T 4 ¥ 3 TR & 4
RO RIS EREKREEZITRE SOD 1 CAT 44,
BRESFFEHEKENTARBRIRBRITER
AR . [ARPAFERE TXREN AL
wEDIEOMAMBESSF RENOLAEL S
F0 SOD Fl CAT ALK E. £ RHEZC
E(PECIHMABTLHREN BRTOAZEAN
W G Wb R T X — (W) B, L O A e R
ERE .SOD i CAT T EE AR S BE WML 48,
FfL THRERE.

PEG B—MaERKMHFET FER S EW, /i
B EMEAM EBFEVELCEOENRESE.
PEG EEHBE TR ZHTHEMNTIES TE
L. Timasheff % A-* 42 H &9 3% 34 ) B 2 i 1A
K, PEC5EAREE THERPHITEES 8K
KE X AMNECHEARAHT . GREREE
HEEEFGES RSN, EERSFHEENTE
HERMAEERNG FURE FBEIMREEASY

t o EAMBHER. NEEPOEAREGRE
BEMGSHLURACHL LT ATIREH TERT
FERFEHILE, XHKEPECWFEAIREE
HEEENEE. RITA R, PEG 3 B F 28 8 4 i
HRFEERATESBEER BEEAREN R
FHIREEE. SANAMNTREZRORSEH,. R
Mo UE#NaEdEdENE  BEna &gl
e,

MLLF/E RN T BB EK R, ©8
AT S AR ISR RE i fk i &1
FHMEN ESIEMHEZMNEDR SOD M CAT
HE&EHE EANERTEBHAESFIAH, MAHFA]
BEFR K =R 2R 3 T A 8 AR .

1 MEFF %

1.1 M50

FEFMRkBIE N ERERGRAA., FMma
EE A mEELYEARE S LELEBMNEnm
WEE A SRS W B Sigma-Aldrich (USA) v &) Q
Sepharose Big Beads [ B F 32 # 41 J1, Butyl Sepharose
4 Fast Flow E{7K /- B il Sephadex G25 Superfine % B
A M B Amersham Pharmacia(Sweden ) 2 7).
PEG600, 4% % = By Hl SDS-PAGE B ik i B &1 v
7T

AKTA Purifier 10 9 3 40 )2 7 2 5 10 B 15 A7
FA & % Ab-7] B 4 76 oF B 3t Ultraspee 2000 B A
Pharmacia Biotech 7> 5] . Waters 2695-2995 & %0 # H
EWAKME Waters (LSA) A 7). BRICRESR
(Gel Doc 2000™ ) 1 85 15 %45 K5 il 4 Model 550 ¥ B
BIO-RAD(USA) A &l . Hemox I % 4F #7{X M 8 TCS
(USA) 2y m]. 0. 1m® M= B4 iy i 38 A B 0.45um
R R B Millipore Pellicon{USA) 2+ 7). B8 F
&4 10kD A8 A PALL(USA) 24 A] .
1.2 SEHZE
1.2.1 AHMMEREMHHE & FHed 0 s cRH
FTELOBRELK, EBEMIHMA 1.6% M 0.9%
NaCl W7 Al BE i 2 K. MIEARL MM P A%
HHEMEE FK, 4C B E 30min. 250005 B .0
10min, FF ETLHE. L 0.45,m P BT . 18 1% i
¥, 4CHRE-
1.2.2 BABEFXZEHEN XM AKTA Purifier 10 /%
HHEN EHF ©2.8cm x 30cm B Q Sepharose Big
beads JFEZH 4. F pH 7.2 10mmol/L. B Mz 2h 48 np
# (10mmol/L KH, PO, ¥ ¥ 1 10mmol/L. Na, HPO, ¥
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WiE—E PR SRH . T 0.75%8 PEGE00) V.
W MR A pH (EREERE RN S FER
PR — B, B4 b, AP UL Sml/min 3 2K #F
e, MO EAMFEEVEEL. RELUpHT.2H
10mmol/ L 1§ #2 £5-250mmol/L NaCl Z #HE( & 0.75%
f PEG600 ) # 17 1% [ ¥ AR, B8 iR B [E] 50min, i &
SmL/min, 8% % 280nm. BB RMMLEH
b 522 10kD BB A B 3 BRI IS, RV R T 45 B A AR
F 43 B 4 I 4T 3 A .

1.2.3 #i/KtEMEAERE ST R A AKTA Punfier 10
PEWAHE RS A &2.0cm x 20cm & Butyl
Sepharose Fast Flow 4 E#THHE £, M & 1.2mol/L
(NH,),S0, ) pH6.0 50mmol/L BEREEM IR T & . #
WA R T H 2 B 4 Ve IR A pH A T35 5 B
5 R bl — %, 4 5 bR, BB 2mL/min,
R F5 LA pH6.0 50mmol/ L. 5% BR 9% i 46 55 ML L, O 2R
2ml/min. &3 &4 280nm.

1.2.4 EERESHEE H G25 Superfine #E R I8 BE A A
(@2 .8cm x 30cm, 7 50mL 4t & ) % # B] AKTA Purifier
WHERHEERTAET. KT FE. HHKH
EAER RS F1 SOD #l CAT 15t @ 4 ¥ 7 7 3
B B TE A A

1.3 GWAE

1.3.1 SOD i& /1 I 2 & S k9 Marklund 3577,
il 228 htk R pHS.2 B9 0. 1mol/L Tris-HCl ¥ . %%
mMEMBEPMA—EBHLER, BMASE =8
W, 325nm P HIEE MR BRI MR, &
AMmEBE=HARLES SORHBERE LN
— BB,

1.3.2 CAT & H KM & . 3% Aebi %, & 1 &
240nm 1% ook 4 B i B bk B A H0, &,
ARG IE B O] E XN AE 25°C F1 pH7.0 B, BT R TR
&¥h H,0, IEF 9.2umol/mL E 10.3pmol/mL Z
()&t , & 48P 5 % 1pmol H,0, FREENIEALER
.

133 MAEEHMEES - SLa&kaE T
Hemox 2 M (pH 7.4) . 7€ 37°C T A Hemox Ifl & 5
P E RS E L, P, ETRESEINES 50%
BWETEE (S0 EmME)NAESTE, TAES
BMLES, BAHE 0% ~-75ERWANELE
NSRS EMXEZ T, RS Hil R
1.3.4 HEFEAEERE G H A Bracford %7, 7E
B I G F 4 5 4. Model 550 £ LA 0.03mg/mL 4 M
HEH(BSAENFHEO RBH ST,

1.3.5 SDS-PAGE HL 3K : 3% Laemmli 77 H i 17",
i B M AL IKAE 200V LR FiE 4T 30min. AE S
¥ R-250 Y5 1h, B85 B BERRCR BRI AL 1
# B 48 (Gel Doc 2000™ ) 1 Quantity One K4 #1753
e

1.3.6  EEREE 2 8 404 R Bl WATERS 2695-2995
B & 55, EHTH 4 Shodex Protein KW-308 # ¢
i) 3 B 7 AT (Showa Denko, Japan). FA& % 0.1 mol/L
BB N (I BEBR 28 vh M (50 mmol/L, pH 7.0) £ 7 £ 14,
HE R 0.5ml/min, B LG, L 0.5mL/min iZ17
30min, SOD B & 9 & 3 % K & 280nm M 259nm.
CAT A0 & 5 A9 W1 3 K 2 280nm I 405nm, [T
Fi WATERS 2695-2995 % 4t 8 # 4F 2 {f Empower A]
FEOMELE,

2 HER 544

2.1 HUBRBREHRSH

AR LI 1, SOD.CAT MM & B S5 B
AR 495,56 M 6.7, FMAXSREER, &
R TAXHENFRE - HEARENESE, L
R g &

EETRXLRZEHSBPEM PEG A AR LR
AR, AT R S B R 3. PEG fERER
BFLHRENANTURELODBEARITRRE,
BEmaE AR, BT LR s maEa
EEBRETRENAL, MNTIHBRREYEH > H#
ERRMARF TN, PEG B AMNEBS 54 FEN
KNEEUXRE, ATREXSNLEONIEN
Bz EAEEER, LA FESEMER SRS ER
gk A T IR T 2K PEGE0O,

Fresh bovine blood
CemrifugedlleOOg at 4°C
Erytrocytes
Washed by NaCl solutionfand add equivalent water
Hemolysate

Anion exchange|chromatography

Flow-through solution Eluted solution 1 Eluted solution 2

Ultrafiltration) Hydrophobic interactionjchromalography Hydrophobic ikeraction $hromatography

Concentrated solution Flow-through solution Eluted solution

]
Lyuphilizaliunl (325 pelfilration c&tromamgnphy G235 gelfiltration chilfomamgmphy

Hemoglobin Superoxide dismutase Catalase

B MEhr&sibmaEs,
BRI B S
Fig.1 Purificatien of hemoglobin,
SQD and catalase from bovine blood

R FRRERNTEERLE 2, BidHH
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PEG HERE &, 41 Z& (3 #F Q Sepharose Big Beads B T
XBMEWMARP T EEDL, M SOD A CAT B IS & A
FIHEE T ARHEEBR TR AMER=MEEK
—H . IR 1 N SoD EHEA S, BEA
442 A CAT IS HEE 4,

Hig b HARSH 8K, K5R8FXHN
G IEER, RORRAE. HERINE
B, S SR SOD f P B 8 3 5 R T b % v
A B CAT RSB R B, HIEH AT e 2 %
HRENRTEEORTFTHENEESH AR —
TEENEERM S, MEQRLRERERER4S R
SEFLEMAHEHAMEER, ARNEAE KK
R R EAMEAR, RS RSB T R, B
WEIREE R A . B4, PEG 54 B4 Bk
HARMHEEFALTRERNESREETIHRE
P MRMAFE . BT CATERASR AR S BHE
L TREAE GKEREATS 4+ EERIBH
HEER, B S ETERHR,

1400 100

= 3
£ 1200 / S
2 2 H80 B
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=) ] Lleo ©
E 300 | 2
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3 L2
£ aoo £
g ] L0 &
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©
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Voleme/mL
B2 E0#MIIS BB AY Q Sepharose Big Beads
BB R

Fig.2 Ton exchange chromatogram of bovine

hemolysate on () Sepharose Big Beads
—®— concentration (% ) of 10mmol/L phosphate-250mmel/L NaCl
buffer with 0.75% PEG600, pH 7.2.

MmEBAHMFEERE 1. A PEC R
HE M rEnadEA MMM EA, T
A TFHEAAIBRNSEMnITEAFEETESEE
A LL4A M CAT BIEHER K

1 FMUFSHELYR
Table 1 Purification of hemoglobln from bovine erythrocytes

Operation. unit Py Hill Total Purity
/Pa coefficient recovery/ % %

Red bloed cell 3783 2,67 100 93.1
Hemolyzate 3277 2.55 99 93.0

O Big Beads 3197 2.32 89.5 99.9
Desalted and lyophilized 3159 2.24 88.7 99.9

F2ER.50 PEGS00 # H, PEG fERE = &

FREENANEG AT MLEAG LY S
Y. MHERERES THMaOBAMEIRER,

2 PEGOMMAEAEWMERNERRENER
Table 2 Effects of PEG600 as cosolvent on the
bioactivity and recovery of hemoglobin

After Chromatography

Before After chremavography

with 0.75%
h h ithout PEG600
chromatography  withou PEG
Py /Fa 3277 2933 3159
Hill coefficient 2.55 2,24 2.32
Recovery/ % ! 75.0 88.7

BBk R A M ABUKZ M A5, S0D B
THIEFKHELE 1. 2mol/L BI(NH, ), 50, Faj & # 5%
ST RGKSBE 3,61 4 SoD iE1kE D),
BHMEMFAELE FaABERBRT R, E#
£ G25 BEEE O WAL RR 2 (NH, 3,80, #1 PEC600 f5 , Bl
A5 5 SOD 4 &, SOD WAk R ¥k 3.

150
£ 2
=) 1.0 g
= =
= 100+ .g
5 E
% g
3 o 05 &
2 3504 -
z g
2 3
2 K z
0 T v T T T T 0.0 =
0 19 20 30 40 50 & 70

Elution time/min

B3 BIR#BEwuRas s
TR K B AEHE g
Fig.3 Hydrophobic interaction chromatogram
on butyl Sepharose 4 Fast Flow of eluted fraction 1
of ion-exchange chromatography
—&— (NH, },50, concentration{ mol/L) .
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B4 BFrTHRENERAS 2HTH
HAKAA DA R B
Fig. 4 Hydrophobic interaction chromatogram
on butyl Sepharose 4 Fast Flow of eluted

fraction 2 of ion-exchange chromatography

—®— (NH, )50, concentration( mol/L) .
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SR (E4,% 1 CATHEHHD), BBRESZ
G-25 BB A /S EPET 45 B CAT A .
CAT W aifb R IN%% 4,

CAT KM T SOD, Bt & F R BB A
4t 2 Ve AE MR BRAE 2% 8 T I A BUK AR B4 2
Hia, CAT HAHEED , MR AR RBLE T #

F3 4O SOD ML MR
Table 3 Purification of SOD from bovine erythrocytes

Opersti it Volume activity Total activity Volume protein Specific activity Recovery ratio Purification
peretion ! /{w/ml) fu /(pg/mL) /{ w/mg) 1% fold
Hemolyzate 476 47600 39875 11.9 100 1
Q) big beads 503 40240 453.5 1109 84.5 93
HIC-Butyl 507 35692 47.2 10742 75.0 902

G25 376 22560 23.6 15932 47.4 1339
4 AR CAT RGN
Table 4 Purification of CAT from bovine erythrocytes
. , Volume activity Total activity Volume protein Specific activity Recovery ratie Purification
Operation unit

( wmL )} (10fu) #{ pg/ml} Hw/mg) % fold

Hemolyzate 10526 1052600 39875 264 100 1
Q big beads 7142 615385 453.5 15750 58.5 60
HIC-Butyl 2547 550152 59.4 48038 36.3 183
G25 2083 311569 31.6 65918 29.6 250

2.2 HERSHER

B s Em AR FEEENTES PEGS00 Xf
maFEHSERNER, 54K PEG /% BHELE,
EMPECENFHREMOLAEARWNEYNER—
7, 1HA PEG600 MIfE FHIR & 7 ML ES WAL,

kD 1 2 3 4 5

97.4—
66.2—

43.0—

[ £ 1

30.0—

20.1—
N -

Bs HFEXHgEHIBEPHMmT
EALLRE K PEG600 Xf JL B2
Fig. 5 SDS-PAGE of bovine hemoglobin
during purification by ion exchange
chromatography escorted with PEG600
1: bovine hemoglobin standard {Sigma); 2: marker; 3: hemolysate; 4:
hemoglobin purified without PEG600; 5: hemoglobin purified with 0.75%
PEG600.

ZFKZE A G25 & Bl 3 = A AL 89 SoD

AEKEE(E)FNER—KRF HFFRS5H
i 441 4 SOD 5E2—3, #920 16kD, Bi/KEW 4
{L# SOD ¥ % &8 T & & W B #9 (NH, ), S0, , Kk
ERFIBRPEATEE AN M ER,FEH
SEETEE, B7RE,

Bl B LI SOD K ixk Ay SDS-
RASMBEERDR.
Fig. 6 SDS-PAGE of bovine erythrocyte SOD
during purification and bovine erythrocyte
SOD standard( Sigma)
1: marker; 2:S0D fraction of HIC; 3:bovine erythrocyte SOD standard
(Sigma}; 4:fraction 1 of Q@ Sepharose big beads; 5:SOD fraction of G25.

ZHKHTAERAERRIN G2 BRI ERE 4
fLi) CATERKE (B NNER &% . Ko T
2 58 54 HF CAT —3, #98 60kD,
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2.3 BERRTEIFAE
MAZAHFEEMIE,7E 405am HFR AR
W, BRERIESWE R, s MO EEE
280nm 1 405nm ¥4 88— (& 8) , HAERE#E 99.9%
PAE, A/ A 7 7.2:1, B RE LA B, R
B /MEREME, BEXR, AAHRPH ML
E 4% HbA, HbA2 T HbF FER M & 97% L E
) HbA P X & H M & HbAla, HbAlb, HbAlc 5
BAmaBEATLE, RIIAN. FOLOEARFR
AEHTY EHHEMNIAEA TR FTRER
BB LTES RERSPFEMB THMAMLOE

H,SR0a4ES FEMRETE,
e 2 3 4 s
kD +=§
97.4— .

30—
30.0 — — : ;;
20,1 — M.
14.4—
7 skt RGN CAT RirHEM B
SDS- 5% 73 4 M fe o8 e o 3K

Fig. 7 SDS-PAGE of bovine erythrocyte CAT
during purification and bovine liver
CAT standard (Sigma)
1 :marker; 2: CAT fraction of HIC: 3: bovine erythrocyte CAT standard
{Sigma);4: fraction 1 of Q Sepharose big beads; 5: CAT fraction of
G25.

g 8

mAU
=)
=

T B B
1/min
B8 #E{LAYIN L% A 7E Shodex Protein
KW-308 3 70 Ak B 88 B i 8 53 97 €3 B
Fig. 8 Chromatograms of purified hemoglobin
on analytical gel filtration in Shodex
Protein KW-308

Solid line : absorbance at 280nm; dotted line: absorbance at 405nm.

BRGTEENGERE R, 6L # SOD A N
77.6% , ¥3E T Sigma 4 & B % 7 & 4 L 400 SOD

(86% )0 Hi4LHT SOD 1 Ao/ A N 1.39,5 SOD 47
R 1.40 + AR (E 9),

1004

80+
D 604
-«

¥

0 0 20 30
+/min

B 9 #lifk SOD % Shodex Protein KW-308 {7
R A 38 43 AT €
Fig.9 Chromatograms of purified SOD on analytical
gel filtration in Shodex Protein KW-308
{A) purified bovine erythrocyte SOD; (B) bovine erythrocyte SOD
standard ( Sigma ). Solid line: absorbance at 280nm; dotted line:
absorbance at 259nm,

100+

0 0 20 30
#/min

10 %4k CAT 7€ Shodex Protein KW-308
WSRO o Eil R
Fig.10 Chromatograms of purified CAT on analytical
gel filtration in Shodex Protein KW-308
(A) purified bovine erythrocyte CAT: (B) bovine liver CAT standard
(Sigma) . Solid line : absorbance of total protein at 280nm; dotied line:
absorhance of hema group at 405nm.

CATRASHENENEREHBREMAE X
Y, EAEALIER, EHRELEATRE
R s MR R R AR, X
BUHTFRARMNELBRTREARBESERKE,
T4 L &) CAT, HEFXF 81.9% .8 T & &
CAT(65.3%)(H 10), HPBeI R E T PEC WTF
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TERAE T CAT 40 7 M9 WU B (A &5 ¥ , X L 1 PEG X
MaOEEMREERREM. diki CAT M &
T:F 405nm ﬁgﬁnﬁqi. Aaos'fAzsuﬁg 113,?%:’&?1&

f&-
3 K&

A6 30 I E K 2 B B AR DA AR £ 40 3 T ] i
L TmerEE.SOD M CATE =FEBERE. /M Q
Sepharose Big Beads B % i B 47 8 4k il 2L & 1)
gt R A PEGe00 N EH AR ANEE T M
AHREME RN O EA A EE, MAEHET
M EAMTEEETE#H, AMEER 15 S0D A
CAT M5B . PEG6V0 J& /15 F & PEG, &F 7 iE
AREHER ST EET AR, ASEHOTIEAN
il EETFEREFZERETHEARN, 5
SOD # CAT 18 ¥l — 5 ap By alidb . Wik #05 Bod
ST B, AL 4T B . SOD M CAT FE4K %
Fr i T T R AR L BRI T
SR M —HEIFOR & e AR B =M G I L
B BB M E W &4 L4 E . S0D
CAT. MITHEAFMKNENMTHEAMGE T HE
BFRA BEESEFN L AR,
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