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(GSH). FPEEER. N-LBE - IE R WHREREN . PUIRIMLER(Ve) 2E i AR g b AR rP 8 BB Ak 2 6] 1M 20 2 1 3 Am Tk
HRPET. b Ve IBCR B, 55 In N B (BE K E)Ve/Hb=8, pH 8. B HUA L A AL 38 4 21 4T 40 0 4 AT
B REBIERSE 21 2 A AR, B FRBUENE, N Ve VR AP ABHTHEIER S8, Hb 3HTEE 3 7RI H)
{3477, MetHb {5 B HI7E 2.3%, il 4 7% MetHb &8 14ifb e & H.
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hESES: TQ028 CERFRINAD: A
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AL 21 4 11 (Hb) Ay FE it 1) 21 40 Ha A ot 6 4% 2% i
Y5 G B E T e b R, R FE AT AR
L4335 e KR 46w 0 P 1M 41 B A I FE DR S I
21 H 1 28 TR (MIF) 58 25 5 40 MRy F e B (UFF) i 25
bR/t e, ik RN — e, JZ4T a1
T R E R 4 S e g v, DA TR S I 41 2
PSR, (S o i b R A AT s ) B 1 B O,
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MLFEAEA 4 NEIER 4 PMIMNKIRE 2 E A
BT, AE B CLAN 05 25 D A SR ok o SR AR, [ IS bk
2N RN 67 S 007 k= X s A 11 7 R L [ RA R A S VD o= 4
A TR Sk ILZE ER I (MetHDb). 7E5 Bt A rh, i 4r
AR B AR iR, EEREEY)MiE), Hit
TERCHIBTY) o ey B s TR0 S 3 58 185 m e
WERIEIN . OSBRI A B
PR T IR RE . 0 DA M AR R IA 3
Ji 4 H AR 2y B AR AN 2 S, Ay B R rh 2
FURARIGFIHTUR IS A58 H Bre b TR B, 1244
AN E S ISP SR aiN

AR TAE T e T 53 B F vl 41 8 1 AR AL
AL, SRJE 8T AN [RE SR DR i 21 8 AR A AR
Hs BT Ad B A A S R 5 bk HIR(GSH) R
FR2(Cys)~ N-L Ik P2 BR(N-A—Cys) V. B2 BH A 4t A
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EEWHE: HxARBEELEEZIIIH G5 : 20136020)
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# C(Vo). MBI BT Tk, R TiEIEH)
TN W pH AR, IR T 408 A 3R
2R A K (HN) 2R 0 DA R R I 2T 8 1A PR 2

2 M5 E

2.1 ¥
2.1.1 JRk s

B ISR B B 52, NI & AT R B P
k. B )57 GSH, Cys, N-A—-Cys Jr#r4liid7)], Sigma
AFE P AR Ve NEFEairaiilA, Hath
SARFIE A oy Mr k. SEEG K& 2 E Millipore A ]
RiOs B 4l7K RGAbHL1G 2 FEE 4l K.

2.1.2 44§

M4 4TI Hemox Analyzer, 3¢[E TCS Scientific
Corp 7= ifr. Ultraspec 2000 & UV/Vis 4 a] W53 665
i, Fitlt GE Healthcare 22 w) ™ . ®72 Y pH 1t, &
Beckman A ] 7= . 553 2 £ 484 36 E Millipore 24 7] 7=
i, fU4f Labscale HiyiHIE R Pellicon 2 Hiiid yE
ARG, ARG TN N E Labconco A ) P i, 255
8 L. G25 i &5 4 A % Mt Pharmacia 28 7.

2.1.3 MRS A

S F R AIE(FLAE R 0.45 um, 0.1 m?) R &
(10 kD, 0.005 m?)¥J 4% H Millipore 24 7 7=, JEATE!
15100 SR KN,

EBET: AWEAR(1980-), Y, WAbA W LN, WLsE, AP TEl; REE, @R A, Tel: 010-62561817, E-mail: zgsu@home.ipe.ac.cn.
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2.2 TWHZE
2.2.1 ‘f Hb 4%

J- Hb %% SCBR[SIM 5. B ide 4°CF
BJE, A 2 AR 1.6%H1 0.9% NaCl YLk £04i
Mo, SO ANN, IN 2 REadn AR 10
mmol/L M ZE (& 0.6% NaCl), #x¥% 1 h, H:57H
I 2 f5 20 40 B AR R K 10 mmol/L B R ZZ M, 1R 1
h, ZEAN A A L. K19 B 20 4N 3R Z 0.45 um 1l
JEFN 30 kD BB BB 23 B )5 R B B T ACHR b 4lifh,
B AE ) Hb. 28 30 kD fREIEHR S, ik, %1,
445 Hb T 4.

2.2.2 YU £

% Hb % THHE T 10 mmol/L W12 £h 22 iy Hh i sl
B 20 mg/mL ) Hb ¥, K& pH {HAAFSER A, oAt
pH {EHIHh 6. Hoh, JBAIMA Ve 55 Cys [FE & HEER
EE Ve/Cys/Hb=4:2:1, HABHTA A5 Hb KR EEE)
4:1. HHUEA GRS 1 mL ZErhiirh, 43 ld e
AZE|20 mL Hb %, BMIRAIE, BIZIB N KR 3
WO, IR B S BT S N KA R,
IS FH ¥ 45 25 il
2.2.3 RN AR 1 R I

K H Benesch = K31, W5z 224y 0.1 mol/L
Tris-HCl 2% P, pH 7.4. 3 i 4 1 20 & A
[DeoxyHb]. % £ I 41 & 11 [OxyHb] AT i1 2k 1L 1 £ [
[MetHb] o152 X R -

[DeoxyHb]=(1.3687A455—0.74514576-0.70914¢30)x10~4/4,

[OxyHb]=(=0.72924 555+ 1.00984576—0.3722430)x 10~4/4,
[MetHb]=(—0.385445410.18564576+2.86094430)x 10~*/4,

BEASRE 1) MetHb 75 (%)=
[MetHb]/([MetHb]+[OxyHb]+[DeoxyHb]).

2.2.4 W JFE S5 Hb &G PE(pso AT Hill REOM 2
FH L4853 B4 Hemox™ analyzer £ 37 “C I 5E ki
(1) pso(E0IA B P10 FIFR B BT 75 45020 ) Fl Hill R 44

3 ER544

3.1 Hh EREN BEESBEAMBERSTHELIER
il ML (IR 75 mg/mL (12040 iR
WL 0.45 um PALIREEE3E, SR Z N 1.1 L/min, &A%
H 72525 0.13 MPa. 5544 15 mg/mL ) Hb ENT 5 7 LA
HARJICE FITE Labscale @ yE4 (V#4124 10 kD 1)
AR YEND) b4 RIS U 4 h, BERRAEE A 40 mL/min,
FEWE 2220 0.13 MPa, #4460 r/min, 1 (AR

I MetHb i, 25K 1 PR, B MF ik
141 1 P91 0 28 A I 1A T LRI 9 2 B 20 40 PR e e fsf
BRI 1 (MetHb) AR f i #y, 1] W, MetHb 34 1R
RN = R A N RS S T e e R SR U I RA R S BUN
JE I RATAE, WA S AL (SOD) i A Ak A
(Cat) % Voo BIEHIKEE. 7B G AT EHTH, MetHb
PIE 3N, B Y 2 4 i G 1 MetHb & & B4
B 7.5% A0 JRE WL, FEANFEET RS B R AR
R EHARICE, 754 h ) MetHb &R ETF4%. 5 A
SRIBCE T BOGT FE D e 08B 4 5 ad R v i 20 2 1 PR AL
ORI Bk, 7E 4h N MetHb _ETHT 20%, 4T A
SRIGUE R H 5 %, W 4r & (A ikat, RN sk
k. BTk T SOD Al CAT 5k 5 245, Hb ANf52
FORY, R E A MetHb.
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Fig.1 Oxidation curves of Hb in static condition and in the
processes of microfiltration (MF) and ultrafiltration (UF)

3.2 EBIEITEP Hb E K

I £T 55 A R A A A SR BT 4R, HEISA
F bR B R Hb (AR, ARseh e T
R 91 ok R R R PR S RN S 6 Hb S8R IR 5.
3.2.1 BERMEIR G Hb S0 50

1 Pellicon 2 PJmyiit y€ R 48, T =W T 507%
G AN FIERME PR GE « AN [R5 AR IS R) R R 8 I il 21 2
IV MetHb B 07484k, BT IR 4GP kL [H]
— L ATl 1 12T 8 (1R 45 R 2 s,

TR R 43 B B 1 DT I — AR U I AN W R AT R
TRIEFR AR BN R 1 2 BT AR R, DAORRREL i
JEHRSE. HERMARR I, IR . R, B1& 2
A, HERMEIRE SO, MetHb (W77 Eilli%, X
TR AR B, R DMER & S 8UE A
RATGAR, WEE IR Nk, 55558k ER
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SULLL RS B R SN R MetHD!' ;s[RI 9033 1 48
TN SIS, b B T ZL B 1K)
L. Fi4k, PR AR I BT O AT e T EUR I
THlL, e s A AL KR AT

40 Tme®
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S 30 /
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L /
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Flow rate (L/min)

Bl 2 BEBHIEFAAIEN MetHb 2 A 5%
Fig.2 Effect of flow rate on the formation of MetHb

3.2.2 LN SRR T Hb AL 20

FEL T NIRRT S R MetHb 142 A
AT T Hb ¥RAE Labscale #8344l iE
AEEPE O h, HERMWRME N 40 mL/min, JEZ 4 0.13 MPa,
o RS AV MetHb 25, 45 Rl 3 fros. B ] 4,
i N BIERNT MetHb Az s LUK FER. X2 N
WRE = AR T R NEEAT, 4 Hb B S B B R
PR . ARG N Hb A SRR, Hb k2
TIREM RS, BUIEH B0 R R T R X Hb 2%
Sy RAETEAS, AT BB 1 el S 3 26 5 .
DRI, PRl R B A BEdE A A 2k, AT Db B
AT HUEEAHIAA.

35 f ./o
30 1 /./.
S I ././
& 251 -
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3 20r '/.
> | ]
15 - Temperature (C)
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5 I | L | L | L | L | L
0 2 4 6 8 10

Time (h)

K 3 AN AR JEE R Hb (5040 £k
Fig.3 Oxidation curves of Hb in UF process at
different temperatures

3.3 Hb S| LI ATIERE

210 2R D i TAEAE R IR SR, ik 21 8

ARG, 2 ET2iib)s, Br2: 7 SOD fil CAT
KRR, MAEARE] T 2lifl, (HFRIN 2T NA
R, BARE L A as AR 3500 ) Ao Hb (146
Al BT In R R 0 2 Al 5, i A S AE JR
ST LR ik, ERET —RIVEMRG /N T
Y e HAiT A, 45 GSH, Cys, N-A—Cys, Ve, [Ai}
WAE T H I R AR, e R AR e
J5ifE 7). GSH, Cys, N=A-Cys FTif ()53 H A 1R 3 8

Jife 1, Ve ﬂjﬁ%@?ﬁdﬁﬁma, Cy, Co i b H Ak
Sy R E M B IR RIE RS Ty, AR /T foc &
] u HHIEHﬁCTZMUJ/\M PRIy LA 3 i e

< 4 =W N INAAFIE S5 S MetHb 75 5 b i

(AR A0 R, Anid 5 Hb ¥lA7 34 h )5
MetHb &8T5 T 23.7%; I GSH £ MetHb 7 &
FEARAAZ, Ui GSHAE A B 517 7] LA ] MetHb
A5 Cys 2 N—=A—Cys #l Ve n] H#£8 J5t MetHb, B
Ji MetHb & EIREE FF%, Cys Al Ve £E 8 h PRIADEE
MetHb M 47.0%iE 57 E] 13%LLF, 24 Cys Fil N-A—Cys
()57 LR W A0 P (1 48 ) MetHb S840 T 1 i i )
OB AE B2 2%, MetHb &8 X IFh FTF. fEmy
A, AEIMATE R, Ve IR RSO R, BEalis
Ji 70% LA _F 1) MetHb, X ] R4 Hb B I ] A2 504k,
X5 SOk HRROE 1) Ve AT B B J5L MetHb!Y, i
FAT 26k B f R /R P — 2L

80 —m—Hb+Na,SO, —e—Hb+GSH
70 [—a— Hb+Cys —v— Hb+N-A-Cys
+ Hb —<— Hb+Vc

60 - }S://?:
\V\

50 -

MetHb (%)

40 -
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\ A

L R |

10 | <§‘Z< | L | L |
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Bl 4 =il R AIIAAN A 57 MetHb % 5 B I 8] (142244 it 26
Fig.4 Reduction of MetHb with different reducing agents at
room temperature

Bl50h 4°CTR AN S 71 f5 MetHb % 2t Fifi ] [1]
A . AR JS R Hb #AE 4 CAEL 58 h
MetHb 55 M 47.0% - T13 57.2%; A GSH [#) Hb #F
7 58 h N MetHb ¥ B &AM B A Ve, Cys M
BEMA Cys 5 Ve [¥] Hb % MetHb 5 AR T
B, H Ve A a) 4 JgU Al MetHb (45 T R0CR Bt
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XTEGEE 4, 5 aT%n, NI R Hb /e =i T
MetHb 7 & AR B WA TR GSH AE 4 1 B 541
TR AT LUK 4] MetHb T, IR T 2R T
i R Cys il Ve i Jil MetHb 384 B 5 BTG ,
{1 MetHb & f [ A PR, 32 B TR B 4R
A AR, DA AT AR A TR MetHb &6
Th. i GRS, KB TE B AT MetHb, Ve R
e, EORAEEARIR AT T,

60

L /././-\.
50 -
< 40
_‘5 Temprature 4°C
L 30L 0 —l—Hb —e—Hb+Vc
§ —A—Hb+GSH  —w—Hb+Cys
[ v —&— Hb+Cys+Vc
20 - —e — o
L o ><V
®
10 |- S —v
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B 5 AR5 IS MetHb 5 et B IR 18] (42 04 i 2k

Fig.5 Reduction of MetHb with different reducing agents
3.4 MEMNFIRRME

¥ Ve HZLLBmA B E T, 4 CEAET
JBCE, e AN T EORE, 28 G25 R AL HS, A
I MetHb &4, iR E 6 Frox. &4, Ve i
NE NGB, A Ve B (B
IREE)IEE] Ve/Hb>8 I, A R 2 B 5 ) Hraa tb R
EARR Ve B RREK, AR AR SRR AL AR,
HIGI TR A, T SRR, A& I,
AL Ve BREL—E MBI, TR EENE &
ML, WL RO UE 2 BRI Ve 4 5E
17 MetHb FJIIE. K, FEIEH] Ve Wftsabmlnt, f¢

50 -
r Temperature 4 C . Vc/Hb (mole ratio)
40 b —&— Without V¢
. —e— 1
S -3
~ L —12
£ 30 Dary
K [ P— ]
= 20
10 - /
: —
0 [ NI
80 100 120
Time (h)
6 AN Ve I B RV MetHb 5t BN ] 1) 4844

Fig.6 Reduction of MetHb with different Vc concentrations

AT AT AR ) ., AEARSCIG 4 T, Stk
S INE R Ve/Hb=8. fEItZ&1E T, MetHb &8 40%[1)
WIAEAR] 1 d Z WEinT AR E] 10% LA,
3.5 pHIEXMEKIERRSF M

TEMfE Ve IPUENRI IR G, HHRTHS
ZAF T pH {EXT MetHb I8 Js (1520, g5 R ILE 7. K
A, fE pHAH 6~8 RGN, MLALER A E,
(1] pH e B4 L (13 JE R, 7] LA MetHb & 5[4
PG BARFF A IS 6] Faivre 2P0 HGE , 120 8 14
A TARE NS KA AL SON, A sk i 4L 8 1
IbAh, Ve FEmBs A Nk AR s, R AR 1)
WJERES). ik, {FR Ve 1B M2 & A PTA R
6 pH N AE 8 BT,

40
» pH
—m—6
30 :::;
S
= 20 Temperature 4°C
I i Vc/Hb=8
[9)
= P n
10 - //.—_—:
I A “
0 1 L 1 L 1 L 1 L 1 L 1
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Time (h)

7 A pH A~ Ve iBJi MetHb B N 8] 12244

Fig.7 Reduction of MetHb with V¢ at different pH
3.6 EHBESEREUIEANRE

AR YRy Bt Hb 2l TR 2 —. & 2T
LS, VR ST IR, DT AL 2 B,
& MR AR . RSE43 B AN Tk S ™= AR B D) g, A )
(VAT I MR B 5 oy 32 P e v A% A0 B e
SV L2181 AR RS R T — B34, RS /@EPE@
AW T, AR R NV FFZEAN T, MetHb 75
AN, FAREHLAE R AR M BUE A RS J:aifﬂ
T B, DU SEERIGIE. ik, EET Eraith
i I 21 2 PR Y 8 RS T DR R S B Ak S
53 %4 15 mg/mL (1) Hb ¥ &I GSH #1 Ve [1] Hb
VA VRAE Labscale EyEAF (VI E] 4> T84 10 kD VB IER)
bAmlgEg g, PR 40 mL/min, i ZE
4 0.13 MPa, W#niﬁjj 60 r/min, "1 [A]F I K MetHb
o, aiRE 8 Pros. HIERTEL, AR R ) Hb
FEWEEYE 9 h )5, MetHb H 28% FFH2] 54.2%, AN
GSH [f] Hb ¥ IE 9 h N MetHb & AR BT, 5
i GSH RCRARZEA K, TN Ve [¥) Hb % 0EIJE 2 h
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J&i MetHb FfEM 28.0%i8 )5 2] 12.5%, {H 4 h 5 XIFlh
[lFt, #] 7 h Bk 27.5%, HEGE. AT FIMA GSH
A LUK TR MetHb A2, {3 Hb A43E M3k
R HEAR, {EX0 DA RN MetHb B EH. 4 h Y
Ve B JER R, K Ve Bk, HiE7 h
Ja A TR B LGK, A Ve nf LU T pE i
MetHb 134 JEURT RS Hb 35 .

60
r A
50 - A/A
r / —m— Hb+8Vc
40 A —e— Hb+4GSH
—A—Hb

zz \ — 'ﬁzo/

10

MetHb (%)

0 2 4 6 8 10
Time (h)

8 I JEFEEUE MetHb 5 bl i i) 1125 4k Hh 2%
Fig.8 Reduction of MetHb with reducing agents in UF

B PR S 38 6 1) 2T 40 Mo 28 A58 30 T s 1)
PEIRGR ML (AR, AT sSE e 4°C T,
T T SERRTA R Hb (G E, B35 =D
SRR, RO (E . IR TR R R R A R e
JRER A, MR R AR R ARG S B A2 T
J5 . WS Ve(Ve/Hb=8)1E A Hi e AT H g 4d, Hb
TEEAS ) TR IR, MetHb & B 2.3%,
R TG MetHb & & 2L LT &R 1. AL
AT EAE S Hb 24k FRos 8 S PE R I J532:, 3ExT
BT Hb 2040 B ACHT b i & R R A7 I R e 28 R TE M 1
TP B — e E

F1ACTAIAMEHEMBATH B mIERTIEH

Hb BYFEEF0 MetHb & &

Table 1 Bioactivity of hemoglobin in different preparation

processes at 4 C

Operation units pso (Pa) Hill coefficient ~ MetHb (%)
Hypotonic release of Hb 3.48x10° 2.59 0.43
Microfiltration (MF) 3.37x10° 2.56 0.67
Ultrafiltration (UF) 3.30x10° 2.49 137
Ionexchange chromatography ~ 3.28x10° 2.46 2.1
Concentration with UF" 3.27x10° 2.42 23

Note: 1) Vc/Hb=8.

4 Z B
21 241 5 58 4 1 20 2 11 (HIb) R 5 5 4

e R IMLZT R F (MetHb), 2K 58Tk, 7E 2040 24
RAALHT, T A YEALEE(SOD)ASIE J5 H H A7
£, MetHb AR AR, ZHTLER SOD &R ZLE
Fe, 246K Hb AR7F 5 S48 MetHb, IR HEAT
oy B A AR, RN T SGTEAAL I 5V e
AP 1k MetHb (R EA K. A BEHIK(GSH).
PEE IR . N-L B ez . WaRRE . HUA MR (Ve)
FEF R AT DE I R h A REOR 7 1l 20 8 B ks 3L
T Ve MR, Fod A Ve/Hb(EE/R LK) 8, pH
8. KPP 2 A1 5 1) A1 20 i 2R A VBT 4 31
R IR AR ML 213 A RN R, A2 TSRS,
n Ve VRN HUEA FIREAT BN Ad, Hb JH A2 TR IR
KIfRY", MetHb [ RIEHIFE 2.3%, LM% 7%
MetHb & & 2L M Z0 8 H.
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Oxidation and Antioxidation of Hemoglobin in the Process of Membrane Separation

SHI Xiao-dong'?, LU Xiu-ling', ZHENG Chun-yang', YU Peng-zhan', SUO Xiao-yanl, WANG Yong-quanl, SU Zhi-guo1

(1. State Key Lab. Biochem. Eng., Inst. Process Eng., Chinese Academy of Sciences, Beijing 100080, China;
2. College Civil & Environ. Eng., University of Scince and Technology Beijing, Beijing 100083, China)

Abstract: The effect of different antioxidation agents on the reduction of methemmoglobin (MetHb) was investigated. Five antioxidation
agents, i.e. vitamin C (Vc¢), reduced glutathione (GSH), cysteine, n-acetul-cyateine and sodium sulfite were used and compared according
to different changes of MetHb content. The experimental results showed that all the antioxidation agents could protect the bioactivity of
Hb from oxidation, while V¢ had strong ability to reduce MetHb. The optimal conditions [Vc/Hb=8 (mole ratio), pH=8] obtained were
applied to the membrane filtration process following the ion-exchange chromatography step. Bioactivity of the hemoglobin was well
maintained when V¢ was added as antioxidation agent, and the content of MetHb was successfully controlled to 2.3% in the final purified
hemoglobin product.

Key words: hemoglobin; membrane separation; bioactivity; methemoglobin; antioxidation agent
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