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Fig. 1 SDS-PAGE result for hemoglobin extract
before and after ammonium sulfate precipitation
M Standard molecule weight protein; C: Hemoglobin extract before

precipitation; D:Hemoglobin extract after precipitation
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Table 1 Parameters for ammonium
sulfate precipitation of hemoglobin

miH HRLT R AJrid
iR Y S >90% >85%
RE T & 100% <2%"
J# AT 0. 45 pm JEJE P "y

a. Conventional method: packed red blood cells were lysed by
diluting with ddH, O, and the supernatant was removed into new tubes
for further purification after high — speed centrifugation;b. Lipid proteins
were effectively removed in hemoglobin extracts obtained by ammonium
sulfate precipitation compared with conventional method, P <0.01.

2.2 PHEFIHHEERNANDIES

Zord BRI B 3 G T T Ak B % I 21 2 P, DA B
BT 2 M aifl, 7Y 4 BE DL SDS-PAGE (JRYLTE)
J¢ HPLC %78 . SDS-PAGE Z5 R /[ & 2(a) |, i@ i
AT LA I 218 2 R HR L AR T Sigma AR UE S
(ZliJE >98% ) s ik I 4128 [ 5 bR i it 72 2y 32kDa 4k
BWAEOBRN, $T WB 4387 LS 1% B
[E2(b) ], 455 BoR ¥ B2yl 16kDa F1 32kDa 1)
BB Z ML E T, BATHEN 75+ a2
32kDa 8 RS HIMLTE A o B WIE [ HHIE
B, A AN A T — A IR E

kDa M 1 2 kDa

LE

43—
34—

E 2 SDS-PAGE ¥ WB 4 #iBHEF
RERTAN MO E B E

Fig.2 Purity of the hemoglobin purified by anion

exchange chromotography by SDS-PAGE and WB
(a) SDS-PAGE result by silver stain; M: Standard molecule weight
protein; 1: Porcine hemoglobin standard from Sigma; 2. Hemoglobin
purified by anion exchange chromatography (b ) Western blot for
hemoglobin purified by anion exchange chromatography, both the 16kDa

and 32kDa protein bound with the anti-hemoglobin IgG specifically
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Table 2 Parameters of purified porcine hemoglobin
by anion exchange chromatography
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(a),(b) Sigma porcine hemoglobin standard ( nominal purity > 98% )
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Fig. 3 Purity analysis result of purified hemoglobin by HPLC

(c¢), (d) unpurified porcine hemoglobin

(e), (f) purified

hemoglobin. (a),(c) and (e) were spectrum from VWD detector, and (b), (d) and (f) were from fluorescence detector. Samples were

analyzed by the Agilent 1200 HPLC system with a Zorbax 300Extend-C18 column (4.6 #250mm) at 25°C and a guard column was used,

Samples of 5 (1 each were injected by the auto-sampler and signals were monitored by the VWD (254nm) and the FLD (EX =250nm, EM

=340nm) detector. Acetonitrile containing 0. 1% TFA (a) and ddH, O containing 0. 1% acetonitrile (b) were used as the mobile phase

following the gradient as 40% Smin, 40% ~42% Smin, 42% S5min, 42% ~45% Smin, 45% S5min, 45% ~60% Smin and 60% ~ 80%

Smin at the flow rate of Iml/min. In the acidic mobile phase hemoglobin dissociated into [ peak iii in (a),(c),(e) and peak ii in (b),

(d),(f)],B(peak i in all spectrums) subunits and the heme [ peak ii in (a),(c),(e) ]. There was another peak [ivin (a),(c),(e)

and iii in (b),(d),(f) ] which was found to be a hemoglobin isoform corresponding to the 32kDa strap in SDS-PAGE
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Fig. 4 UV-Vis spectrums of porcine hemoglobin standard and purified hemoglobin

(a) UV-Vis spectrum of porcine hemoglobin standard ( Sigma)

(b) UV-Vis spectrum of purified porcine hemoglobin. All

samples were diluted by 25mmol/L Tris pH 7.4 and then scanning was performed in the range of 200 ~ 600nm with the

interval of 2nm

oxyhemoglobin
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An Efficient and Safe Method for Hemoglobin Purification

ZANG Jia-tao LIU Jian-cang XU Jing LI Dong-hong LIU Liang-ming
(Second Department of the Institute of Surgery, Third Military Medical University, Chongging 400042, China)

Abstract  Objective; To build up a hemoglobin purification method which could meet the needs of safety,
efficiency and scale amplification. Methods: Packed red blood cells were lysed by dialyzing against 10 mmol/L
Tris-HCI (pH 8.0) containing 0. 15% (M/V) ascorbic acid at 4°C for 3 h with the buffer changed once an hour,
and then centrifuged at 10 000 g for 10 min (4°C ). The supernatant was treated with ammonium sulfate by the two-
step salting-out operation to the saturation of 20% and 46% (M/V, calibrated at 0°C ) subsequently, and then the
precipitated protein was re-suspended using the equalizing buffer (25 mmol/L Tris, 10 mmol/L NaCl pH 8.5) with
the equal volume to that of the packed red blood cells. After dialyzing against the equalizing buffer for at 4°C for 3
h with the same changing interval, the protein solution was diluted with the equalizing buffer by the ration of 1:2
(V/V) and centrifuged at 12 000 g for 20 min (4°C). The supernatant after centrifugation, namely the rough
hemoglobin extract, was loaded to an 50 mm % 200 mm (d * h) Q sapharose FF anion exchange chromatography
column pre-equalized with the equalizing buffer and then hemoglobin was eluted using 25 mmol/L Tris, 80 mmol/
L NaCl pH 8.5. The purity of samples from different processed was analyzed by SDS-PAGE and HPLC, and the
oxygen-binding status was characterized by the UV-Vis spectrum scanning and blood-gas indexes, which were
provided by the Thermo Multiscan Spectrum and ABL800 Flex Blood-gas Analyzer respectively. Lipoprotein
concentration was tested by the phosphorus determination method and LPS was determined using the stachypleus
amebocyte lysate with the sensitivity of 0.3 EU/ml, 0.1 EU/ml and 0.03 EU/ml. Results more than 98% lipids
were removed in the rough hemoglobin extracts compared with hemoglobin extracts prepared by the conventional
method , and this rough hemoglobin extracts could easily go through the 0. 45 pm cellulose nitrate membrane. In the
following anion exchange chromatography process, it could be observed that column contaminants were efficiently
removed by the two-step ammonium sulfate precipitation. No other protein but hemoglobin could be detected in the
hemoglobin purified by anion exchange chromatography through SDS-PAGE (silver staining) and WB, and HPLC
analysis indicated a purity of above 99% . The total recovery of hemoglobin in the anion exchange chromatography
was above 85% , and most hemoglobin molecules were in the ferrous oxyhemoglobin status and methemoglobin was
less than 5% in the purified hemoglobin revealed by UV-Vis spectrum scanning and blood-gas determination. LPS
was less than 2EU/ml. Conclusion: The hemoglobin purification method introduced above could meet the need of
safety, efficiency, cost control and amplification, and a good application could be expected in the future.

Key words Hemoglobin Anion exchange chromatography Ammonium sulfate precipitation

Purification



