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ABSTRACT

Separation and purification of superoxide dismutase from pig blood and its activity protective agents
including metal ions and carbohydrates were explored. The results exhibited that specific activity of SOD
was 6594.55U/mg after it was purified by Sephdex G-100. There were three kinds of metal ions in terms
of effects on the activity of SOD. Na*, K* and Zn*" could promote activity of SOD with the increase of
their concentrations all thetime. Ba**, Ca?", Cu®* could also enhance activity of SOD, but it attenuated
with the increase of their concentrations. Mg®, Fe**, AI*" raised activity of SOD at lower low
concentration but decreased it at higher concentration. All carbohydrates could slow down the reducing
rate of relative enzyme activity and had stabilizing effects on SOD except for D-fructose and sucrose with
higher concentration (0.1mol/L) and D-mannose with lower concentration (0.1mol/L). D-fructose
(0.5moal/L), D-galactose (0.2mol/L), D-arabinose (0.2mol/L) and D-glucose (0.2mol/L) could greatly
promote SOD activity all the time. These results suggested that some metal ions and carbohydrates can
be added to functional food or other products contained in SOD as active components for stabilizing or
promoting the activity of SOD.
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INTRODUCTION
Superoxide dismutase (SOD), a metal acid proteassied extensively in animal and plant and
microorganism, is able to catalyze superoxide dtatfan reaction and has many important bioactisitie
such as antioxidation, antiradiation, anticancet anti-ageing efc. For finding resources enriched in
SOD, many researches were mainly focused on thatext of SOD from a multitude of biological
resources including animal and plant and microdsganHowever, SOD has a short half-life. It is basi
inactivated in aqueous solution. These properiieited its numerrous application in food and cososet
and drugs. Recently, some researches were invatvadtivity protection of SOD for further promoting
availability and availabilit}, As a kind of metal enzyme, metal ion may play amant roles in
maintaining structure and activity of SOD. In addit carbohydrates have certain stabilizing capgbil
for activity of enzyme in dryness or solution stat&hus, elucidation for relation between
metal/carbohydrate and SOD activity may contriiatehoose appropriate metal ion or carbohydrates as
additive. The reasonable formulation of SOD angbitstective agent or synergistic agent includingaine
ion and carbohydrate will again greatly enhanceagi@ication value of SOD in food and cosmetics and
drugs. Therefore, this work mainly investigated éx¢raction, separation and purification of SODnfro
pig blood. On this base, we also explored the &ffeand regularity of various metal ions and
carbohydrates on activity of SOD in solution, whigbuld provide theoretical and technological b#sis
development and application of SOD in the future.

MATERIALS AND METHODS
Materials
Pig blood was purchased from slaughterhouse (Qirigwin, Mianyang City, Sichuan Province),
Coomassie brilliant blue R-250 (Shanghai Chemieddgent Co., China), superoxide dismutase standard
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(BR, 3500-7000u/mg, Shanghai Jissui Biological Technplog., China); L-rhamnose, D-xylose, L-
arabinose, D-mannose, D-glucose, D-galactose, @dse, sucrose (Sigma Chemical Co., ST. Louis,
MO, USA); ). All other chemical reagents were oétical grade.

Separation and purification of SOD from pig blood

Fresh pig blood, added in 0.4% of sodium citratas wentrifuged with 4000xg for 10 min and collected
precipitate to obtain hemacyte. It was washed @if% of sodium chloride before it was magnetically
stirred for 10 min to gain hemolysate. Hemolysates \egain heated at 90 °C in thermostatic water bath
for 25 min with constant mechanical stirring. Thisfgension was centrifuged with 4500xg for 15 min to
obtain supernatant which was added of mixture dbroform and alcohol with ratio of 3 to 5. The
mixture was immediately stirred and centrifugedwib00xg for 15 min to obtain supernatant which was
again precipitated with isovolumic acetone and teftstand for 5 h at 4 °C. The precipitate was
centrifuged with 4500xg for 20 min to obtain SObwhas further purified by Sephadex G-100 column
chromatography and freeze-dried for use.

Identification of purity and activity of SOD

Sodium dodecyl sulphate polyacrylamide gel elettoopsis (SDS-PAGE) was performed according to
Xiaona ° using an electrophoretic apparatus (Powerpac Wsavgundamental power supply, Mini-
PROTEAN Tetra Electrophoresis System, Bio-rad O&A). Electrophoresis of the SOD was conducted
at 20 mA and 210 V. The concentration of separajglgand stacking gel were 10% and 4% respectively.
After electrophoresis, the gels were stained witor@assie brilliant blue R-250 for 1h destained with
decolorization solution for 2 h.

Activity staining technique was adopted for indBmtig activity of SOD. The staining solution was
mixtures of 0.2% NBT and N,N,N',N'-Tetramethyletltybdiamine and 0.01% of riboflavin using
deionized water as solvent. The gel was kept imist@ solution for 30 min and away from sunlighteaf
PAGE electrophoresis (without SDS) was finishedvds then illuminated with fluorescent lamp (20W)
for several minutes. The SOD part was colorlesstlamather area without SOD was bluish violet.
Determination of protein content and activity of S

Protein assay adopted kaumas brilliant blue mettittdbovine serum albumin as standar@he activity

of SOD was determinate by the adjacent benzene pirenolic autoxidation methddOne activity unit
was defined as enzyme amount needed when inhilvdilegper minute for pyrogallol autoxidation was up
to 50% in 1mL reaction liquid.

Fourier transform infrared (FT-IR) spectroscopy of SOD

The spectrum of SOD was recorded on a Nicolet NéXIi$R spectrometer (Nicolet Instrument Co.,
USA) in the frequency range of 4000-400triihe resolution ratio was 4€mThe number of scans was
fifty. Amide I zone was analyzed by second derivative and decatimoland curvefitting for exploring
secondary structure of SOD.

Effects of metal ion on SOD activity

ImLofNaCl, KCI, BaCk-2H,0, CaCh-2H,0, CuChk-2H,0, Mg(CH;COO)-4H,0, Zn(CH;COO),:
2H,0, FeSQ-7H,0. AICl;-6H,0 with different concentration (0.010.02, 0.05 0.1, 0.2, 05 1
mmol/L) were added to 4 mL of purified SOD soluti@spectively and incubated for 5 h at 25°C. The
activity of mixtures were assayed using pyrogadlatoxidation method

Effects of carbohydrate on SOD activity

1mL of L-rhamnose, D-xylose, L-arabinose, D-mannd3eglucose, D-galactose, D-fructose, sucrose
with different concentration (0,10.2, 0.5, 1 mol/L) were added to 4 mL of purified SOD solatio
respectively and incubated for 5 h at 25°C. Thevietof mixtures were assayed using pyrogallol
autoxidation method. Relative enzyme activitiesS&®D mixed in metal ions or carbohydrates were
calculated using deionized water instead of metad ior carbohydrates as blank control.

RESULTS AND DISCUSSION
Separation and purification of SOD
The change of total activity, total protein, spiecifctivity and activity recovery of SOD during eattion
and purification process were listed in table ledic activity of SOD was increased to 6594.55U/mg
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from 2840.41U/mg. The activity recovery of SOD wg& 15, purification multiple was 39.14, which
indicated the SOD has higher purity.

Table 1 Extration and purification of SOD from pig blood

Separatio Total Total Specific purification Recovery rat
procedure activity (x1 protein (mg activity (U/m  multiple (%)
0'U) ) e)
1 11.81 704.0¢ 167.7¢ 1.0C 10C
2 10.1: 250.0: 405.0¢ 2.4z 85.71
3 8.8t 31.1¢ 2840.4: 16.9: 74.9¢
4 7.3¢ 11.18 6594.5! 39.1¢ 62.1F

Note: 1-thermal denaturation treatment (90 °C #rrifostatic water bath for 25 min), 2- Treatment of
Chloroform- alcohol, 3- Actone precipitation, 4-pfbadexG-100 purificaiton.

Purity and activity identification of SOD

As observed in Fig.1A, The SOD purified by Sepha@400 showed one protein band which was the
same as SOD band (data not shown). The moleculghtveas about 31kDa. Riboflavin can be easily
reduced in the presence of oxides. The reducedlaito was rapidly oxidized to generate superoxide
anion free radical which can reduce NBT to formebinethyl hydrazone. SOD can scavenge superoxide
anion free radical and inhibit the formation of mdthydrazone. Thus, bright spot was occurred afédr
was stained nitroblue tetrazolium, which indicatiegt the SOD was active. As shown in Fig.1B, bright
spot was occurred in sample band (31kDa) aftemgel stained nitroblue tetrazolium (Fig.1B), which
again indicated that the SOD was Cu, Zn-SOD wiglctebphoretic purity.
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Fig.1 SDS-PAGE of SOD
gel were stained with coomassie brilliant blue R-

250 (A) or nitroblue tetrazolium(B). a- Standard Cu, Zn-SOD from bovine blood
b- SOD from pigblood

Fig.2 The IR spectra of SOD

IR spectrum assay of SOD

The FT-IR spectrum of SOD was shown in Fig.2. TRDSlisplayed a broad stretching intense peak at
around 3400 crhcharacteristic of the O-H and N-H stretching vilmat and a weak signal band of C-H
stretching vibrations at around 2980 tnThe peak peak at around 1650“cmias ascribed to C-O
stretching vibrations of amide | band. The absorbaat 1534ci was owing to C-H deformation
vibration of the amid# band. Absorption band over the range of 1237-1126was due to the C-N and
N-H bending vibrations of amidHI zone. These were similar to those of Cu, Zn-SQinfbovine
blood. Secondary structure of SOD was maiplpleated sheet by computer-aided analysis (second
derivative and deconvolution and curvefitting mefhoThe absorbance peak in the range of 1640-
1660cm* was the token of random coil andhelix, and that in 1665-1680¢hwas characteristic
absorption of-turn, which was consistent with the reports inlttezaturé °,
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Effects of metal ion on SOD activity

As shown in Fig. 3. There were three kinds of migtia$ in terms of effects on the activity of SODa'N

K* and Zri* could promote activity of SOD with the increasetair concentrationsall the time (Fig.1 A).
Although B&*, C&*, CU** could enhance activity of SOD, it attenuated wile increase of their
concentrations (Fig.1 B), M Fé&*. Al* raised activity of SOD at lower low concentratibot
decreased it at higher concentration (Fig.1 C). Agndld, K* and ZA* three metal ions, Khad the
highest promoting capability for activity of SODhd relative enzyme activity was up to 132.17% when
its concentration was 0.05 mmol/L. Activity of SQII not greatly increased when the concentration of
K* was over 0.05 mmol/L. Nacould not sharply promote activity of SOD when dtscentration was
less than 0.5 mmol/L. However, after concentratibiNa” was more than 0.5 mmol/L, activity of SOD
was rapidly promoted. The activation of these thimeSOD activity was probably ascribed to the
coordination between them and enzyme active céhterespite a downward trend (Ba C&*, Cu™),
relative enzyme activity of SOD was also over 100Mhen the concentrations of Ba C&*, Cu**
were 0.01 0.05 0.02mmol/L, the promoting effects for SOD activigchieved maximum, they
werel31.28% 148.39% 148.46%, respectively.
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Fig.3 Effect of metal ion on the activity of SOD

For M¢®*, F&*. AlI** all of them could increase the relative enzymiévitg and over 100% when the
concentration of them were less than 0.2mmol/L calthh the activating ability depressed with the
enhancement of their concentrations (0-0.2 mmdHig.1 C), which make known that they increase the
SOD activity at lower concentration may be dueh® ¢oordination between exogenous metal ions with
endogenous metal ions in SOD active center buraonto higher concentratiofl

Effects of carbohydrates on SOD activity

Generally, carbohydrates not only have protectffeceon activity but also stabilize enzyme in smn.
The different protective effects on SOD activitigere observed for different tested carbohydratel wi
various concentrations and times (Fig.4). All cémjmbrates could slow down the reducing rate of nedat
enzyme activity and had stabilizing effects on S@kxept for D-fructose and sucrose with higher
concentration (0.1mol/L) and D-mannose with lowenaentration (0.1mol/L). The groups treated by D-
fructose of sucrose with lower concentration (0.3-®o0l/L) had stronger relative enzyme activityrtha
that treated by deionized water all the time, whathibited that they processed good protection
capability for SOD activity at lower concentratiofihe SOD activity sharply decelerated after their
concentrations were more than 1 mol/L, which weneilar to that treated by deionized water. For D-
mannose group, the relative enzyme activities Mese than that of blank group despite higher negati
enzyme activity at 0.1 mol/L. After the concentpatiof it was over 0.5 mol/L, the relative enzyme
activities much higher than that of blank groupjclkhwere in accordance with that of D-xylose and
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indicated that both of them had stronger stabiljzability for SOD activity at higher concentratidp:-
galactose and D-arabinose showed similar protectpacity for SOD activity. When time was less than
10 h, they can remarkably promoted SOD activitipater concentrations (0.1 mol/L and 0.2 mol/L) but
slightly retarded SOD activity at higher concentnag (0.5 mol/L and 1 mol/L). The stabilizing capiap
of them for SOD activity at lower concentration eelso better than that treated by higher condaémtra
all the time which was again stronger than thdtlahk group. Among the tested carbohydrates, orly D
glucose always improved SOD activity all the time \arious concentrations. At 0.2mol/L of
concentration, it exhibited the best protectiveeet§ for SOD activity which were more than 105tiad
time. At 0.2mol/L of concentration, SOD activity ateased sharply with the extension of time and
showed the lowest relative enzyme activity. Inténgty, L-rhamnose (0.1mol/L) exhibited stably
protective effects for SOD activity all the timedathe relative enzyme activity was over 97.5%. dtsw
stronger than that of blank and the other conctoira
As a whole, some carbohydrates (D-galactose, Diravab, D-glucose and L-rhamnose) had stronger
protective capability at lower concentration (0.1n@nd 0.2 mol/L). some carbohydrates (D-mannose
and D-xylose) had stronger ability at higher comigion (1mol/L). For all carbohydrates, 0.2 mobt
concentration is a relatively good. In all measucadbohydrates, D-fructose (0.5mol/L), D-galactose
(0.2mol/L), D-arabinose (0.2mol/L) and D-glucose2(@ol/L) could promote SOD activity and the
relative enzyme activities were higher than 100%tha time. D-glucose (0.2mol/L) showed the highest
protective capability for SOD activity because theative enzyme activity showed slow decrease
tendency and was more than 105%. These protectiyebm due to the change of surface tension of water
in SOD solution'™. Carbohydrates have many hydroxyl groups whichfeem hydrogen bond with SOD.
This will increase conformational stability of SOBnother factor may be the change of the micro
environment around the SOD molecules which leskercollision chances between the SOD molecules
and promote stability of SOB.

CONCLUSIONS
The present study examined separation of SOD fiigrblpod, the effects of metal ion and carbohydrate
on its activity. Different metal ions and carbolats had different Influence law for its activity
protection. All the measured metal ions had stromgetective ability for SOD activity at a certain
concentration. Na K* and zi*, B&", C&*. Cu* could enhance activity of SOD. Mg Fe*, Al®*
raised activity of SOD at lower low concentrationt bdecreased it at higher concentration. All
carbohydrates could stabilize activity of SOD exdep D-fructose and sucrose with higher concertrat
(0.1mol/L) and D-mannose with lower concentrati@rinol/L). Both concentration and time had a great
influence on the activity of SOD. It can be seeatthumerous metal ions and carbohydrates had
activation of stabilization capability for SOD adty. They can be added to functional food or other
products contained in SOD as active componentssél lata suggested that the type and additive amount
need to be taken into account for use of metahimhcarbohydrate.
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