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Abstract: The aim of this study was to characterise the Cu/Zn superoxide dismutase of Echinococ-
cus granulosus (Eg-SOD) ,and analyze its role in the parasite antioxidant system. The recombinant
Eg-SOD was expressed in E. coli,and the enzymatic activity was measured,and analyses including
western blotting, ELISA and immunofluorescence localization were also performed. The recombi-
nant Eg-SOD was expressed as soluble protein, and its activity was up to (464. 55 £ 19. 99)
U+ mg ! measured by hydroxylamine method. As showed by the result of western blot, the re-
combinant Eg-SOD could be recognized by the serum of mice secondary experimentally infected
with E. granulosus protoscolexes,and showed a high immunogenicity; ELISA tests showed that
recombinant Eg-SOD could recognize all the sera from mice experimentally infected with proto-
scolexs and from sheep naturally infected with E. granulosus,and have 37. 5% cross-reactions
with sera from sheep infected with Cysticercus tenuicollis , which indicates Eg-SOD might be a po-
tential diagnose antigen. The immunolocalization of Eg-SOD showed a wide extent of distribution,

mostly in the tissue clearance of adult worms and protoscolexes, and fewer on the tegument.
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These results provide the fundamental understanding of Eg-SOD, and revealed its capable of an-

tioxidation effect.

Key words: Echinococcus granulosus ; Cu/Zn superoxide dismutase;immunolocalization
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The putative amino acid residues required for coordinating copper and zinc are marked by arrows;circles indicate the

cysteine residues which form a disulfide bond;the Arg residue that is necessary to guide the superoxide anion to the

active site is labeled by star;the regions of eight g strands are shown above the alignment. GenBank accessing num-
bers: E. granulosus EUB63129. 1; E. multilocularis CDJ01649. 1;T. crassiceps AEL75048. 1;T. solium AEL75047. 1;
H. microstoma CDS31342. 1;S. japonicum CAX71093. 1;S. mansoni AAA29936. 1; B. malayi AAR06638. 1;D. im-
mitis AAB61472.1;L. loa EFO15395. 1;0. volvulus P24706. 1;A. suum ADY46004. 1; H. contortus Q27666. 1;C. el-
egans NP_001021957. 1; Mus musculus NP_035564. 1;Ovis aries NP_001138657. 1;Capra hircus NP_001272479. 1;

Bos taurus NP_777040. 1; Homo sapiens NP_000445. 1
1 Cu/Zn SOD JF %I bk Xt 43 #7
Fig. 1 Sequence alignment of Cu/Zn SOD
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Echinococcus granulosus EUB63129.1
Echinococcus multilocularis CDJ01649.1
Taenia crassiceps AEL75048.1

93 Taenia solium AEL75047.1
Hymenolepis microstoma CDS31342.1
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Platyhelminthes

Insects

Necator americanus ETN77116.1
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Danio rerio NP_571369.1
Xenopus laevis NP_001080933.1
Gallus gallus NP_990395.1

Homo sapiens NP_000445.1

100 E Mus musculus NP_035564.1

Rattus norvegicus NP_058746.1

Dirofilaria immitis AAB61472.1
Onchocerca volvulus P24706.1
Loaloa EFO15395.1
Brugia malayi AAR06638.1
Wuchereria bancrofto ABD42948.1
Brugia pahangi P41962.1

Vertebrates

GenBank accessing numbers were given after the species name
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I Cu/Zn SOD S £ 8 FF 5 #9209 & Gr gt 4L i (NJ #5)

Fig. 2 The phylogenetic (neighbor-joining) tree based on the amino acid sequences of Cu/Zn SOD
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1. F4 Eg-SOD 5 5 56 5 J&k Y 41 R ik 3k # 1) /1> B 1. 775
H ;2. T2 Eg-SOD 5 it fE /B g 1 5 3. F 41 Eg-SOD
55 B SR AIDRL K ) (1Y 45 °F 1M 75 9% F 5 4. H 4 Eg-SOD
SRR MLV I 5 5. 5k M) AR WY S S F 4 Eg-SOD
1o R LV T E 5 6. 5t Sk M) AR X R LV R
1. Recombinant Eg-SOD incubated with serum of mice ex-
perimentally infected with E. granulosus protoscolexes;2.
Recombinant Eg-SOD incubated with serum of healthy
mice; 3. Recombinant Eg-SOD incubated with serum of
sheep naturlly infected with E. granulosus; 4. Recombi-
nant Eg-SOD incubated with serum of healthy sheep;5.
Lysate of protoscolexes incubated with rabbit anti-rEg-
SOD serum;6. Lysate of protoscolexes incubated with na-
ive rabbit serum
B 3 E4H Eg-SOD 5 H {f Eg-SOD Hy % % El 75 53 47
Fig.3 Western blot analysis of the recombinant and native
Eg-SOD

& 1 E2H Eg-SOD #fiF tE ) Ml

Table 1 Enzyme activity analysis of recombinant Eg-SOD
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LT 53 AR B % ZIDIL R 0 0 400 3 0L 7 5 4. AR e 4
BRI R4 VG 5 5. R R Vg . MR SE L4y
AR 2 A B /N BN 48 2 B 10T 9 4 OD fE & +3 s

1. Sera of mice experimentally infected with E. granulo-
sus; 2. Sera of healthy mice; 3. Sera of sheep naturally in-
fected with E. granulosus;4. Sera of sheep naturally infec-
ted with Cysticercus tenuicollis ;5. Sera of healthy sheep.
The dot line and the solid line represents the cut off value
(= +3 ) of healthy mice and sheep sera,respectively

4 rEg-SOD Z H K ELISA 4347

Fig. 4 Enzyme-linked immunosorbent assay of rEg-SOD

2H 5 ODs50 am IRIEZH ODss o AT HREH R NE Fs A A ﬁﬁﬁﬁiﬁi(ﬁfﬁ/(mg mL™") HEH/ (U mgil)

Group Treatment group Control group Dilution ratio Protein concentration Specific activity

1 0.284 0.707 1101 2.714 4 485. 36

2 0. 290 0.713 1101 2.714 4 481. 28

3 0. 301 0. 686 1101 2.714 4 455. 28

4 0. 269 0. 582 1101 2.714 4 436. 28

SEH{H Average 464.55+19.99
BT 1T A N BHE 1 (U » mg™ D)= O B4 OD B — U0 41 OD i) = X A4 OD {H 50 %6 X J W s B A5 55 = 8 11 PRk &

Computational formula: Enzyme activity (U » mg~!) =[OD value (Con) —OD value (Exp) ] OD value (Con) =50 % X Dilu-

tion ratio—= Protein concentration
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i3k #) Protoscolex

FH

Positive

B
Negative

4 % 54 Germinal layer

J AL Adult worm

AC.E N FE. 5 rEg-SOD ¢ 74t IeG B F s B.D.F R AMEXT M. i Sk Frm b B X8 Teg. B2)Z s Ege. HU01 ; b5

RZSO pm

EG-SOD on the protoscolex (A,B),geminal layer (C,D) and adult worm (E,F) were immunofluorescently labelled
with specific anti-rEG-SOD IgG (A,C and E),and control (B,D and F). Fluorescence-labeled regions were marked

with arrows. Teg. Tegument; Bar=50 pym

E 5 EgSOD ZEREEMMBAMG LM RERAENM

Fig.5 Immunolocalization of Eg-SOD on the larval and adult stages of E. granulosus
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FH PR 55 H Al 2% H 1) 5 DR AR 45 4 R 40 b AE L 8K
s Cu® il Zn® ' B A5G0 RS A AL L L
KA A LA S S5 e s Cu/Zn SOD 5
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