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Abstract: [Objective] This study aims to design a fusion protein with high activities and high stability of
superoxide dismutase (SOD) and catalase (CAT). [Method] Using AcSOD11 and FeCAT proteins as the research
subjects, three fusion proteins of SOD and CAT were designed: AcSODI11- (GGGGS)*3-FeCAT, FeCAT-
(GGGGS)*3-AcSODI11, and FeCAT-(EAAAK)*3-AcSODI11, which were named AcSOD11-G3-FeCAT, FeCAT-
G3-AcSODI11, and FeCAT-E3-AcSODI11, respectively. Soluble expression of these three fusion proteins was
achieved in Escherichia coli BL21(DE3). The thermal stability and pH stability of the three fusion proteins were
then assessed. [Result] The three fusion proteins showed no significant difference in the specific activity of SOD,
while they had significant differences in the specific activity of CAT. The specific activity of CAT was the highest
(531 U/mg) in FeCAT-G3-AcSODI11 and the lowest in FeCAT-E3-AcSODI11, indicating that the flexible
(GGGGS)*3 peptide linker was favorable for maintaining CAT enzyme activity. Stress resistance studies
demonstrated that both CAT and SOD in FeCAT-G3-AcSODI11 exhibited strong tolerance to high temperatures
and varying pH conditions. [Conclusion] This study successfully constructed three fusion proteins and obtained
FeCAT-G3-AcSODI11, a highly stable fusion protein with high enzyme activities of both SOD and CAT,
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providing a theoretical foundation for the combined application of SOD and CAT.

Keywords: superoxide dismutase; catalase; fusion expression; pH stability; thermal stability
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AcSODI1. BE/E M & 7TIX 3l & & A R E

TS R R ORL 4 IR R & 2 B pET-28a-
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Fe-F TAAGAATTCGAGCTCCGTCGACAAG
Fe-R CCACTTTCGCCAGCGCTTCTTTATA
CAT-F TATAAAGAAGCGCTGGCGAAAGTGG
CAT-R TCGACGGAGCTCGAATTCTTAGCCCGCCACGCTCGCATCAAT
XCL-F TGGCGGTGGCAGCGGCGGCGGTGGTAgCATGGAACAGCAAGAACGCTTTCAGC
XXX-R GCGCTTCCATGGTATATCTCCTTCTTAAAGTTAAAC
CA-F GAGATATACCATGGAAGCGCGCAAAGCGCCGCG
CL-R CGCCGCCGCTGCCACCGCCACCACTGCCACCACCGCCGCCCGCCACGCTCGCATCAAT
XXX-F GAAGCGGCGGCGAAAGAAGCGGCGGCGAAAATGGAACAGCAAGAACGCTTTCAGC
CR-R GCTTCTTTCGCCGCCGCTTCTTTCGCCGCCGCTTCGCCCGCCACGCTCGCATCAA
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IS mL K597 12 h ) DH5a-pET-28a-4cSOD11-
G3-FeCAT.DH5a-pET-28a-FeCAT-G3-AcSOD 11 Hl
DHS5a-pET-28a-FeCAT-E3-AcSOD11 T 4 1 ¥k , ]
JoE KL 4 B A S B B KL, B 10 pl fn E 100 L
BL21(DE3)/E&Z &4 a7k ¥ F 30 min, 42 °C
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FREE N 37 °C 1220 r/min F 2R 597 1 he 5%
FREEF G 512 000 r/min & 0 2 min, % B 700 pL £
FE L FREBBAES RIEERNFRA,
37°CHi R 12 h, PhEL L FE R V& B T 5 mL & RIS
FHARM LB 77 3,37 °C 15 9% 12 h, 15 3 5% B
BL21(DE3) & 4 B #%

¥ 1843 31 %) 5 41 1§ # BL21(DE3)-pET-28a-
AcSOD11-G3-FeCAT BL21 (DE3) -pET-28a-FeCAT-
G3-AcSODI1 1 BL21 (DE3) -pET-28a-FeCAT-E3-
AcSOD 1T ¥ AR T 73 $0 1% 2 Fh 2 5 mL LB ks 77 2%
H, 137 °CL220 r/min R R 8RR 37 6 h, FE I S pL
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1.2.3 AcSODI11 4= FeCAT &k & & & &9 tLBg & 0| 2
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FeCAT-E3-AcSODI1 i Ki [¥) BL21 (DE3) & 4
PRE T 5 mL 9 LB 7 24,37 °C 220 r/min $2 IR
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W BEAT BRE . R GB/T 5009.171—2003 # 12
o f) Marklund 77 VUSRI C AT 3% A6 W0 771 & 20 501
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FeCAT-G3-AcSODI11 Fl FeCAT-E3-AcSODI11
SOD 1 CAT W B % /7, P HH BCA & A i i€ & ik
&I 5 i R R, R D 4 Al R
)5 o SOD Fl1 CAT () Eb g 3% .
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2000 bp
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M —RIEDNA; 1B KR 2S5 °C; M—FRAEDNA;  1—IB KR JESS °C;
2B EST °Cs 3—IBKIHES9 °Cs 2B KIHEST °C: 3B KIRIES9 °C:
4—IBKRfE61 °C; S—IBKIRZ63 °Co 4B KIRE61 °Cs 5—iBKIRIE63 °C.
(b) pET-28a-AcSOD 114 4 B 3k & (¢) LR FeCATH ¥
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MECREPALR K AP AR L G N a AT DG O R P, 1
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TGGTGGCAGTGGTGGCGGTGGCAGCGGCEGCOETGOTAGCAT i TG

A 'U m“dn AN i L ul Bl L m mmmumummuumummx

(d) pET-28a-4cSOD11-G3-FeCATM 745 1

Bl 1 %3k AcSODI11 A2 FeCAT & & G 8 T M R 4y 32

Fig. 1

(80 °C)H N # 120 min, & 20 min BUEE — ¥, ] F &
() Marklund 77 3 1 C AT 3 1 K6 008 751 8 49 Sl ol
5E SOD Fl CAT [ i 77 . LA 0 min Iff SOD.CAT #
X B 1R 100% , W At 0 A4 B R 5 RE S R

Construction of recombinant plasmids for the expression of AcSOD11 and FeCAT fusion proteins

SOD.CAT #H X i v /7. & 4Ca) 7w , 80 °C i #4
120 min, AcSOD11 ] SOD [ i /7 {7 ¥ A % £ 52
JUF JC B3 8%, s B m p #RR E . R
M » AcSOD11-G3-FeCAT . FeCAT-E3-AcSOD11 Al
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Fig. 2 SDS-PAGE analysis of AcSOD11 and FeCAT fusion proteins
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Fig.3 Specific activities of SOD and CAT in fusion proteins
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MIX 2 F g R A RS AT BB R T R B R AR
MG, T s TR, 3G EE
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Fig. 4 Thermal stability of fusion proteins
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