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Abstract: Superoxide dismutase (SOD) is a key enzyme that scavenge superoxide anion free radical (O,") in
vivo, and plays an important role in plant growth and development and stress. In this study, according to the genome
and transcriptome data of Salvia miltiorrhizae, 9 SOD genes were identified and the expression patterns of SOD
family genes were further analyzed, including 5 Cu/Zn-SOD, 2 Fe-SOD and 2 Mn-SOD. On the basis of proteomic
analysis, combined with transcriptome data, one full-length cDNA of Mn-SOD gene, namely SmMSD2 was cloned
from Salvia miltiorrhizae. The results of amino acid sequence alignment and phylogenetic analysis showed that
SmMSD?2 protein belongs to the manganese superoxide dismutase (Mn-SOD) subfamily, and SmMSD2 protein
shares high sequence identity with the Mn-SOD proteins of various plants that all contain a C-terminal conserved
metal-binding domain "DVWEHAYY". The prokaryotic expression vector pMAL-c2X-SmMSD2 was constructed
and transformed into E. coli BL21 expressing strain, and the target recombinant protein was successfully induced
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and its enzymatic properties were analyzed. Spatiotemporal expression analysis showed that SmMSD2 gene was

expressed in all tissues, indicating that SmMSD2 gene was constitutively expressed at a stable level. Real-time
quantitative PCR indicated that drought (15% PEG6000), abscisic acid (ABA) and indole-3-acetic acid (IAA)
could induce the expression of SmMSD2 gene, suggesting that SmMSD2 may be involved in the response of Salvia

miltiorrhizae to abiotic stress such as drought, as well as the signaling pathways of phytohormone ABA and TAA.

These results lay the foundation for further elucidating the involvement of superoxide dismutase in the stress

response and accumulation of active components of Salvia miltiorrhiza.
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P, RIS N H 5 84 SOD FEAM . 3%}
O 2021 SR RRUPE 2 386 DR 20 0 s St AT F5 4, BB T
9 % J7 F v E RN SOD 3[R, A 4240 WA Cu/
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Figure1l Neighbor-joining phylogenetic tree, conserved domain and motifanalysis of SmSOD proteins. A: The phylogenetic tree was generated

based on the amino acid sequences of SmSOD proteins; B: Conserved domain analysis of SmSOD proteins; C: Conserved motif analysis of

SmSOD proteins. Different color boxes represent different types of motifs and domains; D: Amino acid sequences of conserved motif
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Figure 2 The heat maps of SmSOD gene expression in Salvia miltiorrhiza in response to YE+Ag' (A) , YE and MeJA (B)
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Figure 3  Alignment of the deduced amino acid sequence of SmMSD2 with MSDs from other plants. Black shading indicates amino acid

identities, red and blue shading indicates amino acid with different similarity. The conserved domain of SmMSD2 protein are shown with

red boxes. At: Arabidopsis thaliana; AtMSD1: AT3G10920. Os: Oryza sativa; OsMSD: NP001389439. Zm: Zea mays; ZmMSD: NP00110
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Figure 4 Phylogenetic analysis of SOD proteins from plants. At: Arabidopsis thaliana; Os: Oryza sativa; Zm: Zea mays; Gh: Gossypium

hirsutum; Mp: Marchantia paleacea; Pt: Populus trichocarpa
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Figure 5 (A) The predicted three-dimensional structure of

SmMSD2 protein and (B) detail of the active sites. Single Mn*
ion (purple sphere) made polar contacts with histidine 50 (H50),
histidine 98 (H98), aspartic acid (D191) and histidine 195 (H195)
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Figure 6 SDS-PAGE analysis of MBP-SmMSD2 recombinant
protein. M: Protein Marker; 1: Uninduced E. coli containing pMAL-
c2X; 2-4: Induced E. coli containing pMAL-c2X for 2, 4 and 6 h,
respectively; 5: Uninduced E. coli containing MBP-SmMSD2; 6-8:
Induced E. coli containing MBP-SmMSD?2 for 2, 4 and 6 h, respec-
tively; 9: Supernatant from the induced E. coli containing MBP-
SmMSD2
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Figure 7 Effects of temperature and pH on SmMSD?2 activity, and thermal stability analysis of SmMSD2. A: The temperature profiles

were determined by assaying the activity of SmMMSD?2 at temperatures ranging from 30 to 80 °C. The activity at the optimum temperature

was defined as 100%; B: The activity of SmMSD2 was evaluated in buffers ranging from pH 2.0 to 12. The activity at the optimum pH was
defined as 100%; C: Thermal stability analysis of SmMMSD2. The activity of non -heated SmMMSD2 was defined as 100%. Each point repre-

sents the mean + SD (n = 3)
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Figure 8 A: Relative expression level of SmMSD2 gene in difference tissues. The expression level of SmMSD2 gene in root was set to 1,
with Actinl used as the internal standard control. B, C, D: Relative expression level of SmMSD2 gene treated with 15% PEG6000 (B),

abscisic acid (ABA) (C), indole-3-acetic acid (IAA) (D) in S. miltiorrhiza seedlings, respectively. The expression level of SmMSD2 gene at

0 h was set to 1, with Actinl used as the internal standard control. Data are shown as the mean = SD (n = 3), "P < 0.05, “P < 0.01,”"P <

0.001,”""P < 0.000 1 vs control
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