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Abstract: In order to reveal the molecular mechanism of the small heat shock proteins (sSHSPs) involved in
stress resistance and active ingredients accumulation in Salvia miltiorrhiza, a small heat shock protein gene was
cloned from Salvia miltiorrhiza by reverse transcription PCR according to the transcriptome data of orange root
Salvia miltiorrhiza. The gene is named SmHSP21.8 based on the molecular weight of the protein, and it contains an
open reading frame of 585 bp, which encodes 194 amino acids. The results of phylogenetic analysis and amino acid
sequence alignment showed that SmHSP21.8 protein belongs to the endoplasmic reticulum (ER) subfamily, and
contains a conserved endoplasmic reticulum-specific DPFR-1/V-LE-H/Q-x-P motif at N-terminus. The prokaryotic
expression vector pMAL-c2X-SmHSP21.8 was constructed and transformed into E. coli BL21 competent cells. The
recombinant protein was successfully expressed after inducted. Temporal and spatial expression analysis showed
that SmMHSP21.8 gene was the highest expressed in flowers and had significant tissue specificity. The relative
expression of the gene was significantly increased in seedlings after induction by 38 °C, PEG6000, abscisic acid
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(ABA), and indole-3-acetic acid (IAA), indicating that SmMHSP21.8 gene may be involved in abiotic stress such as
high temperature and drought, as well as the response to exogenous hormones ABA and IAA. These results lay the
foundation for further research on the molecular mechanism of small heat shock proteins involved in adversity

stress.
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Figure 1  Agarose gel electrophoresis of RT-PCR amplification of SmHSP21.8 gene cDNA and colony PCR identification. M: DNA marker;
1: RT-PCR amplification of SmMHSP21.8 gene cDNA; 2-13: Colony PCR identification of SmMHSP21.8 cDNA
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Figure 2 The domain and structure prediction of SmMHSP21.8 protein. A: Protein domain of SmHSP21.8 protein with conserved domains;

B: Predicted secondary structure of SmHSP21.8 protein with NPSA; C: Prediction of transmembrane helices in SmHSP21.8 protein with
TMHMM-2.0; D: The deduced three-dimensional structure of SmHSP21.8 protein
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Figure 3 Phylogenetic tree analysis of small heat shock proteins. At: Arabidopsis thaliana; Le: Lycopersicon esculentum; Gm: Glycine

max; Ps: Pisum sativum; Ta: Triticum aestivum
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Figure 4  Alignment of the deduced amino acid sequence of SmSHP21.8 with sSHSPs from other plants. Black shading indicates amino

acid identities, red and blue shading indicates amino acid with different similarity. The conserved domain of SmHSP21.8 proteins are shown
with red boxes. ER TND motif: Endoplasmic reticulum N-terminal domain motif. At: Arabidopsis thaliana, AtHSP22.0 (CAB39778.1); Le:
Lycopersicon esculentum, LeHSP21.5 (BAA97658.1); Gm: Glycine max, GmHSP22 (CAA44882.1); Ps: Pisum sativum, PsHSP22.7 (AAA33673.1)
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SDS-PAGE electrophoresis of MBP-SmHSP21.8
recombinant protein. M: Protein marker; 1: Uninduced E. coli
containing pMAL-c2X; 2: Induced E. coli containing pMAL-c2X;

Figure 5

3: Supernatant from the induced E. coli containing pMAL-c2X; 4:
Uninduced E. coli containing MBP-SmHSP21.8; 5: Induced E. coli
containing MBP-SmHSP21.8; 6: Supernatant from the induced
E. coli containing MBP-SmHSP21.8
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Figure 6 Relative expression level of SmMHSP21.8 gene in different
tissues. R: Root; S: Steam; L: Leaf; F: Flower. The expression level
of SMHSP21.8 genes in roots was set to 1, with Actin7 used as the
internal standard control. Data are shown as the mean + SD (n =
3), and the different letters indicate values that vary significantly at
P < 0.05 (one-way ANOVA)
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Figure 7 Expression level of SmHSP21.8 gene after abiotic

stress and exogenous hormone treatment in Salvia miltiorrhiza
seedlings. A, B, C, D: Relative expression level of SmHSP21.8
gene treated with indole-3-acetic acid (IAA) (A), high temperature
(B), abscisic acid (ABA) (C), and 15% PEG6000 (D), respectively.
The expression level of SmMHSP21.8 genes at 0 h was set to 1, with
Actin7 used as the internal standard control. Data are shown as the
mean = SD (n = 3), and the different letters indicate values that
vary significantly at P < 0.05 (one-way ANOVA)
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