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ABSTRACT: To characterize the structure and function of ribosomal protein S13 (RPS13), we identified full-
length open reading frames (ORFs) of three RPS13 genes (RPS13-1, RPS13-2, and RPS13-3) of the Chinese medicinal 
plant, Sophora flavescens. The target genes were amplified by reverse transcription-polymerase chain reaction (RT-PCR), 
ligated into the pET22b(+) vector, and then transformed into Escherichia coli BL21 competent cells for protein 
expression. The physicochemical properties, protein motif, evolution, and structural organization of the three RPS13 genes 
were analyzed using bioinformatics tools. The full-length ORFs (453 bp) of the three RPS13 genes of S. flavescens were 
cloned, and each encodes a protein of 151 amino acids in length, and their expression was detected by Western blotting. 
Bioinformatics analysis showed that RPS13s are stable proteins that are closely related to the 40S RPS13s of Vigna 
radiate var. radiate. Their three-dimensional structures included three α-helices at the C-terminal and four α-helices at the 
N-terminal, and the two clusters of helices were connected by a long random coil, which may help maintain the dynamic 
bridging interactions between the large and small subunits of the ribosome. The full-length ORFs of three RPS13 genes of 
S. flavescens were successfully cloned and expressed in vitro. The study of the physicochemical properties, evolution, and 
secondary and three-dimensional structures of the three proteins will provide the theoretical basis for further studies on the 
function of RPS13s in plants. 
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INTRODUCTION 

 
The ribosome is the central site of protein 

synthesis, and is assembled in a precise and efficient 
fashion (MOLLIER et al., 2002). In general, 
eukaryotic ribosomes are composed of two subunits 
(40S and 60S), which both contain four RNAs and 
70-80 proteins (WOOL, 1979; MAGER, 1988). It is 
widely accepted that ribosomal proteins are the 
main component of the ribosome, and they are 
capable of binding to different specific ribosomal 
RNA (rRNA) species in the mature ribosomal 
subunit (MALYGIN, 2007; GUO et al., 2011) and 
play important roles in translation (WOOL, 1996). 
The majority of the translation reactions at the 
active site are catalyzed by rRNAs (NISSEN; 
STEITZ, 2000). Ribosomal proteins regulate the 
biosynthesis of proteins that are essential to cell 
survival, as well as function in various intracellular 
processes (ZHANG et al., 2003; JANG et al., 2004). 
There is increasing evidence suggesting that 
ribosomal proteins are involved in translational 
regulation, malignant transformation, and cell 
apoptosis (VAARALA et al., 1998; STONELEY; 
WILLIS, 2003; CLEMENS, 2004; LIAN et al., 
2004). In recent years, the differential expression of 
ribosomal proteins has been implicated in specific 

human disorders. For example, missense mutations 
of the ribosomal protein S19 (RPS19) gene have 
been shown to cause diamond-blackfan anemia 
(DBA) (OZONO et al., 2016). Chen et al. reported 
that the downregulation of RPS6 suppresses the 
growth of non-small cell lung cancer cells mainly by 
inducing cell cycle arrest (CHEN et al., 2014). 

RP genes also play important roles in plants. 
Zheng et al. demonstrated that mutations and 
deletions involving the RPL3B gene cause aberrant 
growth and development in leaves and stems of rice 
(ZHENG et al., 2016). Williams et al. have reported 
that oxygen deprivation and heat shock reduces the 
accumulation of phosphorylated RPS6 in the root 
tips of maize, whereas cold stress promotes the 
phosphorylation of RPS6 (WILLIAMS et al., 2003). 
Zhang et al. reported that plastid RPS5 enhances 
cold stress tolerance in Arabidopsis, thereby 
mediating plant growth and development (ZHANG 
et al., 2016). 

Recent studies have suggested that RPs 
contribute to disease resistance in plants. Di et al. 
confirmed that the overexpression of RPL3 (the N-
terminal encodes the first 99 amino acids of the 
protein) leads to trans-dominant resistance to 
pokeweed antiviral protein and the Fusarium 
mycotoxin deoxynivalenol of tobacco (DI; TUMER, 
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2007). Nagaraj et al. found that RPL12 and RPL19 
play an important role in nonhost disease resistance 
in Nicotiana benthamiana and Arabidopsis 
(NAGARAJ et al., 2016). Qian et al. reported that 
cotton RPL18 expression levels can mediate 
resistance to Verticillium dahliae through the SA 
signaling pathway (QIAN et al., 2017). 

The RPS13s are the key members of the 
ribosomal protein family. Earlier studies have 
cloned and expressed human, catfish, and giant 
panda RPS13s (CHADÉNEAU et al., 1993; 
PORTA; MARGOLIS, 1995; SONG et al., 2011). 
Denis et al. found that RPS13s are overexpressed in 
colon cancer and other proliferating cells, and the 
levels of expression are significantly correlated to 
their growth rates (DENIS et al., 1993). Guo et al. 
have shown that the overexpression of RPS13s in 
gastric cancer cells imparts a protective effect 
against drug-induced apoptosis, indicating that it 
may be a potential biomarker for targeted therapy of 
gastric cancer (GUO et al., 2011). The root of S. 
flavescens has been historically employed in 
traditional Chinese medicine, and its active 
constituents include alkaloids and flavonoids (MA 
et al., 2008; LIU et al., 2010; HUANG; CHEN, 
2013; ZHENG et al., 2014). These active 
compounds have a variety of pharmacological 
activities, which include anti-tumor, anti-bacterial, 
anti-inflammatory, and analgesic effects (JIN et al., 
2010; SUN et al., 2012; WANG et al., 2015; YANG 
et al., 2015). Despite these extensive studies in 
humans and other animals, investigations on the 
RPS13s in plants are limited. In this study, three 
RPS13 genes of S. flavescens were successfully 
cloned and expressed in vitro The cloning, 
expression, and characterization of RPS13s will 
provide basic information for the elucidation of its 
function in S. flavescens and other plants. 

 
MATERIAL AND METHODS 

 

Plant materials, bacterial strains, and reagents 

S. flavescens plants were grown at the 
Medicine Park of Anhui University of Traditional 
Chinese Medicine. E. coli DH5α and BL21 cells 
were given as a gift by Professor Yunyu Shi 
(University of Science & Technology, China). The 
pMD19-T vector, Taq DNA polymerase, T4 DNA 
ligase, all of the restriction endonucleases, and 
isopropyl-β-D-1-thiogalactoside (IPTG) were 
obtained from TaKaRa Biotechnology (Dalian) Co., 
Ltd. The AxyPrepTM DNA gel extraction kit (50 
prep) and AxyPrepTM plasmid miniprep kit (50 prep) 
were purchased from Axygen Scientific. Inc. 
(USA). The E.Z.N.A Plant RNA Kit (50) was 

purchased from OMEGA Bio-Tek (USA). The 
RevertAid First Strand cDNA synthesis kit was 
purchased from Thermo Fisher Scientific. 

 
RNA isolation and cDNA synthesis 

Frozen roots, stems, and leaves of S. 
flavescens were ground into a fine powder in liquid 
nitrogen. Total RNA was purified using the E.Z.N.A 
Plant RNA kit (50) following the manufacturer’s 
instructions. The purity and integrity of total RNA 
was analyzed by measuring the optical density ratio 
(OD260nm/OD280nm) and 1% agarose gel 
electrophoresis. The quantified total RNA was used 
in the synthesis of single-stranded cDNAs with the 
RevertAid First Strand cDNA synthesis kit 
(Thermo, USA). 

 
Primer design 

Based on the RPS13 unigenes from the 
transcriptional database of S. flavescens (HAN et al., 
2015), the primers of the RPS13 genes were 
designed using Primer Premier 5.0. The following 
primers were used:  
RPS13-1: Forward: 5'-
CATATGATGGGTCGTATGCACAGTCGCG-3' 

Reverse: 5'-
CTCGAGGGCAACCAGAGTGCTGGC-3' 
RPS13-2: Forward: 5'-
CATATGATGGGGCGAATGCACAGTCG-3' 

Reverse: 5'-
CTCGAGAGCCACAAGCGTGCTGGCAG-3' 
RPS13-3: Forward: 5'-
CATATGATGGGTCGCATGCACAGTCG-3' 

Reverse: 5'-
CTCGAGAGCCACAAGCGTGCTAGCAG-3' 
 

Gene amplification 

The three RPS13 genes were amplified by 
reverse transcription-polymerase chain reaction 
(RT-PCR) using the cDNA from leaves of S. 
flavescens as a template. The resulting PCR 
fragments were then cloned. The amplification 
system was based on the manufacturer’s 
instructions. The conditions of the two-step RT-
PCRs were as follows: pre-denaturation at 94°C for 
3 min, followed by the first step that consisted of 10 
cycles of 94°C for 30 s, 40°C for 30 s, and 72°C for 
1 min; and the second step that comprised 25 cycles 
of 94°C for 30 s, 50°C for 30 s, and 72°C for 1 min. 
The duration of the 72°C elongation step was 10 
min, and the holding temperature was 4°C. The PCR 
products were confirmed by 1% agarose gel 
electrophoresis. The target fragments were ligated 
into the pMD19-T vector, followed by 
transformation into E.coli DH5α competent cells 
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using heat shock. The selected individual colonies 
by ampicillin resistance screening were inoculated 
into liquid LB containing 50 mg/mL of ampicillin to 
augment the plasmid.  

 
Construction of pET22b (+)-RPS13 expression 

vector 
The recombinant plasmid pMD19-RPS13 

was verified by sequencing and double digestion 
with restriction enzymes NdeI and XhoI to obtain 
the target genes. These genes were ligated into the 
expression vector pET22b(+), and the recombinant 
pET22b(+)-RPS13 plasmids were verified by 
sequencing (Sangon Biotech, Shanghai, China). 

 
Bioinformatics analysis 

The DNA sequence analysis software 
DNAMAN 6.0.3.99 was used to align the nucleotide 
sequences of the three RPS13 cDNA genes. 
ClustalX 1.83 software (JEANMOUGIN et al., 
1998) and ESPript 3.0 program (GOUET et al., 
1999) were used to analyze the secondary structure 
and align the amino acid sequences of the RPS13s. 
The physicochemical properties of the three RPS13s 
were calculated using the ProtParam tool, which is 
available on the ExPASy molecular biology server 
(WILKINS et al., 1999). The functional sites and 
domains of the three RPS13s were predicted by the 
Motif scan software. SMART BLAST was used for 
sequence alignment against the database sequences, 
and the highest identity of Fabaceae plants were 
selected and used in homologous comparisons. 
Furthermore, the phylogenetic tree of the RPS13s 
was constructed by the neighbor-joining method 
using MEGA 5.0 program (TAMURA et al., 2011) 
with 1,000 bootstrap replicates. The three-
dimensional (3D) models of the three RPS13s were 
generated using SWISS-MODEL software 
(ARNOLD et al., 2006; BENKERT et al., 2011; 
BIASINI et al., 2014) and PyMOL program 
(DeLano, 2002).  

 
Induced expression of the RPS13s and Western 

blot analyses 
The recombinant pET22b(+)-RPS13 

plasmids were transformed into E. coil BL21 
competent cells for His-tagged protein expression. 
The BL21 cells were then induced by different 
concentrations of IPTG (0 mM, 0.1 mM, 0.5 mM, 
and 1 mM) at 16°C, 25°C, or 37°C for 24 h, 8 h, and 
6 h, respectively. The induced BL21 cells were 
harvested by centrifugation at 8,000 rpm for 15 min, 
then fragmented by ultrasonication. The resulting 
fragments were then centrifuged at 13,000 rpm for 
30 min to separate the supernatant and the sediment. 

For Western blot analyses, 30 µL of the 
supernatants was run on 15% SDS-polyacrylamide 
gel and then transferred onto polyvinylidene 
difluoride membranes. The membranes were 
blocked with PBS buffer containing 0.1% Tween-20 
(PBST) and 5% non-fat dry milk followed by a 1 h 
incubation at 37°C, and then washed thrice with 
PBST buffer. Next, the membranes were incubated 
with the His-Tag antibody (1/1000) (mouse 
monoclonal antibody, AM1010a, Abgent, China) 
overnight at 4°C. The membranes were then washed 
thrice with PBST buffer and subsequently incubated 
with a second antibody (1/2,500) anti-mouse IgG 
HRP conjugate (W402B, Promega, China) for 2 h at 
room temperature. Finally, all of the membranes 
were developed using a ImmobilonTM western kit 
(Millipore Corporation, Billerica, USA) and 
detected using a ChemiDoc (BioRad, USA) imaging 
system. 

 
RESULTS 

 

Isolation and identification of RNA in S. 

flavescens 
The E.Z.N.A Plant RNA Kit (50) was used 

to extract the RNA from S. flavescens, and the 
integrity of the RNA was subsequently identified by 
electrophoresis and spectrophotometry. The 
OD260nm/OD280nm ratio was 1.83. Figure 1A shows 
that the 28S and 18S rRNA bands in the extracted 
total RNA were clear and bright, and their ratio 
appeared to be almost 1:1, indicating that the 
extracted total RNA was of good quality and yield. 

 
PCR amplification and identification of RPS13 

genes 
Total RNA was used for cDNA synthesis, 

then the three target genes were amplified by Taq 
PCR using cDNA as template. The amplification of 
RPS13-1, RPS13-2, and RPS13-3 was detected by 
electrophoresis (Figures 1 B-D, respectively, arrow). 
These results suggest that the 453-bp full-length 
open reading frames (ORFs) of the three RPS13 
genes were successfully cloned. These three RPS13 
cDNAs were submitted to GenBank as accession 
numbers KY608742 (RPS13-1), KY608743 
(RPS13-2), and KY608744 (RPS13-3). The pMD19-
RPS13 recombinants were constructed and 
transformed into E. coli DH5α cells. The 
recombinant plasmids were further verified by PCR 
and subjected to double enzyme digestion using 
NdeI and XhoI. The target gene sequences were 
confirmed by DNA sequencing to be 100% identical 
to the RPS13 unigenes from the transcriptional 
database of S. flavescens (data not shown). 
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Figure 1. A, Total RNA isolation. B, C, D, Cloning of three RPS13 genes (B, RPS13-1; C, RPS13-2; D, 

RPS13-3, shown as arrows). 
 
Construction of recombinant plasmid of pET22b 

(+)-RPS13 
The RPS13 genes were ligated into a 

pET22b(+) vector for protein expression. The 
results of bacteria liquid PCR and double enzyme 

digestion identification are shown in the Figure 2. 
The arrows indicate the location of the RPS13 
genes. The recombinant plasmid pET22b(+)-RPS13 
was confirmed again by DNA sequencing. 

 

 
Figure 2. Identification of recombinant plasmid pET22b(+)-RPS13. Note: (A1, B1, C1) Identification of 

bacteria liquid PCR of the three recombinant plasmids (arrows); (A2, B2, C2) Identification of double 
digestion of the three recombinant plasmids (arrows show the target genes). 

 

Bioinformatics analysis 

DNA and protein sequences alignment of the three 
RPS13 genes 

The results of DNA and protein sequence 
alignment are shown in Figure 3. DNA sequence 
identity of these three proteins was 98.83% (Figure 
3 A). Comparison of the deduced RPS13s amino 
acid sequences indicated that the RPS13-1 
sequences share 99.12% and 98% identity with 
RPS13-2 and RPS13-3, respectively (Figure 3 B). 
The three cDNA fragments of the RPS13 all contain 
a full-length ORF of 453 bp, which encode a 151-
amino acid protein. Nucleotide differences were 
observed among the ORFs of the three RPS13 
genes; however, most of these were synonymous 
mutations such as those at positions 6, 21, 72, 348, 

438, 444, 447, 450, and 453. These synonymous 
mutations do not result in amino acid substitutions.  

The amino acid sequence alignment of the 
three RPS13s showed that RPS13-1 is only slightly 
different from RPS13-2 and RPS13-3. Position 3 is 
located in the N-myristoylation site; there is a 
cysteine (Cys) at position 3 in the RPS13-1, but 
RPS13-2 and RPS13-3 have an arginine (Arg) at 
this site. Also, position 17 is located within the 
protein kinase C phosphorylation site; there is a 
serine (Ser) at position 17 in the RPS13-3, but 
RPS13-1 and RPS13-2 have a proline (Pro) at this 
site. Apparently, the Cys at position 3 and Ser at 
position 17 are the key amino acids for the N-
myristoylation of RPS13-1 and the protein kinase C 
phosphorylation of RPS13-3, respectively. 
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Figure 3. Sequence alignment of three RPS13s of S. flavescens. A, DNA sequence alignment of the three 

RPS13 genes. The same bases are colored in white in the dark blue column; the distinct sections are 
colored in black. B, Protein sequences alignment of RPS13s. The same sequences are colored in 
white in the red column; the distinct sections are colored in black. The secondary structures of the 
RPS13-1 protein are shown above the sequences, with helices as squiggles and turns as TT. 

 
 

Analysis of the physicochemical properties 

The physicochemical properties of the three 
proteins are similar (Table 1). Their molecular 
weights were about 17 kD, isoelectric point (PI)s 
were approximately 10.50, and a higher number of 
positively charged amino acids were observed 
compared to negatively charged amino acids. These 
findings suggest that the three proteins are alkaline 
proteins. 

 
Protein motifs and structural domains 

Analysis of the motif scan indicated that the 
RPS13s contain a variety of motifs such as the 

casein kinase II phosphorylation site, N-
myristoylation site, and protein kinase C 
phosphorylation site. Table 2 shows that the motif 
positions are similar in the three proteins except for 
the N-myristoylation site of G2-R7 in RPS13-1 and 
the protein kinase C phosphorylation site of S17-
K19 in RPS13-3.  
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Table 1. Physicochemical properties of the RPS13s
Characteristics RPS13-1 RPS13-2 RPS13-3 
Molecular weight 17173.13 Da 17226.18 Da 17247.18 Da 
Isoelectric point (PI) 10.34 10.51 10.56 
Negatively charged amino acids (ASP+Glu) 12 12 12 
Positively charged amino acid (Arg+Lys) 31 32 31 
Instability coefficient 60.69 58.53 61.30 
Aliphatic index 92.32 92.32 92.32 
Grand average of hydropathicity (GRAVY) -0.514 -0.560 -0.521 

 
 

Table 2. Analysis of motif and domain in the three RPS13s of S. flavescens
Motif information Position in RPS13-1 Position in RPS13-2 Position in RPS13-3 

Casein kinase II phosphorylation 
site 

S29-D32 S29-D32 S29-D32 

N-myristoylation site G2-R7, G10-A15, G44-
Q49 

G10-A15, G44-Q49 G10-A15, G44-Q49 

Protein kinase C phosphorylation 
site 

S97-R99 S97-R99 S97-R99, S17-K19 

Ribosomal protein S15 signature I98-Y128 I98-Y128 I98-Y128 

30S ribosomal protein S15 R3-L149 R3-L149 R3-L149 

Bipartite nuclear localization signal K93-D110 K93-D110 K93-D110 

Ribosomal S13/S15 N-terminal 
domain 

M1-I60 M1-I60 M1-I60 

Ribosomal protein S15 S65-A151 S65-A151 S65-A151 

 
Phylogenetic tree analysis of homologous 

proteins 
The three RPS13 sequences of S. flavescens 

were 453 bp in length. These sequences were 
compared to those in the database of known RPS13 
sequences. Homology analysis showed that the 
sequence similarity of this plant to the Fabaceae 
family was >90% (Figure 4). The three RPS13 gene 
sequences were submitted to the GenBank as 
accession numbers KY608742, KY608743, and 
KY608744. As shown in the phylogenetic tree 
constructed using MEGA5, the RPS13s of S. 
flavescens were related to 40S RPS13 of Vigna 
radiata var. radiate (GenBank Accession number 
XP_014509360.1), with a similarity of 93%. 
Therefore, S. flavescens is most closely related to 
Vigna radiata var. radiate.  

 
Secondary structure prediction and 3D modeling 

The 3D models (Figure 5) of the three 
RPS13s were produced using the structures of 4d61 
and 4kzz as templates (Lomakin and Steitz, 2013; 
Muhs et al., 2015). The 4d61 and 4kzz are Protein 

Data Bank entries, where 4d61 refers to the cryo-
EM structures of ribosomal 80S complexes, whereas 
4kzz refers to the crystal structure of the rabbit 40S 
ribosomal subunit. Based on the 3D models of 
RPS13s, the results of secondary structure analysis 
are shown in Figure 3 B. The structure of ribosomal 
protein S13 is rich in α-helices. There are seven α-
helixes in these proteins, namely, S30-A41 (α1), 
P47- H58 (α2), V63-T67 (α3), K71- H78 (α4), E86-
R104 (α5), K109-R131 (α6), and T144-V150 (α7), 
respectively. The 3D structure of the three RPS13s 
included three α-helixes at the C-terminal and four 
α-helixes at the N-terminal, and the two clusters of 
helices were connected by a long random coil 
(Figure 5). 
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Figure 4. Phylogenetic analysis of RPS13s from S. flavescens and other Fabaceae plants. Bootstrap values 

based on 1,000 replications are shown at the branching points. The bar (0.01) shows the genetic 
distance.  

 
 
 

 
Figure 5. 3D models of RPS13s. (A) The 3D model of RPS13-1. Template: 4d61.1.O, Sequence Identity 

75.5%, Sequence Similarity 53%, Coverage 100%; (B) The 3D structure of RPS13-2. Template: 
4d61.1.O, Sequence identity 76.16%, Sequence similarity 53%, Coverage 100%; (C) The 3D 
structure of RPS13-3. Template: 4kzz.1.N, Sequence identity 74.17%, Sequence Similarity 52%, 
Coverage 100%. 

 
RPS13s expression 

The results of Western blot analysis are 
shown in the Figures 6A–C. Distinct bands of about 
17 kD molecular mass were observed, which are 
consistent with the theoretical molecular weight of 
RPS13s. The target proteins were mainly detected in 
the supernatant. The relative expression level of the 
RPS13s showed that the optimal induction 
conditions for RPS13-1/2/3 expression was 0.5 
mmol/L IPTG at 16°C for 24 h, 1mmol/L IPTG at 
25°C for 8 h, and 0.1mmol/L IPTG at 25°C for 8 h, 
respectively (Figures 6 D-F). 
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Figure 6. Expression of the three RPS13s of S. flavescens. (A), (B), (C) Expression of RPS13-1, RPS13-2, and 

RPS13-3 in E. coli BL21 cells. Lane M: protein molecular weight marker. E. coli BL21 cells were 
induced with 0, 0.1, 0.5, or 1.0 mM PRTG at different temperatures and durations. Lanes a-d: 16°C 
for 24 h. Lanes e-h: 24°C for 8 h. Lane i-l: 37°C for 6 h. (D), (E), (F) The relative level of RPS13-
1/2/3 expression in E. coli BL21 cells. Asterisks indicate the highest expression levels. 

 
DISCUSSION 

 
The present study focused on the cloning, 

expression, and characterization of three RPS13s of 
S. flavescens. The three cDNA fragments of the 
RPS13 all contain a full-length ORF of 453 bp, 
which encodes a protein consisting of 151 amino 
acids. There are some different bases between the 
ORFs of the three RPS13 genes; however, most of 
these were synonymous mutations, and their protein 
sequences only slightly differed from each other, 
and thus are considered as gene polymorphisms. 
The gene polymorphism signified a development in 
human and plant genetics research. 

The sequence of the three RPS13s of S. 
flavescens showed a high degree of homology to the 
40S RPS13 of other Fabaceae plants, with identities 
> 90%. The striking homology of the S. flavescens 
RPS13s to the RPS13s of other Fabaceae species 
indicates that this protein is highly conserved. This 
observation also suggests that the RPS13 genes of S. 
flavescens and the other Fabaceae species have 
highly similar functions, as supported by the results 
of domain and motif analyses. 

RPS13s is located in the head area of the 
small subunit of the ribosome, where it provides 
multiple contacts with the large subunit and the P-
site tRNA anticodon region through its extended C 

terminus (YUSUPOV et al., 2001). The 3D structure 
models of RPS13s of S. flavescens showed that 
these proteins have a spiral structure consisting of 
two clusters of helices that are connected by a long 
random coil, which may help to maintain the 
dynamic bridging interactions between the large and 
small subunits of the ribosome. RPS13-mediated 
interactions are likely to play a significant role in 
orchestrating protein translation. 

The RPS13 genes play essential roles in 
regulating plant development and possibly 
contribute to the evolution of plants. Ito et al. found 
that ribosomal protein S13 mutants can causes plant 
developmental anomalies, such as disturbances of 
leaf development as well as delay in root growth 
and flowering (ITO et al., 2000). Kim et al. 
identified that the expression of the RPS13 gene in 
soybean increases during low-temperature stress, 
possibly enhancing protein translation or assisting in 
ribosome assembly (KIM et al., 2004). Our next 
study will focus on elucidating the functional role of 
RPS13s in S. flavescens. The present study provides 
a foundation for exploring the mechanism of RPS13 
gene regulation in relation to the growth and 
development of S. flavescens and other plants. 
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RESUMO: Objetivo: Para caracterizar a estrutura e a função da proteína ribossomal S13 (RPS13), identificamos 
fases de leitura abertas (ORFs) completas de três genes RPS13 (RPS13-1, RPS13-2 e RPS13-3) da planta medicinal 
chinesa, Sophora flavescens. Métodos: Os genes alvo foram amplificados por reação em cadeia da polimerase por 
transcrição reversa (RT-PCR), ligados ao vetor pET22b(+), e então transformados em células competentes de Escherichia 
coli BL21 para expressão protéica. As propriedades físico-químicas, o motivo protéico, a evolução e a organização 
estrutural dos três genes RPS13 foram analisados utilizando ferramentas de bioinformática. Resultados: ORFs completos 
(453 pb) dos três genes RPS13 de S. flavescens foram clonados, e cada um codifica uma proteína de 151 aminoácidos de 
comprimento, e sua expressão foi detectada por western blotting. A análise de bioinformática mostrou que as RPS13s são 
proteínas estáveis que estão intimamente relacionadas com as 40S RPS13s de Vigna radiata var. radiate. Suas estruturas 
tridimensionais incluíam três α-hélices no C-terminal e quatro α-hélices no N-terminal, e os dois aglomerados de hélices 
eram conectados por uma longa bobina aleatória, o que pode ajudar a manter as interações de ponte dinâmicas entre o 
subunidades grandes e pequenas do ribossomo. Conclusões: As ORFs completas de três genes RPS13 de S. flavescens 
foram clonadas e expressas com sucesso in vitro. O estudo das propriedades físico-químicas, evolução e estruturas 
secundárias e tridimensionais das três proteínas fornecerão a base teórica para estudos adicionais sobre a função das 
RPS13s em plantas. 
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