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Objective: We aimed to identify the possible virulence genes associated with Nocardia NC_YFY_NT001 isolated by ourselves and 
other Nocardia spp.
Methods: The genome of Nocardia terpenica NC_YFY_NT001 was completed by using PacBio and Illumina platforms. A pan- 
genomic analysis was applied to selected complete Nocardia genomes.
Results: Nocardia terpenica NC_YFY_NT001 can cause healthy mice death by tail intravenous injection. The genome of NT001 has 
one circular chromosome 8,850,000 bp and one circular plasmid 70,000 bp with ~68% GC content. The chromosome and plasmid 
encode 7914 and 80 proteins, respectively. Furthermore, a pan-genomic analysis showed a total of 45,825 gene clusters, then 304 core, 
21,045 shell and 24,476 cloud gene clusters were classified using specific parameters. In addition, we found that catalases were more 
abundant in human isolates. Furthermore, we also found no significant differences in the MCE proteins between different strains from 
different sources. The pan-genomic analysis also showed that 67 genes could only be found in humoral isolates. ReX3 and DUF853 
domain protein were found in all eight human isolates. The composition of unique genes in humoral isolate genomes indicated that the 
transcriptional regulators may be important when Nocardia invades the host, which allows them to survive in the new ecological 
system.
Conclusion: In this study, we confirmed that NT001 could cause infected animal death, and identified many possible virulence factors 
for our future studies. This study also provides new insight for our further study on Nocardia virulence mechanisms.
Keywords: Nocardia, virulence, pan-genome, infection

Introduction
Actinobacteria belong to a phylum of Gram-positive bacteria that provide important contributions to soil systems.1 Many 
actinobacteria are branched and always grow extensive mycelia. According to their special characteristics, most of 
actinobacteria are important in bioproducts synthesis, including immunosuppressive compounds, cytostatic and anti
biotic. Both Mycobacteriaceae and Nocardiaceae belong to Corynebacterineae, and can produce mycolic acids, which 
can help pathogens resistant to the attack of hosts. Nocardia belongs to Nocardiaceae family, which can cause 
immunocompromised patient diseases.2 The genus of Nocardia is Gram-positive and catalase positive and comprises 
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aerobic bacteria that belong to actinobacteria.3–5 Corynebacterium, Mycobacterium and Nocardia form the well-known 
CMN actinobacterial group. Similar to other actinobacteria, mycolic acids in the cell wall represent one of the important 
structures of Nocardia, making them act as partially acid-fast bacteria.6 Nocardia is not a commensal bacterium, and was 
first described by Edmond Nocard in 1888.7 With the rising number of immunocompromised patients, nocardiosis 
incidence has recently increased, but the pathogenic mechanisms of nocardiosis are still unclear.8–10

Nocardial species can cause pulmonary, cutaneous and system infections in humans, one of the most frequent being 
pulmonary nocardiosis.11 N. farcinica, N. cyriacigeorgica, N. brasiliensis, and N. nova are the most frequent isolates.12 

Another common infection is CNS nocardiosis in immunocompromised patients. N. abscessus, N. araoensis, N. asiatica, 
N. asteroids, N. brasiliensis, N. caviae, N. cerradoensis, N. crassostreae, N. cyriacigeorgica, N. farcinica, N. mexicana, 
N. nova, N. otitidiscaviarum, N. paucivorans, N. pseudobrasiliensis and N. veterana have all been isolated in CNS- 
infected patients,13–24 although in most of the cases, the patients were dead. Interestingly, we isolated a new nocardial 
strain from a bacteriemia and CNS-infected patient, N. terpenica NC_YFY_NT001.25 N. terpenica was first identified in 
2007 in a patient suffering from pulmonary nocardiosis.26 Therefore, it was the first example of N. terpenica causing 
CNS infection, and the patient eventually recovered.25 The experimentally verified virulence factors including genes 
encoding catalase, cell-wall lipids, superoxide dismutase, hydrolases, phospholipase C, hemolysin (toxic proteins), 
lipases and proteases have been identified in Nocardia spp. (Nocardia brasiliensis, Nocardia farcinica, Nocardia 
cyriacigeorgica).2,27 Catalase and superoxide dismutase (SOD) block the function of phagocytes to degrade the bacteria, 
while phospholipase C has the function of destroying tissue.28 In order to better understand the pathogenic mechanisms 
of N. terpenica, we determined the entirety of the genome of NT001, and found some potential virulence factors, such as 
catalase, MCE proteins and lipases, which were are consistent with the results reported in previous studies.

In the past few decades, the genomes of several nocardial species have been sequenced, and since we updated our 
genome, 12 nocardial genomes from different environments, including human, have been completed. Unfortunately, 
few studies have focused on understanding genomic differences from various sources.29,30 Therefore, we finished 
a pan-genomic analysis of nocardial species by using the completed genomes. Our aims were to characterize the 
potential factors related to human infection and provide enough additional information for nocardiosis diagnosis in 
future.

Materials and Methods
Strain Isolation and Culture
N. terpenica NC_YFY_NT001 was isolated from a bacteremia-infection patient, and the case was published in our 
previous study. The isolation process could be concised as follows: the patient was admitted to the hospital as fever and 
headache. Then, Nocardia was isolated from blood and cerebrospinal fluid, and identified by 16s rRNA sequencing. In 
this study, we cultured the Nocardia using brain-heart infusion broth (BHI-P), at 35°C for 72h.

Animal Experimentation
Female BALB/c mice weighing around 18–20 g (approximately 8 weeks old) were maintained by the Laboratory Animal 
Center, Nanchang University in accordance with protocols approved by the university (approval No. NCUSYDWFL- 
201035). This study was performed in line with the principles of the Declaration of Helsinki or comparable ethical standards.

N. terpenica NC_YFY_NT001 strain was grown in brain–heart infusion broth (BHI-P) to mid-log phase at 37 °C with 
intense rotational agitation (220 rpm). To avoid bacterial clumps, the culture broth was settled on the top for ~ 30 
minutes, and the supernatant was adjusted at approximately 5 × 108 CFU/mL. Then, according to detailed description in 
the previous study, 0.1mL this suspension was injected intravenously into each mouse through the lateral caudal vein 
(IV), in which each mouse received about 5 × 107CFU. The animal experiment was repeated three times, and five mice 
per group. Lungs, hearts, livers and kidneys were removed from the mice after one-week infection, then fixed with 4% 
paraformaldehyde. Afterwards, tissues were dehydrated, imbedded in paraffin wax, and cut into 2 μm-thick sections. 
Routine histological staining methods were used.
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Genome Sequencing and Assembly
N. terpenica NC_YFY_NT001 was sequenced by using the PacBio and HiSeq platforms. For the Illumina HiSeq, 
genomic DNA (1 ug) was sheared using Covaris S2 (Covaris, USA), then agarose gel electrophoresis and a 300 bp 
fragment was recovered and purified by gelatinization. A TruSeqTM DNA Sample Prep Kit—Set A (llumine, USA) and 
TruSeq PE Cluster Kit (Illumina, USA) were used for the 300 bp-insert PE library construction, and were finally 
sequenced on an Illumina HiSeq Sequencer. For the PacBio RS II platform, genomic DNA (5 ug) was sheared with 
a g-tube, 8–12 K DNA fragment purification with AMPure beads (Beckman Coulter, USA), and a 10 K template library 
was generated by using a DNA Template Prep Kit 2.0 (Pacific Biosciences, USA); then, the genomes were sequenced on 
the PacBio RSII platform (PacBio).

We filtered the PacBio polymerase reads and obtained the subread; then, HGAP software was subsequently applied 
for the assembly results. The Illumina data were mapped to the genome using Bowtie2 software.31,32

Genome Annotation and Analysis
The genome sequence was automatically annotated using the NCBI Prokaryotic Genome Annotation Pipeline. tRNA 
genes were recognized by tRNAscan, and rRNA genes were predicted via RNAmmer. Clusters of Orthologous Groups 
(COG) classification was used for the CDD database, and the construction of metabolic pathways via the Kyoto 
Encyclopedia of Genes and Genomes (KEGG) database. The genome sequence of N. terpenica YFY_NC_NT_001 is 
publicly available at https://www.ncbi.nlm.nih.gov/genome/14487?genome_assembly_id=343105. The sequences and 
annotations data have been deposited at the NCBI database and given the accession number NZ_CP023778.

Prophage Analysis
PHASTER tool was used for predicting Nocardia prophage with the default dataset.33

Pan-Genomic Analysis
Sequence data for comparative analyses were obtained from the NCBI database. IslandViewer was used for genomic 
island prediction. Comparative genomics analysis was carried out by using the Roary pipeline (identity=85), and Scoary 
was used for analyzing the specific genes in human or environment.34 Virulence factors were predicted by VFDB 
(identity > 50%, coverage ≥ 20%).35

Results and Discussion
Virulence of N. Terpenica NC_YFY_NT001
N. terpenica NC_YFY_NT001 was isolated from a diabetes patient, who was under an immunocompromised condition.25 In 
order to verify the virulence of N. terpenica NC_YFY_NT001, the strain was tested in BALB/c mice by tail vein injection using 
5×107 bacteria; more than 60% mice were dead at day 3. Then, the degree of pathological damage was evaluated by H&E 
staining. The pathological results were confirmed by two different doctors. It showed an obvious destruction of alveoli in our 
experimental groups, and we could identify scattered lymphocytic infiltration. In the liver, unclassical proliferation of liver cells 
was found; in the spleen, proliferation of lymphocytes was found. There were no significant differences in the kidneys (Figure 1). 
Previous study reported that most individuals with Nocardia colonization had a lung disease, which may be related to the fact that 
lower respiratory tract epithelial damage can facilitate the presence of Nocardia.36,37 The outcome of pulmonary nocardiosis is 
poor, with a 1-year survival rate of 55.4%.38 Indeed, we considered that NT001 could cause death through destruction of the 
lungs in the mice.

General Characteristics of the N. Terpenica NC_YFY_NT001 Genome
Due to a lack of studies on N. terpenica, the virulence factors and pathogenic process of the bacteria were unclear. 
Therefore, we finished the genome by combining it with the PacBio and HiSeq platforms. The genome of N. terpenica 
NC_NT001 contains one chromosome and one plasmid after assembly. Table 1 summarizes the genomic characteristics 
of NT001, and Figure 2A presents a physical map of the NT001 genome. In Table 1, we summarize the size of the 
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NT001 chromosome, which is 8,850,000 bp, and the plasmid, which is 70,000 bp, with a GC% of ~68%. The 
chromosome genome encodes 56 tRNA, 9 rRNA, 3 other RNA and 7,914 genes. Pseudogenes were also predicted to 
be 228 in the chromosome. The plasmid has 80 genes and 2 pseudo genes. Most CDSs (about ~79%) have a function 
annotation. The other CDSs could be annotated as “hypothetical proteins”.

The functional gene categories comparison of different Nocardia was analyzed by BLAST P. With COG and KEGG 
pathway analysis, proteins of NT001 could be divided into 22 COG categories and 23 different KEGG pathways 
(Figure 2B and C). The gene abundance of “Secondary metabolites biosynthesis, transport and catabolism” (Q, 7.23%), 
“General function prediction only” (R, 13.27%) and “Function unknown” (S, 7.19%) were higher than other Nocardia. 
Interestingly, the abundance of genes encoded “Coenzyme metabolism” (H, 4.9%), “Lipid metabolism” (I, 6.02%), 
“Translation, ribosomal structure and biogenesis” (J, 3.83%) and “Inorganic ion transport and metabolism” (P, 3.67%) 
were much lower than other Nocardia species. This indicated that the pathogenic process of NT001 should be different 
from other Nocardia, and it is important to understand the function of those “Function unknown” proteins.

Furthermore, as extracellular proteins are the important virulence factors in bacteria, we predicted the subcellular 
localization of NT001 proteins using psortb 2.0 (Figure 2D). The results indicated that NT001 had 127 extracellular 
proteins. Many putative virulence factors were shown in the extracellular proteins, such as esterase, invasin and 
mycoltransferase.

Genomic Islands (GIs) Analysis
Genomic islands are important gene transfer elements in bacterial genomes and are abundant in many organisms. In our 
study, we could observe several horizontal gene transfer events in the NT001 genome. About 15 GIs were predicted to be 
present in the genome of NT001. The 15 GIs comprised 417 genes, and about 267 genes were annotated as hypothetical 
proteins. Supplementary S1 summarizes the categories of the NT001 island genes, including sources for genes encoding 
for defense, replication, recombination and repair, lipid/coenzyme/carbohydrate/nucleotide transport and metabolism, 
secondary metabolite biosynthesis, transport and catabolism, inorganic ion transport and metabolism, posttranslational 

Figure 1 Hematoxylin and eosin-stained histologic sections of rat lung, liver, spleen, and kidney.

Table 1 Genomic Information of N. terpenica NC_NT001

Total number of chromosomes and plasmids 2

Total size (bp) 8,918,539

Chromosome size (bp) 8,847,159
Plasmid size (bp) 71,380

G + C content (%) 68.5

No. of CDS 7914
No. of ORF 7618

No. of RNAs 65

tRNA 56
rRNA 9

Pseudo genes 230
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modification, protein turnover, chaperones, cell cycle control, cell division, chromosome partitioning, and energy 
production and conversion. Many transposases were predicted to be components of GIs, which are related to horizontal 
gene transfer in the bacteria, and were scattered throughout the genome. Many phage-related genes were also found in the 
genome of NT001. Furthermore, ESX secretion-associated protein EspG, alpha/beta hydrolase, esterase and many 
transcriptional regulators are associated with GIs. These genes might be related to the pathogenic process of nocardiosis. 
It can be concluded that NT001 could receive some virulence factors through GIs, and could adapt to an in vivo 
environment. Prophage is another important gene transfer element in the bacteria, and is a bacteriophage genome that is 
important for regulating the microbial population density. PHAST were used for predicting the presence of prophage in 
the genome of NT001. The result indicated that NT001 harbored one questionable prophage. The size of this prophage is 

Figure 2 Genomic information of Nocardia terpenica NC_YFY_NT001. (A) Circular representation of N. terpenica NC_YFY_NT001 chromosome and plasmid; (B) 
NT001 genome-related KEGG pathway; (C) COG categories of NT001 genome (Cellular Processes and signaling: [D] Cell cycle control, cell division, chromosome 
partitioning; [M] Cell wall/membrane/envelope biogenesis; [N] Cell motility; [O] Post-translational modification, protein turnover, and chaperones; [T] Signal transduction 
mechanisms; [U] Intracellular trafficking, secretion, and vesicular transport; [V] Defense mechanisms; [W] Extracellular structures; [Y] Nuclear structure; [Z] Cytoskeleton. 
Information storage and processing: [A] RNA processing and modification; [B] Chromatin structure and dynamics; [J] Translation, ribosomal structure, and biogenesis; [K] 
Transcription; [L] Replication, recombination and repair. Metabolism: [C] Energy production and conversion; [E] Amino acid transport and metabolism; [F] Nucleotide 
transport and metabolism; [G] Carbohydrate transport and metabolism; [H] Coenzyme transport and metabolism; [I] Lipid transport and metabolism; [P] Inorganic ion 
transport and metabolism; [Q] Secondary metabolites biosynthesis, transport, and catabolism. Poorly Characterized: [R] General function prediction only; [S] Function 
unknown) (D) Subcellular localization of NT001.
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26.9 kb, and it accounted for 0.3% of the genome (Supplementary S1). Overall, gene transfer is one of the important 
ways to swap genetic information between different microbial organisms, and the occurred event would be better for 
pathogens adapting to the host environment.

Pan-Genomic Construction of Nocardia spp.
At the time we submitted the genome of N. terpenica, 11 other Nocardial genomes were finished isolated from different 
sources (Table 2). Eight Nocardia strains were isolated from humans, and the rest were isolated from animals or soil. 
Most of the isolates had an ~8 Mbp chromosome, except Nocardia farcinica NCTC11134, whose chromosome was only 
3.65 Mbp. Previous studies indicated that the size of the genome would have no clear correlation with virulence of 
Nocardia, which is consistent with our results.39 In addition, the genomes of Nocardia varied greatly, despite belonging 
to the same species. Like N. farcinica IFM10152, N. farcinica NCTC11134 and N. farcinica W6977, the composition of 
the genomes was different. IFM10152 had four plasmids, but the other two had only two plasmids. Furthermore, the 
chromosome size of these three strains was different as well. IFM10152 had a 3.65 Mbp chromosome, but the other two 
had a chromosome with ~6 Mbp. In order to determine the key factors related to infected humans, we carried out a pan- 
genomic analysis among these Nocardia species because of their different isolation sources.

To investigate the differences among strains of Nocardia, a pan-genomic analysis of genomes of 12 different strains 
was performed. Prior to the analysis, the genomes were re-annotated by Prokka. The whole genome of Nocardia was 
used to construct the Nocardia database. Analysis was performed using the Roary pipeline. According to the gene 
accumulation curve, Nocardia showed an open genome structure, which increased in size with the number of genomes 
added, containing 45,825 gene clusters (Figure 3A and B, Supplementary S2).

Only 304 (0.66%) gene clusters were classified as core genes, and 21,045 gene clusters were identified as shell genes 
(45.93%). The remaining 24,476 (53.41%) gene clusters were classified as cloud genes (Figure 3C and D).

Functional Genomic Analysis
In order to obtain more information about the functional characteristics of Nocardia pan-genome, we use COG mapping 
to the eggNOG database to characterize the functions of core, shell and cloud genes.

To gain more information of the functional features of the Nocardia pan-genome, we characterized the functions of the 
core, shell and cloud genes by COG mapping to the eggNOG database. The highest proportion (24.11%) of the pan-genome 
was characterized as “S: function unknown”, which indicated that these genes had low similarity to the proteins in the 
database. Similar to pan-genome, shell (25.03%) and cloud (23.4%) genes had a high proportion of “function unknown (S)”. 
Genes assigned to “K: transcription” (1402 genes), “E: Amino acid transport and metabolism” (907 genes), “L: Lipid transport 
and metabolism” (787 genes), “C: Energy production and conversion” (676 genes) and “Q: Secondary metabolites biosynth
esis, transport and catabolism” (561 genes) were prominently represented in the shell component of this pan-genome. Most 
genes were classified as “S: Function unknown” (1905 in cloud genes and 2,445 in shell genes). In addition, cloud genes were 

Table 2 Genomic Information of Nocardial Strains for Pangenomic Analysis

GenBank Number Isolation_Source Size (Mb) GC % rRNA tRNA Gene Protein Plasmid

Nocardia terpenica NC_YFY_NT001 NZ_CP023778.1 Human 8.85 68.5 9 56 7914 7618 1

Nocardia brasiliensis FDAARGOS_352 NZ_CP022088.2 Human 8.94 68.2 9 51 8096 7849 0

Nocardia brasiliensis HUJEG-1 NC_018681.1 Human 9.44 68.0 9 50 8496 8320 0

Nocardia cyriacigeorgica GUH-2 NC_016887.1 Human 6.19 68.4 9 49 5605 5465 0

Nocardia cyriacigeorgica MDA3349 NZ_CP026746.1 Human 6.32 68.3 9 49 5719 5521 1

Nocardia farcinica IFM10152 NC_006361.1 Human 6.02 70.8 9 53 5683 5498 2

Nocardia farcinica NCTC11134 NZ_LN868938.1 Human 3.65 71.0 9 22 3444 3311 4

Nocardia farcinica W6977 NZ_CP031418.1 Human 6.29 70.7 9 57 5916 5707 2

Nocardia seriolae EM150506 NZ_CP017839.1 Fish 8.3 68.1 12 64 7751 7239 0

Nocardia seriolae UTF1 NZ_AP017900.1 Fish 8.12 68.1 12 63 7559 7036 0

Nocardia nova SH22a NZ_CP006850.1 Couma macrocarpa 8.35 67.8 9 49 7565 7379 0

Nocardia sp. Y48 NZ_CP018082.1 Soil 7.31 68.1 11 50 6588 6342 0

https://doi.org/10.2147/IDR.S384673                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Infection and Drug Resistance 2022:15 7264

Cai et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=384673.zip
https://www.dovepress.com/get_supplementary_file.php?f=384673.zip
https://www.dovepress.com
https://www.dovepress.com


Figure 3 Pan-genomic analysis of Nocardia spp. (A and B) A pangenomic curve of Nocardia spp. (C) COG analysis for pangenomic, core, shell, and cloud clusters. (D) 
Number of genes in pangenomic, core, shell, and cloud clusters. (E) The phylogenic tree of Nocardia spp. core genes.
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mostly enriched in “K: Transcription” (1265 genes), “I: Lipid transport and metabolism” (754 genes), “L: Replication, 
recombination and repair” (639 genes), “E: Amino acid transport and metabolism” (619 genes), “C: Energy production and 
conversion” (601 genes). Genes assigned to “K: transcription” (1402 genes), “E: Amino acid transport and metabolism” (907 
genes), “I: Lipid transport and metabolism” (787 genes), “C: Energy production and conversion” (676 genes) and “Q: 
Secondary metabolites biosynthesis, transport and catabolism” (561 genes) were dominant in the shell component of pan- 
genomic analysis. The core genome was different from the cloud and shell genomes. The core genome was enriched in “J: 
Translation, ribosomal structure and biogenesis” (48 genes), “S: Function unknown” (40 genes), “E: Amino acid transport and 
metabolism” (37 genes) and “K: transcription” (33 genes).

Cloud gene and shell gene belong to non-core genes, which are genes present in one or more strains. We identified 
that shell (25.03%) and cloud (23.4%) genes had a high proportion of “function unknown (S)”, indicating that these 
genes had low similarity to the proteins in the database. These data suggested that the biological behavior and 
pathogenesis of N. terpenica YFY NC NT001 might be different from that of Nocardia strains found in the past. 
K (transcription) and E (amino acid transport and metabolism) play an important role in the growth and colonization of 
Nocardia, so they account for a relatively large proportion in all COG classification, whether in cloud gene, shell gene 
or core gene.40 The core genome is different from the variable genome (cloud and shell genomes), representing genes 
that exist in all strains. In our study, core genome was enriched in “J: Translation, ribosomal structure and biogenesis” 
(48 genes), “S: Function unknown” (40 genes), “E: Amino acid transport and metabolism” (37 genes) and “K: 
transcription” (33 genes). Most of the COG categories are known, indicating that N. terpenica YFY NC NT001 is 
a strain of Nocardia.

Furthermore, a core gene alignment tree was constructed by using the Mega N-J method. Interestingly, NT_001 and 
animal isolated Nocardia could be assigned as the same ancestors. The respiratory isolates seemed to be assigned as the 
same ancestors as soil isolate (Figure 3E). It indicated that the different sources of Nocardia might have different targets.

Potential Virulence Factors According to Pan-Genome
Until now, several studies have reported Nocardia virulence factors, including catalases, toxin-antitoxin (TA) systems, hemo
lysins, invasins and MCE proteins.41,42 Catalase is an important virulence factor that could inhibit the function of H2O2, 
especially during the process of escaping from phagocyte.43 As shown in Figure 4A, the genes of catalases in humoral isolates 
were more than non-humoral isolates (Table 3). The results indicated that catalase might be the vital factor that influences 
Nocardial species-infected humans. Catalase, Superoxide dismutase, Phospholipase C, Putative invasion, Proteases, Clpprotease, 
PE-PPE, Mce family protein, Metalloprotease, Salicylate synthase, Polyketide synthase, and Mycolyltransferase were detected as 
common virulence genes in our study, which were consistent with those reported in the past.

Toxin-antitoxin (TA) systems are small genetic elements that focus on balancing the prokaryotes’ survival. However, 
there were no significant differences between the various sources of Nocardia spp. (Figure 4B). Hemolysins are another 
important virulence factor that could influence the bacterial pathogenic process. The NT001 genome encoded one 
hemolysin. Meanwhile, we also compared the hemolysins in different nocardial genomes and found that there was no 
hemolysin homolog in N. farcinica genomes. In this study, we also detected some other potential virulence factors that 
related to nocardiosis. Most Nocardia-related virulence factors were found in the genome of NT001, and the amounts of 
the genes are shown in Figure 4A.

In addition, we used Scoary to search for the genes only exist in human isolates. Finally, we found 67 genes could be 
found only in human isolates, and there were two proteins could be found in all eight human isolates: regX3 and 
hypothetical protein (group 1193, DUF853 protein). RegX3 belongs to a two components regulatory system, SenX3- 
RegX3, which controls the phosphate acquisition. And regX3 is an important virulence in the Mycobacteria.44–46 

Therefore, this gene might be important during Nocardia spp. infect human beings. However, the function of DUF853 
has no report until now. It is worth to figure out its function in our next study to elucidate whether it influence the 
virulence of Nocardia spp. or not.
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Table 3 Virulence Factors in Different Nocardial Strains

Species Catalase Superoxide 
Dismutase

Phospholipase C Hemolysin-Type 
Calcium Binding 
Protein

Putative Invasin, 
Peptidase Related 
Protein

Protease ATP- 
Dependent 
Clp Protease

Putative PE, 
PPE Family 
Protein

Total

Nocardia terpenica NC_YFY_NT001 3 2 4 1 5 2 5 2 24

Nocardia brasiliensis FDAARGOS_352 3 2 3 1 8 1 7 2 27
Nocardia brasiliensis HUJEG-1 3 2 4 2 9 1 4 4 29

Nocardia cyriacigeorgica GUH-2 2 2 0 0 8 1 4 3 20

Nocardia cyriacigeorgica MDA3349 1 2 0 0 10 1 6 2 22
Nocardia farcinica IFM10152 2 2 0 0 7 1 4 2 18

Nocardia farcinica NCTC11134 2 2 0 0 7 1 5 2 19

Nocardia farcinica W6977 2 2 0 0 7 1 5 2 19
Nocardia seriolae EM150506 1 2 5 1 4 1 6 1 21

Nocardia seriolae UTF1 1 1 5 1 6 1 5 1 21

Nocardia nova SH22a 2 2 1 0 8 1 5 4 23
Nocardia sp. Y48 1 1 0 0 7 1 5 2 17

Infection and D
rug R

esistance 2022:15                                                                                             
https://doi.org/10.2147/ID

R
.S384673                                                                                                                                                                                                                       

D
o

v
e

P
r
e

s
s
                                                                                                                       

7267

D
o

v
e

p
r
e

s
s
                                                                                                                                                               

C
ai et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Conclusions
We isolated a N. terpenica strain from a bacteremia-infection patient. In order to better understand the virulence factors 
and pathogenic mechanisms of the strain, we finished the genome of N. terpenica NC_YFY_NT001. The genome 
comprises a circular chromosome and a circular plasmid. The chromosome is 8,850,000 bp, and the plasmid is 70,000 bp, 
with a GC% of ~68%. Several genes involved the virulence of nocardiosis, such as catalase, MCE proteins and lipases. 

Figure 4 Comparisons of virulence-associated genes in Nocardia spp. (A) Putative virulence factors in different Nocardia spp.; (B) Toxin–antitoxin-related genes in different 
Nocardia spp.

https://doi.org/10.2147/IDR.S384673                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Infection and Drug Resistance 2022:15 7268

Cai et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


A pan-genomic analysis of Nocardia spp. also showed that some genes, regX3 and DUF853 domain protein were 
associated with the process of invading and adapting in humans, which warrants further investigation.
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