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ABSTRACT

Cytochrome P450 enzymes (CYPs) are regarded as some of the most versatile biocatalysts.
They are attractive candidates for natural product development because of their ability to
selectively oxidize a broad range of substrates. Streptomyces spp. are not only producers of
biologically active secondary metabolites but also a rich source of P450 enzymes.
However, only a limited number of studies have explored the function and potential of
P450 enzymes encoded in the Streptomyces genomes. In this study, the endophytic
Streptomyces cavourensis YBQ59 isolated from Cinnamomum cassia J. Presl was
sequenced using the Illlumina sequencing platform to identify its P450 enzymes. The
genome of YBQ59 was approximately 8,126,002 bp in size, with a G + C content of 72.1%
and contained 7,020 genes. Genome annotation identified 21 CYP genes, distributed across
10 CYP families and 17 subfamilies. The possible role of these P450 enzymes in the
synthesis of secondary metabolites was discussed. Since CYPs often require electron
transport proteins to function, we analyzed the physical map of the genes encoding
ferredoxins and ferredoxin reductases found in the genome of S. cavourensis YBQ59.
Additionally, a phylogenetic tree was constructed to compare the P450 enzyme system
from S. cavourensis YBQ59 with those of closely related and well-studied Streptomyces
species, including Streptomyces sp. CFMR7, S. fulvissimus DSM 40593, S. griseus IFO
13350, and S. globisporus 1912. These results provide a basis for exploiting potential P450
enzymes from S. cavourensis YBQ59 for agricultural and medicinal applications.
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INTRODUCTION

Cytochrome P450s are monooxygenases
that contain heme-thiolate in their active
sites. These enzymes can catalyze regio-
and stereo-selective oxidation of a wide
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range of substrates at allylic positions as
well as non-activated C-H bonds (Bernhardt,
2006). This characteristic makes them
valuable candidates for biotransformation
of natural compounds, thereby being
particularly appealing for the development
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and exploitation of bioactive natural

products.

Streptomyces, a genus of actinobacteria, is
recognized for its prolific production of
important antibiotics and other bioactive
molecules. Notable metabolites produced
by this genus include the antibiotics
streptomycin  and  tetracycline, the
immunosuppressants  rapamycin and
tacrolimus, the antihelminthic avermectin,
the antifungal amphotericin B, and the

antitumor mitomycin C (Watve et al., 2001).

Genomes of Streptomyces are quite large,
ranging from 8 to 10 Mb, with high G+C
content, and often encode numerous
biosynthetic gene clusters for secondary
metabolites, including polyketides and non-
ribosomal peptides (Jackson et al., 2018).
These bacteria possess an unusually large
number of CYP enzyme-encoding genes in
their genomes. These enzymes are involved
not only in macrolide biosynthesis but also
in the formation of other natural
compounds. To date, only about 0.4 percent
of Streptomyces CYPs have been found to
have unique chemical properties essential
for the synthesis of secondary metabolites
(Rudolf et al., 2017).

S. cavourensis YBQ59 was isolated as an
endophyte from the medicinal plant
Cinnamomum cassia J. Presl. This plant is
used in traditional medicine as a tonic,
antibiotic, antidiabetic and anti-
inflammatory agent, and its essential oil
composition has been extensively studied
for medicinal and food additive applications
(Huang et al., 2014). Notably, eight
bioactive metabolites were identified in the
ethyl acetate extract of the YBQ59,
including 1-monolinolein, bafilomycin D,
nonactic acid, daidzein, 3'-hydroxydaidzein,
5,11-epoxy-10-cadinanol, prelactone B, and
daucosterol (Vu et al., 2018). The

endophytic strain  YBQ59 was initially
sequenced using lon Torrent PGM
technology (Nguyen et al., 2018). However,
low-quality genome assembly hindered
further genomic analysis. In this study, the
genome of S. cavourensis YBQ59 was re-
sequenced using the Illumina technology.
The cytochrome P450 complement
(CYPome) of S. cavourensis was identified
for the first time to explore the role of P450
enzymes in synthesizing both known and
putative secondary metabolites.

MATERIAL AND METHODS
Bacterial strain and DNA manipulation

The endophytic S. cavourensis YBQ59 was
provided by VAST-Culture Collection of
Microorganisms, Institute of Biotechnology,
Vietnam Academy of Science and
Technology. Genomic DNA was extracted
using the G-spin™ Total DNA Extraction
Mini Kit (Intron Bio, Korea).

Whole-genome  sequencing of S.
cavourensis YBQ59, de novo assembly
and annotation

Genomic DNA was fragmented and
purified with AMPure XP magnetic beads
to prepare the sequencing library. The
sample was analyzed using an Agilent 2100
Bioanalyzer and sequenced on the Illumina
platform (San Diego, CA, USA). Quality
control and read trimming were conducted
using FastQC and Trimmomatic tools.

The draft genome of the endophytic S.
cavourensis YBQ59 was assembled using
the SPAdes 3.15 with default parameters.
The completeness of the resulting genome
was assessed using  Benchmarking
Universal Single-Copy Orthologous
(BUSCO) 3 (https://gitlab.com/ezlab/busco).
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The whole genome sequence of the YBQS59
was annotated using Rapid Annotation
using Subsystem Technology (RAST).
Additionally, the genomic characteristics of
YBQ59 were analyzed using the NCBI
Prokaryotic Genome Annotation Pipeline
(PGAP). The draft genome sequence of S.
cavourensis YBQ59 was deposited at the
GenBank dataset (NCBI) under accession
number JASENDO000000000.

In-silico identification of CYPs

The CYPs of S. cavourensis YBQ59 were
initially  identified using Motif Scan
(https://myhits.isb-sib.ch/cgi-
bin/motif_scan) and Conserved Domain
Database (CDD)
(https://www.ncbi.nlm.nih.gov/Structure/cd
d/wrpsb.cgi). The selected proteins were
screened for the presence of characteristic
CYP motifs, such as EXXR and
GXXXCXG. The candidates were further
annotated using the Nelson’s International
P450 Nomenclature Committee Database
(https://drnelson.uthsc.edu) with an E-value
threshold of 10*. Additionally, a sequence
similarity cutoff of over 40% was used to
identify known families, while CYPs with
sequence similarity below 40% were
classified as new families. The potential
functions of all putative CYPs in S.
cavourensis YBQ59 were predicted by
comparing them to homologues CYPs
characterized in other organisms, using
Blast against the Protein Data Bank
database
(https://blast.ncbi.nlm.nih.gov/Blast.cgi?PA
GE=Proteins). Finally, the CYP families
and subfamilies were assigned and
confirmed by Dr. David Nelson from the
University of Tennessee Health Science
Center, USA.
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Phylogenetic reconstruction and physical
maps of CYPs

The CYP protein sequences of S.
cavourensis YBQ59 were aligned with
those collected from Streptomyces sp.
CFMR 7, S. fulvissimus DSM 40593, S.
griseus IFO 13350, and S. globisporus 1912
using ClustalW. The bootstrap consensus
tree inferred from 1000 replicates was used
to represent the evolutionary history of
Streptomyces genomes. The phylogenetic
tree, based on the alignment of CYP protein
sequences from S. cavourensis YBQ59 with
related proteins, was constructed using
MEGA 11.0.

Physical maps of S. cavourensis YBQ59,
showing the distribution of cytochrome
P450, ferredoxin, and ferredoxin reductase
genes across the chromosome, were created

using MG2C software
(http://mg2c.iask.in/mg2c_v2.1/).
Identification of CYPs involved in

secondary metabolite biosynthetic gene
clusters

The antiSMASH bacterial version 7.0 was
used to predict secondary metabolite
biosynthetic gene clusters (smBGCs)
present in the YBQ59 genome. Using
default parameters, significant biosynthetic
gene clusters were identified against MIBIG.
CYPs associated with potential sSmBGCs of
strain  YBQ59 were identified and
compared with reference CYPs using
BLASTp and TBLASTN tools.

RESULTS AND DISCUSSION

Genomic characteristics of S. cavourensis
YBQ59
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The draft genome sequence of S.
cavourensis YBQ59 consists of a circular
chromosome of 8,126,002 bp, with an
average G+ C content of 72.1% (Table 1).
A total of 7,020 genes was predicted,
encoding 6,858 coding sequences. The
chromosome contains 8 rRNAs, 65 tRNAS,
and 86 pseudogenes. Notably, no plasmids
were predicted. The draft genome sequence
of S. cavourensis YBQ59 has been
deposited in DDBJ/ENA/GenBank under

the accession number JASENDO00000000O.
The total genome sizes of previously
reported S. cavourensis, such as S.
cavourensis  1AS2a, S. cavourensis
BUU135 and S. cavourensis 2BAG6PG',
were around 7.6 Mb and did not include a
plasmid (vargas et al, 2019;
Tangwattanachuleeporn et al., 2021; Chong
et al., 2023). This indicates that the genome
size of YBQ59 is larger than that of the
other strains.

Table 1. Genomic features of S. cavourensis YBQ59.

Features Value
Genome size (bp) 8,126,002
G + C content (%) 72.1
Genes (total) 7,020
CDSs (coding) 6,858
rRNAs 8
tRNAs 65
NncRNAs 5
Pseudogenes 86
Cytochrome P450 complement family (CYP105, CYP124, CYP156,

(CYPome) of the S. cavourensis YBQ59

The genome analysis revealed that S.
cavourensis YBQ59 contains 21 putative
CYPs, covering approximately 0.33% of all
coding sequences. According to the
international P450 Nomenclature
Committee Rules, these identified CYPs
belong to 10 CYP families and 17 CYP
subfamilies. Among them, there are 6 CYPs
belonging to CYP107, 4 to CYP157, 3 to
CYP154, 2 to CYP159, and 1 each in

CYP1035, CYP1046, CYP1047). CYP1046
and CYP1047 are rarely found in
Streptomyces spp. Notably, the start codons
in seven of these genes are not the typical
methionine: six genes have valine triplets
(otg), including CYP1035A9, CYP157A6,
CYP157C13, CYP154C3, CYP107U8 and
CYP107F4, while one gene has a leucine
triplet (ttg) (CYP107L28) at the 5° end of
the putative open reading frame.

Table 2. Three conserved motifs of CYPs of S. cavourensis YBQ59: I-helix, K-helix and heme

binding motif.
No. Family CYP names I-helix K-helix Heme binding motif
1 105 CYP105D20 GZ9HETT?53 E297LLR300 F33GFGVHQCLGS"?
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2 CYP107F4 G254QDTT25 E22 L R25 | F38GWGAHHCLG3?
3 CYP107L16 | G2OHETT23# E268MLR27L | F333GHGVHYCLG2
4 CYP107L28 | G242HETT2% E280| R283 F346GHGIHYCLGS3S
5 17 CYP107P7 ATTYNTT252 | E22L|R2 | F346GAGIHYCLGSS
6 CYP107U8 G262FETT266 ESOSLLR3%® | Y30GHGIHYCLG3™
7 CYP107BX7 | G2°HDST2® E20AAGR2 | L3%GAGAHYCLG3#
8 124 CYP124G2 G262VETT266 E301|VR304 Y33GGGGPHHCLG3™
9 CYP154A18 | G2BYETT27 E2ITLR28¢ | F347GHGIHFCLGS%
10 | 154 CYP154C3 G256HETT260 E24TLR297 | F36IGHGPHICPG?7
11 CYP154C4 G2OHETT24 E277TLR260 | F343GHGPHVCPG?2
12 | 156 CYP156B5 Unidentified E255DAL288 | W3SIGAGPHVCPA3®®
13 CYP157A6 G309HQPTS13 ES47VLW3S0 | F410GHGEHRCPFA9
14 CYP157A7 G25THLPT261 E295VLW2%8 | F363SHGEYRCPF372
s | CYP157B14 | A255QQPT2% E23VLW2% | F355SNGEHRCPY364
16 CYP157C13 | A260YEST264 E297QTLWSO! | F361SGGPHECPGS™
17 CYP159A5 G2BGETT2 E2ITLR274 | F34SALGRHFCVG354
T CYP159A7 Unidentified E24TLR24% | F304SGPADCPASL2
19 | 1035 CYP1035A9 | A28SLETT252 | E®7VLR20 | F259GGGVHYCLG3®
20 | 1046 CYP1046A5 | GZBIEAT2 ES0VTRS12 | Y3LGLGPRYCPG30
21 | 1047 CYP1047A3 | G26°HETT27 ETLR® | morgGGPRVCLGYS

Although the primary amino acid sequences
of cytochrome P450s are highly variable,
their secondary and tertiary structures are
generally conserved across all family
members, featuring three sequence motifs.
Table 2 presents the three conserved motifs
of the CYPs from S. cavourensis YBQ59.
The critical residues in the I-helix motif (T),
K-helix motif (E and R), and the heme-
binding domain signature (C) are
highlighted in bold.

Among the three conserved motifs in CYPs,
only the cysteine residue in the heme-
binding motif is absolutely conserved
across all CYP structures. The cysteine
forms two hydrogen bonds with the
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neighboring backbone amide and acts as the
fifth thiolate ligand to the CYP heme iron.
This ligand gives CYPs their distinctive
properties, as evidenced by the Soret
absorbance at 450 nm observed for the
ferrous-CO complex (Dawson et al., 1976).
The most common amino acid sequence of
the heme-binding signature is GXXXCXG,
which is conserved in 16 of the 21 CYPs of
S. cavourensis YBQ59. However, the
heme-binding motif in the CYP157 family
does not strictly follow the rule:
GXXXCXG appears only in CYP157C13,
while the last glycine is replaced by
phenylalanine (F) in CYP157A6 and
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CYP157A7,
CYP157B14.

Like all CYPs, Streptomyces CYPs have an
I-helix that extends along the protein
molecule. The heme group, situated
between the distal I- helix and proximal L-
helix, is bound to the adjacent cysteine of
the heme-domains (Dawson et al., 1976).
The I-helix GXXTT motif, which is
believed to be involved in oxygen
activation, contains a highly conserved
threonine (Martinis et al., 1989). This motif
is present in most CYPs of S. cavourensis

and by tyrosine (Y) in

YBQ59, except CYP156B5 and CYP159A7.

This characteristic is also observed in the
same CYP families in Streptomyces sp.
CFMR 7, S. fulvissimus, S. griseus, and S.
globisporus (Senate et al., 2019).

The most common conserved sequence in
the K-helix is the EXXR motif, which is
present in 15 out of the 21 CYPs of S.
cavourensis YBQ59. The remaining CYPs,
including the 4 members of the CYP157
family - CYP157A6 (E3'VLW30),
CYP157A  (E**VLW?%®),  CYP157B1
(EZ3VLW?0), CYP157C13 (E2"QTLW30L)
and 1 member of the CYP156 family
CYP156B5 (E®DAL?®), lack the arginine
residue in the K-helix. This same feature
has been observed in the CYP157 family
from S. coelicolor A3(2) (Rupasinghe et al.,
2006). Glutamic acid and arginine in the K-
helix motif (EXXR) were originally
believed to form salt bridge interactions
with the region in front of the helix
containing the cysteine ligand, helping
maintain the correct tertiary structure of
CYP (Hasemann et al., 1995). However,
later site-directed mutagenesis studies on
CYP157C1 from S. coelicolor A3(2), which
modified it to the typical EXXR motif,
showed that this motif is not required for

the tertiary structure of all CYPs

(Rupasinghe et al., 2006).

Phyletic distribution of CYP families in
representative Streptomyces genomes

The phylogenetic tree showed that the
CYPs in S. cavourensis YBQ59 were
highly similar to those in Streptomyces sp.
CFMR7, a strain known for its natural
rubber degradation and isolated from a
rubber plantation (Nanthini et al., 2015).
The genome size of Streptomyces sp.
CFMR7 was 8,1731 bp, closely matching
that of S. cavourensis YBQ59. Additionally,
Streptomyces sp. CFMR7 had three more
CYP enzymes compared to YBQ59,
including CYP125A61, CYP134A4, and
CYP177A2. Thirteen out of the seventeen
CYP subfamilies from S. cavourensis
YBQ59 - CYP105D, CYP107F, CYP107L,
CYP107P, CYP107U, CYP107BX,
CYP124G, CYP154C, CYP156B,
CYP157A, CYP157C, CYP159A and
CYP1047A - were also found in S.
fulvissimus, S. griseus and S. globisporus,
indicating that these strains may share
significant similarities in the production of
secondary metabolites. S. fulvissimus is
known to produce the ionophore antibiotic
valinomycin and an antibacterial protein
that inhibits many bacterial strains
(Myronovskyi et al., 2013). S. griseus is
recognized for producing streptomycin, a
broad-spectrum antibiotic and anticancer
drug (Ohnishi et al., 2008). S. globisporus
is characterized as a producer of the
antitumor angucyclines landomycin A and
landomycin E, as well as enediyne
antitumor antibiotic C-1027 (Li et al., 2016).
Among these Streptomyces, S. griseus has
the largest genome (8,545,929 bp) and the
highest number of P450 enzymes (28). S.
globisporus has the smallest genome
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(7,693,617 bp), while S.fulvissimus has the
fewest P450 enzymes (19). A phylogenetic
tree was constructed for the CYPome of S.
cavourensis YBQ59, Streptomyces sp.

3
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CFMRY7, S. fulvissimus, S. griseus and S.
globisporus (Fig. 1).

Figure 1. Phylogenetic tree of the CYPome from S. cavourensis YBQ59 (SCA), Streptomyces sp.
CFMRY7 (SC2), S. fulvissimus (SFI), S. griseus (SRG), and S. globisporus (SRB). Numbers indicate
the bootstrap probability values for the branch topology are shown.

CYP1046A is present in four Streptomyces
but absent in S. globisporus. While
CYP1035A9 is found in S. cavourensis
YBQ59, Streptomyces sp. CFMR7 and S.

griseus, but is absent in S. fulvissimus and S.

globisporus. Additionally, three CYPs are
present in Streptomyces sp. CFMR7 but not
in S. cavourensis YBQ59, suggesting that
these CYP families may assist Streptomyces
sp. CFMR7 in adapting to its distinct
environment. S. avermitilis has a notably
high number of CYPs (53 enzymes)
compared to other species. However, S.
avermitilis does not have CYP1035,
CYP1046 and CYP1047 in its genomes. To
adapt to their environment and thrive in
their ecological niche, Streptomyces spp.
must produce a variety of metabolites, often
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toxic to other bacteria, allowing them to
survive and make use of available carbon
sources. As a result, different lifestyles and
environments can alter their gene pool,
influencing their CYP profiles, including
variations in the number of CYPs,
subfamilies, and those associated with
secondary metabolite biosynthetic gene
clusters.

Identification of CYP redox partners

To carry out their catalytic function,
cytochrome P450 enzymes must receive
electrons from NAD(P)H through an
electron transfer chain (Hannemann et al.,
2007). In most prokaryotic CYPs, including
those found in Streptomyces species, the
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electron transport proteins typically consist
of a ferredoxin and ferredoxin reductase.
The distribution of CYPs, ferredoxins and
ferredoxin reductases in Streptomyces
species varies, reflecting their roles in
secondary metabolism. The genome of S.
cavourensis YBQ59 contains six ferredoxin
reductase genes and five ferredoxin genes.
Similarly, S. avermitilis MA4680 also has
six ferredoxin reductase genes but
possesses four additional ferredoxin genes,
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FdR_Sca3530
CYP107F4
CYP159A5
|——FdR_Sca4397
CYP154C3

/CYP105D20
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totaling nine (Pandey et al.,, 2014). In
contrast, S. coelicolor A3(2) has only two
ferredoxin  reductase genes and six
ferredoxin genes (Lei et al., 2004). Unlike
these species, none of the CYPs in S.
cavourensis YBQ59 are clustered with
ferredoxin reductase. The physical maps of
S. cavourensis YBQ59, showing the
distribution of cytochrome P450, ferredoxin,
and ferredoxin reductase genes are
presented in Fig. 2.
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Figure 2. Physical maps of S. cavourensis YBQ59 illustrate the distribution of cytochrome P450,
ferredoxin (Fdx), and ferredoxin reductase (FdR) genes.

In addition to autologous redox partners,
P450 enzymes can also be supported by
redox proteins from other sources, such as
those from the human adrenal glands,
including  adrenodoxin  (Adx) and
adrenodoxin  reductase (AdR). These
heterologous redox partners are considered
highly versatile, as they can interact with a
variety of cytochrome P450 enzymes across
species, including bacterial P450s (Nguyen
et al., 2012; Khatri et al., 2016), making
them valuable tools in heterologous systems.

CYPs involved in the production of
secondary metabolites

In silico genome analysis revealed that four
CYPs in S. cavourensis YBQ59 are located
within known predicted gene clusters,
suggesting their involvement in secondary

metabolite production (Fig. 3). Specifically,
CYP107BX7, CYP124G2, CYP154A18,
and CYP105D20 belong to biosynthetic
gene cluster for polycyclic tetramate
macrolactams, melanin, cadaside, and o-
dialkylbenzene, with homology similarities
of 100%, 100%, 19% and 12%, respectively.

Besides, several CYPs are clustered
together: CYP154C3 and CYP157A7 are
located adjacent to each other on the same
strand, with only a 3-bp separation. The
genomic organization of this cluster
resembles that of CYP157A1 and
CYP154C1 in S. coelicolor A3(2) (Lei et
al., 2004) as well as CYP157A2 and
CYP154C2 in S. avermitilis MA4680
(Pandey et al., 2014). A second cluster of
CYP157 and CYP154 family members in S.
cavourensis YBQ59 is found between
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CYP157A6 and CYP154C4, with an
overlap of 3 bp. The gene encoding
CYP1035A9 is located adjacent to the gene
for CYP156B5, separated by just 164 base
pairs. In S. coelicolor A3(2), the CYP156
family member CYP156A1 is also found in
a cluster with another CYP (CYP154A1).
The first reported cluster between two
CYP107 family members is observed in S.
cavourensis YBQ59, where CYP107L16
and CYP107L28 are positioned only 38
nucleotides apart. The close proximity of
these two CYP suggests that they may be
part of an operon and could play a role in
the biosynthesis of secondary metabolites
for inter-microbial interaction or

(id
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detoxification. It seems that the CYP105
family in Streptomyces is the most
frequently clustered with ferredoxins
(Parajuli et al., 2004). CYP105D20 from S.
cavourensis YBQ59 shares a high degree of
homology  with  CYP105D20  from
Streptomyces sp. CFMR 7, exhibiting
97.3% identity, and is arranged in an
operon with a ferredoxin gene, which is
likely its natural redox partner. A similar
arrangement has also been observed with
CYP105D5 in S. coelicolor A3 (2),
CYP105D6 in S. avermitilis, CYP105D1 in
S. griseus and CYP105D4 in Streptomyces
lividans (Lamb et al., 2003).
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Figure 3. Secondary metabolite biosynthetic gene clusters and P450 analysis in S. cavourensis

YBQ59.

The most numerous members belong to the
CYP107 family, recognized as the
dominant family across all Streptomyces
strains. In S. cavourensis YBQ59, the
CYP107 family comprises 28.5% of the
total, featuring six members: CYP107P7,
CYP107BX7, CYP107U8, CYP107L16,
CYP107L28, and CYP107F4. Given their
abundance among Streptomyces species,
CYP107 enzymes are thought to play an
important role in the synthesis of secondary
metabolites (Mnguni et al.,, 2020).
CYP107U1 from S. coelicolor A3(2) plays
a crucial role in sporulation and antibiotic
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production in Streptomyces coelicolor (Tian
et al., 2013). CYP107DY1 from Bacillus
megaterium  converts mevastatin  to
pravastatin, an important therapeutic drug
for treating hypercholesterolemia (Milhim

et al, 2016). CYP107X1 from
Streptomyces avermitilis catalyzes the
stereoselective hydroxylation of

progesterone at the 16a position (Lin et al.,
2022). In addition, a CYP107 from Sebekia
benihana has been identified as a carbon-25
vitamin D hydroxylase (Jensen and Estrada,
2023).
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The second most abundant family in the
YBQ59 genome is CYP157, which consists
of four enzymes: CYP157A6, CYP157A7,
CYP157B14 and CYP157C13. This family
is also found in the majority of the
Streptomyces species, although reports on
this enzyme family are quite limited. The
third most abundant family in S.
cavourensis YBQ59 is CYP154, which
includes three members: CYP154C3,
CYP154C4 and CYP154A18. Many
members of the CYP154 family are known
to function as steroid hydroxylases and
contribute to the production of secondary
metabolites (Makino et al., 2014).
CYP154A1 is involved in di-pentaenone
cyclization and plays a role in polyketide

metabolism  [Cheng et al, 2010].
CYP154C1 from S. coelicolor A3(2)
functions as a macrolactone
monooxygenase at the 12- and 14-carbon
positions  (Produst et al., 2003).
Furthermore, CYP154E1 from

Thermobifida fusca YX has been shown to
selectively hydroxylate the allylic position
of acyclic terpenoids (Bogazkaya et al.,
2014).

S. cavourensis YBQ59 contains two
CYP159 enzymes, but the function of this
family has only few clues. Among the six
remaining subfamilies, each has only one
member. While CYP105, CYP124, and
CYP156 are prevalent in the majority of the
Streptomyces species, CYP1035, CYP1046
and CYP1047 are found in only few
(Senate et al., 2019). CYP124 from
Mycobacterium tuberculos is involved in
the hydroxylation of cholesterol and lipids
(Johnston etl al., 2009). CYP105 is one of
the most abundant families in Streptomyces
species and plays a crucial role in
biotransformation and  bioremediation.
CYP105D6 and CYP105P1 are involved in

the modification of filipin, a polyketide that
is part of the 28-component polyene
macrolide antifungal drug, which is used as

a probe for cholesterol in biological
membranes (Xu et al., 2010).
Analyzing similar  cytochrome P450

enzymes from different sources can reveal
subtle differences in substrate specificity
and hydroxylation selectivity, often due to
slight structural variations in their active
sites. Such comparative studies help
identify critical structural motifs that
determine substrate compatibility and
product  formation, uncovering the
evolution of enzyme function across species.
These insights are  valuable  for
understanding structure-function
relationships and are especially useful in
drug development and biocatalysis, where
precise substrate recognition and selective
hydroxylation are crucial.

CONCLUSION

The endophytic S. cavourensis YBQ59
contains 21 P450 enzymes, which belong to
10 CYP families and 17 CYP subfamilies.
The CYPome of S. cavourensis YBQ59 is
similar to that of Streptomyces sp. CFMRY7,
a naturally occurring rubber degrader
isolated from a rubber plantation. It also
shares many similarities with S. fulvissimus,
known for producing the ionophore
antibiotic  valinomycin; S. griseus, a
producer of broad-spectrum antibiotics and
anticancer drugs; and S. globisporus, which
produces the antitumor angucyclines
landomycin A and landomycin E, as well as
the antitumor antibiotic C-1027. Four CYPs
have been identified as likely belonging to
known predicted gene clusters. Furthermore,
S. cavourensis YBQ59 contains six
ferredoxin  reductase  genes,  seven
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ferredoxin genes, and three flavodoxin
reductase genes. Analysis of the CYPome
data from this Streptomyces strain has
revealed numerous potential P450 enzymes
that could be exploited for applications in
agriculture and medicine.
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