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Abstract

Herein we evaluate the effect of secondary metabolites from the cyanobacteria Anabaena sp. on the
expression of vancomycin resistance genes in Staphylococcus Saprophyticus.. This study is motivated
by the growing concerns of multi-drug resistant S. saprophyticus strains and the need for alternative
antimicrobial agents. of During a two-month period, 120 clinical samples were collected from elderly
patients referred to Tehran hospitals. S. saprophyticus isolates were identified using both phenotypic and
chemical tests. Subsequently, molecular methods were employed to detect the presence of van genes.
The microbroth dilution method used to determine the sensitivity of the bacterial isolates to the
methanolic extract of Anabaena sp. . Finally, real-time PCR was employed to measure the expression
level of van genes compared to the 16S rRNA gene in S. saprophytic isolates treated with the
cyanobacterial secondary metabolite. Among the 83 bacterial isolates obtained from the clinical
samples, only eight were identified as S. saprophyticus. One isolate harbored the vanA gene, while two
isolates possessed the vanB gene. The minimum inhibitory concentration (MIC) of the cyanobacterial
secondary metabolite against S. saprophyticus was 750 pg/mL, with a sub-MIC of 325 pg/mL.
Importantly, the expression level of vanA and vanB genes in the strains treated with the cyanobacterial
secondary metabolite down-regulated compared to the reference gene (16S rRNA). The findings suggest
that the secondary metabolites from Anabaena sp. possess a potent antimicrobial effect and can
potentially reduce the expression of antibiotic resistance genes in S. saprophyticus. This paves the way
for the development of a new generation of anti-staphylococcal drugs.
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Introduction

Staphylococcus saprophyticus, a Gram-positive, coagulase-negative coccus, is a frequent
cause of urinary tract infections, particularly in sexually active women. This bacterium is
known for its resistance to novobiocin and its ability to harbor multiple plasmids, making
treatment selection challenging. The emergence of vancomycin resistance genes (like vanA) in
Gram-positive Staphylococcus strains highlights the urgent need for effective diagnostic and
treatment strategies for these infections. . In this context, our study explores the impact of
secondary metabolites from cyanobacterium Anabaena sp. on the expression of vancomycin
resistance genes in S. saprophyticus. The escalating antibiotic resistance crisis underscores the
importance of finding novel antimicrobial agents from diverse sources, such as cyanobacteria.
These microorganisms offer advantages in biotechnological applications due to their economic
viability and have shown promise in producing broad-spectrum antimicrobial compounds. By
investigating the potential of cyanobacterial metabolites to modulate antibiotic resistance genes,
this research contributes to addressing the pressing issue of resistance in S. saprophyticus and
other pathogenic bacteria.

Due to growing concerns about the emergence of multi-drug resistant strains of S.
saprophyticus, there is a heightened interest in exploring alternative antimicrobial agents. This
study investigates the impact of secondary metabolites derived from cyanobacteria Anabaena
sp. on the expression of vancomycin resistance genes in S. saprophyticus.

Material and methods

120 clinical samples (blood, urine, nasal swabs, wounds, etc.) were collected from elderly
people aged 65 and 80 years old who visited Tehran hospitals. S. saprophyticus isolates were
identified using phenotypic and chemical tests. Bacterial genomic DNA was extracted using a
kit from Pishgaman Company. The concentration and purity of the isolated DNA were
guantified using a Nanodrop spectrophotometer. Agarose gel electrophoresis was then
performed to assess DNA integrity. Consequently, the presence of van genes was confirmed
using molecular methods. A standard cyanobacterium isolate was obtained from the National
Center for Genetic Resources of Iran and cultured on synthetic BG-11 medium. After initial
growth, the culture was transferred to fresh medium for purification. The purified culture was
incubated under controlled conditions with light (12 hours of light/12 hours of dark) at 22°C
with 2000 lux light. Secondary metabolites were extracted from Cyanobacterium Anabaena sp.
using ethyl acetate method with BG-11 culture medium. The sensitivity of bacterial isolates to
the methanolic extract of cyanobacterium Anabaena sp. was determined using the microbroth
dilution method. Serial dilutions of the extract, ranging from 4096 pg/mL to 256 pg/mL were
prepared. . Subsequently, 100 pl of bacterial suspension was added to each dilution, followed by
incubation for 24 hours at 37°C. Growth was monitored by measuring turbidity levels in the
microplates to determine the minimum inhibitory concentrations (MICs). Samples exposed to
sub-MIC concentrations of the extract were then cultured for 8 to 12 hours in Mueller Hinton
Broth within sterile tubes. Vancomycin-resistant isolates harboring vancomycin resistance
genes (van genes) and susceptible to the cyanobacterium Anabaena sp. secondary metabolite
were selected for RNA extraction and subsequent analysis of gene expression levels. The
expression level of van genes in isolates treated with the cyanobacterium Anabaena sp.
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secondary metabolite were then measured. Statistical analyses were performed using Excel
2009 and SPSS 16 software. One-way ANOVA, chi-square, and Cramer V tests were employed.
Data are presented as mean + standard deviation, with significance set at p < 0.05. The AACt
method and REST software was used to determine the difference in expression levels of target
genes between control and treated samples. .

Discussion of Results & Conclusions

A total of 120 clinical specimens were collected, including 41 urine samples (34%), 33 pus
and skin wound secretions (27.5%), 29 blood samples (24%), and 17 nasal swabs (14.5%). The
average patient age was 74+3.3 years, with 67 males and 53 females. Only 8 isolates out of 83
from the clinical samples were identified as S. saprophyticus. Coagulase, DNase, and mannitol
tests were negative, while catalase and glucose tests were positive. Additionally, the isolates
displayed resistance to Novobiocin. The colonies manifested as yellow, gray, or white on the
culture medium, devoid of any hemolytic characteristics. One isolate possessed the vanA gene,
and 2 isolates had the vanB gene. Electrophoresis confirmed the integrity of the extracted DNA,
and its concentration and purity were within acceptable ranges according to nanodrop analysis.
The secondary metabolite from cyanobacterium Anabaena sp. had a MIC of 750 pug/mL and a
sub-MIC of 325 ug/mL against S. saprophyticus. The expression levels of vanA and vanB genes
in isolate treated with the secondary metabolite decreased compared to the reference gene
(16SrRNA). The vanA gene showed a 0.43-fold decrease (fold change = -0.43) and the vanB
gene showed a 0.25-fold decrease (fold change = -0.25) compared to the untreated group
(p<0.05). This study demonstrates that secondary metabolites from cyanobacterium Anabaena
sp. have antimicrobial activity, leading to down-regulation of vancomycin resistance genes in S.
saprophyticus. These findings suggest a promising approach for developing new anti-
staphylococcal drugs. Further exploration and characterization of the active compounds in these
metabolites could lead to new methods for combating antibiotic resistance in Staphylococcus
strains. By delving deeper into the composition and mechanisms of action of these bioactive
substances, we can unlock novel strategies for combating antibiotic resistance in Staphylococcus
strains. Isolating and purifying these bioactive compounds could pave the way for a new
generation of anti-staphylococcal drugs with enhanced efficacy and reduced potential for
resistance development. This comprehensive approach underscores the importance of exploring
natural sources, such as the cyanobacterium Anabaena sp. in the quest for innovative solutions
to the escalating challenge of antibiotic resistance in pathogenic bacteria.
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