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ABSTRACT

Background: Aeromonas species are Gram-negative ubiquitous bacteria, facultative anaerobic rods that infect
both invertebrates and vertebrates. Various fish species develop hemorrhagic disease and furunculosis due to
Aeromonas spp. Aeromonas strains generate certain active compounds such as siderophores, which are the final
products of non-ribosomal peptide synthetase (NRPS) activity. The present study attempted to investigate the
prevalence of Aeromonas isolates in marketed fish sources. We also examined the siderophore production ability
of these isolates. Methods: Among the molecular tools, 16S rRNA analysis was used to identify Aeromonas
species and their epidemiological distributions. The hemolytic activity of the strains and biochemical assays were
used to confirm the identity of the isolates. We also determined the chemical nature of siderophores in these
strains. Results: A total of seven Aeromonas isolates obtained from fish were included to determine the
siderophore production. Of 7 isolates, 4 produced siderophore, and their chemical nature was also determined.
The siderophore produced by Aeromonas was invariably found to be of hydroxamate. Four Aeromonas isolates
were selected for PCR identification of NRPS-encoding gene. The conserved sequence was present in all four
selected isolates. Furthermore, siderophores were qualitatively tested for their antibacterial activity against
pathogenic bacteria and a significant level of inhibitory activity was observed in siderophores from the four
isolates. Conclusion: Our results showed the ability of the isolated strains in production of siderophores with a
high level of activity against Salmonella paratyphi. These siderophores could find applications in biomedical
industries. DOI: 10.7508/ibj.2016.04.008
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INTRODUCTION colonies on blood agar?. In fish, these bacteria cause

hemorrhagic septicemia, fin rot, soft tissue rot and

eromonas spp. was thought to be an furunculosist®. A variety of extracellular virulence
Aopportunistic pathogen in immunocompromized factors such as enterotoxins, cytotoxins, hemolysins,
humans. The species belongs to the family erolysins, proteases and hemagglutinins produced by
Aeromonadaceae and has a broad host spectrum, with A. hydrophila support their epidemiological
both cold- and warm-blooded organisms, including associations!. Apart from extracellular virulent
human being[”. Aeromonas spp. are catalase- and proteins, Aeromonas also produces the catecholate
oxidase-positive bacteria and reduce nitrate to nitrite, siderophores, an iron-binding  protein  either
as well as they show large zones of hemolysis around amonabactin or enterobactin that are considered as
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virulence factors®®. As iron is an essential element for
the growth of almost all known organisms, many
saprophytic and pathogenic microorganisms have
evolved some methods of sequestering iron from their
environment, which is in the form of insoluble ferric
oxide/hydroxide complexes. One way of achieving this
goal is the production of small molecules with high
affinity for ferric iron, known as siderophores, whose
biosynthesis is induced by intracellular iron deficiency
and are secreted into the environment to scavenge iron.
Non-ribosomal peptides (NRPs) are a class of
secondary metabolites that are usually produced by
microorganisms such as bacteria and fungi. Unlike the
polypeptides, which are synthesized on ribosomes,
NRPs are produced by NRPs, which are considered as
preassembled, modular molecular factories. Also,
contrary to the ribosome, which is fed by an mRNA
code and can make an arbitrary sequence of peptides,
an NRPs does not accept a code and is preset to make
one peptide. As a class, NRPs can make a wider
diversity of peptides than ribosomes. They are
structurally a very diverse family of natural products
with an extremely broad range of biological activities
and pharmacological properties. NRPs are often toxins,
siderophores or pigments. There is an enormous scope
for the application of microbial siderophores for the
sustainability of humans, animals and plants'®.
Hydroxamate siderophores are present in soil at
concentrations high enough to be absorbed by plant
roots. It has been reported that hydroxamate
siderophores exist in various soils, and they are also
produced in aquatic environmentsl). Siderophore
synthesis, their structure, properties and applications
?z?ve been studied in many terrestrial microorganismst®

Based on various aspects and beneficial applications
of siderophores in all sectors, the current research has
been carried out to screen Aeromonas spp. for
production of siderophores and investigate the nature
and possible biological activities of these compounds.

MATERIALS AND METHODS

Sample collection and processing

Collection and processing of marine fish specimens
for the isolation of Aeromonas were performed as
reported earlier™!. Briefly, fish samples were collected
randomly from fish retail outlets in and around
Coimbatore City, Tamilnadu, India and transported to
the laboratory in less than an hour. Various organs
such as body surface, gill and intestine of the fish were
swabbed using sterile cotton swabs and enriched in
alkaline peptone water overnight. The enriched
cultures were streaked on starch ampicillin agar
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medium and incubated at 28°C for 24 h. Colonies with
yellow to honey color were selected and used for
further examination.

Identification of Aeromonas

Pure cultures were identified as Aeromonas based on
biochemical reactions™ and were subjected to the
amplification of 16S rRNA gene. Aerol6S F
(5’CAGAAGAAGCACCGGCTAAC-3") and Aerol6S
R (5’TTACCTTGTTACGACTTCAC-3’) primers
were used with the following PCR conditions, and the
gene was amplified in a thermal cycler (Eppendorf).
Polymerase chain reaction was performed as initial
heating at 94°C for 5 min, 30 cycles of denaturation at
94°C for 1 min, annealing at 55°C for 1 min, extension
at 72°C for 1 min, followed by a final extension at
72°C for 10 min. The PCR products were then
separated on 1% agarose gel.

The hemolytic activity of Aeromonas isolates

The hemolytic activity of the isolates was determined
by using blood agar plates containing 5% (v/v)
anticoagulant-added blood. The zone of hemolysis
around the colonies on the plates after 24-h incubation
will be the positive result.

Siderophore production and qualitative detection of
siderophores

Ferric chloride (FeCly) test

All the seven isolates were used for the analysis of
siderophore production by FeCI3 method*®. About 1
mL 2% FeCl; solution was added to 1 mL of culture
supernatant. The development of orange or red-brown
color of the supernatant indicated the presence of
siderophore.
Chrome azurol sulfonate (CAS) assay™®

Culture supernatant (1 mL) was added to 1 mL CAS
assay solution. Then the supernatant was examined for
the change of color from blue to orange or pale reddish
brown, which showed the presence of siderophore.

Chemical assays for determination of siderophores
identity

All the qualitatively tested isolates were subjected to
the analysis of their chemical groups by performing the
following tests.

Tetrazolium salt test™™®

The test was carried out by the addition of 1-2 drops
of 2 N NaOH and 0.1 mL of the test culture
supernatant to a pinch of tetrazolium salt. The
appearance of a red to deep-red color confirmed the
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presence of h}/droxamate siderophores.
Vogel’s test’!

In this test, 1 drop of phenolphthalein was added to 3
drops of 2 N NaOH. Sterile deionized water was then
added to the mixture until the appearance of a light
pink color. Disappearance of color by the addition of
culture supernatant indicated the presence of
siderophores with carboxylate nature.

Arnow’s assay[ls]

At first, 0.5 mL reagent containing nitrite molybdate
with 0.1 mL of 2 N NaOH was added to 1 mL culture
filtrate and 0.1 mL of 1 N HCI. Next, the volume was
made up to 5 mL. The absorbanceat 515 nm in UV-
VIS spectrophotometer indicates the catecholate nature
of siderophores.

2% ferric chloride test

Hydroxamate, catecholate and carboxylate or other
siderophores capable of forming stable iron complexes
at low pH could be detected with the addition of 2.5
mL 2% FeCl; to 0.5 mL culture supernatant. The
nature of siderophores was ascertained by the
examination of their OD (absorption) peak between
420-450 nm (hydroxamate), 495 nm (ferric
catecholate), 250, 320 and 210 nm (catecholate) and
190-280 nm (carboxylate) using a UV-visible
spectrophotometer. A peak between 420 and 450 nm
of ferrated siderophores indicated its hydroxamate
nature.

PCR amplification of siderophore-related non-
ribosomal peptide synthetase gene

Siderophore encoding NRPS gene was amplified by
specific primers: F1 (5' TTGTTGACCTATGGCGAG
CTGGAG 3") and R1 (5' CGGCACCATGTATTCG
GGCAG 3') using a thermal cycler with the following
PCR conditions: Initial heating at 94°C for 5 min, 30
cycles of denaturation at 94°C for 30 s, annealing at
56°C for 30 s and extension at 72°C for 1 min,
followed by a final extension at 72°C for 5 min.

Antimicrobial activity of siderophores
The antimicrobial activity of the siderophores

produced by Aeromonas isolates was determined by
agar well diffusion method™. The pathogenic
bacterial isolates used were E. coli, Klebsiella sp.,
Proteus sp., Pseudomonas sp., Salmonella typhi, S.
paratyphi, Vibrio sp., Bacillus sp., Staphylococcus sp.
and Streptococcus sp. The results were expressed as
the average diameter of inhibition zones around the
wells.

Iran. Biomed. J. 20 (4): 235-240

RESULTS

Isolation and identification of Aeromonas

Marine fish samples were processed. Based on
biochemical profiling and 16S rRNA (1050 bp) gene
amplification, yellow to honey colored colonies on
starch ampicillin agar plates, bacterial colonies were
recovered and identified as Aeromonas. Eight
Aeromonas isolates were obtained from 26 fish
samples. It was observed that all the isolates were
capable of producing p-hemolysin.

Hemolytic activity and siderophore production of
Aeromonas isolates

FeCl; and CAS assays indicated that 4 out of 8
isolates (A5, A7, A19 and A27) produced siderophore.
Of 4 isolates, 3 (A5, Al9 and A27) produced
hydroxamate-type siderophore, which was confirmed
qualitatively by tetrazolium salt test. Using Neilands’
spectrophotometric assay, the peaks of the isolates
were recorded at 423 nm, 428 nm and 409 nm,
respectively (Fig.1a, ¢ and d). However, the other
isolate, A7, produced a catecholate type, which was
confirmed by Arnow’s test. The result indicated a
light wine color, and a peak was recorded at 497 nm
(Fig. 1b). The isolate A19 produced hydroxamate-
type siderophore as well as catecholate type
siderophore, where the peak was observed at 403 nm
(Fig. 1c). None of the isolates produced carboxylate-
type siderophore as Vogel’s test result showed stable
pink colors, indicating the negative results for
carboxylate-type siderophore.

Identification of non-ribosomal peptides-encoding
gene by the PCR method

Selected isolates of Aeromonas (A5, A7, A19 and
A27) were subjected to the identification of NRPS-
encoding gene by the PCR method using degenerative
primers. The conserved sequence of NRPS gene was
found to be present in all the isolates.

Antibacterial activity of siderophores

Siderophores were qualitatively tested for their
antibacterial activity at 37°C for 24 h. The crude
siderophore extracts of all the four Aeromonas
isolates showed a moderate level of antibacterial
activity (Table 1). There was the highest level of
antibacterial activity against Salmonella paratyphi.
Siderophore extracts of the isolates A19 and A27
inhibited Klebsiella, E. coli, S. typhi, S. paratyphi and
Streptococcus sp. Siderophore of A27 isolate exhibited
a maximum inhibition zone of 18 mm against
S. paratyphi. Proteus sp., Pseudomonas sp., Vibrio sp.,
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Fig. 1. Spectrophotometric assay showing peaks for hydroxamate type of siderophores. a, b, ¢, and d show the spectrum of
siderophore produced by A5, A7, A19 and A27, respectively. A, Aeromonas; Abs, absorbance

Bacillus sp., and Staphylococcus were found to be
resistant to the siderophores of all the four isolates

(Fig. 2).

DISCUSSION

Fishery products are of great importance for human
nutrition worldwide and can act as a source of food-
borne pathogens. The incidence of microbial
pathogens, especially those of bacterial origin, is one of
the most significant factors affecting fish culturel®?.
About 28% incidence of A. hydrophila has been

Table 1. Antibacterial activity of crude siderophores

reported in fishes from retail outlets of New Zealand®”,
and 90% maximum incidence has been recorded in
marketed fish at Coimbatore, South India®’. In the
present investigation, the prevalence of Aeromonas in
various fish indicated that 31% of the fish samples
contained Aeromonas isolates.

Aeromonas secretes several extracellular proteins,
including enterotoxin, hemolysin and erolysin that
are associated with the bacterial virulence®.
The production of hemolytic toxins has been regarded
as strong evidence of pathogenic potential in
aeromonas®!. All the eight selected isolates showed
B-hemolytic activity. We also observed stronger

Siderophores of Aeromonas zone of inhibition (mm)

Serial No.  Bacterial pathogens A5 A7 AL o7
1 E. coli 14.0 0 12.0 8.0
2 Klebsiella sp. 8.0 0 10 10.0
3 Proteus sp. 0 0 0 0
4 Pseudomonas sp. 0 0 0 0
5 S. typhi 16.0 12.0 14.0 14.0
6 S. paratyphi 16.0 0 18.0 16.0
7 Vibrio sp. 0 0 0 0
8 Bacillus sp. 0 0 0 0
9 Staphylococcus sp. 0 0 0 0
10 Streptococcus sp. 8.0 0 12.0 14.0

A, Aeromonas
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Fig. 2. Antibacterial activity of crude siderophores. a) Salmonella paratyphi; b) Salmonella typhi; c) Escherichia coli;
d) Klebsiella sp.; e) Staphylococcus sp, showing the inhibitory zones formed by crude siderophore extracts against bacterial pathogens.

Note: 1, A5; 2, A7; 3, A19; 4, A27; A, Aeromonas

hemolytic activity on agar plates, which confirms the
presence of virulent Aeromonas isolates in fish.

Siderophores are common products of aerobic and
facultative anaerobic bacteria and fungi. In the current
study, the production ability of hydroxamate and
catecholate types of siderophore was observed in the
Aeromonas isolates obtained from marine fish. It has
been suggested that quantitative variation in siderophore
production is related to space, time, environment and
organisms concerned®. In the present study, the
production of siderophore was primarily confirmed by
positive FeCl; test. Positive results for Neilands'
spectrometric assay showed a maximum absorption at
430 nm, indicating hydroxamate nature of siderophores.
Mixed type of siderophores (hydroxamate and
catecholate? produced by Pseudomonas has also been
reported %,

The present study investigated the antibacterial
activity of the crude siderophore extracts produced by
Aeromonas isolates. The results indicated a significant
level of inhibitory activity in siderophores from four
isolates against pathogenic bacteria. We identified the
prevalence of Aeromonas isolates in marketed fish
sources. About 31% of the fish samples were found to
be contaminated with pathogenic Aeromonas isolates.
It is an important threat to the people consuming
contaminated fish and other sea foods. The crude
siderophores included in this study showed

Iran. Biomed. J. 20 (4): 235-240

antimicrobial activity against pathogenic bacterial
isolates. Further studies are required to examine a wide
range of clinical pathogens.

ACKNOWLEDGEMENTS

Authors are thankful to the Secretary, Principal and
Department of Biotechnology of Kongunadu Arts and
Science College, G.N. Mills (Post), Coimbatore, Tamil
Nadu, India for providing facilities and encouragement
to carry out this research work.

CONFLICT OF INTEREST. None declared.

REFERENCES

1. Nerland AH. The nucleotide sequence of the gene
encoding GCAT from Aeromonas salmonicida ssp.
salmonicida. Journal of fish diseases 1996; 19(2): 145-
150.

2. Steinberg JP, Burd EM. Other Gram-negative and
Gram- variable bacilli. In: Mandell, GL, Bennett JE,
Dolin R, editors. Principles and practice of infectious
disease. Philadelphia: Churchill Livingstone, 2010. P.
3015-3033.

3. Rahman M, Colque-Navaro P, Kuhn I, Huys G, Swings
J, Mollby R. Identification and characterization of
pathogenic Aeromonas veronii biovar sobria associated

239


http://dx.doi.org/10.7508/ibj.2016.04.008
https://dor.isc.ac/dor/20.1001.1.1028852.2016.20.4.7.2
http://ibj.pasteur.ac.ir/article-1-1698-en.html

[ Downloaded from ibj.pasteur.ac.ir on 2025-04-21 ]

[ DOR: 20.1001.1.1028852.2016.20.4.7.2 ]

[ DOI: 10.7508/ibj.2016.04.008 ]

Production of Non-Ribosomal Peptide Synthetase

Amsaveni et al.

10.

11.

12.

13.

14.

15.

16.

240

with epizootic ulcerative syndrome in fish in
Bangladesh. Applied environmental microbiology 2002;
68(2): 650-655.

Callister SM, Agger WA. Enumeration and
Characterization of Aeromonas hydrophila and Aeromonas
caviae isolated from Grocery Store Produce. Applied
environmental microbiology 1987; 53(2): 249-453.

Telford JR, Raymond KN. Coordination chemistry of
the amonabactins, Bis(catecholate) siderophores from
Aeromonas hydrophila. Inorganic Chemistry 1998;
37(18): 4578-4583.

Barry SM, Challis GL. Recent advances in siderophore
biosynthesis. Current opinions in chemistry and biology
2009; 13(2): 205-215.

Mohandass C. Bacterial Siderophores and Their
Biotechnological Applications, Marine Microbiology:
Facts and Opportunities. Ramaiah N (Ed.) 2004; p. 169-
74.

Teintze M, Hossain MB, Barnes CL, Leong J, Vander
Helm D. Structure of ferric pseudobactin, a siderophore
from a plant growth promoting Pseudomonas strain
B10. Biochemistry 1981; 20(22): 6446-6457.

Smith MJ, Schoolery JN, Schwyn B, Neilands JB.
Rhizobactin, a structurally novel siderophore from
Rhizobium meliloti. Journal of American chemical
society 1985; 107(6): 1739-1743.

Matzanke BF, Muller-Matzanke G, Raymond KN.
Siderophore mediated iron transport. Physiology and
bioinorganic chemistry series 1989; 5: 1-121.

Calugay RJ, Miyashita H, Okamura Y, Matsunaga T.
Siderophore  production by magnetic bacterium
Magnetospirillum  magneticum  AMB-1. FEMS
Microbiology letters 2002; 218(2): 371-375.

Crosa JH, Walsh CT. Genetics and assembly line
enzymology of siderophore biosynthesis in bacteria.
Microbiology and molecular biology reviews 2002;
66(2): 223-249.

Vivekanandhan G, Savithamani K, Hatha AAM,
Lakshmanaperumalswamy P. Antibiotic resistance of A.
hydrophila isolated from marketed fish and prawn of
South India. International journal of food microbiology
2002; 76(1-2): 165-168.

Jalal MAT, Van der Helm D. Isolation and
spectrometric identification of fungal siderophore. In:
Winklemann, G, editor. Handbook of Microbial Iron
Chelates. Florida: CRC Press; 1990. p. 235-2609.

Snow GA. Mycobactin A growth factor for
Mycobacterium johnei. Il. Degradation and identific-
ation of fragments. Journal of chemical society 1954; p.
2588-2596.

Schwyn B, Neilands JB. Universal chemical assay for
the detection and determination of siderophores. Annals
in biochemistry 1987; 160(1): 47-56.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Vogel AE. Class reactions (reactions for functional
groups). In: Elementary Practical Organic Chemistry.
New Delhi: CBS Publishing; 1987. p. 190-194.

Arnow LE. Colorimetric determination of the components
of 3,4 dihydroxyphenylalanine tyrosine mixtures. Journal
of biology and chemistry 1937; 118: 531-537.

Bauer AW, Kirby WMM, Sherris JC, Turck M.
Antibiotic susceptibility testing by a standardized single
disk method. American journal of clinical pathology
1966: 45(4): 493-496.

Seshadri R, Joseph SW, Chopra AK, Sha J, Shaw J,
Graf J, Haft D, Wu M, Ren Q, Rosovitz MJ, Madupu R,
Tallon L, Kim M, Jin S, Vuong H, Stine OC, Ali A,
Horneman AJ, Heidelberg JF. Genome Sequence of
Aeromonas hydrophila ATCC 7966T: jack of all trades.
Journal of Bacteriology 2006; 188(23): 8272-82.
Darlington LG, Stone TW. Antioxidants and fatty acids
in the amelioration of rheumatoid arthritis and related
disorders. Brazillian journal of nutrition 2001; 85(3):
251-269.

Zorrilla 1, Chbrillon M, Arijo S, Diaz-Rosales P, Martinez-
Manzanares M, Balebona MC, Marinigo MA. Bacterial
recovered from diseased cultured gilhead sea bream
(Sparus aurata L.) in southeastern Spain. Aquaculture
2003; 218(1-4): 11-20.

Hudson JA, De Lacey KM. Incidence of motile
aeromonads in New Zealand retail foods. Journal of
food protection 1991; 54(9): 696-6609.

Thayumanavan Tha, Subashkumar R, Vivekanandhan G,
Savithamani K, Lakshmanaperumalsamy P. Haemolytic
and multidrug resistant Aeromonas hydrophila cross
contamination in retail seafood outlets of Coimbatore,
South India. American journal of food technology 2007;

2(2): 87-94
Aslani MM, Hamzeh HS. Characterization and
distribution of virulence factors in Aeromonas

hydrophila strains isolated from fecal samples of
diarrheal and asymptomatic healthy persons in llam,
Iran. Iranian Biomedical Journal 2004; 8(4): 199-203.
Namdari H, Bottone EJ. Microbiologic evidence
supporting the role of Aeromonas caviae as a pediatric
enteric pathogen. Journal of clinical microbiology 1990;
28(5): 837-840.

Sharma A, Johri BN. Combat of iron deprivation
through a plant growth promoting fluorescent
pseudomonas strain GRP3A in mung bean (Vigna
radiate L .Wilzeck). Microbiology research 2002;
158(1): 71-81.

Mayer JM, Abdallah MA. The fluorescent pigment of
Pseudomonas fluorescens: Biosynthesis, characterize-
ation and physicochemical properties. Journal of
general microbiology 1978; 107: 319-328.

Iran. Biomed. J. 20 (4): 235-240


http://dx.doi.org/10.7508/ibj.2016.04.008
https://dor.isc.ac/dor/20.1001.1.1028852.2016.20.4.7.2
http://ibj.pasteur.ac.ir/article-1-1698-en.html
http://www.tcpdf.org

