
r' -ei:iire%ryaifjfa$ , f -'r:@r..r.&r e- !a*"r.(,yr**irr. -,' ","!'i:q.:?.5i!r?:"i:r;,

Tikrit Journal Of Pharmaceutical Sciences 2008, vol.4 (l):37-43

Identification and study of cultural conditions affecting Neomycin
antibiotic produced by Streptomyces sp. N

Algafari, R. N. I Alkaragoli, R. S. t Abd.l Malik W. 2

l-Biotechnology Research Center - Al- Nahrain University-IRAe
2-Biotechnology Department - Al- Nahrain University-lRAe

Received 10/ 03 / 2008 - Accepted t6 /4 / 2008

Abstract:

Cuftural conditions affecting antibiotic production by local isolate of Streptomyces sp. N were
studied. Cultural conditions included groMh medium, growth temperature,pH, and ion effect. The study
showed that this local isolate was able to produce neomycin antibiotic. This compound showed a
biological activity against gram - positive, and gram - negative bacteria. This effect was variable
depending on the factors studied. Media of antibiotic production, R2 medium, and complete medium
rvere better for Slreptomyces growth. Growth of the organism for 5 days gave the largest inhibition zones
against test bacteria. The organism shorved better gror,l,th and antibiotic production when cultivated at
370C. The pH of the medium showed a dramatic effect on antibiotic production since low pH had
increased antibiotic release to the medium resulting in observed increased in the biological activity. Ions
like phosplrate and citrate shorved diff'erenteff'ecton the antibiotic production. Tlrc phosphate had shorvn
an enltancing effect rvhere as citrate inhibit antibiotic production and lowercd the grolvth of the organism
on cultivation media.
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Introduction:

Gram positive obligatory aerobic
Streptomyces bacteria are abundant in most
soils. For large part of their nutrition, they utilize
insoluble organic debris by the production of
variety of extracellular hydrolytic enzymes such
as cellulase, hemicellulase, amylase, protease,
and nuclease. They are morphologically adapted
to this way of life (2).

Antibiotics are compounds that inhibit
the growth of other microorganisms by some
specific interference in their normal
biochemistry. The specificity of action of
antibiotics for particular targets, and hence for
particular groups of organisms, is the reason
why many of them are so valuable in medical,
veterinary, and agricultural practice, and
thcrcfore, as industrial products (ll).

Biochemical analysis of the end product
' had revealed that many streptomycetes might

produce more than one type of a-ntibiotics during
their grorvth and development (16).

Biochcmical analysis had shorvn tlrat
these antibiotics are derivatives of less complcx
molecules obtaincd by bacterial nutrition.
Chcrnical modification and dirncrization -
polyrncrization may lcad to producc nlore
complcx compounds lvitlr diff'crcnt function (l).

Such biochcmical rcactiorrs obtain tlrcir
cncrgy frorn spccilic nrolcculcs that afl'cct
spccifically rrot in antibiotic production only, but
also in Strcptornycas cliff'ercntiation. l'lrcsc
rnolcculcs rvcrc idcntiflcd as guanosinc 5/ -
diplrosphrte , 3/ cliphosphatq (nncnn) and
guanosirrc 5' - triphosphatc 3' - diphosplrate
(pppcpp).

Other studies founcl that other nrolecules
may have an adverse effect in antibiotic
production. The A - factor (2 - s- isocapryloyl
- 3 - s - hydroxyrnethyl - y - butyrolacton) is a
potent autoregulatory factor essential for
antibiotic production and spore formation in
Streptony'ces (e).

In Streptomyces, antibiotic production
nearly ahvays takes place only after rapid grorvth
has ceased. When nutrients are abundant and
readily available, microorganisms grow fast. In
mixed communities, rapid conversion of
nutrients to biomass is the overriding theme of
the metabolism and its efficiencv is maximized

by the well - known regulatory system that
governs such assimilation. Considering this fact,
Streptomyces grown in a liquid media generally
produce antibiotics during stationary phase or at
low growth rate. This may reflect production by
cell inside mycelial pellets that may be
nutritionally limited and that have, therefore.
entered stationary phase ('o).Gen.i

specifically involved in the production of
particular antibiotic are invariably found
clustered together, and only one set for
methylenomycin production is known to be
plasmid - located rather than chromosomal,
while most of other antibiotics were found to be
chromosomally determined (5).

The biosynthetic clusters usually also
contain one or more genes that confer immunity
to the antibiotic which vary considerably in their
mode of action. Many genes have been
identified that pleiotropically affecting antibiotic
production in Strcptorttyccs, and several of these
arc likely to play a global role in regulation of
antibiotic production. Mutants in about half of
thcsc pleiotropic genes also shorved deficiencies
in nrorphological di ffercntiation (8).

Neornycin has been described by
Waksntan and Lechevalier as an antibiotic
substancc produccd by Strcptornyces fr.adiae. lt
is vcry activc against variety of gram - positive
ancl grant ncgative bacteria including
strcptonrycin rcsistant strains. Early studies on
nconrycin concentrated by Slvart et a/., indicated
tlte prescnce of several antibacterial components
for rvhich the term "neomycin complex" was
introduced (12).

Neomycin is extremely stable toward
alkali since it rvithstand l8 hours of heating lvith
bariurn hydroxide. Neomycin is stable at pH 2 at
room temperature for at least 24 hours, but
heating r,vith I N or 6 N mineral acids results in
extensive degradation lvith charring, particularly
rvhen 6N acid is used. Acute toxicity tests in
mice indicated an LD56 of approximately 80 mg
/ kg intravenously, and 400 mg / kg
subcutaneously. Thus, on a weight basis,
neomycin is more toxic than streptomycin (lt),

The aim of this work is to ascertain cultural 
'

conditions in production of neomycin - like
antibiotic by the local isolate Streptomyces sp N.
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Materials and Methods:-
Bacterial species:
Streptomyce.r sp. N isolate was a kind gift from
Professor Dr. Mohammad A-K Ibrahim , test
organisms Bacillus thuringiensis, Bacillus
sphaericus were obtained from department of
Biotechnology, Al-Nahrain University as a
standard isolates imported from Pasteur Institute
of France, E. coli, Proteus mirabilis, Pseumonas
aeruginosa, Candida albicans were a standard
isolates obtained from Central Clinical
Laboratory, Ministry of Health.
Cullure media:

The following culture media were used
for cultivation of Srreptomyces spN.

Antibiotic production medium (Leach et
al., l95l), contain (Glucose 25 g, Yeast Extract
2.5 g, CaCOr 8 g, Kcl 4 g, KI-l2POa O.4 g, Soya
bean meal 25 g, Tap water 1000 ml), R2
Medium (l{oprvood ct al., 1985) (Sucrose 103
g, K2SOa 0.25 g, MgCl2.6HzO 10.12 g,
Glucose l0 g, Casamino acids 0. I g,
Distilled watcr800 ml),2.2 g of agar rvas placcd
in each 250 ml flask and poured in 80 ml of the
solution. Thc flasks rvere closcd and autoclaved.
At the tirne of use, thc mcdia rvere ntcltcd and a
solution of thc follorving cotnponents rvas addcd
to cach flask: Kl-l:PO4 (0.5 %) l ml, CaCl2.
2Vl2O (3.68 %) 8 ml, L - prolinc (20 %) 1.5 ml,
TES buffcr (5.73 % pl-l 7.2) I0 ml, Tracc
elcnrcnt solution 0.2 ml, NaOli ( | N) 0.5 nrl,
Trace clemcnt solutiorr (ZnCl2 40 nrg, FcCl:.
6lJ2O 200 nrg, CuCl2. 2ll2o l0 nrg, MnCl2.
4l-l2o l0 nrg, Na2BaO7. l0 I{2O l0 mg, 6l.lllr)
oMo;O:,r. 4H2O l0 mg) TES buffbr'(Tris - base
pl-l 8 0.05 M, NaCl 0.05 M, EDTA pll 8 5 rnM)
Cauza agar (Komagata, 1986) contain (Soluble
starch 20 g, KNO: I g, NaCl 0.5 g, MgSOa.
THzO 0.5 g, FeSOa. THzO 0.01 g, KzHPO.r 0.5
g, Agar2O g, Distilled rvater 1000 ml), Complete
medium for streptomycetes (l-loprvood et al.,
1985) contain (Agar l0 g, K2HPO+ 5 g, NaCl 0.5
g, MgSOa. 7H2O 0.5 g, Bacto - pepton 2 g,
Yeast extract I g, Casaminoacids 1.5 g, L -
Histidine 50 mg, L - Proline 50 mg, Yeast

nucleic acid hydrolysate 5 ml, Vitamin solution .

I ml, Glucose 25 g, Distilled water 1000 ml).
Extraction and identification of Neomycin:

Extraction and TLC chromatography of
antibiotic was done according to. Weinstein and
Wgman, (1978), the method was modified to'
obtain sterile, and debris free extract from the
broth of Streptomyces cultivated for 5 days in
antibiotic production medium. This was done by
fiftration through 0.22 Fm membrane. IR
spectroscopy was made by Schimadzo
spectrophotometer to identify functional groups
in the compound extracted from chromatography
paper.

Results and Discussion:-
Antibiotic production is a common feature in
Streptotnyces. It is so rare to find a bacterium of
tlrese genera deficient in production of such
secondary metabolite in nature, only but those
deficient in aerial mycelium production as a
result of mutation. This proposed a complex
network connecting antibiotic production with
differentiation.This proposal lcd to the discovery
of plieotropic gcnes that affect differentiation as
lvcll as antibiotic production (').tn 

normal
isolates ol strcptonlycetcs, production of
antibiotic nray dcpcnd mostly on physiological
and nutritional conditions. l'lrc organism rvas
first grorvn orr rncdia mentioncd previously to
dctcct the bcst grorvth nrediunr. Results shorved
R2 Mcdium, antibiotic production medium, and
cornpletc ntccliunr wcrc more stritable for the
grorvth of the organism, since they allolved fast
grorvth and diffbrcntiation that rvas complete in
7 days, rvhcre as other media allorved gror.vth
and spore forrnation in l4 days. The reason may
be attributed to the presence of nitrogen and
carbon sources that are easily to be consumed by
the organism and enhance differentiation in
shorter time. These media rvere used for further
research.

The isolate sholved an antibacterial
activity against gram - positive, and gram -
negative bacteria that may indicate the presence
of an antibacterial agent produced (table l).
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Table (l): Biological activity of the local streptomyces rp N uguinu grur poil. and gram negative

bacteria.

Streptomyces

strain
Inhibition zone (mm)

Bacillus

thuringiensis Pseudomonas

aeruginosa

The mark (--):no inhibition zone.

To identify the antibacterial agent, the IR
spectroscopy was performed. Figure (l) shows a
great resemblance with the scheme obtained

from neomycin that may refer to the presence to
such antibiotic produced by this bacterium.

I

I

lR Spoctrum flom Stroptomycos sp N

Figure (l): IR spectroscop y of Streplomyces sp N in comparison with the standard neomycin. The figure
shorvs a great similarity betrveen the trvo spectrums that indicates a similarity in structure of the two
compounds.
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Thin layer chromatography for the
extract of the medium in which this bacterium
was grown was done using neomycin as a
standard to calculate the Rs value. Result showed

Factors aff'ecting production of
antibacterial agent rvere also studied. The first
factor rvas the incubation period. Results shorved
that incubation of the bacterium for 5 days gave
increased inhibition zone against test bacteria
rvhen biological activity was performed. The
reason for this may be associated lvith the
hydrolytic enzymes produced by the bacterium
that may degrade the antibiotic (a).

PH of grorvth medium may play an
important role in antibiotic production. Results

that both compounds had the same R6 of 0.33
Weinstein and Wgman, (1978) which may
confirm the previous results. The result is shown
in figure (2).

sholved rvhen the bacterium rvas gro'#n in acidic
medium (pH 5), the biological activity had
increased dramatically after 5 days of
incubation. This may as a result of the change of
permeability of the cell wall enhancing the
release of increased amount of the antibiotic to
the medium (table 2) that shows a dramatic
increase in antibiotic production as a result of
change of cellwall permeability.

Figurc (2): Thin layer chromatography of the extract obtained from the grorvth medium of the
local Strcptonlyces isolate. The Rp of 0.33 rvas thc same for the trvo conrpounds that may indicate the
similarity betrveen them lvhich is Neomycin.
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Table (2): Efrect of pH on the production of antibiotic when biorogicat activity was performed against
test isms.

Growth temperature was tested as a
factor affecting antibiotic production from the
bacterium. Results showed that 370C represenr
the best growth temperature and aniibiotic
production, since no biological activity was
observed when the local isolate was grown at
270C, ancl it fail to grow at qSdC.- 

-.-

The efFect of ions was also investigated as
a factor controlling antibiotic production. Two
types of ions referred to by Hopwood and Chater
(1994) were tested phosphate and citrate.

Whcn those ions rvere added to the medium
thcy sholved different effects. The citrate ion
shorved an inhibition effect while the phosphate
shorvcd an enhancing eftbct on antibiotic
production.
This may be attributed to the intcrfcrence of
tlrcsc ions rvith the primary metabolic pathrvay
producing the prccursors ncedcd for tht
antibacterial agent pr.oduction (a).

Conclusions:-
This study had focusecl on identification of

Neornycin antibiotic produced by local
StreptotrU,sgs isolate and studying factors
affecting this antibiotic production thal included
grow'th condition, physical, and chemical
factors. Among these factors, pH shorvecl the
most drastic effect on antibiotic production not
only as an eflect on cell rvall permeability but it
may interfere rvith other biological activities of
the bacterium that need more studv.

Streptomyces

strain
Inhibition zone in mm against test organisms

Pseudomonas
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