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ABSTRACT

We have developed an efficient high yielding neomycin resistant Strain of Streptomyces fradiae for improved
production of neomycin. Streptomyces fradie was submerged in the solution ofio ug/ml, 15 ug/ml, 20
ug/ml,30 ug/ml,40 ug/ml50 ug/ml, 60 ug/ml7o ug/ml, 8o ug/ml, for five day for screeing out high yielding
Neomycin resistant Strain of Streptomyces fradiae . Streptomyces fradie in the solution of 70 ug/ml was the
high yielding Neomycin resistant Strain of Streptomyces fradiae It was same observed as prevous authors that
optimal levels of the elements Ca, Fe, and Zn per milliliter of a synthetic medium for neomycin production .
K-HPo, was required at a concentration of 0.1% for maximal yield of neomycin but observed improved

production of neomycin. It was observed 252 ug/ml, neomycin production.
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Introduction

Development of high yielding neomycin resistant
Strain of Streptomyces fradiae is required for
industrial production. Although many studies of the
mineral requirements of microorganisms for growth
have been reported, there have been only a few
detailed investigations on the requirements of
actinomycetes for metals in the biosynthesis of
antibiotics probably because of the difficulty of
preparing a metal-free medium™%3#587 and also
because requirements of metals for antibiotic
production vary with the basa medium®
Requirements for metals like Fe, Zn, Mg, and Cafor
neomycin production were demonstrated **! that in
media containing a high concentration (2.0%) of
glutamic acid. In the present work, an extensive

study has been made on the mineral requirements of
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Streptomyces fradiae for neomycin biosynthesisin a
synthetic medium. The strain was previously shown
to produce 90% neomycin B and 10% neomycin C
in the basal medium used in the study.In our present
observation , high yielding neomycin resistant
Strain of Sreptomyces fradiae was shown higher

production than prevous observation!

Materialsand M ethods

In present work, we have used same media
composition which was reported by previous
authors. The neomycin-producing culture of S.
fradiae "™ was used throughout the study for
neomycin biosynthesis. Streptomyces fradia was
submerged in the solution of 10 ug/ml, 15 ug/mi, 20
ug/ml,30 ug/ml,40 ug/ml,50 ug/ml, 60 ug/ml,70
ug/ml, 80 ug/ml, for five day for screening out high

yielding neomycin resistant Strain of Streptomyces
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fradiae . Streptomyces fradiae in the solution of 70
ug/ml was the high yielding neomycin resistant
Strain of Streptomyces fradiae The culture was
maintained on a potato-dextroseagar dant at 28 C
and was subcultured a monthly intervals. The
effects of different minerals were studied in the
medium consisting of: glucose, 10.0 g; glutamic
acid, 2.0 g, K,HPO,, 1.0 g; NaCl, 50 g;
MgSO,7H,0, 0.5 g; CaCl2-2 H,0, 0.04 g; FeSO,
7H,0, 0.005 g; MnSO, 4H,0, 0.005 g; ZnSO4
7H,0,0.005 g; water, 1,000 ml; pH 7 . Triple glass
distilled water was used throughout the experiments.
In atypical experiment, the inorganic salt under test
was first omitted from and then added to the basal
medium in graded doses in separate flasks to
determine optimal concentration. In each subsequent
experiment, the composition of the basal medium
was so altered as to include an optimal amount of a
mineral. Chemicals for the medium were of
analytical-reagent grade and were obtained from E.
Merck,Qualigens and High Media. Sugar, amino
acid, and K,HPOQ, were further made free from trace
elements by the following method™ 4 g of glutamic
acid, 10 g of K,HPO,, and 10 g of glucose were each
dissolved separately in 200 ml of triple glass-
digtilled water, and the resulting solution was
shaken twice with a mixture of 0.1 g of 8-
hydroxyquinoline and 5 ml of chloroform in a
separating funnel, first at pH 7.2 and then at pH 5.2.
After each extraction, the solution was washed three
times with 5 ml and then once with 10 ml of
chloroform to free the medium from traces of 8-
hydroxyquinoline. Clean Pyrex glassware was used
throughout the study. Solutions of glucose, glutamic
acid, phosphate, and a mixture of other mineras
were dsterilized separately. The medium  was
dispensed in 20-ml volumes in 100-ml Erlenmeyer
flasks and inoculated with 0.05 ml of spore
suspension. Inoculum was obtained by making a

suspension in 2 ml of sterile water of spores which

were harvested from dant cultures of potato
dextrose-agar grown at 28 C for 10 days. Flasks
were inoculated at night and kept stationary;
shaking was not started until early the 190 next

[ This was done to minimize the

morning
adherence of spores at the flask wall and to facilitate
formation of a uniform spore layer at the surface.
Flasks were incubated at 28 C on a rotary shaking
machine (65 rpm; eccentricity, 2.5 cm). After
fermentation, the antibiotic potency of the broth was
determined by a conventional agar diffusion (cup-
plate) method of assay against the sensitive
organism Bacillus subtilis (strain B3). results are
expressed in terms of micrograms of neomycin per
milliliter of broth, calculated with reference to a
standard curve? Growth was determined by
measuring dry weights of cells. The mycelium was
collected by filtration of the cultures through filter-
paper discs which had previously been dried for 24
hr at 70 4 5 C. After filtration, the paper discs were
dried again at 70 = 5 C and weighed ™" To check
the variation of weight of filter paper, a blank was
also prepared in each set. A digital pH meter was

used for pH measurement.

Resultsand Discussion

The effects of salts, such as K,;HPO, and NaCl,on
neomycin production and of the elements Ca, Mn,
Fe, Zn, and Cu on growth of neomycin resistant
strain  of Streptomyces fradiae and neomycin
production are shown in Tables 1 to 6. Since there
were no appreciable changesin pH of the broth with
increasing concentration of metals, except iron, the
data on pH changes during the fermentation process
have only been reported with respect to different
concentrations of theiron”” Obsevation issame as
prevous author but production of neomycin is much
higher by use of Neomycin resistant Strain of
Streptomyces fradiae The optimal concentration of

K,HPO, for neomycin formation in the synthetic
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medium is 0.1 %, and NaCl is without any effect!”-
NaCl was included in the study because [*showed
that NaCl helpsin the release of bound streptomycin
from the mycelium. It is of interest that higher
concentrations of phosphate interfere with neomycin
synthesis.This type of behavior of phosphate has
TABLE 1. Effect of K,HPO4and NaCl on neomycin
production by Streptomyces fradiae .Concentration
of neomycin (ug/ml) also been observed with regard
to streptomycin biosynthesis ¥ Tables 2 to 6
indicate that the elements CaMn Fe, and Zn are
required at 10.8, 1.250, 2.00 , and 0.02 ug/ml,
respectively, for maximal neomycin production,
whereas Mn and Cu have no effect either on growth
of the organism or on neomycin formation .Our
but

production is much higher by use of neomycin

observation is same as prevous author
resistant Strain of Sreptomyces fradiaeWe have
used same media compostion but the production is
much higher by use of Neomycin resistant Strain of
Sreptomyces fradiae . some authors reported that
,Of the metals Ca, Fe, and Zn, only the first two are
essential for growth of the organism, athough the

optimal  concentrations  for  growth  and
antibiotic,production are different!”- . One
interesting feature of this investigationl s the

effect of iron on pH changes of fermentation broth
at different periods of incubation. There was an
increase in acidity of the medium with low iron
concentrations up to the 7th day of fermentation, but
there was no appreciable change in pH of the
medium at a dose of 0.2 ,ug/ml or more of Fe. It is
possible that there is a disturbance of normal
metabolism of the organic acids at low levels of
ironi®].We have observed same as prevous author.
Such an acid accumulation was reported by some
author ™ in case of an actinomycete, Nocardia
opaca, in iron-deficient medium. Some authors
reported that accumulation of acetic acid in certain

S. fradiae strains grown poorly buffered medium™®"

Int.J.Drug Dev. & Res. Jan-March 2010, 2(1):33-39

70:
30:
EY
40:
30
20:
10:

W i=-m =8

An

cytochrome was obtained in S. fradiae *®?Uwhich

iron-containing respiratory pigment b-type

could oxidize succinate in vitro. It was reported by
(722 that It is probable that b-type cytochromes may
have somerole in utilization of some acids produced
during oxidation of glucose. We found that acidity
did not develop in an iron-deficient medium
containing a small amount of glucose . Studies of
the effect of Zn on neomycin biosynthesis show that
alow dose of Zn has a remarkable stimulating effect
on neomycin formation without affecting the growth
of the organism. At higher concentrations of Zn
(0.23 ,g/ml or more), there is a rapid destruction of
neomycin after the 5th day of fermentation, whereas
there is no such effect in the medium with low Zn
contentWe have observed same result. The effect of
Zn on the destruction of neomycin can aso be
observed from the results in Tables 1 to 4, as the
basal medium used in the study contained high dose
of Zn (1.15 ,ug/ml). It is possible that Zn has arole
in the activity of the probable enzyme neomycinase
which is responsible for the destruction of
neomycin. Again, as a stimulator of neomycin
synthesis, Zn may be involved in the enzyme
system utilized a some stages of neomycin
biosynthesis”. As the initid step in the
investigation of neomycin biosynthesis, the present
work has helped in the selection of a suitable
synthetic medium, consisting of: glucose, 10.0 g;
glutamic acid, K,HP0,2.0 g; , 1.0 g; MgSO,4-7H-0,
0.5 g; CaCl,- 2H,0,0.04 g; FeS0O,.7H20, 0.005 g;
ZnS0,-7H,0, 0.0005 g; water, 1,000 ml; It was
observed

maximum 252 ug/ml neomycin

production.
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Fig 1. Effect of K2HPO4 and Nacl on neomycin Streptomyces fradiae at pH 7
production by neomycin  resistant  strain

Table 1. Effect of K2HP0O4 and Nacl on heomycin production by neomycin resistant strain Streptomyces fradiae

apH7
Salt Concentration Neomycin(ug/ml
(gw100ml) 39day 5"day 7" day
K2HPO4 0.05 3.7 50 12
K2HPO4 0.1 3.8 65 14
K2HPO4 0.2 3.9 45 15
Nacl 0.0 3.10 48 9
Nacl 0.25 3.11 50 9
Nacl 0.5 3.12 52 15
801
701
60- oo
50- |27
404 0s5.4
304 010.8
201 W21.6
101 0108
0
NP-3 NP-5 NP-7

NP-3 (Neomycin production( ug/ml) 3" day),
NP-5 Neomycin production( ug/ml) 5th day
NP-7 Neomycin production( ug/ml)7 th day

Fig 2. Effect of calcium (added as CaC12.2H20) on neomycin production by neomycin resistant strain
Streptomyces fradiae at pH 7

Table 2. Effect of calcium (added as CaC12.2H20) on neomycin production by neomycin resistant strain
Streptomyces fradiae at pH 7

Concentration Neomycin production Neomycin production Neomycin production (ug/ml)
of Ca(ug/ml) (ug/ml)3" day (ug/ml)5 th day 7" day
0.0 5.0 10 15
2.7 10 50 27
54 15 70 25
10.8 16 78 26
216 20 56 30
108 30 57 35
90;
80+
701 oo
601 M0.0125
ig' 0o0.125
301 01.25
204 W125
ok ‘
NP-3 NP-5 NP-7

Fig 3. Effect of manganese (added as MnS04,4H20) on neomycin production by
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neomycin resistant strain Streptomyces fradiae at pH 7

Table 3. Effect of manganese (added as MnS04,4H20) on neomycin production by neomycin resistant strain
Streptomyces fradiae at pH 7

Concentration Neomycin production( ug/ml)  Neomycin production( ug/ml) Neomycin production( ug/ml)

Of Mn(ug/ml) 3" day 5 th® day 7th day
0.000 15 75 24
0.0125 18 80 30
0.125 19 85 29
1.250 20 90 32
12.50 10 30 32
15.00 9 24 15

80+
70 oo
60+ Ho0.01
50- 0o.1
40- 0o.2
301 HO0.5
20+ o1
104 m2

0 y T 010

NP-3 NP-5 NP-7

Fig 4.. Effect of iron (added as FeS04- 7H20) on neomycin production by neomycin resistant strain
Streptomyces fradiae at pH 7

Table 4. Effect of iron (added as FeS04- 7H20) on neomycin production by neomycin resistant strain
Streptomyces fradiae at pH 7

Concentrationof ~ Neomycin production (3~ Neomycin production (5"  Neomycin production ( 7th

Fe day) day) day)
(ug/ml)
0.00 10 15 9
0.01 12 19 12
0.10 13 20 13
0.50 20 31 25
1.00 20 33 27
2.00 50 80 50
10.0 45 55 30
300+
oo
2501 m0.01
200 0o0.02
150- 00.05
100 m1
a2
50+ ms
0+ o4
NP-3 NP[-5 NP-7
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Fig 5. Effect of Zinc (added as ZnS0,- 7H,0) on neomycin production by neomycin resistant strain
Streptomyces fradiae at pH 7

Table 5. Effect of Zinc (added as ZnS04- 7H,0) on neomycin production by heomycin resistant strain
Streptomyces fradiae at pH 7

Concentration of Zn Neomycin production ( Neomycin production ( Neomycin production (
(ug,/ml) 3 day) 5" day) 7th day)
0.00 8 30 45
0.01 33 125 135
0.02 50 250 252
0.05 30 210 132
1.00 18 135 75
2.00 13 99 36
3.00 10 52 38
4.00 7 20 22
2501 oo
2001 H0.01
00.05
1504 0o.1
1004 mO0.25
mo.5
501 W15
ok : : o2
NP-3 NP-5 NP-7 5

Fig 6.. Effect of Cu (added as CuS0,- 5H,0) on neomycin production by neomycin resistant strain Streptomyces
fradiae at pH 7

Table 6. Effect of Cu (added as CuS0,- 5H,0) on neomycin production by neomycin resistant strain
Streptomyces fradiae at pH 7

Concentration of Cu Neomycin production ( Neom%/ci nproduction( Neomycin production (

(ug/ml) 3" day) (ug/ml) 5" day(ug/ml) 7th day) (ug/ml)

0.00 65 225 230

0.01 120 210 245

0.05 125 230 227
0.100 125 212 190

0.25 120 215 192

0.50 122 160 130

1.50 50 100 80

2.00 40 90 62

5.00 25 65 45
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