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Mutation of Streptomyces griseoflavus in Order to Obtain High Yield
Desferrioxamine Producing Fused Cells
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Abstract: Streptomyces griseoflavus PTCC 1130 was mutated by UV wradiation. Two mutants were obtained
(C7031 and S7011). These two mutants were able to produce desferioxamine. Desferrioxamine was extracted from
the culture broth of the two mutated strains and the thin layer chromatogram of the products showed the R;
values of 0.461, 0.463 and 0.456 for $7011, C7031 and the standard, respectively. The protoplasts of mutated
Streptomyces griseoflavus were 1solated and fused together. Total munbers of 58 fusions were obtained and
only 17 fusions showed significant resistance to sodium azide and crystal violet. In terms of production of
desferrioxamine only fusion PF9 and PF10 increased 68.3 and 81.8% desferrioxamine production as compared

to parent stram (PTCC 1130), respectively.
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INTRODUCTION

Microorgamsms can be called as cell factories since
they perform numerous and different biochemical
reactions in their metabolic pathways leading to the
synthesis of valuable compounds m response to their
nutritional requirements. These compounds are of
medicinal, imndustrial and commercial values and
importance. One of the most important chemicals which
are of therapeutic value 1s desferrioxamine (Silvia et al,
1992; Aliaet al, 1998). This 1s an iron chelating agent and
is employed in the treatment of iron overload and
pathological won deposition in humans (Paul, 2006;
Petter, 1988). Siderofore desferrioxamine is synthesized
as secondary metabolite by Streptomyces species in
response to the bioavailabity of iron which is very
important nutrient for the growth of microorganisms
(Kazuki et al., 2005). Despite the abundance of ron in the
so1l but its availability 1s low as it 1s present m the form of
insoluble complexes (Siebner et al., 2004). This has made
the orgamsms to develop iron-scavenging system based
on the synthesis of siderophores (Francisco et al., 2003).
Different species of Streptomyces can naturally produce
this valuable compound which can also be used in the
treatment of malaria (Victor et al., 1992). Hence, this
compound 1s produced naturally by Streptomyces species
m low quantity that is not economically feasible to
manufacture it at large scale. To circumvent such,
research i3 in progress to obtain the genetically

engineered strain/s which is a high yield desferrioxamine
producer and makes easy the down stream processing
too. In tlis paper attempts are made to mutate
Streptomyces griseoflavus PTCC 1130 and then fuse the
protoplast of the mutated Streptomyces griseoflavus
PTCC 1130 in order to obtain a high yield desferrioxamine
producing fusion.

MATERIALS AND METHODS

Organism: Streptomyces griseoflavus PTCC 1130 was
obtained in lyophilized form from Persian Type Culture
Collection, IROST-Tehran, Iran.

Desferrioxamine production in solid and liquid medium:
After reviving the orgamsm, spores of Streptomyces
griseoflavus PTCC 1130 were plated on Des4 medium
contaimng per L, dextin 20 g, NaHPO, 05 g,
Mg(S0),;7H,0 025 g, Zn(S0,),-7THO 0.05 g, l-methionine
0.1 g, I-lysine 0.25 g, d-manitol 20 g, CaCQ, 5 g, aspargine
12 g and l-threomne 0.1 g and agar 35 g. The plates were
incubated at 29+1°C for 4 days. After the incubation
period, Whatmam paper No. 1 was dipped 1n a solution
of 0.5% (w/iv) ferro-ammonium sulfate prepared in 1%
H,30,. This was then overlaid onto the plate, the
presence of brown zone around and depth of the colonies
indicated the ability of orgamsm to produce
desferroxamine.
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Production medium: Streptomyces grisecflavus was
grown in a medium containing per L, soy bean flowr 20 g,
d-mamitol 20 g double glass distilled water 1000 mL, pH
was adjusted to 7.2-7.6 by KOH after autoclaving. The
amount of desferrioxamine was estimated calorimetrically
at 430 nm by ferro-ammonium sulfate reagent using
un-moculated production medium as blank. The standard
curve was plotted by using standard desferrioxamine at
the concentration ranged from 0.01 to 0.1 mg mIL.™".

Mutation of Streptomyces griseoflavus PTCC 1130:
Streptomyces griseoflavus was mutated by UV wradiation
and the mutated Streptomyces griseoflavus was identified
by its resistance to sodium azide and crystal violet.
Plates containing MYA medium each were spread with
100 uL of Streptomyces griseoflavus spore suspension
(10° spores mL.™"). The plates were irradiated (at dark)
with UV light at the distance of 15 ¢cm and the power of
15W. The unreacted and reacted plates were incubated at
29+1°C for 7 days.

Isolation of protoplast: Spore suspension of mutated
Streptomyces griseoflavus (0.2 mL) was diluted with 40 mL
of MYB medium. This was then somcated for 20 sec and
divided into 2 parts. One part was suspended in a sterile
solution containing per 700 mI. of distilled water; sucrose
103 g, K,30,0.25 g, MgCl,7H,0O 2.03 g. This was then
centrifuged at 2500 rpm for 30 min. Finally, the precipitate
was dissolved in 1 mL of the above solution containing
1 mg mL ™" of lysozyme. This was allowed to react at room
temperature on a shaker slowly.

Protoplast fusion: Protoplast suspension (0.1 mL) was
centrifuged at 2500 rpm for 30 min. The precipitate was
suspended in 200 pl, of the above solution which
contained 50% (w/v) PEG 1000. The suspension was kept
in room temperature for 1 min, then 10 mI of the above
solution without PEG 1000 was added and that was
centrifuged as mentioned. The precipitate was suspended
in an appropriate solution and the mumbers of the
protoplasts were counted on Neobar slide. The
protoplasts were cultivated on soft medium agar
contaimng either sodium azide or crystal violet and both.
Blank medium did not contain inhibitors.

RESULTS AND DISCUSSION

Desferrioxamine was produced by Streptomyces
griseoflavus PTCC 1130 in solid and liquid media. The
production of siderophores desferrioxamine in the former
medium was qualitatively shown by immersing Whatmann
paper No. 1 i ferrous-ammonium sulfate solution and

Table 1: Comparison of the growth of S grisegflavus on MYA medium
containing different concentration of sodium azide

Concentration Mean of Mean of Mean of
of sodium Tst attempt 2nd attempt 3rd attempt
azide (w/v) (%0) (%0) (%)

0 3164 7158 161.7
0.005 3.730 3.690 71.7
0.001 7.300 3.330 31.7
0.002 0.00 0.00 0.0
0.003 0.00 0.00 0.0
0.004 0.00 0.00 0.0
0.005 0.00 0.00 0.0
0.006 0.00 0.00 0.0
0.007 0.00 0.00 0.0
0.008 0.00 0.00 0.0
0.009 0.00 0.00 0.0
0.01 0.00 0.00 0.0

Table 2: Comparison of the growth of .S, griseqffavies on MYA medium
containing different concentration of crystal violet

Concentration Mean of Mean of Mean of
of crystal Tst attempt 2nd attempt 3rd attempt
violet (w/v) (%) (%) (%0)

0 161.0 157.7 159.3
0.005 ND ND ND
0.0001 457 49.3 46.7
0.0002 0.0 0.0 0.0
0.0003 0.0 0.0 0.0
0.0004 0.0 0.0 0.0
0.0005 0.0 0.0 0.0
0.0006 0.0 0.0 0.0
0.0007 0.0 0.0 0.0
0.0008 0.0 0.0 0.0
0.0009 0.0 0.0 0.0
0.001 0.0 0.0 0.0

then overlaying the paper over the colonies. The presence
of brown zone around and depth of the bacterial colonies
indicated the ability of Streptomyces griseqflavus to
synthesis desferrioxamine. To quantify desferrioxamine
production, Streptomyces griseoflavus PTCC 1130 was
grown in a liquid medium, the trend in the synthesis of
desferrioxamine was followed by measuring the amount of
desferrioxamine calorimetrically and the dry weight of
Streptomyces griseofiavus PTCC 1130 was also obtamed.
Irradiation by ultra violet is known to be a good tool in
mutating the organisms but the optimum tiume of
uradiation 18 of prime importance that allows 1-5% of the
cells to remain alive. Henceforth, 7 sec ultra violet
irradiation was observed to be optimum to get 3.06% live
Streptomyces griseoflavus PTCC 1130 cells. Sodium azide
and crystal violet inhibit the growth of Streptomyces
griseoflavus, Table 1 and 2 show the mean value of the
spores remained in media containing (separately) sodium
azide and crystal violet at the concentrations ranged from
0.0005 to 0.01% and 0.0001 to 0.001% (w/v), respectively.
By the data obtamned (Table 1, 2), it was decided to
obtamn mutants which are resistance to sodium azide and
crystal violet at 0.003% (w/v) concentration. Therefore,
47 and 11 colonmies were obtained in media contaming
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0.003% sodivm azide atd crystal Wolet( separately) when
the spores were radisded by UV for 7 sec. The lived
coloties were designated as SY011-37047, CTO10-C7011,
respectively, By transferring the abowve medimn onto
MY A medium which did not cortain any intdbitors, e
colories from sodivum azide group (37013, 37016, 37014,
S7019, 37021, 37029, 570335, 370534 and 37035) remained
alive and orly taro colordes of the other growp (CT012 and
CT017T) showed very poor gowth on MYA medivm.
Selected mutated and inbdbitor resistance strains of
Strepfompees griseqflavis were plaed onto solid Desd
medivm in order to screen ot their ahility to produce
desferrionamine. The selection was based onthe intensity
of brown color and the dameter of the zones(Fig 1), in
thiz way mutated strains of Shrepfompres griseoflawes
S7011 and CT031 were selected accoarding to the abowve
ctiteria atid their abiity to produce desferrioxamine in
liquid mediwn was siadied Thin layer chrom atogram
pattern of extracted desferrioxamine from the liguid oultare
of Srepfompees grisegflavis 37011 and CT031 showed
the R,walues of 0.461, 0.463 and0 456 for 37011, CT7031
stanndard, respectively (Fig Z). These two ligh wield
desferrice amitie producing strains were employed to
obtain a recombinard Srepfompees  griseqfTavus by
protoplas transfiosi on teched cuie. Strains 37011 and CT031
were cultured in MYE corntaining 0.5% (a0 glycine for
40 and &0 hy respectively. Then the mycelia of 37011
and CT031 wete sordeated with the power of 70 watts for
50 and 70 sec, tespectively and treated with 1 mg mL™'
Lysozye for 40 and 25 min respectively to weld enough
entire cell wall-free protoplasts. The protoplasts of
Streptompees griseqflavus CT031 and 37011 were
obtaiied  according  to published  procedwe  of
(Mlatsushima and B altz, 1986). Only a portion of cells can
tegenerate and form colondes, while some of these
coloties are resdted from cells that, more or less, carty
pattiallwieompletely their cell wall compotiert. To identify
the percentage of true protoplast, which could he
regenerated and the percertage of regeneratior, certain
tuunber of each straits protoplasts were culbared on
hypertonic (regenerative) atd nonbopertonde (teguar
MY A media. Then the roumber of formed colonies on
both types of plates were courted and divided by the
ranber  of plated protoplasts. Ultimately it weas
distingaished that in 37011, 47 5% of cells coudd ke
regenerated while 31.7% of them were true protoplasts. It
meant that 66 7% of cells wielded true protoplasts and
could he regenerated successfully Those percentages
for strain CTO31 were 394, 22 and T1.7%, respectively.
Secording to them, the average output of protoplast
formation was (66 7+71 722 = 620%. Az soon as
protoplasts were prepared, they had to be fused The

Fig 1: Zmnes showing production of desferrioxamine by
S grisegflavus ©T031 and 37011

1 2 3

Fig 2: Thin layer clromatogram  of  standard
desferticeamine (lane 17 and desferrioramine
produced by 5 grisegffaes 7011 (late 20 and
CT031 rlane 3

most common reagent for fusion of Shepfompeefes
protoplasts iz polyettdene glyeol (PEG), whose warious
molecular  weight hawve heenn used in  different
cotwentrations, among thew, PEG 1000 in concentrati on
of 0% (w7 iz the most recommendad and efficient one
(H oprwrood and Chater, 1984, MW ataushima and Baltz, 19867,
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The most harmless and efficient time for protoplast
to be exposed to PEG, has been suggested as 30-60 sec
(Amne et al., 1990; Baltz and Matsushima, 1981,
Matsushima and Baltz, 1986). Therefore, protoplasts were
treated with 50% PEG 1000 and after 1 min, it was diluted
with an appropriate solution (Matsushima and Baltz, 1986)
then mixed protoplasts were distributed on double-
selective (contaimng sodium azide and crystal violet) and
non-selective  regeneration plates. Once incubation
period expired, totally 58 colonies were appeared on all
10 regeneration plates (5.8 colomes per plate as average),
while the average of colony number on non-selective
plates was 132, Among 58 recombinant colonies, only
17 colenies (1.7 colonies per plate) could grow on double
selective media. These 17 fused colomes (PF1-PF17)
showed a diversity of desferrioxamine production,
amongst them, three fused cells had almost similar
production rates to C7031, four were like S7011, four were
like S. griseoflavus, five had higher rates than three
parental strains and 1 lost its ability of desferrioxamine
production. Out of 5 fused cells, PF10 and PF9 showed
increase in desferrioxamine production rate by 81 .8% and
68.3% as compared to S. griseoflavus. In conclusion, the
fused cells of S. grisegflavus PF10 was selected as hyper
desferrioxamine producer and the work is in progress to
drive griseoflavus  that  produces
desferrioxamine in ligh quantity.

another 5.
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