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Production of Desferrioxamine B (Desferal) using Corn Steep Liquor in Streptomyces pilosus
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Abstract: The aim of this study was evaluation of corn steep liquor as an alternative or substitution medium
for production of desferrioxamine B in streptomyces pilosus. Desferrioxamine B is the major siderophore of
Streptomyces pilosus. The genus Streptomyces are Gram positive and GC (Guamne/Cytosine) rich bacteria that
are important for production of many antibiotics and secondary metabolites. These metabolites get more
attention in industrial and medical fields. Desferrioxamine B is used clinically to treat disorders related to iron
overload and pathological iron deposition in human Corn Steep Liquor (CSL) is a by-product of comn
wet-milling. It 1s an excellent source of organic nitrogen and important constituent of some culture media.
Nowadays CSL was mainly used for feeding of livestock. In this study we substitute the conventional media
with CSL and swveyed its effect on production of desferrioxamine B. The CSL is cheaper than other media and
1ts availability 1s so easy. In this research, for the first time we used a cheap material for production of a valuable
product. Our results showed that the use of CSL solely, increased the production of Desferal more than three

times in comparison with conventional media such as soybean.
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INTRODUCTION
Actinomycetes are an important group of
microorgamsms, not only as degraders of organic
materials in the mnatural environment, but also as
producers of many useful compounds of commercial
interest (Saugar et al, 2002, Bentley et «l., 2002;
Basilio et al., 2003). Actinomycetes are highly attractive
as cell factories or bioreactors for applications in
industrial, agricultural, environmental and pharmaceutical
fields. In actinomycetes, the genera Streptomyces,
Rhodococcus, Corynebacterium and Mycobacterim have
received an ncreasing amount of attention, particularly in
the industrial fields. They exhibit potential advantages in
the synthesis of secondary metabolites of industrial and
medical importance (Tokiwa and Buenaventurada, 2004)
and are active mn the production of amino acids by

fermentation and in  bioconversion  processes.
Actinomycetes are important for the synthesis of
enzymes, such as peptidases, chitinase, amylases,

cellulases, proteases, xylanases, pectinase, ligmnases,
sugar  isomerases, hemicellulase and keratinase
(Solans and Vobis, 2003). They are also produced various
types of antibiotics (Weber et al., 2003).

Siderophores are avid won chelating agents
synthesized by numerous microorganisms to sequester
iron in environments where it is typically available in an

insoluble form (Guerinot, 1994). Considerable attention
has been devoted to the nutritional importance, genetic
regulation, virulence factor and uptake fimction of these
molecules (Guerinot, 1994).

Among the great number of desferrioxamines known
from the literature desferrioxamine B is the most valuable
one and 1s marketed as the mesylate salt (Fig. 1a, b) under
the trade name Desferal. Desferal 15 a selective won
chelating agent and can be used in the treatment of
different anemia and iron intoxications. For the industrial
production of desferrioxamine B the Streptomyces pilosus
strain 1 used, which produced mostly desferrioxamine B
i a culture medium poor m won (Bergeron and
Brittenham, 1994).

CSL 15 a viscous liquid mixture consisting entirely of
the water soluble components of corn steeped in water,
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Fig. 1: Structure of (a) desferrioxamine B and (b) its
mesylated salt
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Table 1: Com steep liquor composition

General properties Values General Values
Protein 20.5% Humidity 47.5%
Carbohydrate 13-22%% Fiber 1%%
Lipid 1% Ash 8.8%
Dry mass 52.5% pH 4-5
Brix 54.5

Amino acids Values Amino acids Values
Arginine 3.3% Glycine 5.1%
Isoleucine 3.6% Methionine 1.9%
Threonine 4% Leucine 11.3%%
Tryptophan 0.2% Lysine 2.5%
Tyrosine 5.8% Histidine 2.8%
Cysteine 1.9% Valine 3.4%
Phenylalanine 4.4%

Minerals Values Amino acid Values
(Ca) Calciim 1% (K)Potassium 4.5%
(Mg) Magnesium 1.5% Sodium (Na) 0.2%
(P) Phosphor 3.3% Chlorine (CI) 0.18%
Sulfir (8) 0.58% Tron (Fe) 0.10%
Vitaming Values Vitamins Values
(B1) Thiamine 1mgkg™ (B5)Pantothenic Acid 8 mg kg™
(B2) Riboflavine 5mgkg™! (Bo6)Pyridoxine 2mg kg™!
(B3) Niacine 30mgke™!

along with a small amount of sulfurous acid (<0.01%). All
constituents are naturally occurring nutritive materials
such as crude protemns, amino acids, vitamins, reducing
sugars (e.g., dextrose), orgamc acids (e.g., lactic acid),
minerals and other elemental nutrients. In addition to
being rich in nutrients, it is an economical fermentation
nutrient source (Parekh e af., 1998). CSL composition has
been indicated in Table 1. Hence, in our belief CSL could
be a good option because it is a rich source of nutrients
and minerals.

So far, no studies have been performed about the
using of alternative media for the production of
siderophores in these microorganisms. It is logical that
finding a new culture medium that was cost effective and
more efficient on the growth of the bacteria was very
umportant.

MATERIALS AND METHODS

Streptomyces pilosus ATCC 19797 was purchased
from microbial collection of T1L.S.A. All reagent-grade
chemicals provided from Merck comany.
Desferrioxamine B was obtained as the mesylate salt
(Desferal; Ciba-Geigy, Inc., Basel, Switzerland). CSL was
kindly prepared from Glucozan Ine., Qazvin Province, Tran.

were

This research project was conducted from February 2010
to September 2010.

Organism and growth condition: Lyophilized S. pilosus
ATCC 19797 was cultured in several media such as malt-
yeast extract broth (MYB) containing 1% malt extract,
0.4% yeast extract and 0.4% glucose; Nutrient Broth (NB)
containing 0.5% peptone and 0.3% meat extract; Luria
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Fig. 2: Growth curve of Streptomyees pilosus (ATCC
19797) during a period of 192 h. Cultures were
performed in soybean medium at 29°C and
150 rpm. Sampling was done every 8 h and filtered
bacterial masses were weighed after drying n a
60°C oven for 3 days

Bertani (LB) containing 1% Bacto-tryptone, 0.5% yeast
extract and 1% NaCl, and soybean containing 2%
soybean flowr and 2% mannitol. After 48 h incubation in
shaker incubator at 29°C and shaking at 150 rpm, the
refreshed bacteria were stocked in 10 mL vials with 15%
glycerol and kept on 4°C for 24 h and then were
transferred to -20°C. The best growth was observed in the
soybean medium. Therefore this medium was selected as
a base medium for subsequent experiments. The bacterium
was cultured mn 24 similar flasks contaimng 25 mL soybean
medium under the above-mentioned conditions. Samples
were drawn every 8 h for 8 days. Contents of the flasks
were filtered and dried in an oven at 60°C for 3 days. Dry
mass of bacteria was weighted and the growth curve was
drawn (Fig. 2).

Verify, assay and extraction of Desferal production: To
confim the production of desferrioxamine B, a single
colony of the bacteria was cultured on nutrient agar (NB
plus 2% agar). After 4 days, a piece of Whatmann No. 1
filter paper, scaked 1 1% ammomum ferric sulfate [FeNH,
(50,),.12H,0] in 1% sulfuric acid, was placed on the
single colomes. The appearance of a brown or reddish
brown halo around the colony in agar after 15 min
indicated the  presence
(Schupp et al, 1988).

The amount of Desferal in culture was measured

of desferrioxamine B

spectrophotometerically. Tn this regard, the bacterium was
cultured in soybean broth medium for 8 day at 29°C under
shaking (150 rpm). Every 8 h, 1 mL sample was withdrawn
and centrifuged at 4000 rpm (4°C). The supernatant was
diluted ten times with distilled water and 5 mg mL ™" of
ammorum ferric sulfate in 1% sulfuric acid was added to
a final concentration of 20%. The absorbance of Desferal
was read at 430 nm and its concentration was found by
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Fig. 3: Paper chromatography of extracted Desferal from
S. pilosus (ATCC 19797) (b) and standard Desferal
(a). Rfs are 0.457 and 0.462 respectively. These
results show that the produced Desferal in
S. pilosus is B-type

comparing the ODs with the standard curve prepared with
different concentrations of Desferal.

To ventfy that the synthesized Desferrioxamine (Des)
was B type, Des secreted into a six-day culture in soybean
broth was extracted using Gaeumann’s method
(Gaesumann and Prelog, 1964) and mn on a
chromatography paper along with standard Desferal.
Chromatography solvent contained 40% (v/v) n-butanol
and 10% (v/v) glacial acetic acid in water (Gaeumnann and
Prelog, 1964). For developing the spots, the paper was
dried in an oven at 70°C and then scaked into 0.2%
ninhydrin in acetone and baked at 105°C for 4 mm. Purple
spots confirmed the presence of Desferal (Fig. 3).

For extraction and purification of desferrioxamine B,
a solution of 8-hydroxychinoline in methanol 15 added to
the liquid medium in order to decompose the ferrioxamine
complex formed by the iron-(IIT) ions of the culture
medium with desferrioxamine. The liquid medium is then
filtered and the excess of 8-hydroxychinoline 1s removed
from the filtered liquor with the aid of AMBERLITE IR-45
1on exchange resin. The active mgredient i1s adsorbed by
AMBERLITE TRC-50 ion exchange resin and eluted with
0.2 M hydrochloric acid. Thus a great volume of diluted
eluate is obtained. In order to concentrate and purify the
active ingredient in the eluate the solution 1s extracted at
pH 5 with benzyl alcohol or with a 1:1 mixture of
chloroform and phenol. The extract 15 treated again with
8-hydroxychinoline, methyl isobutyl ketone is added to it
and the mixture 13 re-extracted with water. The excess of
8-hydroxychinoline is removed by extraction with

chloroform. In order to isolate desferrioxamine B
hydrochloride the aqueous solution is concentrated in
vacuum and the separated crystals are recrystallized from
the mixture of water and methanol ad water and acetone
(Zoltan et al., 1994).

Desferrioxamine B 1s generally used i the form of the
methanesulfonate salt (mesylated form) which is readily
soluble in water. The methanesulfonate 1s prepared from
desferrioxamine B hydrochloride in such a manner that an
aqueous solution of the latter 1s passed through an amon
exchange resin in the hydroxyl form to be converted first
to base then a solution contaimng an equivalent amount
of methanesulfonic acid is added to the aqueous solution
of the desferrioxamine B base. The solution is evaporated
and the thus-obtained desferrioxamine B
methanesulfonate 13 recrystallized from an aqueous
alcohol or from an aqueous mixture of methanol and
acetone (Zoltan et al., 1994). Produced Desferal also
confirmed with pharmacopeia USP 2008 guidelines. For
this purpose, imtially 5 mg of Desferal was dissolved in
water and then 2 mL tri-sodium phosphate dodecahydrate
(5 g L™ and 0.5 mL sodium naphtoquinon sulfate
solution was added and vortexed. The dark yellow color
indicated the presence of Desferal in our product.

We inspected the effectiveness of CSL as a new
culture medium and compared it with one of the best
standard culture media (soybean) in growth of S. pilosus
and Desferal production thereof. For this purpose in each
onset, different dilutions of CST. were applied and the best
concentration was obtained.

For using the CSL as a culture medium, we diluted it
one to fifth with distilled water and centrifuged for 15 min
at 3500 rpm. After centrifugation the supernatant was
transmitted to new flask and the debris was discarded.
Due to acidic components the supernatant pH was 4.5 to
5. Dafferent proportions of CSL and soybean were
prepared, the pH were adjusted to 7.8 with KOH and then
were autoclaved for 15 mn at 121°C. After that, each
medium was added with same amount of refreshed spores
of 8. pilosus and placed in shaker incubator for 6 days
(150 rpm, 29°C). All conditions such as temperature,
shaking rate, amount of bacteria in each flask and
incubation time throughout the experiment was constant.
After this period, the content of each flask was
centrifuged, the supernatant was transmitted to new flask
and the pH was measured and its content of Desferal was
measured by spectrophotometer.

RESULTS AND DISCUSSION

Several standard media were experimented and
concluded that among them soybean is the best medium
and has the highest productivity. Different dilutions of
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Table 2: Different combinations of soybean with CSL and their effects on
Desteral production

Medium No. Soybean medium 2096 CSLL Desferal (g 1.7
1 1006 0% 0.63
2 80% 20% 0.82
3 60% 40% 1.03
4 40% 60% 1.22
5 20% 80% 1.55
6 % 100P% 1.82

CSL in distilled water were prepared and their effects on
production of Desferal were examined. It’s cleared that the
best dilution of CSL was 20%. In subsequent steps we
used this medium (20% CSL) in combination with different
concentration of soybean and compared their
effectiveness on increasing the yield of Desferal
production in S. pilosus (Table 2). We found that
whatever the concentration of CSL
mcreased, the yield of Desferal i1s enhanced. The most
production of Desferal was obtained with 20% dilution of
CSL alone. The results showed that 20% dilution of CSL
without any additive or modification can be a good
medium for growth of the bacterium. This medium
increased the production of Desferal more than three
times compare to soybean. We repeated the experiment

in medum 1s

several times and got the same results.

CSL is a rich source of nutrients (Formanek, 1998)
and has been successfully used for other fermentations
mcluding ABE  (Parekh et al, 1999) and CMA
(Witjitra et af., 1996). In the present study, the possibility
of substituting soybean with CSL (by-product of
cornstarch extraction process) as a source of proteins,
vitamins and minerals was investigated. CSL was selected
mainly because it’s cheaper than standard media (e.g.,
soybean) and can be easily available with standard and
constant characteristics. S. pilosus 1s selective bacterium
for industrial production of Desferal. As mentioned earlier
its production on the best standard medium was
0.63 g L' (Table 2) but using 20% CSL its efficiency
enhanced more than 3 times (1.82 g L.™"). In a study
conducted by Kona et al. (2001) the production of
glucose oxidase using Aspergillus miger and CSL was
mspected. Their results also showed that using CSL
solely can increase the production of glucose oxidase
about 30% (Kona et al., 2001). In another study, Parekh
and colleagues applied glucose/corn steep water (CSW)
medium for production of acetone, buthanol and ethanol
by C. bejferinckii NCTMB 8052 and BA101 in 200-1. Their
findings represent a 40% increase in buthanol production
by the C. be-jerinckii BA101 mutant strain when
compared to the 8052 parent strain (Parekh et al., 1999). In
addition, Pyung Cheon Lee et al evaluated the production
and CSL by

of Succmic Acid using Glucose

Anaerobiospirillum  succiniciproducens. Their results
suggesting that succimic acid can be produced more
economically using glucose and CSL (Lee et al., 2000).
These finding propose that CSL can be used as a
perfect medium for production of valuable products in
microorgamsms. Undoubtedly, using fermentation system
in large scale that enable more control on growth
conditions will further increase the desired product(s).
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