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ABSTRACT

The aim of this work was to compare the compositioe complex and soluble culture medium to eigh¢lomedia
described in the literature through the batch adtion in a conventional bench-scale bioreactortfoe production

of cephamycin C by a wild strain &treptomyces clavuligeru§he proposed medium resulted in an antibiotic
production 1.5 to 7.5 times higher than the othdture media.
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INTRODUCTION Organic sources of N, such as amino acids and
protein extracts, are more appropriate for the
Various B-lactam compounds are produced bygrowth ofS. clavuligerughan the inorganic ones
Streptomyces clavuligerus submerged culture, and they should be carefully selected since they
which include the antibiotics of the cephalosporirexert a strong influence on the secondary
C biosynthetic route, such as cephamycin @netabolism (Masurekar 2008). The positive
(CephC), and clavulanic acid (CA), a powerul effects of adding ornithine or high concentrations
lactamases inhibitor (Liras and Martin 2005). Theof lysine in synthetic culture medium o8.
cephalosporins and CA biosynthetic pathways arelavuligerusfor the synthesis of CA or CephC,
completely different from each other, and likerespectively, have been emphasized (Chen et al.
most bioactive compounds, they are rigorously2003; Domingues et al2009). Several studies
controlled by the intra-and extra-cellular factorshave shown that sulfur atom from the inorganic
(Santamarta et al. 2005). The presence of certafigurces is more efficiently incorporated into the
nutrients in the culture medium, such as th&€ephC molecule than sulfur from methionine or
sources of C, N, P, or sulfur S, and salts, as agll cysteine (Bussari et al. 2008). Nevertheless, the
the substances of the biosynthetic route capotential benefit of adding such compounds in the
promote the production of CA or CephC (Bussarcomplex media with the aim of improving the
et al 2008). Glycerol is preferably used as Cantibiotic production has been suggested only in
source for the production of CA, whereas starch ithe technical publications, such as patents (Egel-
more suitable for the production of CephC (Zhu eMitani et al. 1999). In this work, a complex and
al. 2007; Sanchez et al. 2010). soluble culture medium was evaluated for the
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production of cephalosporins by the wild strain 0#40% of air saturation by varying the stirrer speed
S. clavuligerusand its performance was comparedat specific air flow rate of 1 vvm. The main
to eight other culture media described in thdermentation inoculum was obtained from two
literature in batch cultivations in a conventionalsubsequent cultures (ca. 24 h each) in the
bench scale bioreactor. reactivation and inoculum media, respectively,
maintaining a 10% (v/v) inoculum ratio. The
concentration of CephC was expressed in terms of
MATERIALS AND METHODS the total cephalosporins’ concentration, which was
determined by agar diffusion bioassay using
Vegetative cells (8.0 g /liter) oB. clavuligerus Escherichia colESS 2235 and cephalosporin C as
ATCC 27064 were stored in cryotubes at°@0 standard (Liras and Martin 2005). Penicillin N was
using glycerol (20% v/v). The reactivation removed by adding 0.2pl/ml of sample of BD
medium contained (g/l): tryptone 5, yeast extracbifco™ Penase (power 1977 Ul/min/ml, pH 7,
3, and malt extract 10. The basal inoculunpseC; 1 Ul= 6.27 x 10" mg of PenG), followed by
medium was composed of (in g/l): yeast extract Ireaction at 25°C for 20 min.
malt extract 10, KHPO, 0.8, MgSQ[7H,O 0.75, Biomass was determined as DCW/l (105°C,
and salt solution 10 ml/l containing (in g/l): overnight). Glycerol was determined as
MnCl,4H,0 1, FeSQIZH,0 1, and ZnSQIH,O formaldehyde after reaction of the samples with
1. The basal production medium contained (in g/l)periodic acid. Starch was quantified as total
yeast extract 0.5, #IPQ, 1.75, MgSQIZH,O reducing sugars by using the DNS method, after
0.75, CaGl. 2H,0 0.2, NaCl 2, sodium thiosulfate hydrolysis (HCL 10 M). Lysine was determined
1, added at 30 h post-inoculation according t®y the post column orthophthaldialdehyde (OPA)
Inamine and Birnbaum (1976), and salt solutiorflerivatization method. Enzymatic activity of
described above (5 ml/l). The media were supplielysine e-aminotransferase (LAT) and cadaverine
with 21 g/l of the buffering agent 3-(N- aminotransferase  (CAT) was  determined
morpholino) propanesulfonic acid (MOPS), andaccording to Khethan et §1L999).
the initial pH was adjusted to 6.8.
In order to avoid the excessive increase in
viscosity of the broth and the problems related tRESULTS
oxygen limitation during the shake-flask process,
the broth volume was 10% (v/v) in relation to theFigures 1A and 1B show the consumption of
nominal volume of the flask, and the concentratiomglycerol and starch in culture media containing
of the C sources (glycerol and/or starch) waslifferent proportions of these C sources, and
established to reach a total of 10 g/l, consideang cottonseed extract (Proflo) as complex N source.
mean cell yield coefficient based on substratdhe initial content of phosphate (10 mM) was low
consumption of ¥s = 0.6 £ 0.1 g/g (Gouveia et enough to avoid the repression and/or inhibition of
al. 2001). The main N sources were composed difie synthesis of antibiotics (Martin 2004). Thd cel
cottonseed extract (Proflo, Traders Protein), caseconcentration was similar in all the media, and the
hydrolysate enzymatic, casein hydrolysate acid, drighest production of cephalosporins was obtained
soybean protein hydrolysate (Soytone Bacto™in the medium containing only starch (Figs. 2A
BD) - at a mass ratio of C:N = 5:1, and 100 mM ofand 2B).
L-lysine. The final concentration of the N sourcesTherefore, four media containing different
resulted in a mass proportion of C:N = 1.4:1 in theomplex and soluble N sources were tested using
production medium. starch as the main source of C and energy. Figures
Fermentation runs were carried out in shake flask3A and 3B show the time profiles of the biomass
(500 ml nominal volume, 260 rpm, Z8 at 10% and production of total cephalosporins obtained in
(v/v, total volume per nominal volume), in these cultures. The cottonseed extract (Proflo) led
triplicate. In bench scale bioreactors (Newto a higher production of the antibiotic, and titus
Brunswick Bioflo 2000, 5 | working volume), the was used as the complex N source in the media in
runs were performed at pH 6.8 and°@8and the subsequent experiments.
dissolved oxygen (DO) level was controlled at
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Figure 1 - Profile of consumption of glycerol (A) and star@) in shake flasks experiments using

cottonseed extract as N source.

10 % starch : % glycerol (A) 90 % starch : % glycerol [B)
B 100:0 I I 1000
*]} s _ - . 75:25
=8l B s0:50 2 °r [
= [ 25:75 £ [ 25:75
8’ 3 o:100 2 60| [ 0:100
28 g -
g 8 45f B
©
o R
D 4r g
8 30f
T
2+ = 15 L
0 0
48 72 _ 72
Time (h) Time (h)
Figure 2 - Biomass (A) and total cephalosporins (B) in shidksks experiments.
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Figure 3 - Biomass (A) and total cephalosporins (B) in shi&sks experiments using starch, L-
lysine, and cottonseed extraO)( soybean protein hydrolysalh) casein hydrolysate

The concentration of 100 mM lysine initially usedof high concentrations of exogenous lysine were
in the production medium was based on the beé§itst reported bythese authors. In order to establish

acid @), and triptoned).

results obtained by Fang et 61996) in synthetic an appropriate initial concentration of lysine e t

medium cultures. Increases in the production oproposed medium, the cultures were carried out
cephalosporins by. clavuligerusn the presence varying the concentration from 10 to 150 mM
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amino acid. Figures 4A and 4B show themeasured in the samples withdrawn at different
concentration-time profiles of cell and antibiotics time intervals during the fermentations carried out
respectively. The activities of CAT and LAT with culture media initially containing 10 and 100
measured in samples withdrawn at 24 h omM lysine. Figures 6A and 6B show the
fermentation are shown in Figure 4C, and Figureoncentration- time profiles of C sources and total
4D shows the consumption of lysine. cephalosporins, respectively, in all the tested
Figure 5 shows the activity of LAT and CAT media.
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Figure 4 - Biomass (A), total cephalosporins (B), enzymatitivity - LAT (solid columns) and
CAT (open columns) (C), and profile of consumpti@f L-lysine (initial
concentration, in mM): 1CC), 25 m), 50 ), 100 3%), 150 A) (D), in shake flasks
experiments.
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Figure 5 - Enzymatic activity of — LAT (square) and CAT (cegl—in shake flasks experiments
with initial concentrations of 10 mM (solid symbpklnd 100 mM (open symbols) L-
lysine.
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Figure 6 - Main C source consumption (A) and total cephalasgo(B) in batch cultivation in
agitated and aerated bench-bioreactor in the ceptian€ production media (initial
concentration of sources of C and energy, and N/ljnPark et al. (1994) (soybean oil,
7; soybean flour, 20; casamino acid, 10; lysingm)) Dévi and Sridhar (1999) (soluble
starch, 5; corn steep liquor, 5; sunflower oil gaké) ®); Sarada and Sridhar (1998)
(cassava flour, 10; corn steep liquor, 10; sunflowi cake, 5) 4A); Rollins et al.
(1988a) (soluble starch, 10; tryptone, 17; pept@)eA); Kamogashira et al. (1982)
(soluble starch, 30, and sucrose, 10;cottonseethatxt20; dry yeast, 10 )X|;
Aharonowitz et al. (1978) (soluble starch, 5; aapare, 2) d); Park et al. (1994)
(soybean oil, 30; peptone, 5; (W SO, 1) ([>); Kamogashira et al. (1982), modified
by the addition of 5 g/l of sodium thiosulphate I¢fde starch, 30; sucrose, 10;
cottonseed extract, 20; dry yeast, 10; lysine,%); this study (soluble starch, 10.0;
cottonseed extract, 8.5; lysine ,18.7¢ )X

DISCUSSION Moreover, the negative effect of the excess of
glycerol on antibiotic production is more evident
In this work, a complex soluble productionwhen this substrate is added at the beginningeof th
medium was chosen, which presented advantagé&mentation, both alone or with starch.
in relation to culture media with insoluble At first glance, the results of lysine consumption
components, mainly the easier control of operatingbtained in the present work were inconsistent
variables and downstream processing. The begtth the need to add high concentrations of that
results in terms of cephalosporin production wer@mino acid to provide significant increases in the
obtained using starch as the main source of C amoduction of the antibiotic, as suggested in the
energy. It is consistent with various studies whichiterature. This was justified based on the higher
have suggested that the continuous and graduglemand of lysine in the primary metabolism (via
hydrolysis of starch can avoid mechanisms o€AT), when compared to the demand required for
repression and /or inhibition in the production ofthe antibiotic biosynthetic route (via LAT), in
B-lactam antibiotics that are normally triggered bywhich the amino acid flow was much less
C sources that are more easily metabolized by tHfgvorable (Leitdo et al. 2001). Earlier studiesehav
microorganism, such as glucose or glycerotlemonstrated significant increases in the
(Alexander et al. 2007; Sanchez et al. 2010). $t hgoroduction (200 to 500 % in relation to medium
been observed that these easily assimilated soursgihout lysine) and significant effects on the cell
can lead to an accumulation of intracellulargrowth in synthetic media containing 50 to 150
phosphorylated compounds that drastically inhibimM of lysine. Fang et al.(1996¢valuated the
the expandase activity, which is the enzymgoroduction of cephalosporins in synthetic medium
responsible for the expansion of the penicillin Ncontaining from 50 to 150 mM of lysine and
ring of the B-lactam antibiotics biosynthetic obtained the highest production in the medium
pathway (Martin 2004; Zhu et al. 2007).with 100 mM amino acid, around 125 mg

Braz. Arch. Biol. Technol. v.55 n.6: pp. 819-82%WDec 2012



824 Antonio,T. et al.

cephalosporins /I, which is approximately 500%The results showed that although limited by the
higher than that obtained without lysine. productive capacity of a  wild-strain
The LAT activity seemed to be independent of thenicroorganism, the manipulation of the medium
initial lysine concentration in the culture media,formulation in order to increase the production of
presenting the same level of expression in 24 h @ specific metabolite could be still an efficient
fermentation. These results were consistent witiethod to intervene in the strain performance.

the previous data from the literature which

demonstrated that LAT was preferably synthesized
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