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Abstract

Clavulanic acid (CA) is a powerful inhibitor of the beta-lactamases, enzymes produced by bacteria
resistants to penicillin and cefalosporin. This molecule is produced industrially by strains of
Streptomyces clavuligerus in complex media which carbon and nitrogen resources are supplied by in-
expensive compounds still providing high productivity. The genetic production improvement using
physical and chemical mutagenic agents is an important strategy in programs of industrial production
development of bioactive metabolites. However, parental strains are susceptible to loss of their origi-
nal productivity due genetic instability phenomenona. In this work, some S. clavuligerus mutant
strains obtained by treatment with UV light and with MMS are compared with the wild type
(Streptomyces clavuligerus ATCC 27064). The results indicated that the random mutations origi-
nated some strains with different phenotypes, most divergent demonstrated by the mutants strains
named AC116, MMS 150 and MMS 54, that exhibited lack of pigmentation in their mature spores.
Also, the strain MMS 150 presented a larger production of CA when cultivated in semi-synthetics
media. Using other media, the wild type strain obtained a larger CA production. Besides, using the
modifed complex media the MMS 150 strain showed changes in its lipolitic activity and a larger pro-
duction of CA. The studies also allowed finding the best conditions for a lipase activity exhibited by
wild type S. clavuligerus and the MMS150 mutant.
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Introduction

From all the antibiotics actually being extracted from
microorganisms, about 66% come from actinomycetes,
22% from fungi and 12% from non-actinomycetales bacte-
ria. About 80% of the antibiotics produced from actino-
mycetes come from the Streptomyces genus (Kieser et al.,
2000). Streptomyces also represents the greatest actino-
mycetes group which produces several other classes of bio-
logically active secondary metabolites (Williams et al.,
1989, Korn-Wendisch and Kutzner, 1992).

Since the beginning of the first clinical applications,
the efficiency of the -lactam antibiotics has been declin-
ing, due to the astonishing increasing number of bacteria
capable of B-lactam resistance. Such resistance is due to

pathogenic microorganisms secreting of [3-lactamase
enzymes, the most important mechanism of bacterial B-lac-
tam resistance (Brock et al., 1994).

Thus, there is an important number of pathogens resis-
tant to [-lactam antibiotics, including Staphylococcus
aureus, Escherichia coli, Klebsiella pneumoniae, Proteus
vulgaris, Proteus mirabilis and Haemophilus influenzae. All
of these microorganisms produce f-lactamases that hydro-
lyze the B-lactamic ring from antibiotics, releasing com-
pounds that lack the original antibiotic activity (Bush, 1989).

The initial (and not successful) attempts to find a
B-lactamase inhibitor date from 1940. In 1967 began the
first program of microorganism screening trials for the iso-
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lation of naturally occurring -lactamase inhibitor produc-
ers. This research resulted in the isolation of the substances
clavulanic acid from Streptomyces clavuligerus and oli-
vanic acid from Streptomyces olivaceus (Rolinson, 1991),
the latter never used clinically due to rapid renal degrada-
tion rates.

Despite of being a very weak antibiotic (Minimal In-
hibitory Concentration around 25-125 pg/mL), clavulanic
acid is a powerful B-lactamase inhibitor acting on penicillin
and cephalosporin resistant bacteria, being frequently used
in combination with these. Clavulanic acid is a suicide in-
hibitor that binds irreversibly to a hydroxyl group from a
specific serine residue within the catalytic core of serine-
[B-lactamases, producing a stable inactive enzyme (Fouls-
tone and Reading, 1982; Baggaley ef al., 1997).

Clavulanic acid shows a great affinity to proteins that
bind to penicillin derivatives, favoring its use in combina-
tion with semi-synthetic penicillins. The most known cur-
rent combination in clinical use is in combination with
amoxicillin (Elander, 2003).

Lipids and oils are now considered essential media
components in the antibiotic industry because they possess
natural antifoam properties, are a cheaper alternative car-
bon source when compared with carbohydrates and may in-
crease secondary metabolite titres (Pan et al., 1959).

Microbial lipases recently have attracted consider-
able attention owing to their biotechnological potential,
ranging from the use in laundry detergents to stereospecific
biocatalysts (Jaeger et al., 1994). These lipases are secreted
into the culture medium by many fungi and bacteria (Jaeger
etal., 1996). They differ from one to another in their physi-
cal and biochemical properties (Aires-Barros et al., 1994).
As each industrial application requires specific properties
of lipases, there is still an interest in additional lipases that
could be used in new applications.

In the clavulanic acid biosynthesis, glycerol is re-
garded as a rate limiting substrate and a component of pri-
mary importance in this process (Maranesi et al., 2005).
Long chain triglycerides at lipid/water interfaces are hydro-
lyzed by lipases (EC 3.1.1.3), producing fat acids and glyc-
erol. These enzymes that catalyze the hydrolysis of vegeta-
ble oils are also produced by Streptomyces species (Large
etal., 1999).

This work presents an investigation on the clavulanic
acid production of some Streptomyces clavuligerus mutant
strains obtained by treatment with UV and MMS and the
comparison of these with the productivity of the wild type
strain. Additionally, the lipase activity of both was studied
and modeled.

Material and Methods

Microorganism strains

Streptomyces clavuligerus ATCC 27064
(www.atcc.org) was used as standard strain in all the exper-
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iments. Mutant strains were supplied by Dr. Isara Lourdes
Cruz-Hernandez, Universidade Estadual de Sao Paulo
(UNESP), Depto. de Tecnologia Quimica, IQ - Araraquara,
Araraquara, SP, Brazil. The mutant strains present here
were as follows: AC 116, MMS 150 e MMS 54. AC116
was obtained by UV light mediated mutation described by
Lee et al. (2002). MMS 150 and MMS 54 strains were ob-
tained by chemical mutagenesis using Methyl methane-
sulphonate following the technique described by Stonesifer
& Baltz (1985). All of the mutant strains when cultivated in
solid medium, lacked pigmentation in their mature spores
(data not shown), being classified as whi mutants (“white” -
Chater, 2001). The wild type strain is classified in the gray
series of category IV from Streptomyces genera, based on
the dark greenish pigmentation shown by its mature spores
(Locci, 1989). All of the microorganisms were conserved
as vegetative cell suspensions in cryoprotective 10% p/v
glycerol stocks stored at -70 °C.

Culture media

All the microorganisms were initially cultivated in re-
activation medium (Rosa ef al., 2005, composition in g.L”!
in distilled water), glycerol, 15.0; bacto-peptone, 10.0; malt
extract 10.0; yeast extract 1.0; K,HPO,4 2.5; MgS0,4.7H,0,
0.75;  MnCl,.4H,0, 0.001; FeSO47H,O, 0.001;
ZnS0,4.7H,0, 0.001; in MOPS buffer, 21.0 (100 mM). Me-
dium pH was adjusted to pH 6.8 with titration of a NaOH
5 M solution and sterilized. Reactivated cells were then in-
oculated in the respective mediums used in the clavulanic
acid production assays.

In the first phase of this work was used the complex
culture medium proposed by Maranesi et al. 2005 (medium
composition in g.L"' in distilled water): soy flour, 20.0;
glycerol, 10.0; K,HPOy4, 1.2; soy oil, 23.0; MnCl,.4H,0,
0.001; FeS0O,4.7H,0, 0.001; ZnSO,.7H,0, 0.001, 21.0
(100 mM) MOPS buffer, pH 6.8.

In the second phase, three different semy-sinthetic
mediums were used in the clavulanic acid production as-
says, GSPG, GSPO and GSPA (Romero et al., 1986).
GSPG medium composition was (g.L™" in distilled water):
glycerol, 15.0; sucrose, 20.0; proline, 2.5; glutamic acid,
1.5; NaCL, 5.0; K,HPO,, 2.0; CaCl,, 0.4; MnCl,.4H,0,
1.0; FeCl;.6H,0, 0.1; ZnCl,, 0.05; MgS0O,4.7H,0, 1.0; pH
7.0. GSPO and GSPA mediums compositions were the
same as GSPG, except of containing 10 mM ornitine or
arginine respectively, in place of glutamic acid from origi-
nal GSPG.

Culture conditions

Batch cultivations for the S. clavuligerus clavulanic
acid production were done in a table top rotatory shaker
G-25 (New Brunswich Scientific Co). Assays were done in
three steps, strain reactivation, microorganism growth and
clavulanic acid production.



Clavulanic acid production by S. clavuligerus

In the reactivation step, 3.5 mL of the S. clavuligerus
vegetative cell suspension stock were inoculated in 500 mL
Erlenmeyers containing 50 mL of reactivation medium and
incubated for 24 h at 28 °C, 250 rpm.

In the growth step, 5 mL of the reactivatated S.
clavuligerus suspensions were separately transferred to
500 mL Erlenmeyers containing 45 mL of culture medi-
ums, each with the same composition relative to main
clavulanic acid production mediums. The growth step was
carried over 24 h at 28 °C, 250 rpm.

Finally, in the production step, the hole growth cul-
ture volumes were transferred into Erlenmeyers containing
the production mediums, beginning the main clavulanic
acid production process. Clavulanic acid production cul-
tures were carried over 120 h and samples from the cultures
were collected every 12 h.

Genetic markers amplification

Streptomyces clavuligerus ATCC 27064 was pur-
chased from the American Type Culture Collection
(Manassas, VA) and stored at -80 °C in 40% v/v glycerol. S.
clavuligerus MMS 150 mutant was supplied by Dr. Isara
Lourdes Cruz-Hernandez and is an ATCC 27064 derivative
mutant strain obtained from MMS (methyl methanesul-

PAH1 NdeI FW: 57
PAH1 XhoI RV:
CAS2 NdeI FW:
CAS2 XhoI RV:
ORF10 NdeI FW:
ORF10 XhoI RV:
ORF11 NdeI FW:
ORF11 XhoI RV:
ORF12 NdeI FW:
ORF12 XhoI RV:

Each of the amplifications was done with oligonu-
cleotides used in pairs named according to the targeted gene,
except for ORF10-11  amplification in  which
ORF10 Ndel FW was used with ORF11_Xhol RV to am-
plify both ORF10 and ORF11 fused by a 5 bp spacing region
(Li et al., 2000). PCR was performed using a Mastercycler
thermocycler (Eppendorf - Hamburg, Germany), pro-
grammed to execute a 98 °C initial 5 min denaturing step, fol-
lowed by 40 cycles of 94 °C for 30 s, 65 °C for 1 min, 72 °C
for 3 min, and a final elongation step of 10 min at 72 °C. All
the amplifications were done using 500 ng of either S.
clavuligerus ATCC 27064 or S. clavuligerus MMS150
genomic DNA and 50 pMol of each primer in 20 pL individ-
ual reactions containing reagents recommended by the sup-
plier (Tag-HiFi, Fermentas), except for DMSO which was
added up to 5% v/v. 2 uL of each amplification reaction were
subjected to TAE 0.8% agarose electrophoresis.
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fonate) treatment. Custom oligonucleotides were provided
by IDT (Integrated DNA Technologies - Coralville, TA).
PCR reagents were supplied by Fermentas (Glen Burnie,
MD). DMSO, was purchased from Sigma (St. Louis, MO).
Other reagents were of analytical grade or higher. Standard
recombinant DNA techniques used throughout this work
were previously described (Ausubel, 2002), or are detailed
in the text. The genetic markers used here for PCR diagno-
sis have the following GenBank sequence access codes:
AY426768 (pahl, 1056 bp), X84101.1 (cas2, 978 bp),
AY034175.1 (orf10, 1224 bp and orf11, 207 bp; 5 bp be-
tween them) and AAP13501.1 (orf12, 1377 bp). Both S.
clavuligerus ATCC 27064 and S. clavuligerus MMS
150 were cultivated for 72 h at 28 °C in ISP2 medium for
the isolation of genomic DNA. The cells were collected via
centrifugation and washed with phosphate-buffered saline
(50 mM sodium phosphate, 150 mM NaCl). Approxi-
mately 200 mg cells (wet weight) were used for DNA ex-
traction, using the Wizard Genomic DNA extraction kit
(Promega). The oligonucleotides were all designed to in-
corporate an Ndel restriction site at the 5’ and of the PCR
product and an Xhol site at the 3° end, right after the pre-
dicted stop codons for further cloning experiments not re-
lated here. The oligonucleotides used were as follows:

GCAGCCATATGTCCACCGCCGTCTCCCCGCGCTACGCCCAAC 3”
5’ GTGGTGCTCGAGCTACCCCCACCGCTGCCCGGCGAAGTCCAC 3
5" GCGCCATATGGCCTCTCCGATAGTTGACTGCACCC 3’

5’ GACTCGAGTCAGCGGCGCGGCGAGAACG 3’

5’ GCAGCCATATGAACGAGGCAGCGCCTCAGTCCGACCAG 3'

5’ GTGGTGCTCGAGTCACCAGGTCACCGGGAGGGCGCCGAGGLCLC 37
5" GCAGCCATATGGAGCGGCTGACCGTCGTCCTCGACGCGTCG 3
5" GTGGTGCTCGAGCTAGCCCTCGGTGACCGTGATGGCCTCGCAC 3”
5" GCAGCCATATGATGAAGAAAGCTGATTCCGTCCCGACC 3'

5" GTGGTGCTCGAGTCATCGCCGGGCGGCTTCTCCGGCGCTCGL 37

Biomass, clavulanic acid and lipase determination

Cellular biomass was analyzed the dry weight me-
thod, collecting cells by centrifugation of the samples and
washing the cells twice with double distilled water. The
samples were then incubated at 65 °C until reaching the
measured constant weight.

Glycerol concentrations were determined by HPLC,
using a Shodex KS-802 (Lonpak) column monitoring the
elution with a W410 refractometer detector. the column
was pre equilibrated with NaOH 1 mM, eluent flow rate
was 1 mL min”. The equipment was set to 80 °C. A refer-
ence calibration curve was obtained using analytical grade
glycerol dilutions in destiled water ranging from 0.1 to
1.0 g.L" in the same conditions.

Clavulanic acid concentrations were determinated by
HPLC using the Foulstone and Reading (1982) method, in a
C-18 p-Bondapack column. Mobile phase was a metha-
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nol/phosphate buffer mix, at 2.5 mL/min” flow rate. Elu-
tion temperature was kept at 28 °C monitoring at 311 nm
wavelenght. A reference calibration curve was previously
done using an amoxicillin/potassium clavulanate mix (the
content of Clavulin 250 mg - Smith Kline-Beecham do
Brasil Ltda).

Extracellular lipase enzymatic activity was inferred
by spectrophotometry using p-nitrophenil palmitate
(pNPP) substrate monitoring the samples absorbance at
410 nm at 37 °C, as described by Gupta et al. (2002).

Statistical analysis

Statistical analyses were done using the XLSTAT
v5.2 software. Student’s ¢-distribution and Fisher tests were
used in the lipase activity results comparisons.

Experimental design and optimization

pH and temperature, were the factors used as vari-
ables independents to optimize the extracellular lipase ac-
tivity by Streptomyces clavuligerus. A 2* full factorial
central composite rotary design (CCRD) for two independ-
ent variables, each at five levels, was employed to fit a sec-
ond order polynomial model which indicated that 11
experiments were required for this procedure (Table 1).
The temperature and pH are factors that affect the lipase ac-
tivity (Mingrui Yu et al., 2007).

The optimum pH ¢ temperature for lipase activity by
Streptomyces clavuligerus were determined by means of
CCRD and RSM (response surface methodology). RSM
consists of a group of mathematical and statistical tech-
niques that can be used to define the relationships between
the response and the independent variables. RSM defines
the effect of the independent variables, alone or in combi-
nation, on the processes. In addition to analyzing the effects
of the independent variables, this experimental methodol-
ogy also generates a mathematical model. The graphical
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perspective of the mathematical model has led to the term
Response Surface Methodology (Bas and Boyaci, 2007). A
second-order polynomial model obtained through a multi-
ple regression technique using the STATISTICA 7.0 soft-
ware was used to describe the response surface. For two
factors, the model obtained is expressed as follows:

Y =b,+bx, +b,x, +b11x12 +b22x§ +b,x,x, )
where Y is the predicted response, by, by, bs, by1, by, by, are
constant coefficients, and xi, x, are the coded independent
variables or factors.

The test factors were coded according to the follow-
ing regression equation:

X, -X,
X :(AXJ 2

i

where x; is the coded value and X; is the actual value of the
ith independent variable, X is the actual value at the center
point, and AX; is the step change value.

The fit quality of the second-order model equation
was expressed by R?, the coefficient of determination, and
its statistical significance was determined by an F-test. The
significance of the regression coefficients were tested by
analysis of variance (ANOVA) and #-test.

Results

DNA analysis

PCR amplification based on five clavulanic acid re-
lated genes of Streptomyces clavuligerus was done for vali-
dation of MMS150 mutant as a S. clavuligerus derivative
strain. The targeted genes chosen were: pahl, cas2, orfl0,
orfl0-11, orfll and orfl2. Information about these genes
were previously published (Tahlan et al., 2004; Paradkar,
1995; Li, 2000).

Table 1 - Process variables used in the CCD, showing the treatment combinations and the mean experimental responses.

Treatment  Coded setting levels x1=T; x2= pH Actual levels X1=T (°C); X2=pH  Extracellular lipase activ- Extracellular lipase activ-

ity by S. clavuligerus wild ity by S. clavuligerus mu-
x1 x2 X1 X2 type (U/mL h) tant MMS 150 (U/mL h)

1 -1 1 8.5 27.9 2040.15 2140.91

2 -1 -1 6.0 27.9 738.64 1745.45

3 1 1 8.5 42.1 2068.94 1770.45

4 1 -1 6.0 42.1 981.06 656.82

5 0 0 7.2 35.0 2096.97 1652.65

6 0 0 7.2 35.0 2242.42 1621.97

7 0 0 7.2 35.0 2140.15 1683.33

8 0 -1.41 5.5 35.0 1146.21 631.82

9 0 1.41 9.0 35.0 2223.48 2348.48

10 -1.41 0 7.2 25.0 2498.48 1984.09

11 1.41 0 7.2 45.0 2139.39 1517.42
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The PCR product visualization of these is shown in
Figure 1. The results showed the same amplification profile
for the two strains, S. clavuligerus wild type and S. clavuli-
gerus MMS 150. Each PCR product showed a main amplifi-
cation band of the expected mass under electrophoresis.

Production of clavulanic acid

All of the strains (mutants and the wild type) were
firstly cultivated in a complex medium for comparison of
their clavulanic acid production (Figure 2). The relative
production of the MMS 150 mutant was the greatest among
all the assayed mutants so that it was chosen for the further
experiments in this work.

There was a great induction of lipase production,
probably due to the presence of soybean oil in the culture
medium (Large ef al., 1999). However, the mutant strain
had shown a drop on the clavulanic acid production around
36 h of cultivation. Glycerol consumption was around the
same for both, the wild type strain showed a greater growth
(Figure 3).

The wild type strain showed a simultaneous drop in
the production of both clavulanic acid and lipase coincident
with the depletion of glycerol. So, another cultivation study
in complex medium deprived of glycerol was done. The re-
sults for the mutant strain show a greater lipase production
when compared with the unmodified medium with a
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Figure 1 - Clavulanic acid related genetic markers PCR amplification
products electrophoresis. 2 uL samples from each PCR product were sub-
mitted to 0.8 agarose electrophoresis. Lanes M - Molecular mass markers
(Generuler 1kb - Fermentas). Lanes 1-6 are respective to amplification of
pahl, cas2, orfl0, orfl0-11, orfll and orfl2 genetic markers using
Streptomyces clavuligerus ATCC 27064 genomic DNA. Lanes 7-12 are
respective to the amplification of the same genetic markers using genomic
DNA from S. clavuligerus MMS 150.
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greater clavulanic acid production, leading to a suggestive
correlation that lipase activity levels were elevated in the
presence of oil as main source of carbon (Large et al.,
1999). On the other hand, the wild type strain showed
smaller values of biomass, lipolytic activity and clavulanic
acid production when cultivated in the same complex me-
dium lacking glycerol (Figure 4).

The clavulanic acid production in the GSPA, GSPG
and GSPO semi-synthetic mediums was all time smaller
when compared to the complex medium. However, in all of
them the mutant strain has shown greater production, espe-
cially when cultivated in GSPA medium, where the clavu-
lanic acid production was about six fold higher than the
wild type strain after 60 h fermentation. Glycerol consump-
tion and biomass data are also shown in Figure 5.

Lipase activity optimization on S. clavuligerus

Based on the previous studies, temperature and pH
were identified as the main factors affecting lipase activity
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Figure 2 - Comparison of clavulanic acid concentration amongst all the S.
clavuligerus strains.
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Figure 3 - Comparison of the biomass (a), glycerol consumption (b) and
lipolytic activity (c) between the mutant and wild type strains cultivated in
complex medium.



1054

=~ 12 -
’jb 104 /D D—D\—\I\QIMS 150—a— Wild type A
g 2- ° A-—iA\D —o—""
] /—A/ \A——A 0—0 g——">0
.S 4] %A \A———A———A——A
M 24
= 1000
g 5001 I~ B
'éll 600 / A\D\
1 A
SE 400] A A
=7 T A——A A =
£ 200] /
O . N
; }é{_\ 40 C
=7y 30 ——h
5 = o /g \5’4\ o
== 20 AT o ~.
g S / A— 4 a
=2 104 —a
= K
%? O M T T T T T T T T T T T
£5 0 20 40 60 80 100 120
o s Time (h)

Figure 4 - Comparison of the biomass (a), clavulanic acid (b) and lipolytic
activity (c) between the mutant and wild type strains cultivated in the mod-
ified complex medium lacking glycerol.
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Figure 5 - Comparison of the production biomass (a), glycerol consump-
tion (b) and clavulanic acid (c) between the mutant and wild type strains
cultivated in semi-synthetic mediums GSPA, GSPG and GSPO.

of bacteria (Kulkarni and Gadre, 2002). Therefore, CCRD
and RSM were used to obtain the best conditions for lipase
activity for S. clavuligerus wild type and a mutant
MMS150. The experimental design proposed was carried
out to compare the lipases activities of wild type and mutant
strain. The experimental CCRD matrix is presented in Ta-
ble 1. Eleven experiments were performed for the each
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lipase, wild type and mutant strain. Treatment 10 showed
the highest levels of lipase activity for wild type strain (pH
7.2 and 25 °C). These results suggest that the lipase from S.
clavuligerus wild type strain has a higher enzyme activity
(2,498.5 U/mLh) at a relatively low temperature and neu-
tral pH. For the mutant MMS150 the optimal conditions
of pH and temperature for extracellular lipase (2,348.5
U/mLh) were: pH 9.0 and 35 °C, showing that this enzyme
is a basic lipase. Microbial lipases are produced over a wide
range of pH and temperatures. Abramic et al. (1999) also
investigated extracellular lipase by Streptomyces rimosus
and this lipase showed optimum activity around pH 9.5.
Mahadik (2002) assayed the production of acidic lipase by
Aspergillus nigerunder pH 5.5 and 30 °C; Hiol et al. (2000)
studied the extracellular lipase produced by a thermophilic
Rhizopus oryzae in pH 5.6 and temperature between
28-35 °C. Other works related that lipases can be produced
in pH 6.0 and 65 °C (Becker and Mérkl, 2000). Ours results
are in accordance.

Analysis of variance (ANOVA) was employed for the
determination of significant parameters and to estimate the
lipase activity as a function of temperature and pH. Data are
shown in Table 2 and 3. The computed F-value for wild
type lipase (21.95) was 5.05-fold higher than the F-value in
statistic tables, indicating that the model was significant at
high confidence level (95%), with R* =0.9039, thus 90.4%
of the total variation is explained by the model (Table 3).
The ratio of F for mutant MMS150 lipase was 12.65, with
R?=0.9338 (Table 3). Both determination coefficients sug-
gest a satisfactory representation of the process model.

The coded model was used to generate contour dia-
grams for the analysis of the variable effects on lipase activ-
ity, (Figures 6 and 7 for wild type and mutant MMS150,
respectively). The experimental results of the CCD desing
were fitted with the second-order polynominal Eq. (3) for
the lipase from S. clavuligerus wt. Only the temperature as
linear and interactive terms was not significant. The lipase
activity was affected by temperature and pH as quadratic
terms (p < 0.05). In this work these terms were significant,
which indicates that they can act as limiting factors and
even small variations in their values will alter lipase activ-
ity to a considerable extent.

The secondary order polynomial equation is given be-
low:

Table 2 - Analysis of variance (ANOVA) for the model regression by S. clavuligerus wild type.

Source SS DF MS F-value F-value in statistic table
Model 3,055,090.0 3 1,018,363.3 21.95 4.35
Residual 324,792.0 7 46,398.6

Total 3,379,882.0 10

R%=0.9039; SS, Sum of Squares; DF, Degrees of Freedom; MS, Mean Square.

Significance level = 95%.
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Table 3 - Analysis of variance (ANOVA) for the model regression by S. clavuligerus MMS 150.

Source SS DF MS F-value F-value in statistic table
Model 2,700,995.00 2 1,350,497.50 56.45 4.46

Residual 191,401.00 8 23,925.12

Total 2,892,396.00 10

R%=0.9338; SS, Sum of Squares; DF, Degrees of Freedom; MS, Mean Square.

Significance level = 95%.

Y =2,1922+191367 — 308127 +
49000 pH —312.90pH> —5341pH x T

)

where, Y represents lipase activity (in U/mLh), pH the
hydrogenionic potential, and 7 is the temperature as coded
settings.

To confirm the applicability of the model, lipase ac-
tivity was determined at 30 °C, pH 7.0, which are the opti-
mal values suggested by it. In this case, the model predic-
tion showed an enzymatic activity of 1786.6 (U/mLh).
Experimentally, 2,278.8 (U/mLh) of lipase activity was ob-
served, confirming the closeness of the model to the experi-
mental results.

For the lipase by S. clavuligerus MMS150 the regres-
sion equation for the level of lipase production Y:

Y =1,65282—26543T + 38747 +
49266 pH —9235pH> +17955pH x T

“4)

where, Y represents lipase activity (in U/mLh), pH the
hydrogenionic potential, and 7 is the temperature as coded
settings.

In this model (Eq. (4)), temperature and pH as qua-
dratic terms and the interaction as a linear term were not
significant, showing that these terms were not factors limit-
ing lipase activity. The applicability of the model was also
tested by simulation of the quadratic model. The activity re-
cuperation percentage was 88.25% 8 (data not showed),
confirming the empirical validity of the model.

Discussion

The equivalence in the amplifications band patterns
of expected molecular masses (Figure 1) validates that the
isolated MMS150 mutant is a S. clavuligerus ATCC 27064
derivative, indicating that both strains are very similar with
respect to these markers and should have the same genetic
machinery for clavulanic acid production.

When cultivated in semi-synthetic mediums GSPA,
GSPG and GSPO the mutant strain has shown greater
clavulanic acid production, specially when cultivated in
GSPA medium, where the production was about six fold
higher than the wild type strain after 60 h fermentation
(Figure 5). The production of clavulanic acid was also
higher with the mutant than with the wild type strain (Fig-
ure 4), obtaining a 891.3 mg L™ concentration in 60 h of fer-
mentation in the modified complex medium, while the wild

type strain obtained 820.1 mg L™ in 72 h. This difference,
that may look inexpressive at first, becomes important in
view of the clavulanic acid production costs, that in this
case might be cheaper due to the economy done in glycerol
upon large scale industrial production.

When cultivated in complex medium, the mutant
strain presented less lipolytic activity in comparison with
the wild type (Figure 3). However, when cultivated in the
modified complex medium, mutant strain showed a lipase
production about 2.4 times higher than that of the wild type
(Figure 4). Such productivity is significant (p = 0.014), in-
dicating that the random mutation also caused the MMS
150 strain a greater lipolytic activity dependent on the com-
position of the culture medium. Thus, MMS 150 strain was
shown to have higher induced lipolytic activity, bacterial
growth and clavulanic acid production compared to the
wild type when both cultivated in the modified complex
medium.

Models for the production of extracellular lipase were
developed and the contour plot in Figures 6 and 7 repre-
sents the predicted model, indicating the variable levels to
an optimal process. The figures also show the shapes con-
tour of pH against temperature for the two lipase activities.
It is clearly seen that there is an effect of conditions optimi-
zation for the extracellular lipases. The optimal activity re-
sults were: pH 7.2 and 25 °C for the lipase produced by
Streptomyces clavuligerus wild type; and pH 9.0 at 35 °C
for the mutant MMS150.

Extracellular lipolytic activity (U/mL h)

9.0

85

6.0

55

250 279 35.0 421 450
Temperature (°C)

Figure 6 - Contour plot for the effects of temperature and pH on lipolytic
activity of S. clavuligerus wild type.
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T 72
I 2400
60 [ 2000
’ [ 1600
11200
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y 1400
25.0 279 35.0 2.1 45.0 mo

Temperature (°C)

Figure 7 - Contour plot for the effects of temperature and pH on lipolytic
activity of S. clavuligerus mutant MMS150.

For the wild strain of S. clavuligerus in the complex
medium, data of clavulanic acid and lipase showed that the
maximum production of lipase and AC occur between 60
and 72 h (Figures 3 and 4). The similar results are observed
with the strain S. clavuligerus MMS 150. This production
standard AC and lipase with oils in fermentations is accord-
ing to Large et al. (1999), and Peacock et al. (2003). These
authors showed that oils added in the fermentations me-
dium increases the titles of antibiotics. This why oils can in-
duce lipase activity in bacteria and fungi and one of product
this lipase catalysis is glycerol, because is a precursor of the
biosynthesis of clavulanic acid. So, this work confirmed
that levels of AC are directly proportional to lipase.

The S. clavuligerus strain is very good lipase produc-
tion in comparison with other microorganisms (Dominguez
et al., 2005; Silva et al., 2005). This is a possibility for fur-
ther studies on the S. clavuligerus lipase purification and ki-
netics for example, aiming broad industrial field interest
once lipase is widely used in pharmaceutics, cosmetics and
perfumery, oil chemistry, leather, cellulose and paper in-
dustry, and even treatment of industrial residues (Hasan et
al., 2000).
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