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Effect of culture conditions on growth and esterase production
by the moderate thermophile Bacillus circulans MAS2
A Kademi, L Fakhreddine, N Aı̈t-Abdelkader and JC Baratti

Université de la Méditerranée, CNRS ESA6111, Faculté des Sciences de Luminy, Case 901, 163 Avenue de Luminy,
13288 Marseille cedex 9, France

Growth and esterase production (activity on p-nitrophenyl caprylate) by the newly isolated Bacillus circulans MAS2
bacterial strain were studied. The growth rate at 50 °C was high (0.9 h -1) on LB medium with glucose added. Esterase
production followed growth with the majority of activity being intracellular during exponential growth phase. During
stationary phase, the esterase activity was released in the culture medium. The strain was able to grow at 35– 55 °C
with maximum growth rate at 50 °C, showing a pattern typical of a moderate thermophile. Growth occurred at pH 6–9
with a maximum at 8, with a similar pattern for the esterase production. Addition of glucose, fructose, sucrose or
sodium acetate greatly promoted both growth and esterase production while starch, inulin, tributyrin or glycerol
showed no effect. Complex nitrogen sources such as tryptone or yeast extract increased growth and esterase pro-
duction while mineral sources (ammonium chloride or sulfate), glycine or glutamate showed no effect. An increase
of tryptone plus yeast extract and glucose concentrations stimulated growth and esterase production which reached
160 U L−1.
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Introduction

Esterases (EC 3.1.1.1) and lipases (EC 3.1.1.3) are enzymes
with a great potential for biotechnological applications such
as ester synthesis as flavors for the food industry [11],
modification of the physico-chemical properties of trigly-
cerides in the fat and oil industry [15] and preparation of
optically pure bioactive molecules for the pharmaceutical
industry [3,14]. On a practical point of view, enzymatic
processes which can be run at high temperatures are attract-
ive for several reasons: (a) the reaction rates are increased;
(b) the medium viscosity is lower; (c) the substrate solu-
bility is increased; and (d) the microbial contamination
probability is lower [2]. For these reasons, thermostable
enzymes are quite useful and there is a continuous search
for new enzymes with the required technological properties.

In this context, several esterases have attracted attention
such as pig liver esterase, which is known for its broad
substrate specificity [7,16,17] and the carboxylesterase
from Bacillus coagulans [14]. However, there are few
industrial applications of esterases, compared for instance
to lipases, mainly because of the lack of availability of
these biocatalysts, in sufficient amounts, for organic chem-
ists [5].

Usually the search for thermostable enzymes is made by
using thermophilic or hyperthermophilic microorganisms.
In our laboratory, we have tested moderate thermophiles as
an alternative source for new thermostable esterases or
lipases. Thirty-nine newly isolated strains growing at 50°C
on a mineral medium containing triolein as sole carbon
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source, produced lipolytic enzymes, as tested byp-nitro-
phenyl caprylate (pNPC8) hydrolysis [8]. Among these,
strain MAS2 identified as aBacillus circulans, showed the
highest extracellular esterase activity. This activity was
quite thermostable (100% recovery after 1 h at 70°C) and
active at alkaline pH which makes it attractive for appli-
cations [9].

In this work, we report the effect of temperature, pH,
carbon and nitrogen sources on both growth and esterase
production.

Materials and methods

Organism and culture conditions
Strain MAS2 was isolated in our laboratory [8] from a soil
sample using an enrichment culture at 50°C on a mineral
medium containing triolein as sole carbon source. The
strain was grown on LB medium until exponential phase
and stored at−80°C in 20% (v/v) glycerol. Growth and
esterase production were studied on LBG medium (LB with
glucose) with the following composition: 10 g L−1 tryptone
(Difco, Detroit, MI, USA), 5 g L−1 yeast extract
(Organotechnie, La Courneuve, France), 10 g L−1 NaCl (LB
medium, [12]) and 10 g L−1 glucose. Glucose was sterilized
separately at 110°C for 15 min and LB was sterilized at
120°C for 15 min. The pH of the medium was adjusted to
7.5 by the addition of NaOH.

For the effect of carbon source, the tryptone and yeast
extract were considered as supplying only nitrogen and glu-
cose was replaced by other carbon sources as indicated in
the text. The substitution was made on the basis of a con-
stant mole of carbon per liter basis, ie 0.33 mol L−1. The
following additions were made (per liter): fructose 9.9 g,
sucrose 9.4 g, starch 9 g, inulin 9 g, tributyrin 6.7 g, triolein
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5.1 g, Tween 80 6.8 g, glycerol 10.1 g and sodium acetate
22.5 g. The pH was adjusted to 8.1 with NaOH.

For the effect of nitrogen source, tryptone and yeast
extract of LBG were replaced by other nitrogen sources at
the same molar nitrogen concentration of 0.126 mole of N
per L by addition of (per liter): yeast extract 19.2 g, tryp-
tone 13.4 g, peptone 10.9 g, ammonium acetate 9.7 g,
ammonium chloride 6.7 g, ammonium sulfate 8.3 g, gluta-
mate 18.5 g and glycine 9.5 g. For yeast extract, tryptone
and peptone the substrate concentrationS (in g L−1) was
calculated using the formulaS = 0.126 x (14/N) whereN
is the total nitrogen content (in %, w/w) given by the sup-
plier (yeast extract 9.2%, tryptone 13.1% and peptone
16.2%). The pH was adjusted to 8.1 with NaOH.

All the cultures were run in triplicate in 250-ml Erlen-
meyers containing 25 ml of liquid medium, incubated at
50°C and agitated at 110 strokes per min.

Enzyme assay
Esterase activity was assayed by measuring the rate of
hydrolysis of p-nitrophenyl caprylate (pNPC8) (Sigma
Chemicals, St Louis, MO, USA) at 37°C according to Kor-
del et al [10]. One volume of 16.5 mM pNPC8 in 2-propa-
nol was mixed with 9 volumes of 50 mM Tris-HCl pH 8.0,
containing 0.4% (w/v) Triton X-100 (Fluka/Sigma Aldrich,
Saint Quentin, Fallavia, France) and 0.1% (w/v) arabic gum
(Sigma). To 1.35 ml of this mixture equilibrated at 37°C
in a 3-ml cuvette of the spectrophotometer (Shimadzu UV-
160A, Roucaire, Courtaboeuf, France), 0.15 ml of the
enzyme solution was added. The absorbance at 410 nm was
read against a blank without enzyme and monitored con-
tinuously. The concentration of liberatedp-nitrophenol
(pNP) was calculated using an extinction coefficient of
12.75 106 cm2 mol-1. This value was determined using stan-
dard solutions of pNP. For each assay, three different
enzyme quantities were tested and activity was calculated
from the slope of the curve of variation of absorbance per
min against enzyme amount. One enzyme unit was the
amount of enzyme liberating 1mmol of pNP per min under
the conditions used. Activity was assayed in both culture
medium and centrifuged cells. In this latter case the cells
were collected (5000× g, 4°C, 10 min) and washed twice
with 20 mM Tris-HCl buffer pH 8.0.

Analytical methods
Growth was followed by the absorbance at 660 nm. At 24
h, one absorbance unit was equivalent to a biomass of 2.1
g L−1 of culture medium. No changes in cell morphology
were observed under the conditions used. Therefore,
absorbance was used for both the measures of cell growth
and cell yield. Glucose was assayed enzymatically using
the reagent: peroxidase (20mg ml−1) (Sigma), glucose oxi-
dase (180mg ml−1) (Sigma), 2,2′-azino-bis(3-ethylbenzothi-
azoline-6-sulfonic acid) (1 mg ml−1) in 0.1 M sodium phos-
phate buffer pH 7.0. The sample (0.5 ml) was mixed with
reagent (3 ml) and the mixture was incubated at room tem-
perature for 40 min in the dark. Absorbance was read at
610 nm against a blank.

Results

Growth and esterase production
B. circulans MAS2 was cultivated at 50°C on LBG
medium and growth was followed by absorbance at 660
nm. Growth was fast (specific growth rate of 0.9 h-1) on
this medium with a maximum of biomass reached for 12
h and a slow decrease afterward due to cell lysis (Figure
1a). Surprisingly, glucose was not utilized during the first
5 h, but its concentration decreased slowly from 10 to 15 h.
Only 20% of the glucose was consumed by the strain at
the end of fermentation, suggesting that glucose was not the
limiting substrate in LBG. The intracellular esterase activity
increased in parallel to growth until 10 h and it decreased
for longer incubation times. This decrease was parallel to
an increase in extracellular activity suggesting that lysis
released the cell protein into the medium. This hypothesis
was further confirmed by the fact that the sum of extra-
and intra-cellular activity was almost constant (Figure 1b).
The esterase specific activity (in esterase units per
absorbance units) increased during the exponential growth
phase and remained constant later on, suggesting the occur-
rence of some regulation of esterase production. For further
experiments, the cultures were carried out for 18 h to get
the maximum activity as extracellular. On a practical point
of view, enzyme recovery is much easier from culture
medium than from whole cells which validates this
approach.

Effect of temperature
B. circulansMAS2 was grown at temperatures from 30 to
60°C on LBG medium. The variation of the specific growth
rate is shown in Figure 2. No growth was observed at 30°C
indicating that the strain is a thermophile rather than a ther-
motolerant bacterium. The maximum growth rate (1.1 h-1)
was at 50°C and no growth was detected at 60°C which
classified the strain as a moderate thermophile. The
absorbance at 660 nm and esterase activity after 18 h of
culture are shown in Table 1. The final biomass concen-
tration was slightly affected by temperature; it was
maximum at 50°C. All the observed values were much
higher than those measured after 5 h, suggesting that cell
lysis was low under these conditions. The total esterase
activity and the biomass were also maximum at 50°C, sug-
gesting a direct correlation between growth and enzyme
production. This result is also suggested by the small vari-
ation of specific activity (esterase units per absorbance unit)
which varied from 11 to 30. The amount of esterase activity
in the culture medium varied with temperature from 10 to
40% with a maximum at 45–50°C.

Effect of pH
B. circulansMAS2 was grown at pH 5.6–9.1 at 50°C on
LBG medium. The variation of the specific growth rate is
shown in Figure 3. No growth was observed at pH 5.6 or
9.1 and the specific growth rate was maximum (1.2 h-1)
at pH 8. Thus, strain MAS2 is slightly alkalophilic. The
absorbance at 660 nm and esterase activity after 18 h of
culture are shown in Table 2. The final biomass concen-
tration increased with pH and was maximum at pH 8.9. The
total activity followed a similar variation while the specific
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Figure 1 Growth and esterase production byB. circulansMAS2. (a) Growth kinetics and glucose concentration. (b) Total, cellular and extracellular
esterase activities. Insert: specific activities expressed in U L−1 OD. Values are averages of results from three independent cultures.

activity was almost constant. The percentage of activity in
culture medium increased with pH with the exception of
pH 6.1. In this case, a significant cell lysis was observed
which may increase the amount of extracellular esterase
activity.

Influence of carbon source
In a previous work [9], we showed that glucose addition
to LB medium greatly stimulated both cell growth and
esterase production while neither Tween 80 nor triolein
stimulated esterase production. In LBG medium, glucose
was replaced by another carbon source at the same concen-
tration in moles of C per L (see Materials and Methods for
details). The medium pH was increased to 8.1, the optimum
for growth (Figure 3). The absorbance at 660 nm and ester-
ase activity after 18 h at 50°C are shown in Table 3. The
strain grew and produced esterase on each medium tested.
The best results (final biomass and esterase activity) were

observed with fructose, sucrose or acetate additions to LB.
In contrast, starch, tributyrin or glycerol additions showed
no effect. The activity was mainly (60–83%) intracellular
except for glycerol (14%).

Effect of nitrogen source
The effect of nitrogen source was tested on LBG by remov-
ing the yeast extract and tryptone and replacing them with
selected nitrogen sources. The nitrogen concentration was
maintained at 0.126 mol of N per L. The absorbance at 660
nm and esterase activity after 18 h at 50°C are shown in
Table 4. Growth and esterase production were greatly affec-
ted by the nature of the nitrogen source. None of the min-
eral or organic sources tested were efficient for growth and
esterase production with the exception of rich sources such
as peptone, tryptone and yeast extract. The best results were
observed for yeast extract and tryptone addition, ie with
LBG medium. The esterase activity was mainly intracellu-
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Figure 2 Effect of temperature on specific growth rate ofB. circulans
MAS2 grown on LBG medium at pH 7.5. Values are means of three
different cultures.

Table 1 Effect of temperature on growth and esterase production ofBacillus circulansMAS2

Temperature Absorbance Total activity Specific activity Activity
(°C) at 660 nm (U L−1) (U L−1 OD) in supernatant

(absorbance units) (%)

35 1.0 19.2± 0.7 19 12
40 0.7 8.0± 1.7 11 17
45 0.8 24.2± 2.8 30 40
50 1.7 42.2± 1.5 25 30
55 1.4 32.0± 3.5 23 25

Cells were grown on LBG medium for 18 h. Activity was assayed in the culture supernatant and cellular fraction. Values are means of three differ-
ent cultures.

Table 2 Effect of pH on growth and esterase production ofBacillus circulansMAS2

pH Absorbance Total activity Specific activity Activity
at 660 nm (U L−1) (U L−1 OD) in supernatant

(absorbance units) (%)

6.1 0.8 18.6± 1.1 23 55
6.5 1.4 42.0± 1.6 30 24
7.4 1.7 42.5± 1.5 25 29
8.1 2.3 69.0± 4.6 30 44
8.9 3.1 68.0± 2.2 22 59

The organism was grown on LBG medium for 18 h at 50°C. Activity was assayed in the culture supernatant and cellular fraction. Values are means of
three cultures.

lar with rich nitrogen sources and extracellular for mineral
source or glycine.

Effect of medium concentration
The concentrations of the components of LBG medium
were varied in order to determine the optimal ratio of car-
bon and nitrogen sources: three tryptone plus yeast extract

Figure 3 Effect of medium pH on specific growth rate ofB. circulans
MAS2 grown on LBG medium at 50°C. Values are means of three differ-
ent cultures.

concentrations were used (15, 30 and 60 g L−1) with three
glucose concentrations (15, 30 and 40 g L−1). The compo-
sition of the media tested (M2–M7), final absorbance (18 h
at 50°C) and esterase activity are shown in Figure 4.
Medium M1 corresponds to LBG. Increasing the glucose
concentration up to 40 g L−1 (media M2 and M3) did not
increase growth and esterase production, which confirms
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Carbon Absorbance Total activity Specific activity Activity
sources at 660 nm (U L−1) (U L−1 OD) in supernatant

(absorbance units) (%)

LB 0.5 24.6± 1.5 55 19
LBGa 2.0 55.1 28 42
Fructose 2.6 73.0± 2.6 28 24
Sucrose 1.8 63.5± 2.5 35 40
Starch 0.4 12.6± 1.4 33 31
Inulin 1.0 29.5± 1.0 30 17
Tributyrin 0.7 11.8± 2.5 16 21
Glycerol 0.4 9.4± 0.4 26 86
Sodium acetate 1.2 57.2± 2.3 47 20

a Data from Figure 1.B. subtilisMAS2 was grown at 50°C for 18 h on LB medium with the addition of the indicated carbon sources at a concentration
of 0.33 moles of carbon L−1. Activity was assayed in the culture supernatant and cellular fraction. Values are means of three cultures.

Table 4 Effect of nitrogen source on growth and esterase production ofBacillus circulansMAS2

Nitrogen Absorbance Total activity Specific activity Activity
sources at 660 nm (U L−1) (U L−1 OD) in supernatant

(absorbance units) (%)

LBG 2.1 68.1± 6.9 32 48
Yeast extract 2.8 86.0± 13.3 31 35
Tryptone 1.1 55.6± 5.7 51 29
Peptone 0.7 16.1± 2.0 24 28
Ammonium acetate 0.03 4.4± 0.4 nca 84
Ammonium sulfate 0.05 4.6± 0.8 nc 100
Ammonium chloride 0.07 7.3± 0.9 nc 49
Glutamate 0.3 9.3± 1.0 27 47
Glycine 0.02 9.2± 0.8 nc 97

anc = not calculated, low absorbance values.
Cells were grown on basal medium (containing glucose 10 g L−1 and NaCl 10 g L−1) with the addition of the indicated nitrogen source at a concentration
of 0.126 moles of nitrogen L−1. Activity was assayed in the culture supernatant and cellular fraction after 18 h at 50°C. Values are means of three cultures.

the conclusion that glucose is not a limiting substrate in
these conditions. By contrast, both growth and esterase pro-
duction were increased when the tryptone plus yeast extract
concentration was increased (media M4, M5, M6 and M7)
independently of the C/N ratio. The amount of intracellular
activity increased from M1 to M7. Esterase production was
increased 2.5 times from LBG (M1) to M7.

Discussion

B. circulansMAS2 grew fast on LBG medium with a doub-
ling time of 46 min. The glucose of LBG medium was not
completely utilized during growth. A similar situation has
been reported for some strains of the thermophileThermus
[1]. Therefore, although glucose was not the substrate
limiting growth, its addition was necessary for efficient
enzyme production [9]. Esterase biosynthesis during
growth seemed to be regulated since the specific activity
increased during the exponential growth phase. However,
the nature of this regulation is not known. Most of the ester-
ase activity was intracellular until it reached maximum
value at 12 h. After this time, activity in the culture medium
began to increase significantly with a parallel decrease of
the intracellular activity. Since the total esterase activity
(extra plus intracellular) remained constant, the most prob-
able explanation is that cells in stationary phase released

the enzyme by either a specific mechanism or, more likely,
by cell lysis. Evidence for lysis is provided by the dimin-
ution of absorbance. It is preferable to have the enzyme in
the supernatant rather than in cells since enzyme recovery
is much easier from culture medium than from whole cells.

The strain was able to grow at 35–55°C with maximum
growth at 50°C. This pattern is typical of moderate thermo-
philes. Other strains isolated in similar conditions in our
laboratory also belong to the same microbiological group
[6]. OtherB. circulansstrains showed temperature patterns
slightly lower: the strain isolated by Elwanet al [4] grew
from 25 to 45°C while that isolated by Sztajer and Mal-
iszewska [18] showed maximum growth at 42°C. The pro-
duction of esterase activity varied with temperature simi-
larly to growth, with a maximum activity at 50°C. B.
circulansMAS2 grew at pH 6–9 with an optimum growth
rate at pH 8, similar to that reported for otherB. circulans
strains [4,18].

The addition of glucose, fructose, sucrose or acetate to
basal LB medium greatly stimulated growth and esterase
production, while starch, inulin, tributyrin and glycerol had
no effect. This result suggests the lack of catabolite
repression by the sugars on esterase synthesis, contrary to
what was observed withBacillus strains LCB38, LCB39
and LCB40 by Fakhreddineet al [6], after glucose addition
in a mineral medium containing Tween 80 as carbon
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Figure 4 Effect of tryptone, yeast extract and glucose concentrations on
growth and esterase production ofB. circulans MAS2. M1 was LBG
medium. In M2 and M3 the glucose concentration was increased to 20
and 40 g L−1. In M4 and M5, the tryptone and yeast extract concentrations
were 20 and 10 g L−1, respectively, in both media while the glucose con-
centration was 10 and 20 g L−1 respectively. For M6 and M7, the tryptone
and yeast extract concentrations were 40 and 20 g L−1, respectively, in
both media while the glucose concentration was 10 and 40 g L−1 respect-
ively. The cells were grown at 50°C and pH 8.1 for 18 h. Values are
means of three different cultures.

source. Contrary to our results, esterase production byB.
circulans Bac1 was higher on starch than on glucose sug-
gesting different regulations in these two strains [18]. The
activity on fructose and sucrose (73 and 64 U L−1,
respectively) is similar to that reported forB. subtilisNRRL
365 on the same substrates [13]. When tributyrin was
added to LB, growth was not affected but esterase pro-
duction decreased twice. This result agreed with the lack
of induction of esterase synthesis by this lipolytic substrate,
confirming our previous report of lack of effect of Tween
80 or Triolein additions [9] and similar to the results of
Elwan et al [4] for B. circulans.

Mineral nitrogen sources did not promote cell growth as
well as glycine and, to a lesser extent, glutamate. This result
suggests that the strain is auxotroph for at least one compo-
nent of the rich medium. Therefore, changing the nitrogen
source to a mineral one excluded this essential component
and no growth occurred. These conclusions are supported
by the positive effect of increasing the concentrations of

tryptone and yeast extract in the culture medium, which
favored growth as expected if one nutrient in LBG was
present at a limiting concentration.

References
1 Brock TD. 1986. Thermophiles: General, Molecular, and Applied

Microbiology. John Wiley and Sons, New York.
2 Brock TD. 1986. Notes on the ecology of thermophilic archae bacteria.

Syst Appl Microbiol 7: 213–215.
3 Cambou B and AM Klibanov. 1984. Preparative production of

optically active esters and alcohols using esterase-catalyzed stereo-
specific transesterification in organic media. J Am Chem Soc 106:
2687–2692.

4 Elwan SH, MM El-Hoseiny, MS Ammar and SA Mostafa. 1983.
Lipases production byBacillus circulansunder mesophilic and osmo-
philic conditions. Factors affecting lipases production. Giorn Batt Virol
Immun 76: 187–199.

5 Faber K. 1997. Biotransformations in Organic Chemistry. 3rd edn,
Springer, Berlin.

6 Fakhreddine L, A Kademi, N Aı¨t-Abdelkader and JC Baratti. 1998.
Microbial growth and lipolytic activities of moderate thermophilic bac-
terial strains. Biotechnol Lett 20: 879–883.

7 Jongejan JA and JA Duine. 1987. Enzymatic-hydrolysis of cyclopropyl
acetate, a facile method for medium-scale and large-scale preparations
of cyclopropanol. Tetrahedron Lett 28: 2767–2768.

8 Kademi A, N Aı̈t-Abdelkader, L Fakhreddine and JC Baratti. 1999. A
thermostable esterase activity from a newly isolated moderate thermo-
philic bacterial strain. Enzyme Microb Technol 24: 332–338.

9 Kademi A, L Fakhreddine, N Aı¨t-Abdelkader and JC Baratti. 1999.
Purification and characterization of a thermostable esterase from the
moderate thermophileBacillus circulans.(Submitted).

10 Kordel M, B Hofmann, D Schomburg and RD Schmid. 1991. Extra-
cellular lipase ofPseudomonassp strain ATCC-21808, purification,
characterization, crystallization, and preliminary X-ray diffraction
data. J Bacteriol 173: 4836–4841.

11 Langrand G, N Rondot, C Triantaphylides and J Baratti. 1990. Short
chain flavour esters synthesis by microbial lipases. Biotechnol Lett 12:
581–586.

12 Maniatis T, EF Fritsch and J Sambrook. 1982. Molecular Cloning:
A Laboratory Manual. Cold Spring Harbor laboratory, Cold Spring
Harbor, NY.

13 Meghji K, OP Ward and A Araujo. 1990. Production, purification,
and properties of extracellular carboxyl esterases fromBacillus subtilis
NRRL 365. Appl Environ Microbiol 56: 3735–3740.

14 Molinari F, O Brenna, M Valenti and F Aragozzini. 1996. Isolation
of a novel carboxylesterase fromBacillus coagulanswith high enanti-
oselectivity toward racemic esters of 1,2-O-isopropylideneglycerol.
Enzyme Microb Technol 19: 551–556.

15 Mukherjee KD. 1990. Lipase-catalyzed reactions for modification of
fats and other lipids. Biocatalysis 3: 277–293.

16 Papageorgiou C and C Benezra. 1985. Use of enzymatic-hydrolysis of
dimethyl malates for a short synthesis of tulipalin-B and of its enanti-
omer. J Org Chem 50: 1144–1145.

17 Schirmeister T and HH Otto. 1993. Enzyme-catalyzed hydrolyzes of
E/Z-diastereotopic and E/Z diastereomeric esters—effect on selectivity
by reaction media. J Org Chem 58: 4819–4822.

18 Sztajer H and I Maliszewska. 1989. The effect of culture conditions on
lipolytic productivity of microorganisms. Biotechnol Lett 10: 199–204.


