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For the production of thermostable endoglucanase from Clostridium thermo-
cellulum the celC gene was cloned into Escherichia coli BL 21 (DE3) host. The recom-
binant E. coli was grown in shake flask cultures. The intracellular recombinant protein
was extracted from the cells after applying supercritical CO2 cell disruption. The super-
critical CO2 cell disintegration was optimized and then compared to the traditional ultra-
sonic cell disruption technique. With the supercritical cell disruption the cellulase recov-
ery was approximately 17 % lower than that of obtained with sonication.
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Introduction

Most of the best cellulase producing fungal
strains, such as Trichoderma and Aspergillus, are
mesophile organisms. The temperature optimum of
these cellulases is around 50 °C. Therefore their ap-
plication is limited. However, in certain technolo-
gies thermostable cellulase enzymes are needed.
There is a particular interest for thermostable cellu-
lases in the bioconversion of lignocellulosic raw
materials into fuel hydrogen, where hyperthermo-
phile bacteria are used for the production of hydro-
gen from monomeric sugars.1 Another area of inter-
est is the utilization of enzymes in the production of
recycled paper. Using endoglucanases for the treat-
ment of secondary fibers, better dewatering proper-
ties of the pulp can be obtained, which has several
positive effects. For instance, the quality of the pa-
per and the productivity of the paper machine can
be increased.2,3 Thermostable cellulases are also of-
ten used as additives to washing powder.4,5 To over-
come the problems often associated with anaerobic
high temperature fermentations and to increase
yield and productivity, cloning the particular gene
from Clostridium to E. coli, seems to be advanta-
geous. In the present study, C. thermocellum celC
gene was cloned in E. coli BL 21 (DE3) containing
the pET 21c vector.6 However, using the construc-

tion described above the synthesized recombinant
protein is not excreted to the culture medium. In or-
der to recover the product, the cells have to be dis-
integrated and the enzymes have to be separated
from the cell debris. One way of performing the cell
disruption is using supercritical carbon dioxide. The
supercritical carbon dioxide is extremely diffusible,
therefore, it can penetrate into the cells. After the
cells are saturated with carbon dioxide applying a
sudden pressure drop, the lipid components of the
cell wall are solubilized, and the cells are disinte-
grated due to the expansion of the CO2.7 The main
advantages of this method are that the carbon diox-
ide applied is considered environmentally friendly,
nonflammable and inexpensive. The most important
aspect of supercritical CO2 cell disruption is that the
proteins are left intact. The technique is relatively
simple, and compared to sonication, can easily be
scaled up to industrial scale. There are only a few
papers published on supercritical cell disintegration.
For yeast cell disintegration longer (5 hours), while
for bacteria considerably shorter (1 hour), residence
times were found to be optimal.8,9 For the effective
treatment of both types of microorganisms, a very
high pressure, 350 bars, was recommended. The
third important factor of the supercritical cell dis-
ruption method is the temperature. At higher tem-
peratures, the denaturation of the enzymes to be re-
covered was observed, and at lower temperatures
higher yields were obtained.8,9,10 In the present
study, the applicability of the supercritical CO2 cell
disruption was examined for the recovery of a re-
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combinant thermostable endoglucanase from E.
coli. The influence of three factors i.e. carbon diox-
ide temperature, CO2 pressure, and residence time,
on the enzyme recovery was studied. The super-
critical cell disintegration was compared with
sonication, which is a generally used method for
cell disruption in laboratory scale. The results were
statistically analyzed using commercially available
software, Statistica for Windows.

Materials and methods

Bacterial strains and plasmids

Escherichia coli BL 21 (DE3) was obtained
from the strain collection of the Hungarian Acad-
emy of Science, Institute of Enzymology.6 The gene
fragment encoding the thermostable celC gene of C.
thermocellum was cloned in the pET21c (Novagen,
USA) expression vector, containing the T7 pro-
moter and introduced to the host strain. The E. coli
contained a modified lac operon encoding the T7
RNA polymerase. In the presence of isopropil-thio-
galactosid (IPTG) inducer, the T7 RNA polymerase
was synthesized and the recombinant protein was
produced. E. coli BL 21 (DE3) was maintained on
Luria-Bertani (LB) medium containing 100 �g mL–1

ampicillin.

Cultivation conditions

In all cases, E. coli was cultivated in LB me-
dium supplemented with 100 �g mL–1 ampicillin.
For the preparation of the starter culture, a single
colony was transferred into a 100 mL E-flask con-
taining 20 mL culture medium. The inoculum was
thermostated in a rotary shaker at 30 °C and 350
rpm for 12 hours. The bacterium suspension ob-
tained was used to initiate growth in 750 mL E-
flask containing 150 mL culture medium. The grow
up of culture was carried out in rotary shaker incu-
bator at 30 °C and 350 rpm for 12–14 hours until
0.8 – 1.0 optical density (OD600) was reached. After
the addition of IPTG inducer in a concentration of
0.5 mmol L–1 (1st – 3rd batches) or 1.0 mmol L–1

(4th batch) the incubation was continued for an-
other 3.5 hours. The fermentation broth was har-
vested and the cell suspension was centrifuged at
10 000 rpm for 10 minutes. The supernatant was re-
moved and the biomass was collected. The dry
mass of the biomass was around w = 6.5 %.

Cell disintegration with sonication

A gram of wet E. coli cells was resuspended in
40 mL of phosphate buffer (0.05 mol L–1, pH 7.2).
The cell disintegration was carried out using an
MSE (PG-1533, 12–77) sonicator. The amplitude of

the ultrasound was 29 �m. Prior to the experiments
the sonication was optimized regarding residence
time (data not shown). Maximum enzyme yield was
reached after 27 minutes of residence time, which
was therefore applied in all experiments.

Cell disintegration with supercritical
carbon dioxide

Supercritical CO2 cell disruption was carried out
in a high-pressure equipment (Figure 1). The reactor
vessel had an inner volume of 25 ml. Approximately
0.2 – 1.0 g wet E. coli cells were transferred onto an
inert carrier (non-cellulosic material) and then placed
into the reactor vessel. The vessel was filled with the
supercritical CO2 at different pressures (120 – 250
bars) and temperatures (32 – 45 °C). After 5 – 60
minutes of residence time the vessel was rapidly
depressurized. Food grade CO2 was supplied by
Messer Ltd. of 99.5 % purity. The disintegrated cells
were collected and were resuspended in 40 mL phos-
phate buffer (0.05 mol L–1, pH 7.2).

Analytical methods

The suspensions obtained from, both, sonica-
tion and supercritical cell disruption, were centri-
fuged at 12 000 rpm for 10 minutes. The superna-
tants were collected and endoglucanase activities
were determined.

The endoglucanase activity was measured using
a modified Berghem method.11 Instead of the sub-
strate analogue of �-glucosidase, 4-nitro-phenyl-
-�-D-cellobioside (pNPC) was used, which facili-
tated the selective measurement of the endogluca-
nase activity. After incubation of the enzyme with
pNPC at 50 °C for 10 minutes, the enzymatic reac-
tion was terminated with addition of 2 mL 1 mol L–1

Na2CO3 solution. After dilution with 10 ml of dis-
tilled water the absorbance was measured at 410 nm.

132 T. JUHÁSZ et al., Recovery of a Recombinant Thermostable Endoglucanase …, Chem. Biochem. Eng. Q. 17 (2) 131–134 (2003)

F i g . 1 � The schematic flow sheet of supercritical cell dis-
ruption unit (1: CO2 storage vessel, 2: cooler, 3:
pump, 4: heat exchanger, 5: reactor, a – c: valves)



Results and discussion

The effect of temperature on supercritical
cell disintegration

In a set of experiments, the effect of supercriti-
cal CO2 temperature on the enzyme recovery, was
examined. Two different temperatures, 33 °C and
43 °C, were applied while the residence time, 37.5
minutes, and pressure, 150 bars, were kept at con-
stant values. The results obtained are summarized
in Table 1.

The temperature had significant effect on en-
zyme yields. It can been seen in Table 1, that at the
lower temperatures about 5 times higher enzyme
activities were measured compared to the results
obtained at the higher temperature. A plausible ex-
planation to the observed outcome of the experi-
ments is that, although, the enzyme is a thermo-
stable protein under these experimental conditions
it shows thermal sensitivity in presence of carbon
dioxide. Due to the results of this experimental
setup, in the further experiments 32 °C operating
temperature has been chosen. The critical tempera-
ture of CO2 is 31.3 °C. Although, the chosen tem-
perature is rather close to the critical temperature,
previous experiences with the equipment used had
shown that it could be operated safely at 32 °C.

Effects of pressure and residence time
on supercritical cell disintegration

The effect of residence time (tr) and pressure
(p) on the enzyme recovery, has been examined, us-
ing a 22 full factorial design. The temperature was
kept constant at 32 °C. One measurement was also
performed in the center point. The results of the ex-
periments are shown in Table 2.

Statistical analysis of the results was performed
by fitting Equation 1 to the experimental response
data i.e. enzyme recovery (y).

y a a p a t a p t� � � � � � � �0 1 2 12r r (1)

The same standard deviation was used for the
statistical evaluation of the results as previously
(Table 1). T-test was performed to determine which
factor has a significant effect on the enzyme recov-
ery. As it can be seen on the Pareto chart of effects
(Figure 2), the pressure and the interaction were
found to have significant effect on the enzyme re-
covery. The fitted surface is plotted in Figure 3. The
coefficient of pressure is positive, therefore, higher
pressure will result in a better enzyme recovery.
The effect of residence time was found to be insig-
nificant, however, the combination of residence
time and pressure (interaction) had a negative effect
on the enzyme recovery. The best enzyme recovery
was obtained at the highest operating pressure and
at the shortest residence time. The 22 full factorial
designs allow only linear model, therefore, curva-
ture check was carried out to make sure the ade-
quacy of the model. The curvature of the model was
not significant at 0.05 confidence level thus the
model was found adequate (data not shown).

To make sure the role of residence time, exper-
iments were performed at 32 °C and 250 bar CO2
pressure, where the residence time was varied be-
tween 2 and 15 minutes. At each experimental
point, two parallel runs were carried out. As it is
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T a b l e 1 � The effect of CO2 temperature on the enzyme re-
covery in supercritical cell disruption

Temperature 33 °C 43 °C

Enzyme Recovery, IU g–1 20.95 4.04

Number of repetitions 2 3

Standard Deviation, IU g–1 1.33 0.80

Combined Standard Deviation, IU g–1 1.01

F i g . 2 � Pareto chart of effects of factorial design

T a b l e 2 � The results of factorial design

Pressure/bar Residence Time/min Enzyme Activity/IU g–1

250 60 16.08

100 60 12.54

250 15 24.28

100 15 10.08

175 37.5 18.77



shown in Figure 4 the enzyme recovery increased
with treatment time up to 10 minutes, after which
the amount of recovered enzyme was slightly de-
creased. This is in good agreement with the results
obtained in the factorial design, where it was shown
that in the range of 10 to 60 minutes, the treatment
time had no effect at all.

Comparison of cell disintegration methods

E. coli cells were also disintegrated with the
traditional sonication technique under optimal con-
ditions. The enzyme recovery was 44.7 IU g–1 cells,
which was 17 % higher when compared to super-
critical CO2 disintegration under optimal condi-
tions. However, the sonication cannot be scaled up,
therefore supercritical cell disintegration is a prom-
ising method for industrial applications.

Conclusions

E. coli cells can be successfully disintegrated
with supercritical carbon dioxide. Within the exam-
ined range the optimal condition was found at
32 °C, 250 bar and 10 minutes of residence time.
The supercritical disintegration method was found
17 % less effective than the sonication method.

ACKNOWLEDGEMENTS

The National Research Fund of Hungary
(OTKA-T025235) is gratefully acknowledged for its
financial support. The authors wish to thank Mr.
Péter Závodszky for providing the recombinant E.
coli strain.

R e f e r e n c e s

1. Noike, T., Mizuno, O., Water Sci. Technol. 42 (2000) 155.

2. Pere, J., Siika-aho M., Buchert, J., Viikari, L., Tappi J. 78
(1995) 71.

3. Oksanen, T., Buchert, J., Pere, J., Viikari, L. J., Biotech. 78
(2000) 39.

4. Karen, M., Kleman, L., Matti, S., Tuula, T., Kirk, T., Appl.
and Envir. Microbiol. 62 (1996) 2883.

5. Lee, I., Evans, B., R., Woodward, J., Ultramicroscopy 82
(2000) 213.

6. Németh, A., Kamondi, S., Szilágyi, A., Magyar, C., Kovári,
Z., Závodszky, P., Biophysical Chem. 96 (2002) 229.

7. Perrut, M., Chem. Biochem. Eng. Q. 8 (1994) 25.

8. Lin, H., Chan, E., Chen, C., Chen, L., Biotechnol. Prog. 7
(1991) 201.

9. Lin, H., Yang, Z., Chen, L., (1992). Biotechnol. Prog. 8
(1992) 165.

10. Hong, S., Pyun, Y., Int. J. of Food Microb. 63 (2001) 19.

11. Berghem., L. E. R., Pettersson, G., Eur. J. Biochem. 46
(1974) 298.

134 T. JUHÁSZ et al., Recovery of a Recombinant Thermostable Endoglucanase …, Chem. Biochem. Eng. Q. 17 (2) 131–134 (2003)
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