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Study of Urotensin Il Plasma
Levels in Syrian Hemodialysis
Patients and Its Relationship with
Cardiovascular Diseases

Jguiyy Ly .5

ABSTRACT

ObjectlveS: Urotensin Il (UTN) is a cyclic
peptide, highly conserved across species. This
peptide is a vasoactive substance that may
induce vasoconstriction or vasodilatation. The
plasma level of this peptide is altered in a vari-
ety of human disease states including Chronic
Kidney Failure (CKF), and Heart Failure (HF),
and recent studies in End-Stage Renal Disease
(ESRD) indicate that high levels of UTN might
play a cardioprotective role. Since Cardio-
vascular (CV) complications are pervasive in
Hemodialysis (HD) patients, we investigated the
relationship between UTN and CV complications
predictors in these patients.

Methods: we studied TN plasma con-
centrations in 88 subjects divided into 2 groups:
54 HD patients without clinical evidence of heart
failure, and 34 age matched healthy subjects.
Then in the HD patients group we investigated
the relationship between UTN and Brain Natriu-
retic Peptide (BNP), which is a strong indicator
of HF, and between UTN and Neuropeptide Y
(NPY), which is a sympathetic neuromodulator,
and Heart Rate (HR), considering high sympa-
thetic activity is a major CV risk factor in HD
patients.

1

Results: piasma UTN was significantly higher
in HD patients (mean + SD: 8.23% 5.98 ng/mL) (me-
dian: 6.55 ng/mL,; interquartile range: 3.95 - 11.28
ng/mL) than in healthy subjects (3.77 + 2.42 ng/mL)
(3.25 ng/mL; 2.23 - 4.28 ng/mL). UTN was inversely
related to BNP (r = -0.426; P<0.001), NPY (r = -0.614;
P<0.001), and to HR (r = -0.276; P = 0.022).

Conclusion: These resuits indicate that UTN
downregulation in the presence of CV risk factors
could be a counter regulatory response aimed to
limit cardiovascular damage, or that high UTN might
play a vasculoprotective role.
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Methods

Patients and controls: our study
included 88 subjects divided into 2 groups:

The patients group consisted of 54 hemodialysis
(HD) patients (average age 57 years; 24 men,

30 women) who had been on regular dialysis
treatment (RDT) for [6 months (median RDT:

60 months; interquartile range: 23-93 months)
without a history of heart failure. The prevalence
of diabetes mellitus was 12%, and 43% of the pa-
tients were habitual smokers. Patients were being
treated twice/thrice weekly with standard bicar-
bonate dialysis in the artificial kidney division

in Al-Assad University Hospital and Al-Mouasat
Hospital, Syria.

The control group consisted of 34 healthy blood
donors convergent to patients group for age (av-
erage age 53 years; 22 men, 12 women).

Laboratory measurements:
Blood sampling was performed before starting
the dialysis session (to minimize the effect of
cyclic variations of body fluid volume on CV
control systems) after overnight fast between 7:00
a.m. and 8:00 a.m. after 10 min of quiet resting.
Samples were put in chilled EDTA vacutainers
placed immediately on ice, centrifuged within 30
min (4000 rpm, 5 min) at - 4 2C, the plasma was
stored at - 80 2C until the assay. Serum urea,
creatinine, cholesterol, calcium, and phosphate
were made using standard methods (Roche)

in the routine clinical laboratory.Plasma UTN,
BNP, and NPY were determined by the Enzyme
Immunoassay (EIA) method (Phoenix Pharma-
ceuticals, USA).

Blood pressure and heart

rate: Biood pressure (BP) and heart rate
(HR) measurements were taken before starting
the dialysis session, and the result was cal-
culated as the average of 4 measurements for
each HD patient. As for the control group one
measurement was taken for individual.

Statistical analysis: vaies
are reported as mean + SD, or median and
interquartile range. Comparisons between groups

B AT

were made by Student’s t-test. The relationship
between plasma UTN and other parameters were
analyzed by Pearson’s correlation coefficient.
Data did not show a Gaussian distribution (normal
distribution) was log transformed (log10) or square
root transformed (sqrt) before the correlation study.
Calculations were performed using a standard sta-
tistical package (SPSS 15.0 for windows, Microsoft
office excel 2003).

Results

Plasma UTN was significantly higher in HD patients
(mean £ SD: 8.225 £ 5.98 ng/mL) (median: 6.55 ng/
mL; interquartile range: 3.95 - 11.28 ng/mL) than in
healthy subjects (3.77 £ 2.42 ng/mL) (3.25 ng/mL,;
2.23 - 4.28 ng/mL) (p<0.001) (Figure 2).

Also plasma BNP was significantly higher in HD
patients (0.105+0.077 ng/ml) (0.09 ng/ml; 0.036 -
0.15 ng/ml) than in healthy subjects (0.045 + 0.026
ng/ml) (0.036 ng/ml; 0.025 - 0.065 ng/ml) (p<0.001),
and plasma NPY was significantly higher in HD
patients (0.339 + 0.185 ng/ml) (0.355 ng/ml; 0.152 -

0.517 ng/ml) than in healthy subjects (0.2 £ 0.091 ng/

ml) (0.19 ng/ml; 0.132 - 0.267 ng/ml) (p<0.001).
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Flgu F@ 2: comparison between UTN mean val-

ues in HD patients and control group.

Urotensin Il (UTN) is a cyclic peptide
that was first isolated from the Goby fish uroph-

ysis (a caudal neurosecretory system unique to

this group) 1; in humans UTN is an 11 amino-acid
sequence with a cyclic portion (-Cys-Phe-Trp-Lys-
Tyr-Cys-) 2 highly conserved across species (Figure
1), suggesting this cyclic region is the biologically
active portion of the peptide 3,4. UTN acts through
binding to the orphan G-protein coupled receptor
(GPR14) in the mouse and humans 5,6; both the
peptide and its receptor have a wide distribution be-
ing found in a variety of different tissues (for exam-
ple heart, kidney, liver, adrenal gland, placenta, and
brain and spinal cord) 3,7,8. UTN showed to have
vasoactive effects dependent on the vascular bed,
and species; it's a potent vasoconstrictive 9, and

it also possesses endothelium-dependent vasodil-
atation properties 10. The plasma concentrations
and/or the gene expression at tissue level of this

Human U-I1

peptide are altered in many diseases including
heart failure 11-13, hypertension 14, atheroscle-
rosis 15, diabetic nephropathy 16,17, and chronic
renal insufficiency 18.

Although UTN is increased in heart failure, the
plasma concentration of this peptide has been re-
cently found to be reduced rather than increased
in acute coronary syndromes 19, and higher UTN
levels predicted a better outcome in patients
with myocardial infarction 20, also UTN was an
inverse predictor of cardiovascular events in
end-stage renal disease 21-24.

Hemodialysis patients represent a useful mod-
el to explore the relationship between UTN and
CV diseases because UTN is much increased in
this condition and because CV complications are
pervasive in HD patients.

Figure 1: The conserved cyclic region in Urotensin Il
structure from fish to mammails.
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Plasma UTN was independent of serum cholesterol (r = 0.105; P = 0.448), urea (r = 0.223; P = 0.105), creatinine (r = 0.227; P =

0.099), calcium (r = 0.023; P = 0.871), phosphate (r = 0.181; P = 0.190).

1.6

(n=54, r=-0.276, p = 0.022)
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Flgu I'€ 5: The correlation between plasma UTN and HR in HD patients.

Discussion

In this study plasma Urotensin Il was signif-
icantly higher in HD patients than in healthy
subjects, and it was inversely related to
plasma BNP and NPY and heart rate in HD
patients group. Our results are compatible
with the hypothesis that high UTN may signal
a situation of low cardiovascular risk in HD
patients.

As mentioned before the kidneys are a
major source for UTN. Other studies have
showed that plasma UTN is higher in patients
with chronic renal insufficiency 17,18, and this
could be a result of reduced renal clearance
or increased renal synthesis of UTN or both
25.

Plasma BNP has now shown to be a strong
indicator of heart failure in HD patients 26-28,
and in this study plasma BNP was signifi-
cantly higher in HD patients than in healthy
subjects, whereas extracellular volume
expansion, concomitant heart disease, and
reduced renal clearance, are the main factors
responsible for the high plasma concentration

J1

of BNP 26. Furthermore high sympathetic activity

is a major CV risk factor in HD patients, and NPY
which is a sympathetic neuromodulator has shown
to be a strong predictor of CV complications in HD
patients 29,30, and in this study plasma NPY was
significantly higher in HD patients than in healthy
subjects, and the pahtophysiologic mechanisms of
this phenomenon could be renin-angiotensin sys-
tem defect, renal injury, or nitric oxide inhibition 31.

Patients on hemodialysis are at a very high risk
for cardiovascular complications. Other studies
observations indicate that high UTN may be a
marker of lower cardiovascular risk in HD patients.
In our study there was a strong inverse correlation
between plasma UTN and CV risk factors (plasma
BNP, NPY, and HR) in HD patients, which means
that UTN is an inverse predictor of CV complica-
tions in HD patients. UTN is an endothelium-de-
pendent vasodilator and high UTN could be a
protective factor balancing the vasoconstriction by
other agents. And it's possible that UTN down regu-
lation in the presence of high CV risk factors could
be a counter regulatory response aimed at restoring
endothelial dysfunction, since endothelial function
is compromised in HD patients32.

In HD patients group plasma UTN was inversely related to plasma BNP(r = - 0.426; P<0.001)
(Flgu e 3), and plasma UTN was also inversely related to plasma NPY (r = - 0.614; P<0.001)

(Flgu Feé 4, and it was also inversely related to HR (r = - 0.276; P = 0.022) (Flgu rep,.

(n=54, r=-0.426, p <0.001)
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Introduction

Cellulase enzymes are generally considered

to consist of three enzyme groups required to
hydrolyse cellulose into glucose monomers,
namely exoglucanases, endoglucanases and
cellobiases. Synergy between these enzymes is
important and the main forms of synergy that has
been identified in cellulase systems have been
between different exo-glucanases, between
endo- and exoglucanases and finally between
exoglucanases and cellobiases (Jalak et al.,
2012).

Cellulases have got applications in many differ-
ent industries such as food, brewery, wine, pulp
and paper, textile, detergent, feed and agricul-
ture (Bhat 2000, Karmakar and Ray 2011). Crude
cellulase has a lower specific activity than pure
cellulase containing only one of the enzymes
described above, however it is still used in many
fields such as animal feed and industrial etha-
nol production because of its cheapness (Lloyd
et al., 2005; Wang et al., 2012). The pure one is
more used in laboratory to analyze its character
(Kanmani et al., 2011). Purification is important to
study the function and expression of the enzyme
and to remove any contaminants (other proteins
or completely different molecules) that are pres-

ent in the mixture.

Cellulase purification has been widely studied,
and most of the works adopted gel filtration and
ion-exchange chromatography as the methods of
purification (Ariffin et al., 2006). Cellulases of
Bacillus sp. have been purified to homogeneity
by the combination of ammonium sulphate pre-
cipitation, DEAE cellulose, and sephadex G-75

*Corresponding author.
Email: nariman_George@yahoo.com
Tel: +963-11-5496927

31

gel filtration chromatography (Vijayaraghavan
and Vinvent, 2012). Mawadza et al. (2000), have
reported gradual steps for purification of cellu-
lase produced by Bacillus strain CH43 and HR68,
starting from ammonium sulphate precipitation,
size exclusion chromatography, iso-electric
focusing and SDS-PAGE.

Recently, the potential of a Bacillus cereus
strain isolated from local Syrian soils to produce
cellulase enzymes from corn husks through
submerged fermentation has been demonstrat-
ed (Nema et al., 2015), and the physiochemical
properties of crude enzymes were analyzed. The
aim of this work is to describe partial purification
and molecular weight determination of those
enzymes. Therefore, the purification steps are
presented in details. The enzymes have gone
through thermal treatment in order to remove
thermo-intolerant particles, followed by precipi-
tation with acetone and column chromatography
using phenyl-sepharose and sephadex G-100
columns. The molecular weight of purified en-
zymes was estimated by SDS-polyacrylamide
gel electrophoresis (Laemmli, 1970).
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Abstract

This work describes the partial purification and molecular weight deter-
mination of cellulase enzymes produced by submerged fermentation
using Bacillus cereus. The enzyme was purified using phenyl-sepharose
and sephadex G-100 columns up to 34.6 fold with a specific activity
reaching 0.104 IlU/mg. The molecular weight of the purified enzyme was
determined to be 16.9 kDa by means of SDS-PAGE. This molecular
weight is comparable with that of other low molecular mass cellulases
produced by Bacillus spp. This finding emphasizes that cellulase pro-
duced from Bacillus cereus through submerged fermentation using corn
husks belongs to a group of low molecular cellulases.
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Column chromatography

Phenyl-sepharose gel was stirred gently and
poured in a (2.5x1.8 cm) glass column, and then
it was washed with 0.01 M Tris-HCI buffer, pH

8.0 for three times, 10 ml of the heat and ace-
tone treated enzyme was added to the prepared
phenyl-sepharose column. After that 0.01 M
Tris-HCI buffer, pH 8.0 containing 1 M ammoni-
um sulphate was added. The bound protein was
eluted from the column by a step-wise decreas-
ing gradient (i.e. 0.6, 0.4, and 0.2 M) of ammonium
sulphate. The flow rate was 15 ml/h. Fractions
showing enzyme activity were collected with

a volume of 0.5 ml and pooled in small tubes;
absorbance measurements were performed at
280 = 2 nm, and contents of the tubes with the
highest absorbance were collected in order to
determine enzyme activity and to estimate the
protein concentration. In the next step, fractions
with the highest enzyme activity were pooled and
subjected to a Sephadex G-100 column with 0.01
M Tris-HCI buffer, pH 8.0 at a flow rate of 24 ml/h,
and fractions showing enzyme activity were
pooled, as described above. Enzyme activity
was determined according to (Miller et al., 1960)
and protein concentration was estimated accord-
ing to (Lowry et al., 1951), using bovine serum
albumin (BSA) as standard.

SDS-PAGE and determination of molecular
weight of cellulase

Sodium dodecylsulfate polyacrylamide gel
electrophoresis (SDS-PAGE) was performed on
gels by the method developed by Laemmli (1970).
Resolving gel consisted of 13.5% polyacrylamide
in Tris-HCI (pH 8), while stacking gel consisted of
4.5% polyacrylamide in Tris-HCI (pH 8). Coo-
massie blue dye with a concentration of 0.5 mg/
ml was used to view the bands. The molecular
weight (MW) was determined using standard

molecular weight markers.

3

Results and Discussion

Determination of standard curve

Figure 1 shows the protein standard curve. The
straight line represents a linear fit of measured
data. From the parameters of this line protein con-

centrations were obtained

Purification of cellulase

Thermal treatment

As demonstrated in table 1 the thermal treatment
leads to a reduction in both enzyme activity and
total protein amount in comparison to the corre-
sponding values of crude enzyme. Only the spe-
cific activity was slightly enhanced. This indicates
that instable enzymes were removed through the
thermal treatment resulting in a small purification

effect.

Precipitation with acetone

Due to the acetone precipitation the enzyme gave
a yield of about 67% and a purification fold of 2.3.
The specific activity of the precipitated enzyme
was enhanced to 0.007 IlU/mg compared to 0.003
IU/mg for crude enzyme.

Column chromatography

The third step was performed using phenyl-sepha-
rose gel column as described above, its results
are shown in figure 2 where the absorbance of
each fraction measured at 280=2 nm is presented
together with the obtained enzyme activity. It is
reasonable that fractions with the highest enzyme
activity values contain with a high probability the
purified enzyme, from this figure it can be con-
cluded that they lay between fractions 60 and

Materials and Methods

Materials

Dinitrosalicylic acid (DNS), Carboxymethyl
cellulose (CMC), Tris-HCI, sodium dodecyl
sulfate (SDS), phenyl-sepharose and sephadex
G-100 columns, molecular weight marker. All the
chemicals used in this study were of analytical
grad purchased from Sigma Chemicals Ltd.

Enzyme production

Bacterial cellulase was produced from Bacillus
cereus by submerged fermentation using corn
husks as substrate. The fermentation medium
was prepared according to the method of Li and
Gao (1997). The fermentation medium was steri-
lized in an autoclave after addition of corn husks
substrate with a concentration of 0.5% (w/v) and
a pH of 9.5. Inoculation was performed using an
inoculum of 1% of Bacillus cereus strain, and
subsequently incubation was performed at 25°C
for 18 hours with shaking at 150 rpm. Detailed
information about enzyme production was pre-

sented in a recent work (Nema et al., 2015).

Determination of enzyme activity

Enzyme activity was determined using a modi-
fied method of Robson and Chambliss (1984). The
modification included use of 1 ml of 1.0% (w/v)
carboxymethyl cellulose in 0.05 M sodium citrate
buffer (pH 4.8), with addition of 1.0 ml of the crude
enzyme extract. The mixture was incubated

at 50°C for 30 min and the produced reduced
sugar was measured by the dinitrosalicylic acid
method. Enzyme activity was determined by

the measurement of absorption at nm 540 =2

and compared with a blank sample containing
all components except enzyme solution which

was replaced with 1 ml distilled water. One unit
of cellulase activity was defined as the amount
of the enzyme which catalyses the release of 1
UM equivalent of glucose/ml at 1 min under the
specified assay conditions (Miller et al., 1960).

Determination of standard curve

In order to obtain protein concentration, the
standard curve that shows the absorbance of
different concentrations of protein must be deter-
mined. This was performed using bovine serum
albumin (BSA) as standard with concentrations
between 10 and 100 pg/ml. Absorbance was
measured at 750 =a nm.

Purification of cellulase
Thermal treatment

In the first step the culture supernatant con-
taining enzyme was subjected to a thermal
treatment at a temperature of 50°C for 10 min,
followed by centrifugation at 8000 x g, then it
passed through a 0.45 ym membrane to remove
the cells. The resulted samples were used for the
further cellulase

purification.
Precipitation with acetone

For precipitation of the enzyme 55% (v:v) of ace-
tone was added to the obtained culture superna-
tant, and it was chilled on ice overnight, in order
to facilitate precipitation. The precipitate was
resuspended in 0.01 M Tris-HCI buffer, pH 8.0,
equivalent to approximately 1: 15th of the origi-
nal volume of culture supernatant. The solution
was kept at -20°C until required (Mawadza et al.,
2000).

38



Table 1. Purification steps of cellulase from Bacillus cereus

Crude Thermal | Acetone | Phenyl- Sephadex
enzyme treatment sepharose G-100°
Activity
° 0.104 0.081 0.106 0.170 0.125
[TU/mi] ¥
Total activity
p 2 5.2 39 3.5 0.85 0.6
[It]
Total protein = 1
34 227 14.2 54 1.2
[ng/mi]
Specific
activity 0.003 0.004 0.007 0.031 0.104
[IU/mg]
Purification
1 1.3 23 10.3 346
[fold]
Yield
100 75 67 16 12
[%0]

For Phenyl-sepharose and Sephadex G-100 data are given for pooled active frac-

tions after each step.

i

D
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Figure 4. SDS-PAGE analysis: in lane A bands
achieved after purification with acetone, in lane
B, after purification with phenyl-sepharose gel,
in lane C after purification with sephadex G-100,
and lane D represents SDS-PAGE results for the

standard molecular weight markers

100. Therefore those fractions were collected and

pooled and further purification was performed.

In the next step the pooled fractions were subject-
ed to a Sephadex G-100 column in 0.01 M Tris-HCI
buffer, pH 8.0 at a flow rate of 24 ml/h as described
above. Figure 3 shows results of this purification
step. This figure shows that fractions containing
active enzyme are those within the fractions 25

and

30. Table 1 summarizes results of all puri-
fication steps, and it clearly shows that enzyme
purification leads to an increase in the specific
enzyme activity and to a decrease in the total

protein concentration.

The enzyme was purified up to approximately 35
fold and had a specific activity of 0.104 IlU/mg. This
result seems to be reasonable in comparison with
literature data regarding purification of cellulase
produced by Bacillus strains. Several purification
steps including size exclusion chromatography

and ion exchange

I 1 I I 1
1.2 u
/././
. tot = .
E »=0.11+0.01x e
l-‘:,: 0glL R:_O_g,g ’_,/. |
; . L]
2 nal
= ¥
s s
Zo4f it _
- ¥ =3
o2l = 1
20 40 60 80 100

BSA concentration [ug/ml]
Figure . Protein standard curve performed using
bovine serum albumin (BSA) as standard. The
straight line represents a linear fit of measured

data
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Figure 2. Absorbance at 280 = 2 nm of the fractions

showing enzyme activity (left); calculated enzyme
activity

for the tubes with the highest optical densities
(right).

Enzyme solution was added to the phenyl-sepha-
rose gel.

Column size was (2.5x1.8 cm), the flow rate was
15 ml/h,

0.01 M Tris-HCI buffer, pH 8.0 containing a gradi-
ent of 1,

0.6, 0.4 0.2 M of ammonium sulphate
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Figure 3. Purification of cellulase using Sephadex
G-100 column 0.01 M Tris-HCI buffer, pH 8.0 at a

flow rate of 24 ml/h. Column size was (2.5x1.8 cm)
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pH stable endogluconase from a newly isolated
Bacillus strain M-9. Indian Journal of Chemical
Technology 16: 382-387.

Bakare, M., Adewale, |, Ajayi, A. and Shonukan,
0. 2005. Purification and characterization of
cellulase from the wild-type and two improved
mutants of Pseudomonas fluorescens. African
Journal of Biotechnology 4: 898- 904.

Bhat, M. K. 2000. Cellulases and related en-
zymes in biotechnology. Biotechnology Advanc-
es 18: 355-383.

Chen, P. J., Wei, T. C,, Chang, Y. T. and Lin, L.

P. 2004. Purification and characterization of
carboxymethyl cellulase from Sinorhizobium
fredii. Botanical Bulletin of Academia Sinica 45:
111-118.

Jalak, J., Kurasin, M., Teugjas, H. and Valjama, P.
2012. Endo-exo Synergism in Cellulose Hydroly-
sis Revisited. The Journal of Biological Chemis-
try 287(34): 28802-28815.

Kanmani, R., Vijayabaskar, P. and Jayalakshmi,
S. 2011. Saccharification of banana-agro waste
and clarification of apple juice by cellulase
enzyme produced from Bacillus pumilis. World
Applied Sciences Journal 12(11): 2120-2128.

Karmakar, M. and Ray, R. 2011. Current trends in
research and application of microbial cellulases.
Research Journal of Microbiology 6: 41-53.

Kim, T., Jeong, K., Ham, J.,, Yang, C., Chung, I.,
Kim, M. and Kim, K. 2004. Isolation and charac-
terization of cellulase secreting bacterium from
cattle manure: application to composting. Com-
post Science and Utilization 12: 242-248.

Laemmli, U. K. 1970. Cleavage of structural pro-
teins during the assembly of the head of bacteri-

3

ophage T4. Nature 227: 680--685.

Li, X. and Gao, P. 1997. CMC-liquefying enzyme,
a low molecular mass initial cellulose-decom-
posing endoglucanase responsible for frag-
mentation from Streptomyces sp. LX. Journal of
Applied Microbiology 83: 59-66.

Lloyd, T. A. and Wyman, C. E. 2005. Combined
sugar yields for dilute sulfuric acid pretreatment

of corn

stover followed by enzymatic hydrolysis of the
remaining solids. Bioresource Technology 96:
1967- 1977.

Lowry, O. H., Rosebrough, N. J., Farr, A. L. and
Randall, R. J. 1951. Protein measurement with
folin phenol reagent. The Journal of Biological
Chemistry 193: 265-275.

Mawadza, C., Hatti-Kaul, R., Zvauya, R. and
Mattiasson, B. 2000. Purification and charac-
terization of endoglucanases produced by two
Bacillus strains. Journal of Biotechnology 83(3):
177-187.

Miller, G. L., Blum, R., Glennonand, W. E. and
Burton, A, L. 1960. Measurement of carboxyme-
thyl endoglucanase activity. Analytical Biochem-
istry 2: 127-32.

Nema, N., Alamir, L. and Mohammad, M. 2015.
Production of cellulase from Bacillus cereus by
submerged fermentation using corn husks as
substrates, International Food Research Journal
22(5): 1831-1836.

Nizamudeen, S. and Bajaj, B. K. 2009. Thermoal-
kali tolerant endoglucanase from Bacillus. Food

Technology and Biotechnology 47(4): 435-440.

Ozaki, K. and Ito, S. 1991. Purification and

chromatography led to a yield of 12% (Mawadza
et al,, 2000), furthermore, Yin et al. (2010) have
achieved a yield of 9.7% by ammonium sulfate
precipitation, Macro-Prep ion exchange and Bio-
Gel P-100 chromatography. Nizamudeen and Ba-
jaj (2009) have found that cellulase was purified
23-fold using ammonium sulphate precipitation.

SDS-PAGE and determination of molecular
weight of cellulase

The purification of the crude enzyme was ana-
lyzed with SDS-PAGE (figure 4). The analysis
revealed four bands with molecular masses of
12.9 kDa, 27.5 kDa, 49.8 kDa and 106.2 kDa after
purification with acetone (lane A), and a single
band with a molecular mass of 16.9 kDa after
purification with phenyl-sepharose gel (lane B),

whereas no

clear band could be achieved after purification
with sephadex G-100 (lane C). This might be due
to high reduction in enzyme concentration. In
figure 4 lane D represents SDS-PAGE results for
the standard molecular weight markers.

The molecular weight of cellulase varies de-
pending on organism. A molecular weight of 36
kDa was reported for cellulase produced from
Pseudomonas flourescens (Bakare et al., 2005),
94 kDa for cellulase produced from Sinorhizobi-
um fredii (Chen et al., 2004), 85 kDa for cellulase
produced from Caldibacillus cellulovorans (Wang
et al,, 2003) and 54 kDa for cellulase produced
from Bacillus strain M-9 (Bajaj et al., 2009). The
final molecular weight of 16.9 kDa after purifi-
cation with phenyl-sepharose gel is comparable
with that of other low molecular mass cellulase
produced by Bacillus spp, which lies in the range
(23-42 kDa) (Au and Chan, 1987, Sharma et al,,
1990, Ozaki and Ito, 1991, Kim et al., 2004).

Conclusion

Cellulase enzymes produced from Bacillus ce-
reus through submerged fermentation using corn
husks as substrates were purified up to 34.6 fold
and had a specific activity reaching 0.104 1U/mg.
Purified enzyme had a molecular weight of 16.9
kDa. Similar low molecular weight values have
been reported for cellulases produced by other
Bacillus spp. This work emphasizes that cellu-
lase produced from Bacillus cereus through sub-
merged fermentation using corn husks belongs
to a group of low molecular cellulases. Further
investigations may demonstrate the applications

of this finding.
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Abstract :

The term ‘biopharmaceutical’ was first used in the
1980s and came to describe a class of therapeutic
proteins produced by modern biotechnological
techniques . Biopharmaceuticals are classified as
DNA recombinant product and those produced by
others mean. Recombinant DNA technology has
had a several positive impact upon the produc-
tion of pharmaceutically important proteins. A lot
of products from different production system like
Bacteria, yeasts and genetically modified plants
have been commercialized. Finally, the patent cov-
ers a lot of references product has been expired
allowing to the marketing of (Bio)generic products
that have already some controversery.
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