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(A) (B)

Fig. 5: Effect of casein concentration in the culture medium on the cell growth (line) and the protease production
(column) of Serratia sp. DT3 (A). SDS-PAGE of culture supernatants supplemented with various concentrations
of casein from 0 to 3% (w/v) (B). Lanes 1-10 corresponded to casein concentrations in Figure 5A.

(A) (B)

Fig. 6: Effect of carbon (A) and nitrogen sources (B) on the cell growth (line) and the protease production (column) of
Serratia sp. DT3. RS: rice starch, PS: potato starch, LTS: lactose, GCS: glucose, SRS: Sucrose, YE: yeast extract,
ME: meat extract, BE: beef extract, CS: casein, PT: peptone, AN: ammonium nitrate, UR: urea.

growth   (OD )   dramatically   from   10.3   to  20.9. protease production by S. marcescens because600    nm

The more casein added the more the cells grew. In proteolytic activity was only present in media containing
contrast to the cell growth, the protease production gelatin  [21].  Supplementation  with any amino acid,
attained maximum in  the  LB  medium  supplemented with except  cysteine and tryptophan, increased significantly
0.8% (w/v) of casein. The addition of more casein (1-3%) the proteolytic activity,  but  has  a  varied  effect on
to the culture medium decreased the protease production growth parameters of the strain S.  marcescens  [22].
gradually to 73%. No addition of casein showed the Braun and Schmitz reported also that production of  the
protease production of only 65% in comparison with the extracellular  protease  was  induced  by  leucine  or
maximum production. casein in minimal medium or by growth in tryptone-yeast

Fifteen microliter of culture supernatants  were medium [15]. 
applied to SDS-PAGE (Fig. 5B). The thickness of the
protease bands showed a coincidence with the protease Effect   of   Carbon   Sources:   The   study   of  the
activity. The thickest protease bands in the lanes 5-8 protease production  with  various  carbon  sources  in
corresponded to the protease activity of 100-88%. the  medium  showed  that  enzyme  production  was

Other proteins or amino acids used as inducer for the maximal  when  potato  starch   or   yeast   extract  was
protease production were also  reported.  Loriia  et al. used as the carbon source (Fig. 6A). The protease
used leucine and albumin as inducers for the protease production  decreased in media containing another carbon
production by S. marcescens [20]. Bromke and Hammel source including sucrose, lactose, rice starch and glucose
reported  that  gelatin  acted  as  an inducer of the by  8-26%  in  comparison    to   that   with   potato  starch.
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Fig. 7: SDS-PAGE of supernatants of different culture
media. Lanes 1, 2, 10: media containing 0.5% (w/v) Fig. 8: Effect of soybean concentrations on the protease
yeast extract, 1% (w/v) salt and 1% (w/v) nitrogen production
sources as beef extract, casein and ammonium
nitrate, respectively. Lanes 4, 5, 6, 9: media Overproduction in a Simple Culture Medium: The
containing 1% (w/v) peptone, 1% (w/v) salt and investigation of the protease production with various
0.5% (w/v) carbon sources as potato starch, rice simple and low-cost culture media showed that the simple
starch, glucose and sucrose, respectively. Lanes and low-cost SB medium containing only 1% (w/v) of
3, 7, 8: LB medium, soybean and corn medium, soybean powder and 1% (w/v) of salt was optimal for the
soybean medium, respectively protease production (Table 1). The protease production

However these carbon sources showed a different effect (w/v) salt without or with the addition of 1% (w/v) of corn
on the cell growth, sucrose and glucose were preferable or 1% (w/v) fish powder was very similar, with protease
for the cell growth (Fig. 6A). SDS-PAGE of 15 µl activity of 4.54-4.80 U/ml supernatant, increased by 8-14%
supernatant  of  the  culture  media  containing potata in comparison with that in LB medium (Table 1). SDS-
starch, rice starch, glucose and sucrose were shown in PAGE in Figure 7 showed a coincidence with the protease
Fig. 7, corresponding to lane 4, 5, 6 and 9. production, lane 3, 7 and 8, corresponded to LB, SBC and

Effect of Nitrogen Sources: The cell growth and protease accounted probably for 95% of the total extracellular
production by Serratia sp. DT3 were parallel in  cultures proteins (1.57 mg/ml supernatant) of the culture
 containing   various   nitrogen  sources (Fig. 6B) and containing 1% (w/v) soybean and 1% (w/v) salt. That
attained maximum of 7.6 (optical density) and 122% meaned Serratia sp. DT3 could overproduce the
(relative activity), respectively, when casein was used as extracellular protease with a high level of 1.5 mg/ml
nitrogen source (Fig.  7, lane 2). Serratia sp. DT3 grew supernatant.
and produced the extracellular protease well with meat Bromke  and  Hammel  studied  a  simple  defined
extract, beef extract (Fig. 7, lane 1), casein and peptone as basal medium for the protease production and induction
the nitrogen source. The protease production  was  very with S. marcescens [22]. The medium consisted of the
low  with  ammonium  nitrate (Fig. 7, lane 10) and urea, basal salts and buffer medium of Bromke  and  Hammel
whereas the enzyme productions observed with other [21] plus a carbon-energy source such as glycerol,
organic nitrogen sources were similar. calcium chloride for the cation requirement for protease

in culture media containing 1% (w/v) soybean and 1%

SB medium. The protease band in lane 8 (Fig. 7)

Table 1: Protease production in different culture media.

Medium Components Protease activity (U/ml)

C 1% (w/v) corn + 1% (w/v) NaCl 0.10

F 1% (w/v) fish powder + 1% (w/v) NaCl 3.42

SB 1% (w/v) soybean + 1% (w/v) NaCl 4.74

SBF 1% (w/v) soybean + 1% (w/v) fish powder + 1% (w/v) NaCl 4.54

SBC 1% (w/v) soybean + 1% (w/v) corn + 1% (w/v) NaCl 4.80

LB 1% (w/v) peptone + 0.5% (w/v) yeast extract + 1% (w/v) NaCl 4.22
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Table 2: Effect of metal ions on protease production.

Medium Components Protease activity (U/ml)

M1 1% (w/v) soybean + 1% (w/v) NaCl 8.29

M2 1% (w/v) soybean + 0.02% (w/v) CaCl 6.242

M3 1% (w/v) soybean + 0.02% (w/v) NH NO 6.304 3

M4 1% (w/v) soybean + 0.02% (w/v) KH PO 7.942 4

M5 1% (w/v) soybean + 0.02% (w/v) MgSO 6.944

M6 1% (w/v) soybean + 0.02% (w/v) ZnSO n.d.4

M7 1% (w/v) soybean + 0.02% (w/v) FeSO n.d.4

n.d.: not detected.

Table 3: Effect of NaCl concentration on protease production.

Concentration of NaCl (%) Protease activity (U/ml)

0 7.87

0.3 7.84

0.5 7.68

0.7 7.71

1 7.81

activity and an amino acid, preferably leucine.
Unsupplemented medium completed the logarithmic phase
in 12.5 h of incubation and had a constitutive level of
proteolytic activity. Supplementation with any amino acid,
except cysteine and tryptophan, increased significantly
the proteolytic activity, but had a varied effect on growth
parameters.

Effect of Minerals: The protease production was
investigated in the soybean medium containing various
minerals (Table 2). The results showed that minerals
decreased the protease production by up to one forth. No
protease production was detected in the medium
containing 1% (w/v) of soybean added with 0.02% (w/v)
zink or iron sulfate.

Effect of Soybean Concentration: The protease
production by Serratia. sp DT3 was investigated in the
soybean medium containing various amounts of soybean
and 1% (w/v) NaCl. The enzyme production was maximal
when 3% (w/v) of soybean was used in the culture
medium and changed slightly (91-100%) in the culture
medium containing a soybean amount range of 2-4%
(w/v). Economically, the total protease production in 3
liter of the medium containing 1% (w/v) soybean was two-
fold than the protease production in 1 liter of the medium
containing 3% (w/v) soybean.

Effect of Salt Concentration: Serratia. sp DT3 was
cultivated in the medium containing 3% (w/v) of soybean
powder and supplemented with various concentrations of

NaCl (Table 3). Salt showed no effect on the protease
production. The protease activity changed slightly
between 7.68-7.87 U/ml. From the results, we chose
soybean as the sole medium component for the protease
production by Serratia sp. DT3.

CONCLUSION

Serratia sp. DT3 was able to overproduce an
extracellular protease with an estimated mass of 50 kDa.
The protease production was maximal at the culture
temperature of 28°C, with the initial pH  of  6.0  and  after
28  hours  of cultivation. Potato or yeast extract and
casein was the best carbon and nitrogen source for the
protease production. Minerals decreased the protease
production. The simple and low-cost soybean was the
sole medium component for the protease production by
Serratia sp. DT3 with a high level of 1.5 mg/ml
supernatant. 
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