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ABSTRACT

Carbon sources and nitrogen sources are known to be very important in protease production by microorgan-

isms. The effects of carbon source and nitrogen source on protease biosynthesis by Bacillus licheniformis were

investigated using batch cultures. As initial carbon and nitrogen concentrations of culture medium increased,

the specific growth rate of Bacillus licheniformis was increased, while the specific protease production rate was

decreased. From the results of batch cultures, a mathematical model which considers the effects of carbon

source and nitrogen source was proposed and the methods to increase the productivity of protease were dis-

cussed.
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Table 1. Nutrient composition of the standard

medium.
Composition Quantity(g/L)
Glucose 10.0-20.0
Na; HPO4+12H2 0 10.0
KH,PO4 2.0
NH, Cl 2.0-6.0
MgSO4 0.2
MnCl; *4H,0 0.01
FeSO4°7H,0 0.01
CaCly*2H, 0 0.01
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Fig. 1. Experimental results of protease produc-
tion and calculated values using the
proposed model (Go=10g/1, No=2g/l).
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Fig. 2. Experimental results of protease produc-
tion and calculated values using the

proposed model (Go=10g/l, No=4g/1).
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Table 2. Effects of initial concentrations of carbon source and nitrogen source on the growth

and the protease biosynthesis.

Go No Emax Xmax Emax/Xmax umax mmax
(g/1) (g/D) (units/ml) (g/D) (units/mg-cell) (hr'!) (units/mg-cell hr)
10 2 34 3.54 9.60 0.236 2.380
10 4 27 3.85 7.01 0.241 1.800
10 6 19 4.13 4.60 0.256 1.200
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(c) proportionality constant in protease
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Table 3. Parameter values in the proposed
mathematical model.

Parameter Unit Value Remarks
Kb 19.90 Estimated
Kc g/l 0.760 Estimated
Ke 0.001 Estimated
Ki g/l 33.00 Experimental
n 2.300 Estimated
Xo g/l 0.100 Experimental
a 0.200 Experimental
Ay 0.232 Experimental
Al 0.002 Experimental
By 0.316 Experimental
B i 0.017 Experimental
C0 3.000 Experimental
C1 —0.250 Experimental
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Fig. 6. Experimental results of protease produc-
tion and calculated values using the
proposed model (go=20g/l, No=4 g/l;
10 g/1 of glucose and 2g/l of NH4Cl
were added during the fermentation).
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Fig. 7. Calculated values using the proposed
model (Go=20g/l, No=4g/l; 10g/l of
glucose and 2 g/l of NH4Cl were injected
twice during the fermentation).
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ARRIE
E  : enzyme activity (units/ml)
E nar © maximum enzyme activity (units/ ml)
G glucose concentration ( g /1)
G, :nitial glucose concentration(g / 1)
k  : proportionality constant in protease synthesis
Ky : equilibrium constant, in the original report (ref.
16), Kb =1/ [K’*(CAP)t], where K’ is the
equilibrium constant for binding between CAP(ca-
tabolite activator protein) and promoter gene, and
(CAP)t is the total catabolite gene activator pro-
tein concentration
Ke  : saturation constant ( g/l )
Ke : equilibrium constant for binding between cAMP
and CAP
Ki  : inhibition constant (g/1 )
n : stoichiometric constant for binding of cAMP to
CAP
N ! nitrogen source concentration { g/ )
No : initial nitrogen source concentration ( g /1)
X :cell density (g/1)
X nar : maximum cell density ( g /] )
Xo : initial cell density (g/1 )
Yc  : cell yield (g cell mass/g carbon source)
: proportional constant in substrate consumption
7w  : specific production rate (units/mg dry cell
mass hr)
T g, © maximum specific production rate (units/mg dry
cell mass-hr)
#  : specific growth rate (hr-1)
HMuw  maximum specific growth rate (hr-1)
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