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Abstract — Neurospora crassa (KCTC 6079) produces tyrosinase (EC 1.14.18.1) during sexual
differentiation under derepressed conditions in the presence of inducers such as amino acid
analogues, antimetabolites or protein synthesis inhibitors. The selection of inducer concentration
and induction time as well as inducer type are critical for the optimization of the enzyme
production. The best inducer was found to be cycloheximide. Since cycloheximide was toxic
to the cells, an optimal inducer concentration and an optimal induction time were determined
to maximize the enzyme production from batch cultures. Mathematical models for the cell
growth and the enzyme production were proposed and used for process optimization. By opti-
mizing the induction conditions, maximum tyrosinase productivity was increased significantly.
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Table 1. Growth media composition (18)

Sodium citrate- 2H,O 25 g/l
Potassium phosphate monobasic 5. g/l
Ammonium nitrate 2 g/l
Magnesium sulfate: 7H.0O 0.2 g/l
Calcium chloride 0.1 g/
Sucrose 20 g/l
Biotin solution* 0.1 mi/i
Trace elements** 0.1 mi/

*5mg of biotin in 100 m! of 50%(v/v) ethanol
solution
** Trace elements (per 100 m{ water)

Citric acaid-H,O 5 g
Zinc sulfate-7H,0 5 g
Ferrous ammonium sulfate-6H.0 1 g
Copper(il) sulfate-5H,0 025 g
Manganese sulfate (L.066 g
Boric acid 005 ¢
Sodiuum molybdate <« 2H.O 0.05 g
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Table 2. Effects of various inducers on the cell growth
and the enzyme biosynthesis in flask culture

Induction method! Maximum Maximum

cell enzyme
inducer inducer mass activity*
conc.{g/!) (g/1) (unit/h
Transfer to carbon- 5.0 2.79
iree medwum
Transfer to sodium 3.3 2.8
phosphate buffer*
Transfer to sulfate- 4.2 0.0
free medium
L-tryptophan 1.0 5.1 4.47
DL-tryptophan 0.4 5.2 0.0
DL-tyrosine 1.25 5.0 8.7
L-tyrosine 0.25 4.8 1.8
p-fluorophenylalanine 0.2 4.7 0.0
cycloheximide 0.0003 3.7 135

'Induction was performed after 2 days of culture.

*Maximum enzyme activity was obtained after 8 days.
S0.02M, pH6.0
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Fig, 1. Effects of cycloheximide concentration on the cell growth and the enzyme biosynthesis in flask culture

(induction time=48 hr).
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Fig. 2. Effects of cycloheximide concentration on the
specific enzyme production rate in 5/ fermenter (induc-
tion time =24 hr).
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Table 3. Effect of initial sucrose concentration on the
cell growth and the enzyme biosynthesis

Initial Residual Maximum Maximum Maximum
SUCTOSE Sucrose cell enzyme  specilic
concentra- concentration mass achivity ACIVILY
tion (g/!) (g/D) fg ’}') (unit/f}  (unit/g)
10 0.13 3.7 258.3 60
20 4.5 5.9 2373 368
30 22.0 8.1 1435 172

Inducer was added at 48 hr ()f Culture and the mduccr
concentration was .3 mg/!.
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Table 4. Estimated parameter values in the model

Parameter  Parameter values Remark
Uptax 0.095 (hr™) Experimental
K 0.30 (g/D) Experimental
K, 0.00025 (g/l) Estimated
K, 0.005 (hr™") Estimated
Ys 045 (g/g) Experimental
a 220 (unit/g-hr) Estimated
K, 0.0007 (g/D Estimated
K. 0.0007 (g/l) Estimated
K. 010 (hr Y Estimated
T, 20 (hr) Experimental
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Fig. 4. Comparison of simulation profiles with experi-
mental data for the batch fermentation.

The inducer concentration and induction time were (a)
1 mg/l and 24 hr (b) 0.5 mg// and 24 hr (c) 0.5 mg/! and
32 hr. Dots indicate experimental data and solid lines
represent simulation results.

CO—O: cell mass (X), (O0—L0LJ: sucrose concentration (S),
+-—+: tyrosinase activity (E).
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Fig. 6. Enzyme production using the optimized induc-
tion conditions.

The inducer concentration was 0.3 mg// and the induc-
tion time was 14 hr. Dots indicate experimental data
and solid lines represent simulation results.

O—C 1 cell mass (X), 00— : sucross concentration (S),
+—+ : tyrosinase activity (E).

R A AAR B4 AIAHS FEA1F7] A
B del dxse AYPHAAE d0e(Fig.6),
Fig. 4(a)~(c) 2] AdAxRT FHw 87%7HA HAa
S A 7 ek (Fig 6).
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a4 M-S HA A7) AR HAH w0 &
AetEgoen, FrEAe Fxrl dAZ A A4
AAkel Al F-A]Zke] EAfsiith rEE A el
2|3k A2l AAAE, 7[R, FEEEH T2 ¥
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SdgE i o)lF BAAAFRTAY FHAHS | o
85t FE2AS HAHFHFoEZHN FH B4

2]},

e 2 FAAA 53l

7 of] A tyrosmase =

Kor. | Appl. Microbiol. Biotechnol.
HAR| &

2 At gEehse) 27| 2T S
W A7ATe] Yy ole] thahe] A=Y,

AE 7=

E . enzyme activity (unit/l)

I . inducer concentration (g//)

K, . specific cell death rate (hr™!)

K, . enzyme deactivation constant (hr 1)

K; . growth 1nhibition constant (g/[)

K¢ . growth saturation constant (g/l)

K,, K;: production inhibition constant (g/)

S . limiting substrate concentration (g/l)

T, . production lag time (hr)

T . induction time (hr)

t . cultivation time (hr)

X . cell concentration (g/l)

Ys . celluar yield coefficient (g/g)

a . maximum specific production rate (unit/g-hr)

o . specific production rate (unit/g-hr)

£ . specific enzyme production rate (unit/g-hr)

1 . specific growth rate (hr™Y)

Une » Mmaximum specific growth rate (hr™!)
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