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Optimization of protease production by Pseudomonas aeruginosa
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Abstract: [Objective] To identify a protease producing bacterium CAU342A isolated from soy sauce
koji and optimize the fermentation conditions for protease production. [Methods] Strain CAU342A
was identified based on its morphological characters, 16S rRNA gene sequence, physiological and
biochemical characteristics. The fermentation conditions for protease production by strain CAU342A
were optimized using the one-factor-at-a-time method and orthogonal test. [Results] Strain CAU342A
was identified as Pseudomonas aeruginosa, and the optimal fermentation conditions were obtained as
follows: 3% vinasse, 1.5% yeast extract, 0.05% Tween-80, 0.5% NaCl, 0.7% K,;HPO,, 0.3% KH,PO,,
0.04% MnSOy,, the initial pH was 7.5 and incubation temperature was 30 °C for 72 h. Under the
optimized fermentation conditions, the highest protease activity of 2 653.5 U/mL was achieved. The
protease zymogram analysis showed that at least 4 proteases were secreted into the fermentation broth,
and two major bands had molecular masses of 32 kD and 50 kD, respectively. [Conclusion] The
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high-level production of protease by Pseudomonas aeruginosa CAU342A enables its potential

industrial applications.
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Figure 1 Phylogenetic tree of strain CAU342A based on 16S rRNA gene sequence
GenBank 1 000 0.5%

Note: Numbers in parentheses represent the sequence’s accession number in GenBank; The number at each branch point is the percentage
supported by bootstrap; Bar: 0.5% sequence divergence.
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Figure 2 Colonemorphologies of CAU342A at 35 °C for 2 d (A) and morphologies on 100 optical microscope (B)
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Table 1 Physiological and biochemical characteristics FEEQEERI RN
of strain CAU342A Table 2 Effect of carbon sources on protease
Index CAU342A production by Pseudomonas aeruginosa CAU342A
Morphology
Gram-categorization Carbon source Protease activity (U/mL)
Wheat bran 1001.2+30.0
Spore _
Vinasse 1 343.9+40.3
+ .

Arginine double enzyme hydrolysis Degreasing cotton UEH =S
Sucrose _ Glucose 916.8+27.5
Lactose — Sucrose 712.7+21.4

D-Vmannose + Lactose 961.3+28.8
Glucose 4= Soluble starch 707.4£21.2
Xylose acids 3
1600 -
Oxidase 3 —_
a
Benzpyrole - g 1400 -
Citrate 2 2 1200
Nitrate reduction & %
Gelatin liquefaction = 5 1000F
8
2 4
+ - S  800F
Note + Positive or can be used — Negative or can not be used. &~
600 1 1 1 1 I
1.0 1.5 2.0 2.5 3.0 35
T o e
22 CAUAA AR BB QB S I Vi I
221 RIEMERBAREFEQBFMN.
B 3 EREREMNERBRAEE CAUMA RO
CAU342A 21
=
2 Figure 3 Effect of vinasse content on protease production
CAU342A by Pseudomonas aeruginosa CAU342A
113439 U/mL (1 001.2 U/mL) =3 MIBMZEAHRAEESME CAUM2A
(961.3 U/mL) fa A=A
CAU342A Table 3 Effect of nitrogen sources on protease
production by Pseudomonas aeruginosa CAU342A
Nitrogen source Protease activity (U/mL)
+
CAU342A 3 1442.1+43.3
Yeast extract+Peptone
Yeast extract 1 637.7+49.1
2.5% Peptone 1 580.5+47.4
1 436.6 U/mL Soybean peptone 882.9+26.5
Soybean meal 1113.4+33.4
2.5% Y
Soybean pulp 1 057.7£31.7
Defatted milk powder 1075.8£32.3
222 RBEMERBRAABETEAEMIEIG: Casein 1456.9443.7
CAU342A Urea 778.2+23.3
3 Ammonium sulfate 522.8+15.7
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Figure 4 Effect of yeast extract content on protease
4 production by Pseudomonas aeruginosa CAU342A
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Table 4 Results and analysis of orthogonal test for carbon and nitrogen sources
C . ion of vi BC ion of ! P > P Activi
. oncentration of vinasse oncentration of yeast rotease Activity
Experiment number (@L) — Empty 1 Empty 2 (UfmL)
1 1 (20) 1 (10) 1 1 689.5+20.7
2 1 2 (15) 2 2 1474.2+47.2
3 1 3 (20) 3 3 1319.4+42.6
4 2 (25) 1 2 3 736.6+£22.1
5 2 2 3 1 1341.1+£37.2
6 2 3 1 2 1438.7+40.1
7 3 (30) 1 3 2 1143.6+34.3
8 3 2 1 3 1752.5+52.6
9 3 3 2 1 1473.3+44.2
! 1161 857 1294 1261
Mean value 1
2
1172 1523 1228 1352
Mean value 2
3 1456 1410 1268 1270
Mean value 3
Range 295 666 66 91
Order B>A
Optimum level As B,
Optimum group ByA;
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Figure 5 Effect of initial pH on protease production by
Pseudomonas aeruginosa CAU342A
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Figure 6 Effect of temperature on protease production by
Pseudomonas aeruginosa CAU342A
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Table S Effect of surfactants on protease production by
Pseudomonas aeruginosa CAU342A

Surfactant Protease activity (U/mL)
Control 2 368.9£71.1
X-100 Triton X-100 1925.5+57.8
-80 Tween-80 2 480.0+£74.4
-20 Tween-20 1 669.4+50.1
SDS 2 303.7+69.1
CMC 1 488.6+44.7
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O
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Figure 7  Effect of Tween-80 content on protease
production by Pseudomonas aeruginosa CAU342A
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Figure 8  Effect of fermentation time on protease

production by Pseudomonas aeruginosa CAU342A
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